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ABSTRACT
This thesis provides a concise review of previous literature discussing tracking and
expands on it based on empirical observations and proposed solution design. The aim of
the thesis is to describe why tracking has become an increasingly important area in
logistics management, identify the key problems with current designs of tracking
systems, and develop and test a solution proposal that addresses the identified problems.
Current tracking systems are difficult to set up in short-term multi-company networks.
This is a problem for example in project-oriented industries and when utilising spot
markets for logistics services.
The proposed Forwarder Independent Tracking (FIT) solution concept was developed
and tested in four case studies, two of which included a pilot implementation. The main
data collection methods of the case studies have been active involvement in the
planning and the carrying out of the pilot implementations, acting as a helpdesk in the
pilots, observation, constant contact with key personnel of the case companies, and semi
structured interviews.
The studies show that FIT can be used to produce and disseminate reliable tracking and
inventory transparency data in short-term multi-company distribution networks.
Tracking systems built according to the FIT solution concept offer a possibility to
gather tracking information from logistics service providers without a priori integration.
The FIT solution concept also provides logistics companies currently without tracking
systems (e.g. small, local companies) a possibility to offer tracking information to their
customers. The thesis concludes that owing to these properties, the proposed FIT
solution concept can have a high significance also in stable distribution networks.
The thesis also examines when Radio Frequency Identification (RFID) technology
offers the most benefits in tracking, and concludes that the benefits are linked to the
efficiency and security of physical identification, and that RFID is not needed for
implementing the FIT concept.
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1 Introduction

1.1 Background and motivation

Tracking is the process of gathering and presenting information on the location of
delivery items in a distribution network or supply chain (Deschner et al., 1998). Lee and
Billington (1992) were among the first to recognise the importance of tracking, when in
1992 they presented the lack of capability of informing customers on the progress of
their orders as one of the most severe pitfalls of supply chain management (SCM). Early
1990s were an important period for the development of tracking applications also in
practice. At that time, FedEx built the first large-scale shipment tracking system and
started offering tracking as a value added service for its customers (Janah and Wilder,
1997; Tausz, 1994). Since then the development has been rapid. Well functioning and
accessible tracking services are currently demanded by most customers and they have
evolved to be an industry norm in logistics service provision – tracking is considered as
a market qualifier in more advanced logistics services (Ciuba, 2004; Day, 1991; Jakobs
et al., 2001; Willesdorf, 1991; Williams and Tao, 1998). This constitutes a remarkable
development both in the provision and demand for tracking services, and it has taken
place in just over a decade.
This development has lead to the current situation, where major logistics companies
continuously invest considerable sums in providing tracking services to their customers
(Booker, 1999; Coia, 2001; King, 1999; Whiting, 2003). This is a necessity, as the
accessibility of delivery status at any time and the immediate notification of delays or
other delivery problems are regarded as basic information needs in the logistics chain
(Loebbecke and Powell, 1998).
Traditionally tracking has been considered a separate function related mostly to
controlling individual shipments, and without clear linkages to logistics management in
general. However, besides its role in providing information on shipment status, tracking
can also have an impact on supply chain management as it provides the possibility of
creating visibility or transparency to the material flowing in the supply chain. A
comprehensive tracking system, for example, enables a company to monitor the arrival
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
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of critical components and plan its operation based on the estimated arrival of them
(Biddle, 2004). Several authors have stated material flow transparency, i.e. the visibility
to inventories and deliveries in the whole supply chain, to be an imperative requirement
for successful supply chain management, and it has been associated with significant
supply chain efficiency improvements in several studies (Ballard, 1996; Clarke, 1998;
Gunasekaran and Ngai, 2004; Lee and Billington, 1992; White and Pearson, 2001). The
possibilities of tracking in aiding the establishment of a transparent supply chain thus
signify great potential impacts for supply chain management.

1.2 The aim of the thesis

Regardless of the recognised importance of tracking, the body of literature discussing
tracking and its role in logistics management has remained ambiguous and unstructured,
and most of the contributions have been aimed solely at the practitioner audience. This
thesis contributes to the logistics literature by providing a concise review of previous
literature discussing tracking and expanding the literature based on empirically founded
new knowledge. The aim of this thesis is to describe why tracking has become an
increasingly important area in logistics management, identify the key problems with
current designs of tracking systems, and develop and test a solution proposal that
addresses the identified problems.

1.3 Structure of the study

This doctoral thesis consists of separate publications and this summarising paper. The
thesis proceeds as follows: In the second chapter we will review existing literature on
shipment tracking. We will define tracking, review the presented rationales for using
tracking systems, discuss the functionality and key characteristics of tracking systems,
and outline the shortcomings and open issues in previous literature. In the third chapter
we will present the research questions of the study and discuss the relation of the
separate publications to the research questions.
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Research design and methods will be presented in the fourth chapter. The fifth chapter
presents the results of the research. Conclusions are drawn in the sixth chapter. There
we summarise the main results of this thesis and discuss its contribution to previous
literature. We also perform an evaluation of the research. The seventh chapter is
reserved for discussion and outlining directions for further research. The separate
publications included in this thesis are located at the end.
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2 Literature review
Previous literature on tracking and the systems used in tracking are reviewed in this
chapter. Section 2.1 discusses the definition of tracking, and the relation of tracking to
tracing and traceability. The rationale for tracking is discussed in section 2.2. In section
2.3, the basic functionality of tracking systems is reviewed, the most important
characteristics of tracking systems are presented and a review of a selection of currently
used tracking systems is performed. Section 2.5 discusses the limitations of previous
solution designs and literature: the difficulties of using tracking systems in short-term
multi-company networks and the problems associated with identification technology
selection.

2.1 The definition of tracking and its relation to traceability

A clear definition of tracking cannot be found in the logistics literature, even though the
term is a relevant and important one (Stefansson and Tilanus, 2001; van Dorp, 2002). In
particular, tracking has invariably been associated with tracing, to form the commonly
adopted concept of tracking and tracing (van Hoek, 2002; Huvio et al., 2002).
When considering tracking and tracing as independent terms, tracking is usually
perceived as the following of the location of an entity in transit (storing information),
while tracing is defined as locating the entity when needed (retrieving the stored
information) (Bingham and Pezzini, 1990; CIES, 2004; Mousavi et al., 2002;
Stefansson and Tilanus, 2001). They thus form a clearly complementary pair
(Stefansson and Tilanus, 2001), and it would be against common sense to implement the
other functionality while deciding to omit the implementation of the other. Therefore,
for the sake of clarity, the term tracking is in this thesis used to stand for both the
gathering of data on entities in transit and the processing of that data to useful
information.
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The concept of tracking and tracing has further been associated with traceability
(Jansen-Vullers et al., 2003; CIES, 2004), and some authors also use these terms quite
interchangeably (see e.g. van Dorp, 2002; van Dorp, 2003). It is also important to
distinguish tracking from traceability, as traceability encompasses storing the whole
relevant history of products, including the origin of product components (Liddell and
Bailey, 2001; Töyrylä, 1999; Wilson and Clarke, 1998).
Traceability is actually often seen as consisting of two distinct parts: 1) following the
location and progress of an entity in the distribution chain and 2) registering of parts,
processes, batches and materials used in production by lot or serial number (JansenVullers et al., 2003). De Brosses (2004) named and described these distinct aspects of
traceability in a way that clearly illustrates their difference and the relationship between
tracking and traceability: 1) logistical traceability (i.e. tracking the location and progress
of products) and 2) qualitative traceability (i.e. associating any additional information to
the products).
The definition of de Brosses (2004) also clearly positions tracking to the field of
logistics and distribution. Traceability, however, has to be ensured in any parts of the
value adding processes and there are several critical traceability points, i.e. points where
materials are portioned, divided, mixed, separated, formed, cooked, turned, bored or
wrapped, in any production process (Wall, 1995). Traceability data is also used in a
wide range of applications. Besides logistics applications, traceability data is used for
recall applications, product-liability-prevention applications, quality- and processimprovement applications, proof-of-quality and proof-of-origin applications, security
applications, after-sales applications, and accounting applications (Töyrylä, 1999).
However, it is important to recognise that tracking is present in traceability, as some
contributions to traceability literature do give insights also in consideration to tracking.
Therefore, literature on traceability was also reviewed for this thesis and cited where
appropriate. For example Töyrylä (1999), in his doctoral thesis on traceability discusses
tracking related issues related in several occasions.
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2.2 The reasons for building tracking systems

Previous literature has identified four main reasons for conducting tracking and building
tracking systems: 1) the use of tracking information for real-time co-ordination of goods
in transit, 2) the generation of exception notices based on tracking information, 3) the
use of tracking in increasing the efficiency of administrative processes, and 4) the use of
tracking information in developing logistics management metrics and analyses.
2.2.1 Tracking systems in logistics co-ordination

Stefansson and Tilanus (2001) state that tracking systems are needed for co-ordinating
logistics, because they form the link between the information systems and the physical
reality (the material flow) in the supply network. Harris (1999) has further claimed that
efficient co-ordination of logistic flows would be difficult to achieve without tracking
systems linking the information systems and the physical material flow. Several other
authors have complied with the idea by noting that many logistics services, for example
multi-modal transport and merge-in-transit, would be extremely difficult to produce
without tracking systems (McLeod, 1999; Samuelsson et al., 2002; Kärkkäinen et al.,
2003a; Ala-Risku et al., 2003; Giannopoulos, 2003). Previous literature thus clearly
agrees that tracking is needed for co-ordinating shipments in transit.
2.2.2 Generation of exception notices based on tracking information

Tracking can also enable quick detection of and reaction to unexpected events, as it
enables linking the status of the tracked entities to other information in information
systems (Stefansson and Tilanus, 2001; Töyrylä, 1999). In this sense tracking can be
seen as a key enabler for supply chain event management (SCEM), the aim of which is
to detect exceptions in operative processes and create alerts from these exceptions (see
e.g. Otto, 2004).
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This potential reaction is important for operational efficiency – exceptional situations
can be resolved before they cause significant problems; or at the very least the damage
can be minimised (Willesdorf, 1991; Stefansson and Tilanus, 2001). Stefansson and
Tilanus (2001) present that tracking systems can be used to follow and ensure that
deliveries progress according to their distribution schedule, and exception messages can
be created if a delivery arrives at some checkpoint late or before the due time. Garstone
(1995) has regarded this possibility of notifying of delivery exceptions as a key service
component for the transportation industry to meet the requirements of manufacturing
when adopting just-in-time operations. The literature is, however, unclear on how this
information on delivery exception can be utilised in operations. This raises an important
further question; are there any good standard actions to be taken in any specific
industries?
Töyrylä (1999) presented that tracking information can also be used to monitor the time
that specific material lots have resided in inventory. This information on material dwelltimes can then be used to detect items that have exceeded their maximum allowed time
in the inventory. He further explained that if the expiration date of the lots is linked to
the lot information, notices of stored goods nearing their expiration can also be
generated. The case study companies of Töyrylä (ibid) reported that the applications had
helped them reduce waste associated with the expiration of products and raw materials.
These findings are important and potentially far-reaching, but are not supported by other
studies. Therefore, research validating these findings would be a valuable addition to the
body of literature.
2.2.3 Tracking in developing more efficient administrative processes

Tracking is also reported to have potential in increasing the effectiveness of
administrative processes. It can help in introducing paperless and less paper systems,
and can therefore improve information accuracy and help reduce waste (Florence and
Queree, 1993). Stefansson and Tilanus (2001) state that tracking information can, for
example, serve as a basis for automated payments to haulers. However, previous
literature does not present any empirical (nor analytical) validation for their arguments
on the support of tracking for administrative processes.
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
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2.2.4 Tracking information as a basis for logistical metrics and analyses

Tracking has been presented as a potential source of meaningful measurement data. The
collected data can provide important and relevant input into management information
systems and help in finding out where costs are incurred as well as where profits are
made. It can also be helpful in verifying that the quality of the process remains
acceptable. (Florence and Queree, 1993; Stefansson and Tilanus, 2001)
Töyrylä (1999) has described the potential of item-level time-location data recorded at a
varying number of control points, i.e. tracking data, on the generation of logistics
metrics, in more detail. He reported that companies have been able to generate internal
lead-time metrics and on-time delivery rate metrics with tracking data. In one of the
cases in his study, tracking data was occasionally used to map the material flows within
the manufacturing process. Töyrylä (ibid), however, does not discuss what information
has to be linked to the tracking data in order to generate the discussed metrics and the
results are not supported in the literature by other findings. Furthermore, tracking data
can be used for security related analyses. For example, two companies in Töyrylä’s
(ibid.) study used tracking data to identify the points in the material flow where losses
were taking place.

2.3 The functionality and key characteristics of tracking systems

In this section, we will first present the basic functionality of tracking systems. Then we
will discuss the key features that tracking systems incorporate, and finally we will
review and analyse existing tracking systems.
2.3.1 The basics of tracking systems

Tracking systems are based on check-points that register the movements of the tracked
items. When a tracked item (e.g. a shipment) arrives at a checkpoint (a predefined point
in the distribution network) the arrival is registered and a message regarding the arrival
is sent to a tracking database. (Loebbecke and Powell, 1998; Stefansson an Tilanus,
2001; Tausz, 1994) These messages invariably contain three basic attributes: the
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
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identity of the entity at the checkpoint, the location of the checkpoint, and the time of
the arrival of the entity (Stefansson and Tilanus, 2001), to which we later refer to as the
basic tracking attributes. However, additional attributes (e.g. the quality of products in
the case of perishables) concerning the tracked item may also be recorded. The last
location (and the time of pass) of the tracked item can then be interrogated from the
tracking database.
The most common method of registering the pass of a checkpoint is to use some
automatic identification technology to read a code from the tracked consignment, but
some tracking systems are based on warehouse transactions or logistics documents, for
example customs clearing documents (Shah, 2001; Loebbecke and Powell, 1998;
Stefansson and Tilanus, 2001). In some less common, steadily increasing instances, an
entity is continuously tracked in the supply network (for example GPS location of a
truck or a marine container). However, since the continuously tracked entity is usually a
transport instrument containing several consignments, it can, from a tracking system
perspective, be regarded as a moving checkpoint. (Anon., 1996; Bodamer, 2002;
Whiting, 2003)
The basic functionality and the building blocks of tracking systems are illustrated in
Figure 1.
4) The location of the tracked
deliveries can be interrogated
from the tracking database

3) The shipment location
is updated to the tracking database

Material
tracking database

2) The checkpoint software
sends to tracking DB
- shipment ID
- location identity
- timestamp
- (potentially extra information)

Checkpoint

Location A

Check point

MATERIAL FLOW

1) A tracking code is
read from the shipment
when passing a checkpoint

Check point

Location C

Checkpoint

Location D

Figure 1 The basic components and functionality of tracking systems
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2.3.2 Key features of tracking systems

Tracking systems are utilised both inside single organisations and now, due to the shift
of the focus of logistics management from solely inside one enterprise to multicompany supply chains, also in multi-company setting. When operating tracking
systems in multiple company networks, different parties of the supply network need to
determine the requirements and attributes for tracking systems co-operatively due to the
cross-company nature of supply network processes (van Dorp, 2002).
For tracking systems to be functional, the parties (be that within one company or
between several companies) using the system need to agree on six key issues (compiled
from: Stefansson and Tilanus, 2001; van Dorp, 2002; Giannopoulos, 2003):
1) the operational scope of the system
2) the goods identification technology used in tracking
3) the coding of the tracked items
4) the content of the exchanged tracking information
5) the information architecture used in the tracking application
6) the ways of accessing the tracking information
Next, each of these attributes will be reviewed in more detail.
The most important issue of tracking systems in multi-company networks is the
operational scope of the system (van Dorp, 2002). The operational scope refers to the
span and range of gathering the tracking information, i.e. is the tracking information
gathered only from goods handled by a single company, or are several companies (both
LSP’s and customers) in the same supply network able to provide tracking information
to the system. The main practices in current systems are: 1) the system is operated by
one logistics service provider 2) the system is operated by an independent tracking
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
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service provider (therefore it can be utilised while the goods are handled by different
LSP’s) 3) the system can be operated by several different companies that use some
specific workstations or software at the checkpoints.
At each checkpoint of the tracking system, specific equipment is required for reading
the identifiers – it is imperative that the necessary equipment is available everywhere so
that the tracked item can be identified at all checkpoints. Therefore, the identification
technologies utilised in the tracking system have to be agreed on (Stefansson and
Tilanus, 2001; van Dorp, 2002). There may also be an agreement to utilise several
technologies (e.g. manually read tracking codes, bar coding, and radio frequency
identification) within one tracking system, but this demands applying several identifiers
based on different identification technologies to the tracked entity.
The tracking information regarding the tracked entities is gathered using specific
identities (i.e. tracking codes) for the tracked items (van Dorp, 2002). The reporting of
the tracking information is also usually based primarily on these codes. The identities
can be service provider specific or delivery numbers/codes, customer order numbers, or
other codes specified by the customer.
Tracking systems can also differ in the information content of their tracking messages.
As stated earlier, tracking systems may record only the identity of the tracked item, the
location of the checkpoint, the arrival time of the item, or append these pieces of
information with additional attributes (Stefansson and Tilanus, 2001). The transmittal of
additional information can be a relatively simple and valuable means to gain feedback
information from the supply network. For example, if the quality of the consignment
has suffered during transportation (observable damage or improper temperature
conditions), appropriate action can be taken. However, in order to be continuously taken
use of, the types of additional information transmitted in the tracking messages have to
be defined.
The information architecture of a tracking system is important as it greatly influences
how accessibility can be built to the tracking information. There are two basic
possibilities for information architecture in tracking systems (applied from Stefansson
and Tilanus (2001)):
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
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-

The tracking system can send the tracking information to each participant of the
transport chain, who store the tracking data in their own information system.
Such information systems can contain both tracking information that is received
directly from the company’s own operations and information brought from a
tracking system by another network party.

-

The tracking information is gathered to a central information system containing
all the tracking data. Other network members can obtain tracking information
from there by manual information requests (by telephone or over a wwwconnection), or retrieve the information to their systems by the means of systems
integration or system-to-system messaging. This central system is usually
operated by the provider of the tracking service, but it could also be operated by
a specific third party IT provider, or a powerful supply network participant.

When considering the accessibility of the information, it is typically most convenient
for a company to have the tracking information in its own systems as it can then be
compared to other, often company specific, information (such as planned delivery dates
or project construction schedules). Another convenient alternative is to have the
information accessible through automatically performed queries, which demand
configuring EDI or XML message interfaces with the central tracking system (Deschner
et al., 1998). Manually performed queries (be they telephone or www-based queries) do
not enable automatic follow-up of the deliveries, they are costly and error-prone, yet are
commonly used as they do not cause any set-up costs. When automated data transfer
methods are used, it must be ensured that the system receiving the tracking information
understands at least all the basic pieces of tracking information: what is the tracked
item, what is the location the item has reached and what is the time of the pass.
2.3.3 Characteristics of current tracking systems

A review of a selection of current tracking systems classified with the above criteria is
presented in Table 1. The review includes systems that are described in published
articles, complemented with systems that could be described based on interview data.
The information for systems 1 to 3 was drawn from Stefansson and Tilanus (2001). The
information on system 4 is derived from Shah, (2001); Janah and Wilder, (2001); and
FedEx, (2005). System 5 is presented in Loebbecke and Powell, (1998). Information on
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system 6 is gathered from Dierkx, (2000); Lambright, (2002); and Savi Technology,
(2002). Finally, information on systems 7 to 9 was gathered in semi-structured
interviews with representatives of tracking system operators. For system 7, the director
of business development (Kullström, 2003), for system 8 a development manager
(Sundelin, 2003), and for system 9 the business development manager and managing
director (Mäkinen and Mäkinen, 2003) were interviewed.
Table 1 Summary of a review of current tracking systems
Operational scope of
system
International road
The LSP operates the
1.
haulier
system
(Scansped)

Identification
technology

Item coding

Information content

Information
architecture

Accessibility of
information

Manual

Proprietary tracking
number

Manual data handling,
therefore flexible
content

Report sheets of
specific shipments
that are tracked are
faxed to central
administration

Manually constructed
reports from tracked
deliveries

2.

International
shipping agent
(Wilson)

Documents from
carriers are used for
tracking

This system reacts to
documents generated
in the delivery chain

Proprietary tracking
number

Basic tracking
attributes

Centralised at service
www-query or EDI link
provider

3.

Express parcel
service (DHL)

The LSP operates the
system

Bar code

Proprietary tracking
number

Basic tracking
attributes

Centralised to the LSP

4.

Express parcel
service (FedEx)

The LSP operates the
system

Bar code

Proprietary tracking
number, alternative
(order numbers)
references possible

Basic attributes,
supplementary
Centralised to the LSP
information possible

The system can be
Tracking service operated by different
provider
companies if they
5.
install a proprietary
(TRANSPOcheckpoint PC in their
TRACK)
premises

Bar code

Proprietary tracking
number

Basic attributes,
supplementary
information possible

Centralised to the
tracking service
provider

Systems workstations
at the customers'
premises.

Proprietary
convoyance tracking
numbers

Basic attributes,
supplementary
information possible

Centralised to the
tracking service
provider

www-query, systems
workstations, XML
messages, or systems
integration

Bar code

Proprietary delivery
number

Basic attributes,
supplementary
Centralised to the LSP
information possible

Bar code

Proprietary tracking
number

6.

7.

8.

Tracking service
provider (Savi
Technologies)

Several different
The tracking service
provider operates the technologies (e.g. bar
code and RFID)
system

International road The LSP operates the
system
haulier (Schenker)
National parcel
service (Finnish
Postal Service)

The LSP operates the
system

National car
The LSP operates the
9. transport provider
system
(SE-Mäkinen)

Basic tracking
attributes

Centralised to the LSP

The checks are
reported manually
Manufacturer
Basic attributes,
through on-board
allocated vehicle serial
supplementary
Centralised to the LSP
computers (large
number, alternative
information possible
distribution units, i.e. references possible
cars)

Telephone and wwwquery, or EDI or
systems integration
www-query, e-mail
query, or systems
integration

www-query

www-query

www-query or file
transfer

Some general characteristics of current tracking systems can be lined out from Table 1.
The systems usually operate only within the boundaries of a single company. The
collection of the tracking data is restricted to a single logistics- or tracking service
provider in all instances but one.
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The predominant choice of identification technology is bar coding, which was solely
utilised in five of the nine reviewed systems. Two systems are based on manual
registration, one system utilises logistics documents, and the system of one tracking
service provider supports other technologies (e.g. RFID) in addition to bar codes.
The systems utilise mostly proprietary tracking numbers defined by the company
operating the system, which was the case with all but one tracking system that relied on
manufacturer allocated product numbers. However, alternative references for data
retrieval were enabled in some systems.
Current tracking systems are based on information architecture where the tracking
information is centralised to the provider of the tracking service. This was evident in all
cases.
The predominantly used methods for accessing the tracking information are manual
queries (using a www-site, telephone or e-mail). Five of the nine tracking service
providers also offered systems interfaces for integrating with the tracking system. The
characteristics of current tracking systems are summarised in Table 2.
Table 2 The characteristics of predominant tracking systems

Predominant
tracking systems

Operational scope of
the system

Identification
technology

Item coding

Information content

LSP handling the
shipments operates
the system

Bar code (sometimes
manual or RFID)

Proprietary tracking
number

Basic tracking
attributes
(supplementary
information)

Information
architecture

Accessibility of
information

Centralised to the LSP
www-query, EDI-link,
(tracking service
systems integration
provider)

2.3.4 Tracking systems in multi-company networks

As discovered in the previous sub-section, most of the current tracking systems operate
only within a single company. However, in large supply networks there are often
several forwarders for a single transport and thus the users of the tracking information
have to retrieve the information from several separate single company focused tracking
systems (Deschner et al., 1998). In these situations the customer companies of logistics
or tracking service providers have two possibilities for accessing the tracking
information in each of the different systems: using manual queries or integrating their
information systems with the tracking system.
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Either way of information retrieval is problematic in multi-company networks, as each
systems operator usually uses their own proprietary tracking numbers (Deschner et al.,
1998; Li and Shu, 2003). Therefore the users of the tracking information need to
administer which tracking code to use depending on which forwarder is responsible of
the transport at any given moment when utilising manual tracking information access.
The proprietary coding also makes systems integration significantly more difficult, as
the tracking codes of the customer’s system and all the tracking systems integrated with
the customer’s system have to be aligned for the systems integration to be successful.
Even if the problems generated by the proprietary coding are overcome, manual
information access provides only limited functionality and is time-consuming. In wwwbased queries, one can retrieve and interrogate the tracking information of a
consignment by giving tracking and authorisation codes on the web page of the provider
of the tracking service (usually a LSP). However, due to the costs and error-prone
nature of manual work, it is not a feasible option if there is a significant number of
shipments that need to be tracked,. Manual queries do not work, for example, in
international investment project deliveries, as there are several thousands of project
components that need to be monitored (Halmepuro and Nystén, 2003; Harju-Jeanty and
Jäntti, 2004).
In stable and large-volume relationships the customer can invest in systems integration
with the provider of the tracking service. The integration challenges caused by several
forwarders and proprietary coding can be overcome with increased integration efforts.
Two different solutions have been proposed in previous literature to address these
challenges of tracking in multi-company networks (Deschner et al., 1998; Li and Shue,
2003).
Deschner et al. (1998) have developed an agent based tracking information retrieval
infrastructure with the aim of aiding the use of tracking systems in multi-company
supply networks. The main idea of the system is to, in most cases, leave the tracking
information to reside on the forwarders’ information systems and use software agents to
collect the tracking information from the forwarder systems when needed. The
Deschner et al. (1998) solution encompasses an exchange of EDIFACT messages
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between the forwarders included in a transport and the customer of the tracking services
for synchronising the tracking codes used by each party.
Li and Shue (2003), on the other hand, have developed an infomediary infrastructure for
air cargo tracking. The aim of the proposed system is to get all air cargo transporters to
integrate their system with the infomediary, which can then act as a connection point for
the customers of the tracking systems. This proposed system is, however, aimed only
for tracking airfreight and is thus not applicable to all areas.

2.4 Problem description: Difficulties and open issues with current
tracking systems

In this section we will discuss the difficulties and open issues within current tracking
systems. First, we will address the difficulties of applying current tracking systems in
short-term multi-company supply networks. Second, we will discuss the issue of
identification technology selection in tracking systems, we will review literature
discussing when to utilise RFID rather than the currently predominant bar coding in
particular.
2.4.1 Tracking systems in short-term supply networks

In this we use the term short-term supply network to refer to any temporally existing
distribution structure. For example, the distribution organisations of investment project
deliveries can be classified as short-term supply networks as they typically exist only
for the duration of single project. Also any other logistics structure with temporary
relationships, such as a distribution organisation utilising logistics service providers
picked with spot trade, can be labelled as short-term networks.
Companies operating in short-term multi-company networks experience significant
problems with the predominant tracking systems aimed for use within a single
company. This is because both potential methods for retrieving tracking information
(manual inquiries and system integration) are unfeasible in short-term environments.
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Manual inquiries are unfeasible in short-term networks primarily due to the reasons of
low efficiency as presented in sub-section 2.3.4. Also, the administration of which
tracking system and code to use at different times is invariably even more complicated
in short-term than long-lasting networks.
However, in contrary to the situation in long-term partnerships, systems integration is
not a viable option when operating in short-term supply networks. For example, in
project-oriented industries the span the existence of the supply networks is often
restricted to a single project (Dainty et al., 2001). Thus, it is usually unfeasible for the
companies to engage in business-to-business application integration to get the tracking
information automatically, as integrating with all the relevant tracking systems would
consume vast amounts of time and IT resources (Linthicum, 2001; Wilde, 1997).
Therefore, it would be difficult to recover a viable payback for the investment during
the lifetime of the supply network. As a result, companies operating in short-term
supply-networks are often reluctant to invest in systems integration (Cheng et al., 2001).
The integration approach proposed by Deschner et al. (1998) does not help to solve the
problems experienced in short-term networks, as it demands severe interface
development efforts for the EDIFACT messages for synchronising the tracking codes of
each integrated party. The Li and Shu (2003) solution, on the other hand, is restricted to
air cargo tracking and therefore fails to serve as a complete solution. Furthermore,
neither solution takes into account the fact that in many supply networks there still are
logistics operators that currently do not yet posses tracking systems. This is, for
example, a reality when mechanical engineering projects are delivered to remote
locations, where the final mail operators are usually small local transport service
providers (Halmepuro and Nystén, 2003).
Due to the ill fit of manual queries and systems integration as methods for information
access and the limits of proposed solutions in current literature, it can be argued that
existing tracking solutions are difficult to apply in short-term multi-company networks.
For example, the tracking of mechanical engineering industry project deliveries is
currently based primarily on manual monitoring and visual inspection at the site,
because of the existing systems’ poor fit to the industry (Halmepuro and Nystén, 2003).
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2.4.2 Identification technology selection in tracking

In their review of tracking applications, Stefansson and Tilanus (2001) find bar coding
to be the most commonly used identification technology in tracking. They also state that
technology advances and price cuts on radio frequency identification (RFID) will
potentially lead to its large-scale adoption. RFID systems are constructed from
electronic devices called transponders, more commonly known as tags, which are
attached to the items to be identified, and reading units, often called readers. RFID
readers communicate with the tags via electromagnetic waves on different frequencies.
For a more detailed technical description of RIFD technology and its potential
application areas see for example Finkenzeller (2000) or Kärkkäinen et al. (2001).
McFarlane and Sheffi (2003) agree with the views of Stefansson and Tilanus (2001) and
present that RFID will enable more efficient and widely applicable tracking services.
Furthermore, there is a large body of more practitioner oriented literature discussing the
potential of utilising RFID in tracking and its great strengths related to bar coding (see
e.g. Burnell, 1999; Burnell, 2000; Bushnell 2000; Gould, 2000; Kärkkäinen and AlaRisku, 2003a; Moore, 1999a). The authors commonly argument that RFID technology
is superior to bar coding in tracking applications, as RFID identifiers do not require a
line of sight between tags and the reader in order to be read as tags can be read through
non-metallic materials, and because tens of tags can be read simultaneously.
However, the whole reasonability of utilising RFID in tracking is clearly questioned in
some articles. These RFID critics state that the technology is too expensive and that it is
unlikely that the investment will pay off (Burnell, 1999; Riso, 2001). Additionally,
critics often indicate that RFID is an over-marketed, hyped, technology and that the
existing bar code based systems already provide most of the needed functionality
(Burnell, 1999).

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

Chapter 2: Literature review

19

Therefore, it is clear that there is contradiction among opinions presented in current
literature. Furthermore, previous literature does not provide any frameworks or
guidelines for analysis on where or when RFID should be utilised. Lacefield (2004) has
presented the clearest guidelines by simply stating that companies have to ask
themselves: “Do we have a problem? Can an RFID solution reliably solve the problem?
And, is there an easier and/or cheaper solution?” These contradictory opinions on
whether RFID technology should be applied in tracking and the lack of guidelines on
where RFID has most potential form a clear weakness in the current body of literature.

2.5 Conclusions of the literature review

Even though there clearly is a vivid body of literature discussing tracking and the
systems used in tracking, some clear shortcomings can be pointed out on the current
knowledge on tracking. First, previous literature is ambiguous in describing in what
ways the delivery exceptions can be reacted to. Second, while Töyrylä (1999)
successfully presents logistical metrics that are possible to generate based on tracking
information, he does not describe how to generate the metrics in practice. Furthermore,
he does not specify what additional information is required for generating the metrics.
The findings of Töyrylä (ibid) on the use of expiration dates on material flow control
are interesting but lack support from other studies.
Second, there are two distinct shortcomings or open issues in current tracking systems
and the literature describing them. First, the current tracking systems are not suitable for
use in short-term multi-company networks and second, previous literature presents
opposite opinions on whether RFID would be feasible as the identification technology
in tracking systems rather than bar coding. Furthermore, no guidelines on when RFID
would offer the biggest benefits are offered.
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3 Research questions
The aim of this thesis is to describe why tracking has become an increasingly important
area in logistics management, identify the key problems with current designs of tracking
systems, and develop and test a solution proposal that addresses the identified problems.
Based on the identified shortcomings in previous literature and current tracking
systems, the following explicit research questions were defined.
First, some weaknesses were identified in previous literature in the description of the
benefits achievable with tracking. Furthermore, the lack of previous empirical results
covering some of the identified benefits, and the wideness of potential uses of tracking
systems and information justify explorative research on the reasons of using tracking
systems and gathering tracking information. Therefore we can formulate the first
research question (research question 1) of the thesis as:
“What can be obtained by using tracking systems and tracking information?”
The second identified shortcoming in the previous literature was the inability to use the
existing tracking systems in short-term multi-company supply networks and the lack of
solution proposals addressing the challenges of short-term environments. The second
research question (research question 2) of the thesis is thus formulated as:
“How to design tracking systems applicable to short-term multi-company networks?”
The answer to this question is forwarder independent tracking (FIT) solution concept
describing system attributes required for successful application of tracking systems in
short-term multi-company supply networks.
Exploring research question 1revealed that one of the most significant benefits of
tracking information is its potential of increasing material flow transparency in supply
chains. During this study, we observed that tracking systems constructed according to
the proposed FIT solution concept enable generating transparency to materials both intransit and residing in inventories. We call the procedure of generating transparency
with tracking systems the tracking-based approach to increase material flow
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transparency. However, as is the case with any solution, this procedure is unlikely to be
the most suitable solution in all business environments and its value is increased if its
feasibility area becomes better known. Therefore we posed a third research question
(research question 3) for the thesis:
“How does operational environment affect the applicability of the tracking-based
approach to increase material flow transparency?”
The existing literature presents contradictory views on whether RFID technology should
be utilised in tracking. The current body of literature also fails to explicate in which
situations RFID technology offer the most benefits over bar coding. Therefore, there is a
clear need for research on when to apply RFID technology in tracking. The fourth
research question (research question 4) of the thesis is thus:
“Under what circumstances does RFID technology offer the most benefits in tracking?”
The research aims at finding out when RFID offers the most benefits rather than
conducting more straightforward cost/benefit estimations. This is because the cost of
RFID is decreasing even though the basic functionality of the technology remains the
same. Therefore, the results of the cost/benefits estimations would change as the
technology matures, but the areas where it offers the most benefits will remain static if
no major changes on the functionality of the technology occur.
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4 Research design and methods
In this chapter we will first discuss the research approach selected for this thesis (section
4.1). In section 4.2 we present the progress of research in this thesis study. The data
collection methods used in the study are presented in section 4.3. In section 4.4 we
present the relation of the separate publications to the research questions of the study,
and section 4.5 contains a few words on the motivation of preparing this dissertation in
the form of a bundled thesis.

4.1 The research approach

Logistics clearly belongs to applied sciences, which are categorised by the pursuit of
knowledge with the aim of obtaining a specific goal, i.e. its aim is to develop
knowledge that has the specific purpose of increasing the effectiveness of some human
activity (Niiniluoto, 1993). Furthermore, many studies in the field of logistics are design
research by their nature; they are concerned with developing the design of application or
processes, i.e. they do not only aim to establish how things are, but how things ought to
be in order to attain the desired goals (Niiniluoto, 1993; Simon, 1996).
Design research is important in logistics, as it aims to provide novel, practicable leading
edge solutions. The development of practically applicable leading edge solutions by
logistics researchers has been called for by the leading authorities of the field, as the
research community continually has to justify itself also to the practitioner audience
providing the research data and in the end financing most research (Christopher, 2002;
Fearne, 2002; Lambert, 2002). Therefore, the results of logistics research should be
judged not only based on their correctness, informativeness, and truthlikeness, but also
based on their practical relevance and applicability (Benbasat and Zmud, 1999;
Niiniluoto, 1993; Kasanen et al., 1993).
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The aim of this thesis is to describe why tracking has become an increasingly important
area in logistics management, identify the key problems with current designs of tracking
systems, and develop and test a solution proposal that addresses the identified problems.
In the development of the solution proposal, the research reported in this thesis has
followed the example of “Innovation Action Research” (Kaplan, 1998). The aim of
innovation action research (IAR) is to give researchers a structure for developing
relevant new knowledge on different fields of management research. It offers guidelines
for developing new solutions that alter existing practice and testing the feasibility and
properties of the innovations (Kaplan, 1998). In the terminology of Simon (1996) the
framework is an example of procedural rationality – a procedure for problem solving
when some of the issues surrounding the problem and the potential solution are not
clear from the beginning. Therefore, the IAR approach supports the aims of this thesis
research extremely well.
The flow of research in innovation action research is to initially document major
limitations in a contemporary practice, identify a new concept to overcome the
limitations, and to continually apply and improve the concept through publication,
teaching and active intervention in companies. Kaplan (1998) specifically emphasises
that installations of the proposed solution model are needed for the researchers to
understand the problem and all the practical issues it encompasses more deeply. As the
collection of empirical data in IAR is mainly carried out with case studies, the approach
is well in line with Meredith’s (1998) views of methodological selection in operations
management theory building. The flow of innovation action research is illustrated in
Figure 2.
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Intermediate
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Figure 2 The flow of innovation action research (Kaplan, 1998)

Other authors have presented approaches for design research in other fields of
management research. Kasanen et al. (1993) have proposed a “constructive approach”
for management accounting research. They propose the following six-phase research
process: 1) find a practically relevant problem, 2) obtain a general and comprehensive
understanding of the topic, 3) innovate, i.e. construct a solution idea, 4) demonstrate
that the solution works, 5) show the theoretical connections and the research
contribution of the solution concept, and 6) examine the scope of applicability of the
solution. The research process of constructive research closely resembles that of IAR.
The main difference between the approaches is that the constructive approach
emphasises the active innovation of the solution concept by the researcher, whereas IAR
considers that the solution concept can be found or borrowed from already existing
practical applications and then developed further.
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In the field of Information Systems research, Benbasat and Zmud (1999) are on the
same lines with IAR and the constructive approach in research problem identification.
They recommend that researchers look to practice and especially the problems
encountered in practice to identify research topics and examine literature only after
commitment to a specific topic has been made. Furthermore, Mahoney and Sanchez
(2004) propose a similar approach for strategic management research. They state that
strategy researchers should present their theories for potential application to managers,
observe how the proposed theories function in practice, and update the theories based on
the findings. When a researcher is engaged in discussing and observing the practical
implementation of a strategy theory she is engaged in a double-loop learning where she
supplies insights, relationships and theory to the practitioner, and receives information
on the practical relevance and applicability of the theory. This interaction is beneficial
from both the practitioners’ and researcher’ point of view.
The weakness of the IAR approach is the lack of guidelines on how to evaluate the
research. Even though he has applied the research approach with apparent success,
Kaplan (1998) acknowledges that the IAR framework does not provide clear guidelines
for evaluating the outcomes of the research. In presenting IAR, Kaplan (ibid) states that
most traditional ways of evaluating the findings, e.g. surveys on the success of
implementers of the proposed design, should not be applied in the purpose of estimating
the feasibility of developed operating models, but does not present any formal
evaluation framework to be utilised. Furthermore, he admits personally conducting only
continuous informal evaluation of the design proposal developed in the research (ibid).
However, the IAR model has feedback loops to increase and ensure both the practical
and scientific relevance and validity of the results. The practical feedback loop consists
of discussion with practitioners and even more importantly of implementations of the
proposed solution design. The scientific feedback loop consists of presenting the results
and its research basis on international scientific conferences and journal articles. The
responses of the research community help to develop and ensure the scientific
relevance, validity and general applicability of the research. These feedback loops
closely resemble the double-loop learning of strategy researcher as proposed by
Mahoney and Sanchez (2004). Even though the primary function of these feedback
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loops is aiding the development of the proposed solution designs, we argue that their
results can also be used in the evaluation of the success of the research. This issue is
further discussed in section 6.2, evaluation of the thesis.

4.2 The progress of research

The majority of the research in this thesis study has been performed in an IAR stream
examining how to build tracking systems for short-term multi-company supply
networks and how to utilise those systems. This research stream has provided most of
the results related to research questions 1, 2 and 3. The thesis study also incorporates
two separate studies examining the utility of RFID technology in tracking and thus
contributing mainly to research question 4.
This thesis research was initiated with the RFID studies. However, here the parts of the
thesis research are reported in the order of their importance, and therefore the main
research stream is discussed first.
The main research stream has developed a solution concept for tracking in short-term
supply networks, and a tracking-based approach for generating material flow
transparency. These have been tested in two successive implementations and their
feasibility and applicability area has been studied in two further case studies. The flow
of this research stream has been the following:
1) The research stream was initialised with a problem description and rough first
illustration of the solution proposal, which was constructed based on conceptual
analysis and unstructured discussion with companies supplying goods to
international investment projects. This stage of research was performed in the
spring and summer of 2001, and its results are reported in Paper II.
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2) The operating principles of current tracking systems were studied in a literature
review; and a technical solution for tracking in multi-company networks was
developed in co-operation with companies from project-oriented mechanical
engineering industry. The tracking system was developed by Dr. Främling and
the specification of the system are initially published in Främling (2002). The
system is presented in more detail and in a more general form in Kärkkäinen et
al. (2003b). The systems development was carried out in the autumn 2001.
3) A pilot installation with the tracking system was performed with an original
equipment manufacturer (OEM) delivering sub-solutions to heavy industry
investment projects, and its subcontractor. This pilot was performed to validate
the developed tracking system. The experiences gathered in the pilot installation,
previous knowledge, and a thorough literature review on current tracking
systems were used to refine the tracking approach to a specific solution concept
of forwarder independent tracking (FIT). The solution concept for tracking in
short-term networks and experiences from the first pilot installation are reported
in Paper IV. This pilot installation was performed in the spring 2002.
4) A case study was conducted in a furniture industry supply network including a
large retailer and three SME suppliers. This study was undertaken to examine
the feasibility and potential benefits of the proposed solution concept in
consumer goods supply chains. During this study, we discovered how the
proposed FIT solution concept can be used for generating inventory
transparency. We refer to this procedure of generating inventory transparency as
tracking-based approach for generating inventory transparency. Data from this
case study is used in Paper VI. This case study was conducted the summer and
autumn of 2003.
5) A pilot installation testing the tracking-based approach for generating inventory
transparency was conducted in a telecommunication network installation project.
In this pilot, Främling’s tracking system was used to create inventory
transparency to six installation warehouses. Data from this case study with the
pilot is used in Papers V and VI. The pilot installation was initiated in the late
autumn 2003 and was carried on till the autumn of 2004.
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6) A delivery management model utilising the tracking-based approach for
generating material flow transparency was developed for construction projects.
The developed model is presented in Paper V. This delivery model was
developed in the spring 2003.
7) A case study including an equipment manufacturer, its supplier and a project
contractor was conducted in a mechanical engineering supply chain to further
examine the feasibility and potential implications of the proposed FIT solution
concept and the tracking-based approach for generating transparency in
investment project deliveries. The companies in this case study are different
from the companies in the first pilot implementation. Findings from this case are
used in Paper VI. This case study was conducted in the autumn 2004.
8) The potential of using the tracking-based approach for generating transparency
in supply chains with small and medium-sized companies as well as the factors
affecting the applicability of the tracking-based approach was analysed based on
the furniture, telecom, and mechanical engineering industry cases. The results of
this analysis are presented in Paper VI. This analysis was performed in the late
autumn 2004.
The research focusing on the potential of RFID technology in tracking consist of two
studies:
1) A study reviewing published case studies of RFID applications. A model
classifying the benefits achievable with wireless identification technology was
developed based on the cases. The classification model is presented in Paper I.
This study was conducted in the summer 2000.
2) A case study of RFID based on tracking in the grocery industry. Findings from
this case study are presented in Paper III. The case study was conducted in the
autumn 2001.
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4.3 The data collection methods

The data collection methods utilised in the research are presented in this section. We
will first review the data collection methods in the studies included in the main IAR
cycle developing tracking tools and their utilisation methods for short-term supply
networks, after which we will move to presenting data collection methods in the studies
in the RFID stream.
Paper II is based on conceptual analysis and unstructured discussion with companies
supplying goods to international investment projects. Therefore, no specific data
collection methods were utilised.
The empirical research in the main IAR research stream consists of four case studies,
two of which have incorporated a pilot implementation.
The first case study was performed with a supplier delivering components to investment
projects and included a pilot implementation which was used to verify the concept of
forwarder independent tracking (this solution concept will be described in more detail in
the results chapter). As Paper IV states, the principal information gathering methods in
the pilot implementation were active involvement, observation, and constant contact
with key personnel of the OEM company and its subcontractor. Additionally, interviews
were conducted with management personnel who were not directly involved in the
installation. Triangulation or other means of data validation were not used, as the aim of
the case was to act as a proof-of-concept for the proposed solution concept, not to
provide empirical data on company operations. Dr. Främling has been primarily
responsible for the data collection in this case study.
After the first pilot installation we (the applicant and Mr. Ala-Risku) started a case
study with the aim of studying the feasibility of utilising the proposed solution concept
in the furniture industry. This case is used in Paper VI, were the used data collection
methods are used not well described due to space. The case consisted of two furniture
retail chains, their common distribution organisation and three supplier companies. The
main data collection method was semi-structured interviews (the list of interviewees and
the interview dates is presented in Appendix A). Additional data was gathered with
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active participation in the joint supply chain development meetings of the case
companies, and direct observation of operations at two of the three suppliers and the
two retail chains. The researchers also gained valuable insights on the applicability of
the proposed concepts in a reporting workshop of the findings.
In gathering the data, we tried to ensure the reliability of the collected information by
the following generic practices:
-

We took especial care when making interpretations from the answers of the
interviewees, and interpretations made from the interviewees’ responses were
cross-checked between the interviewers to guard from subjective bias. Crosschecking has been possible, as there usually were two interviewers present in the
interviews.

-

We tried to avoid the subjective perception from the side of the informant by using
several informants whenever possible. Also the information acquired with the other
data collection methods was compared with interview findings when possible.

-

To ensure the transparency of the research and enable re-analysing the findings, we
have written discussion memorandums based on the interviews. The memos have
been stored in a case study database along with the used interview questions for
easy future access.

-

We have tried to ensure the completeness of the information by re-contacting the
interviewees in the case of missing information or additional information
requirements. In instances where the original informant was not able to fill our
information needs, we were directed to additional respondents.

After the furniture case study we started another case study, the aim of which was to
evaluate the feasibility of using the forwarder independent tracking solution concept for
developing inventory transparency in telecommunications network equipment
deliveries. This case study also incorporated a pilot implementation. Material gathered
in this case study is used in Papers V and VI.
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The main data collection method in this case was active participation in the planning of
the pilot, in the development of a business case for the pilot and in actual piloting. The
researchers were responsible for the development of the piloted transparency approach,
participated actively in the planning of the implementation, prepared all education and
instruction material related to the pilot and were responsible for holding the educating
session for the personnel implementing and using the software at the pilot locations.
Furthermore, once the pilot was in progress, the researchers acted as a helpdesk for the
companies installing and using the systems. After the initial implementation, the
researchers remained in close contact with the company representatives responsible for
the pilot and received first hand knowledge on the progress and impacts of the pilot.
In addition to the active participation, semi-structured interviews were conducted with
seven different respondents from three different organisational areas of the case
company. In conducting interviews and documenting research data gathered in the
whole case study, the same quality assurance guidelines were followed as in the
furniture case.
The final case study in this research stream was conducted in the supply chain of project
oriented machinery products. In this case study, representatives from an equipment
manufacturer (one respondent), its SME supplier (one respondent), and a project
contractor (two respondents) were interviewed. The interviewees, their organisational
positions and the dates of the interviews in this case are listed in Appendix B. Semistructured interviews were used for data collection. In the interviews we first discussed
the perception that the respondent’s organisation had on material flow transparency, and
the current pressures, possibilities and plans for developing transparency. After this, we
presented the proposed transparency approach and the respondents were asked to
describe their perception on its implications on their organisation and the supply chain
and compare it with their prevalent or planned transparency solutions. Additionally, the
researchers accessed the companies’ www-pages before interview to familiarise
themselves with the companies and their operations. The quality assurance methods
described in the furniture case were also utilised in this case study, with the exception of
more restricted sources of information.
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The research stream focusing on the potential of RFID in tracking consists of two
studies. The first study presents a classification framework of RFID benefits. The
framework is based on published case studies as proposed by Lewis (1998), and no
additional empirical data was utilised in building the framework. The original
publications are reported with the case descriptions in Paper I. The publications
reviewed for the paper were acquired mainly from ABI Inform database by reviewing
all material that was found with the search-key “RIFD” in full text of the article.
The case study of RFID tracking in the grocery industry (reported in Paper III) is based
on a semi-structure interview and information acquired from published documents.
Extra information needs detected when writing the case study report were fulfilled with
additional contact with the interviewee. The resulting case description was validated
with the informant. The used interview questions are reported in Paper III.
The information collection methods for gathering the empirical data of the thesis are
summarised in Table 3.
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Table 3 The data collection methods for the empirical data
Research phase

Data collection
methods

Reliability assurance
methods

Included
in papers

Pilot installation in
mechanical
engineering industry

Active involvement,
observation,
interviews

Case study on the
furniture industry

Interviews,
participation in
meetings, observation,
results workshop

Multiple interviewers,
multiple data sources,
case database, re-contact
and additional
respondents when
needed

Paper VI

Pilot installation in
telecommunication
network equipment
deliveries

Active participation
(in planning and
carrying through the
pilot), observation,
interviews

Multiple information
collectors, multiple data
sources, case database,
additional informants or
queries when needed

Paper V,
Paper VI

Case study in the
supply chain of
mechanical
engineering projects

Interviews, wwwpages

Multiple information
collectors, case database,
additional contact when
needed

Paper VI

Published cases of
RFID applications

Article database
searches

Transparency to data
provided by identifying
the original sources in
the paper

Paper I

A case study of
RFID tracking in the
grocery industry

Semi-structured
interview, review of
published documents

Extra information needs
fulfilled with additional
contact, the case report
validated with the
respondent

Paper III

Paper IV,
Paper VI
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4.4 The relation of the separate publications to the research
questions

In this section we describe the separate publications included in the thesis briefly,
discuss their contribution to answering the research questions and, in the cases of a joint
publications, present the role of the applicant in the paper.
Paper I presents a framework that classifies the benefits achievable with wireless
product identification technology to handling efficiency, efficient customisation, and
effective information sharing. This framework can be used in analysing when RFID
technology should be utilised, and therefore the paper makes a clear contribution to
research question 4.
The applicant has been primarily responsible for writing the paper. Dr. Holmström had
a significant role in defining the structure of the paper, and a noteworthy role in
finalising the paper.
Paper II investigates how the logistic challenges of international projects can be solved
with an effective tracking solution. The paper thus contributes to research question 1.
The paper also outlines basic requirements of a tracking system that could be utilised in
a project delivery chain and lays the framework for the proposed solution concept and
thus contributes to research question 2.
The applicant is the main contributor in the paper. He has designed the structure and
flow of the paper, and he has been primarily responsible for the overall writing of the
paper. Dr. Holmström has contributed to the structure of the paper, and he was involved
in finalising the paper and its overall analysis. Dr. Främling has built the actual system
described in the paper, provided the software technology related understanding for the
paper, and has strongly contributed to the parts of the paper discussing software
technology aspects. Professor Artto has brought project management insight to the
paper.
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Paper III deals with the benefits of RFID based tracking in a short shelf life product
supply chain. The paper discusses the benefits achieved with tracking, contributing to
research question 1, as well as the rationale of utilising RFID, thus also contributing to
research question 4.
Paper IV examines how to construct tracking systems applicable to short-term multicompany networks and proposes a forwarder independent tracking (FIT) solution
concept to overcome the challenges in this difficult environment. Therefore the paper
makes a strong contribution to research question 2. The paper also briefly discusses the
identification technology selection made in the pilot installation, and therefore has a
minor contribution to research question 4.
The applicant has been primarily responsible for designing and writing the paper, the
literature review and research design sections have been completely written by the
applicant and he has had the biggest role also in other sections. Mr. Ala-Risku has
contributed especially to the definition of the proposed tracking approach and to
finalisation of the paper. Dr. Främling has designed and programmed the demonstration
system presented in the paper, and conducted the case study reported in the paper.
Paper V presents how tracking information can be utilised in increasing the efficiency
of the material delivery process of construction projects. The paper therefore has a
strong contribution to research question 1. The paper also presents guidelines on how
inventory transparency can be built with tracking systems built according the FIT
solution concept and highlights construction projects as one of the prime targets for this
tracking-based approach for transparency, and therefore contributes to research
question 3.
Mr. Ala-Risku has been the primary contributor to the paper, and has been responsible
for the literature review of the paper in particular. The applicant has contributed mainly
to the design of the flow of the paper and to the writing of the results section of the
paper. The data collection and the development of the model presented in the paper
have been conducted co-operatively by Mr. Ala-Risku and the applicant. Dr. Främling
has developed the tracking system used in the pilot installation and has provided
technical expertise for the pilot.
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Paper VI investigates the applicability of the proposed tracking-based approach for
generating material flow transparency for supply chains with small and medium-sized
enterprises, and the effect of operational environment on the applicability of the
approach. The paper presents how tracking can increase material flow transparency, and
thus contributes to research question 1. However, the paper also gives a clear
description of how to utilise the FIT solution concept for generating material flow
transparency and discusses the characteristics of business environment that affecting the
applicability of this proposed approach for generating transparency. Thus, the main
contribution of the paper is to research question 3.
The applicant has been primarily responsible for designing and writing the paper. Mr.
Ala-Risku has contributed especially to the final formulation of the paper. The data
collection of the study has been performed collaboratively by the applicant and Mr. AlaRisku. Dr. Främling has developed the tracking system used in the pilot installations
and has been responsible for the technical expertise required in the pilots.
The relations between the research questions and the separate publications are
illustrated in Table 4, where an “X” represents a strong contribution to the research
question expressed in that column and “(X)” stands for a weaker contribution. For
benefit of the readability of Table 4, the separate publications included in the thesis are
presented again in Table 5.
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Table 4 The relation of the research questions and the separate publications

Paper I
Paper II
Paper III
Paper IV
Paper V
Paper VI

Research
question 1:

Research
question 2:

Research
question 3:

Research
question 4:

“What can be
obtained by using
tracking systems
and tracking
information?”

“How to design
tracking systems
applicable to shortterm multicompany
networks?”

“How does
operational
environment affect
the applicability of
the tracking-based
approach to
increase material
flow transparency?”

“Under what
circumstances does
RFID technology
offer the most
benefits in
tracking?”

X
X
X

(X)
X
(X)

X
X
(X)

(X)
X

Table 5 The separate publications included in the thesis

Paper I

Paper II
Paper III

Paper IV

Paper V
Paper VI

Kärkkäinen, M. and Holmström, J., (2002), “Wireless product
identification: Enabler for handling efficiency, customisation, and
information sharing”, Supply Chain Management: An International
Journal, Vol. 7, No. 4, pp. 242–252.
Kärkkäinen, M., Holmström, J., Främling, K., and Artto, K., (2003),
“Intelligent products – a step towards a more effective project delivery
chain”, Computers in Industry, Vol. 50, No. 2, pp. 141–151.
Kärkkäinen, M., (2003), “Increasing efficiency in the perishable goods
supply chain with RFID tagging”, International Journal of Retail &
Distribution Management, Vol. 31, No. 10, pp. 529–536.
Kärkkäinen, M., Ala-Risku, T., and Främling, K., (2004), “Efficient
tracking in short-term multi-company networks”, International Journal of
Physical Distribution & Logistics Management, Vol. 34, No. 7., pp. 545–
564
Ala-Risku, T. and Kärkkäinen, M., (2005), “Material delivery problems in
construction projects: A possible solution”, International Journal of
Production Economics, in press
Kärkkäinen, M. and Ala-Risku, T., (2004), “Tracking based material flow
transparency for small and medium sized enterprises”, working paper
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4.5 Why a bundled thesis was chosen for this dissertation

The existence of previously published articles made a bundled thesis a natural choice
for reporting this thesis research. Publication efforts during the thesis research can be
valuable even if one is not aiming to write a bundled dissertation. Three distinct reasons
motivated the applicant to start publication efforts early:
1) Rapid publication of results enables getting quick feedback on the research ideas
from the research community. The editors and referees of international journals
are esteemed experts in their field. Thus, by submitting results to journals one
can get valuable further insights and find the weak points in one’s reasoning
earlier. It increases the quality of the findings.
2) By publishing early, it is easier to discover similar or closely related research
performed elsewhere. This can lead to interesting collaborations, the discovery
of new viewpoints or further validity of results from similar results in other
studies.
3) It is easier to find a good focus for an article than a thesis. One can quicker get
on with improving and building on previous results.
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5 Results
The results of this doctoral study are presented in this chapter. In section 5.1 we will
discuss what can be obtained by using tracking, then in section 5.2 review results on
how to construct a tracking system for short-term distribution networks. The
applicability area of the tracking based approach for creating material flow transparency
is discussed in section 5.3. In section 5.4 we will discuss circumstances in which RFID
technology has the most potential as the identification technology for tracking.

5.1 What can be obtained by using tracking

The first research question of this thesis is: “What can be obtained by using tracking
systems and tracking information?”
The reasons for gathering tracking information are discussed Papers II, III, V, and VI
included in the thesis. This section is divided into two parts: in the first part we review
the results presented in the separate publications and in the second part these results are
re-grouped and summarised.
5.1.1 The results presented in the papers

Material deliveries to installation projects are time-critical. The challenge of delivering
project material is to time the deliveries in an uncertain environment to arrive late
enough not to cause severe storage problems, but in time so as not to hinder the carrying
through of the project. (Paper II)
Paper II presents how the problems with the time criticality of the delivery of project
materials would be relieved if the project contractor had the capability of tracking
deliveries to gain knowledge of their delayed arrival (or, even better, if the contractor
could get a proactive announcement of a delay). This would enable the project plan to
be updated by taking into account the delay of that particular delivery. Thus, the
drawbacks of delayed shipments could be greatly reduced. With assurance on the
notification of potential delays, shipments could also potentially be sent with a smaller
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safety-margin, which would result in shorter lead-times and less trouble with storage
and security on the project site. The paper thus agrees with previous literature that
tracking can be valuable, as it provides knowledge of unexpected events in the delivery
process, and enables reacting to them before they cause significant harm. The paper
expands previous literature by presenting the updating of a project plan as one potential
model of reacting to detected delays of material deliveries.
Paper III presents a case study of RFID based tracking on the short shelf life goods
supply chain. The development of the tracking methodology was initiated on the basis
of a vision of an information enriched supply chain, where all disruptions could quickly
be dealt with prior to causing major problems, which is well in line with earlier tracking
literature. Two more practical goals were assigned with the tracking trial:
-

Reducing labour associated with stock counting and rotation monitoring in
stores

-

Reducing spoilage in the supply chain

The term rotation monitoring stands for the monitoring of the replenishment process to
ensure that perishable items are replenished to the shelves according to their remaining
shelf-life.
Paper III describes how the retail chain initiated a trial utilising RFID technology to
gather comprehensive tracking information from the supply chain and from the stores in
particular. Based on the experiences of the trial the retailer estimated that, with
comprehensive tracking information, it could achieve significant savings on depot
inventory control, store replenishment productivity, and by eliminating stock-loss due to
spoilage. The estimated savings result from better knowledge on where material resides
in the supply chain, and the possibility to move additional information (i.e. the use-by
dates of products) within the tracking application. The paper thus tightly associates
tracking with the monitoring of inventory levels in the supply chain. The paper further
presents how the use-by dates can be effectively used to reduce the spoilage problem in
the supply chain considerably and thus gives verification to the findings of Töyrylä
(1999) on the potential of using material expiration dates for developing more effective
material flow control.
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Paper V discusses the potential of utilising tracking for generating inventory
transparency for project supply chains. The transparency is needed for providing project
management with reliable information on the material availability for project tasks.
However, the paper states that it is difficult to create transparency to the materials in
construction project supply chains, whether the inventory is located at the site or
elsewhere in the supply chain. This is because the materials on a site are often not
registered in any inventory control system, but are only visually controlled (Halmepuro
and Nysten, 2003; ISI Industry Software, 2003). In some cases, site inventories are
monitored with a spreadsheet application, but the inventory records tend to be flawed
due to manual processes and inconsistent registering of the material movements (HarjuJeanty and Jäntti, 2004).
Paper V presents how tracking systems can be used for creating inventory transparency
and thus to solve the problem. The paper continues that transparency is especially
difficult to achieve in site inventories and other short-term storages with traditional
solutions. Short-term storages are also the most critical inventories for material
constraint analysis in project management. Therefore, generating transparency with
tracking to these locations can offer significant benefits. However, the tracking can
naturally be used for creating transparency to inventories located in any other part of the
supply network (e.g. at the suppliers or sub-suppliers).
The requirement for creating inventory transparency with tracking is that the incoming
shipments (materials received at the site / warehouse) and outgoing materials (materials
installed / sent from the warehouse) of a supply chain location are continuously tracked
(Kärkkäinen and Ala-Risku, 2003b). Therefore, deliveries have to be equipped with an
identifying code (e.g. a tracking code, order number or a delivery number), which can
be used to link the shipment that arrived to the materials it contains. These codes are
registered with a tracking system when packages arrive at or are taken out of a given
storage location. The tracking software then conveys the tracking code, the location of
the inventory and the time of the read to a tracking database. For creating information
on the inventory levels, the codes in the tracking database have to be linked also with
the material contents of the shipments.
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The resulting inventory information can be used for material constraint analysis of the
project management. For determining project task level materials availability a link
between the materials tasks and the material needs of each task is also required. The
materials needed for a task can be thought of as a bill of materials (BOM) for a task.
Paper V further presents how creating inventory transparency based on shipment
tracking information also enables interrogating the following information from the
tracking databases:
-

What is the location of the different goods needed for a certain project task

-

What materials are at a given location (e.g. site inventory or intermediate storage
inventory)

-

What is the location of a certain shipment

-

What are the dwell times of materials in a specific location

This information is sufficient for checking the availability of material for the project
tasks and it can also be used to optimise inventory allocation in the supply chain.
Paper V furthermore shows that when database tables containing the delivery dates
promised by the suppliers, the ordering date and shipping date are connected to the
tracking database, the following performance metrics can also be generated:
-

The on-time delivery rate of a supplier

-

The lead-time of orders (from ordering to the receiving of the goods)

-

The lead-time of deliveries (from the dispatch to the receiving of the delivery)

-

If the packages are traced in several locations the de-constructed lead-times can
be used for performance analysis of the supply chain (Jahnukainen et al., 1995).

Therefore Paper V makes a contribution to previous literature by presenting how
tracking information can be used for inventory monitoring and transparency, and also
by describing how the material flow transparency information can be used for more
efficient project management. Furthermore, the paper presents findings that support the
results of Töyrylä (1999) on what metrics can be generated with tracking information,
and makes an additional contribution to increasing the practical applicability of the
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results by presenting what additional information is needed for the development of the
metrics.
Paper VI recaptures how tracking systems can be used to build material flow
transparency in the supply chain, both goods in transit and material residing in supply
chain warehouses, with focus on the use and utility of tracking systems built according
to the forwarder independent tracking solution concept. The paper thus contributes to
the first research question by describing how material flow transparency can be built
with tracking systems in a more concise manner.
5.1.2 Concluding remarks on the findings

This thesis makes four distinct contributions to previous literature related to the first
research question: “What can be obtained by using tracking systems and tracking
information?”
First, the thesis describes how the main benefit of tracking systems and information
enhanced transparency to the material flows in the supply chain, to both goods in transit
and material residing in supply chain inventories. The relation of tracking and material
flow transparency was first identified in Paper III. The requirements for inventory
monitoring based on tracking systems were presented in more detail in Paper V, and
Paper VI presented in a concise manner how tracking can be used to build transparency
to material both in transit and residing in supply chain warehouses.
Second, the thesis presents ways in which tracking information can be utilised in
project-oriented industries. Paper II described how the tracking of material shipments in
transit can be used in updating the project plan, and Paper V described how inventory
transparency achieved with tracking systems can be used in building a feasible nearterm project operations plan.
Third, Paper V validates the findings of Töyrylä (1999) by presenting further results on
what logistics metrics can be developed based on tracking information and further
validation is provided in (Kärkkäinen et al., 2004). Paper V also describes what
additional information is needed for developing the metrics and thus enhances the
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practical applicability of the results of Töyrylä (ibid). It is important to notice that the
final use of the tracking information has an impact on the way in which the final user of
the tracking information will need to access the information. If only the status of a
system on a specific moment is of interest, then it is enough for the user of the tracking
information to be linked with the provider of the service, and access the information
when needed. If pro-active alerts of potential problems are sought for, the tracking
database should be integrated with a system containing the original distribution
timetables and the logic for alerts. And, if logistics measures (such as delivery
reliability) based on historic data as are to be generated the tracking information should
be collected or linked to a reporting database or system of the customer.
Fourth, the thesis presents findings on how additional information linked to the basic
tracking information can be used to achieve further benefits. Paper III presents how the
use-by dates can effectively be used to reduce the spoilage problem in the supply chain
considerably and thus this thesis supports the findings of Töyrylä (1999) on the
usefulness of using material expiration dates in lot level logistics control. Further
research in Kärkkäinen et al. (2004) reports achievable benefits when incorporating
information of the materials carried in the packages to the tracking systems aimed for
controlling the rotation of the reusable packages themselves.

5.2 How to construct tracking systems for short-term networks

The second research question of this thesis is: “How to design tracking systems
applicable to short-term multi-company networks?”
This research question is addressed in Paper II to some extent, but it is mainly dealt with
in Paper IV. As Paper II presents earlier understanding of the same issues as discussed
in Paper IV, material for this section is drawn mostly from Paper IV as the ideas are
further developed and presented in a better-organized way there.
Paper IV proposes a solution concept called forwarder independent tracking (FIT) as a
solution for the difficulties of tracking in short-term multi-company supply networks.
Next we will present the description of FIT from Paper IV.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

Chapter 5: Results

45

The aim of forwarder independent tracking is to produce and disseminate reliable
tracking data from deliveries that are handled in short-term multi-company distribution
networks. Tracking systems built according to the FIT concept should enable tracking
data to be gathered independent of the company handling the goods, with the resulting
location information being readily available in the systems of all those companies
requiring it.
As presented in sub-section 2.4.1, it is not feasible to integrate the tracking systems of
the logistics service providers to a company’s own information system when operating
in short them supply networks. In many instances, for example when delivering
components to international investment projects, the only alternative is then to rely on
manual information requests from the tracking systems of the logistics service providers
taking part in the delivery of the goods. This method of operating is illustrated in Figure
3. In the Figure the tracking customer refers to the organisation requiring the tracking
information. This can be the sender or recipient of the delivery, or when considering
project deliveries, the contractor responsible of the timely installation of the ordered
goods.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

46

Chapter 5: Results

Manual request
with tracking
code no. 1

Tracking
customer’s
system

Manual request
with tracking
code no. 3

Manual request
with tracking
code no. 2

Tracking
system
Location
information
updates

Tracking
system
Location
information
updates

Tracking
system
Location
information
updates

MATERIAL FLOW
LSP 1
distribution network

LSP 2
distribution network

LSP 3
distribution network

Figure 3 Retrieving tracking information with manual information requests

During the research process, it was identified that the combination of distributed
programming and peer-to-peer information sharing allowed developing a new kind of
solution to the problems experienced with current tracking systems in a multi-company
setting. The problem of acquiring tracking information outside company boundaries
could be solved with lean software components by combining these two approaches, as
already presented in Paper II.
For the solution concept to have universal application, it was imperative that any given
company would be able to receive tracking information concerning their own shipments
regardless of the logistics service provider(s) used, Paper IV continues. Another prerequisite for the solution was the possibility of disseminating the tracking information to
a project co-ordinator or to a forwarder responsible for the total delivery of the project.
This meant that any logistics service provider should be able to offer the tracking
information automatically to any of its customers, or their customers’ customers.
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Each shipment should therefore be able to provide two pieces of information: 1) “which
shipment am I?” and 2) “who is interested in me?”. So, according to the forwarder
independent tracking concept, each shipment is given an identification code that reveals
both the identity of the shipment, and directly tells where the tracking information
should be sent. These pieces of information enable logistic service providers (LSP) to
gather and spread tracking data. The information system receiving the tracking message
has also to be able to identify the location the tracked entity has reached and the time of
arrival.
In FIT-type systems, the tracking information can be gathered from both new
checkpoints that are installed in the handling locations and the existing tracking systems
of the logistics service providers. The idea of FIT solution concept is illustrated in
Figure 4.

Tracking
customer’s
system
System integration with
LSP 2:s existing system

Location
information
updates

Check
-point

Tracking
system
Location
information
updates

Location
information
updates

Check
-point

MATERIAL FLOW
LSP 1
distribution network

LSP 2
distribution network

LSP 3
distribution network

Figure 4 The operating model of tracking system complying with the FIT solution
concept (Paper IV)
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The practical requirements for incorporating a new LSP to a FIT-type system differ
depending on whether an LSP has, or has not, an extensive tracking system (cf. LSP 2
and LSP 3 in Figure 4) and the life-span of the distribution network. If the LSP has an
existing tracking system and the business relationship is long-term, then systems
integration is a good option for retrieving tracking information from that LSP’s tracking
system. When tracking is needed for locations or partners without sufficient systems, or
the need from tracking information is temporary, new checkpoints should be installed.
As new checkpoints are often needed in a short-term distribution network, the
checkpoint solutions of FIT-type tracking systems should be relatively easy to distribute
and be quick to install. One solution, fulfilling the distribution requirements, is a file
downloadable from the Internet. The installation time for appropriate components
should be short even for the less experienced personnel. These kinds of lightweight
checkpoints enable a scalable tracking network to be adjusted according to transforming
distribution requirements.
Logistics service providers currently operating their own tracking systems should not
always have to install new checkpoints. The alternative solution is to re-direct
information generated by their tracking systems to the interested party with an
integrating middleware component of a FIT-type system. In such cases, the
compatibility of data formats of tracking messages with the recipients information
systems must be ensured, as is always the case when integrating information systems.
The integration efforts are justified when continuous high volume business between the
partners can be expected. In instances where integration is deemed desirable the
solutions presented by Deschner et al. (1998) and Li and Shu (2003), can be included in
the set of potential integration tools.
The aim of the FIT solution concept is to utilise existing solutions and provide means
for efficient tracking in supply networks crossing the boundaries of several traditional
tracking systems. Therefore it differs from traditional systems with strictly proprietary
coding and information management practices.
The basic requirements for tracking systems complying with the FIT solution concept
are summarised in Table 6.
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Table 6 The basic requirements for tracking systems complying with the FIT solution
concept (Paper IV)
Operational scope of
the system
The system can be
Forwarder
easily operated by all
Independent
LSP's even in shortTracking -systems
term networks

Identification
technology

Item coding

Information content

Information
architecture

Accessibility of
information

Should support
several technologies

Identifies the item and
the recipient of the
information

Basic attributes,
preferably possibility
for supplementary
information

Can in principle be
centralised to service
provider or distributed
to the users of the
tracking data

The data should be
directly available on
the systems of the
parties needing the
tracking data

Paper IV also presents a demonstration system complying with the FIT guidelines. This
demonstration system was used to assess the practical feasibility of the FIT solution
concept. Several key characteristics of the demonstration system were presented already
in Paper II. Next we will review how Paper IV describes the demonstration system of
the FIT solution concept.
To incorporate the two distinct pieces of information needed for identifying packages in
FIT systems: the identity of the shipment and the identity of the recipient of the tracking
information, the notation ID@URI was used in the demonstration solution. In this
notation the ID stands for an identity code of the consignment, and URI stands for the
uniform resource identifier (i.e. Internet address) of the computer to which the tracking
messages should be sent. Because all URI’s are unique by their definition, the ID parts
of codes connected to different URI’s can be identical without problems of dual codes.
This gives the owner of the URI freedom to define their ID-coding scheme, without the
need of co-ordinating the efforts between different parties creating codes. Therefore,
ID@URI-coding enables multi-company applications without the need for standardising
and allocating codes for shipments.
In some situations the ID@URI may not be used as the only identification code for the
tracked product. For example, existing project management systems usually identify
deliveries in their own way, for instance by project and item number. Therefore, to ease
the use of the system in the operations of several companies, the system incorporates a
functionality of mapping the ID@URI codes to company internal codes. This enables
the use of the system with the current internal coding in a company.
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The application was developed around two software components. The first is a client
agent, which is needed at each checkpoint where shipments are tracked. The second
component is a server agent residing at the computer specified by the URI-part of the
identity. It receives tracking messages from the client agents and forwards the tracking
information to the in-house tracking system of the company.
The basic operational principle of the system is that when a delivery arrives at a
checkpoint, its tracking code is read to the client component. The client then
communicates the identity of the checkpoint, the tracking code of the consignment and
the time of the reading operation to the server. The server compares the tracking code to
the shipment identity used in the in-house tracking system of the case company, and
subsequently up-dates the information in the tracking system.
These client and server components are lean (123 and 39 kilobytes respectively), quick
to install, and platform-independent as they are programmed using Java programming
language. Both the leanness and quick installation are important for effective forwarder
independent tracking solutions. Leanness is important, as it enables distributing the
components efficiently via the Internet. The components can be downloaded via the
Internet (even over a GSM-data connection), or distributed as e-mail attachments. The
installation of the components typically takes only a few minutes, which enables
efficient set-up of the system; and, thus allows using the system for temporary
distribution networks. Platform independence of Java-based components helps to keep
the system accessible to all companies in the distribution network.
The recipient’s information system can identify the tracked shipment based on its
ID@URI code. Separate measures have to be taken to identify the location of the
checkpoints. Two different approaches can be used to manage the checkpoint identities:
1) The recipient of the information manages the identities when it organises the
distribution of the checkpoint software. The software can be distributed with the
identities via e-mail, or when using www-downloads, the checkpoint personnel can be
forced to register the identity and location of the checkpoint when downloading the
software. This, however, leads to several overlapping proprietary tracking networks if
several companies wish to track their shipments at the same location. Although the
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

Chapter 5: Results

51

leanness of the software makes it possible to operate several tracking networks with
different software components at a single checkpoint, it demands extra operative effort
at the checkpoint.
2) The checkpoints have globally unique identities based on a standardised notation.
The authors propose a notation of the form LocationID@URI for the checkpoint
location identities. The LocationID is the identity of an individual checkpoint, and the
company operating the checkpoint allocates it. The URI is the Internet address of the
operator’s server containing exact information (e.g. postal address, operating hours,
handling equipment) on the individual checkpoints. This enables the system to remain
scalable, as all checkpoint identities are globally unique and companies operating the
checkpoints can use the same software components with all their customers.
When using the LocationID@URI notation, the management of information related to
checkpoint identities can be implemented with the demonstration system, as the client
components of the software can be used also for retrieving information from databases
connected to a server component. The practical solution requires that a company
operating checkpoints in the tracking network stores the checkpoint identities and the
related information on a database table and installs a server component connected to the
database. The companies receiving tracking information can then use a client
component to query the database for information regarding specific checkpoint
identities (Kärkkäinen et al., 2003b).
The format of the timestamp has been solved in a trivial manner. The server component
takes a Java Database (JDBC) connection to the database in which the tracking
information is stored and inserts the information with a standard SQL insert. Therefore,
the timestamp generated by the client takes the format used in the tracking database
when inserted in it
The demonstration system in itself does not depend on the identification technology
used on the tracked consignments. The system can be used with all available techniques
for automatic identification if the technology supports the ID@URI notation. In
practice, drivers for bar code and radio frequency identification (RFID) readers are
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installed and the system also supports manual data input if no automated means are
available.
The key features of the demonstration system are summarised Table 7. Furthermore, the
table recaptures the key issues of predominant tracking systems and the FIT solution
concept to ease their comparison.
Table 7 The key factors of predominant tracking systems, the FIT solution concept, and
the demonstration system (Paper IV)

Predominant
tracking systems

Operational scope of
the system

Identification
technology

Item coding

Information content

LSP handling the
shipments operates
the system

Bar code (sometimes
manual or RFID)

Proprietary tracking
number

Basic tracking
attributes
(supplementary
information)

The system can be
Forwarder
easily operated by all
Independent
LSP's even in shortTracking -systems
term networks

The FIT
demonstration
system

Any company that
downloads the client
over the Internet can
use the system

Should support
several ID
technologies

Bar code, RFID and
manual data input
supported

Basic attributes,
Identifies the item and
preferably possibility
the recipient of the
for supplementary
information
information

Information
architecture

Accessibility of
information

Centralised to the LSP
www-query, EDI-link,
(tracking service
systems integration
provider)
Can in principle be
centralised to service
provider or distributed
to the users of the
tracking data

ID@URI code
Distributed to the
Basic + comment field
specified by the user
users of the tracking
with free text
of information
data

The data should be
directly available on
the systems of the
parties needing the
tracking data
Data resides in the
systems of the
companies requiring
the data

To further test the practical applicability of the forwarder independent tracking concept,
an industrial pilot installation was undertaken with the demonstration system. The pilot
was performed with an original equipment manufacturer (OEM) delivering subsolutions to heavy industry investment projects, and its subcontractor. (Paper IV)
The pilot installation received positive feedback. The installation of the components
proved efficient and the system operated to specification. No discrepancies were
encountered during the one-month time span of the pilot. Furthermore, the personnel
involved had no significant difficulties when using the system. The case company
considered the system very efficient and it decided to apply a system with FIT
principles also in the future. The development and maintenance of the system at the case
company has since been transferred to a commercial software vendor, and it has since
been used in an intercontinental project delivery during 2002 (ISI Industry Software,
2003; Peltonen, 2002).
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Thus, Paper IV, and therefore this thesis, contributes to the previous literature by
presenting a solution concept that can be used for designing tracking systems to gather
and convey tracking information in short-term multi-company supply networks. The
concept is validated with a pilot implementation conducted with a demonstration
software built according to the guidelines of the solution concept. The proposed solution
concept is novel and clearly different from the predominant tracking approaches.
Furthermore, the proposed solution concept can act as a valuable complement when
utilising the solutions of Deschner et al. (1998) and Li and Shue (2003) for integrating
existing tracking systems by also enabling the gathering of tracking information from
supply chain locations not covered by the span of monitoring of the tracking systems to
be integrated.

5.3 The applicability area of the tracking-based transparency
approach

The third research question of this thesis is: “How does operational environment affect
the applicability of the tracking-based approach to increase material flow
transparency?”
This research question is addressed mainly in Paper VI, and to a lesser extent in Papers
II and V.
Section 5.1 presented how tracking systems and information can bring benefits by
increasing the material flow transparency in the supply chain, the basic requirements for
this transparency were also reviewed. Paper VI further presents how tracking systems
complying with the FIT solution concept can be used for establishing material flow
transparency in all parts of a supply chain. As a summary, FIT-type tracking systems
enable visibility to goods in transit due to their potential of creating comprehensive
tracking networks and the checkpoints of FIT-type systems can easily be installed at
different storage locations of a supply chain and thus also enable visibility to material in
supply chain inventories. (Paper VI).
When building inventory transparency with FIT systems, checkpoints that track all inand out-going material of a warehouse or a specific inventory area are installed. It is
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then possible to find out what shipments are currently in the inventory location by
interrogating the tracking database, as illustrated in Figure 5. For establishing stock
keeping unit (SKU) -level inventory transparency, information of the content of the
shipments is also needed (Ala-Risku and Kärkkäinen, 2004). The inventory levels for
each SKU can be calculated by counting the number of the SKU in each shipment in
that storage location. Correspondingly, the inventory value for that location can be
calculated by summing up the values of shipments residing in that location. This
procedure of building transparency with tracking is further referred to as the trackingbased approach to increase material flow transparency.

Shipment tracking
system

Intermediate
Storage 1

Tracking database
Code
Location
ID_2364
Intermediate Storage 1
ID_6421
Intermediate Storage 2
ID_1536
Intermediate Storage 1
ID_5423
Site Inventory
ID_1416
Site Inventory

Timestamp
10.11.2003
9.11.2003
9.11.2003
3.11.2003
10.11.2003

Intermediate
Storage 2

Figure 5 Inventory transparency created with a tracking tool (Paper V)

Paper VI examines the potential of utilising the tracking-based transparency approach in
supply chains with small and medium-sized enterprises (SMEs). This is an important
topic of research as transparency solutions have not been implemented by SMEs due to:
1) the high investment usually needed in the currently the available options, 2) the
demand for sophisticated internal systems by most transparency solutions, 3) the need
of IT resources and expertise in the installation and maintenance of most available
options, and 4) the applicability of most available solutions with communication only
with a single partner. (Compiled from Eagan et al., 2003; Levy et al., 2002; McLaren et
al., 2002; Morrell and Ezingeard, 2002; Patterson et al., 2003; Stefansson, 2002.)
Paper VI states that these difficulties that SMEs experience with information technology
solutions can be avoided with the tracking-based approach for generating transparency.
The paper draws on pilot installation and case study material for its analysis and
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concludes that the tracking-based approach can be implemented with very little
investment requirements, is applicable with low end systems and actually does not
require any existing inventory monitoring systems to already be in place, has minimal
requirements for installation and maintenance and is scalable for use with several
partners. Therefore, based on the findings of Paper VI, it can be stated that the trackingbased approach for developing material flow transparency is feasible also in supply
chains including SMEs. Therefore, the potential existence of SMEs in the supply
network does not affect the applicability of the approach.
Paper VI also identifies several environmental factors contributing to the applicability
of the tracking-based approach for generating transparency. The applicability factors of
the proposed approach are summarised in Table 8. It has to be noted that the presented
results are gathered from three case studies, and therefore do not form a comprehensive
representation on how different environmental factors affect the applicability of the
proposed approach.
Table 8 Environmental factors contributing to the applicability of the proposed
transparency approach (Paper VI)
Environmental factors with positive
contribution to applicability

Environmental factors with negative
contribution to applicability

+ Short-term transparency requirements:
o Transparency to a temporary
storage location or distribution
partner
o Temporarily increased need for
transparency (e.g. promotions
and product introductions)

- Well working current internal systems and
high efficiency requirements in the supply
chain

+ Supply chain locations or distribution
partners currently lacking internal
solutions

- The integration of current systems can be
seen as an investment in a long-term
relationship

+ Delivery item level measurement and
control desirable in the supply chain

- High volume operations where packages
are dismantled and repacked

We will next review the factors in more detail, first discussing the factors that make the
approach attractive, and then moving to the factors that undermine its practicability.
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Paper VI states that supply chain environments that profit the most from the tracking
approach are characterised by short-term demand for additional transparency, supply
chain locations with no existing inventory management systems and situations where
delivery items are already assigned to end user demand.
The first issue concerning the applicability of the approach was the time-span of the
transparency requirement, which was brought up in all the three case studies in Paper
VI. The features making the approach attractive for short-term need are low investment
cost and speedy implementation. Paper VI further identifies two distinct categories of
temporary transparency need: 1) developing transparency to storage locations that exist
or are included in the supply chain only temporarily, 2) temporary transparency demand
due to infrequent and complex situations demanding increased supply chain visibility,
such as promotions, product introductions, product ramp-down or when incorporating a
new partner to the supply chain.
The second aspect, which was very clearly present in two of the cases in Paper VI, is the
suitability of the tracking-based transparency approach for supply chain locations
without existing inventory management applications. The approach does not require the
existence of any previous applications; instead, it can actually provide a simple
inventory monitoring system for the storage operator in addition to the transparency for
the supply chain. This is important, as inventory has to be monitored in all parts of the
supply chain (Ballard, 1996). The fit of the tracking-based approach for storages
currently lacking inventory management systems is supported by Paper V, which
presents the tracking-based approach as a solution especially for inventories at the
project site and other short-term storages in the project supply chain, often currently
operated by manual inventory control practices.
Third, Paper VI suggests that the tracking-based transparency approach is well suited
for supply chains were delivery items are designated for a specific end use or user and
thus require delivery item level control in the supply chain. In the telecommunication
equipment delivery case of Paper VI, the delivery items are, as a rule, pre-assembled
installation packages for a single project task. In this case, an interviewee from project
management operations regarded the dwell times of individual delivery items as a far
more important metrics for controlling and developing operations than inventory levels
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of stock-keeping-units (SKUs) or inventory value. He argued that as the project
operations are carried out with installation packages, not SKUs, the distribution process
should also be controlled and measured on the delivery item level to ensure effective
support to the installation project.
This finding is supported in Paper II, which presents that a large part of the material
installed in investment project sites are customised “product individuals”, i.e. products
that (whether customised or mass-produced) have a specific, clearly defined place in the
resulting construction, are identifiable at individual item level and have to be handled as
individuals. Product individuals have to be treated in an individualised manner
throughout the supply chain. Their specification, quantity and delivery time are defined
in the project plan. (Paper II). Therefore, tracking-based material control is required, as
a large deal of material in investment projects cannot be controlled just by keeping
account of materials as SKUs.
In Paper VI, the following environmental factors were identified to limit the
applicability of the tracking-based transparency approach: strict requirements for
efficient material handling and the existence of adequate information systems in the
facilities, long-term partnerships with large partners that support integration efforts and
high volume warehouse operations with dismantling of received delivery packages and
re-packaging items for dispatch.
One interviewee in the furniture case of Paper VI pointed out that if not integrated to
internal systems, the tracking-based transparency approach can introduce a new manual
work phase to the material handling processes. If a company already has sufficient
internal material control systems, the costs of using the approach may in the long run
exceed the costs of integrating current systems with its partners. Therefore, in cases of
high operational efficiency requirements and existing inventory systems, the
applicability of the approach needs to be studied on a case by case basis.
Paper VI also states that building transparency by integrating current systems may also
be appealing if more wide-ranging solutions are desired. For example, in the furniture
case the retailer organisation started to offer a flexible integration module to its
suppliers while the study was in progress (Paper VI). All three SMEs accepted the offer,
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as the retailer agreed to deal with all needed data conversions. The investment to the
retailer’s transparency solution can be considered natural for the supplier companies, as
the retailer is a major customer for each of the suppliers and the companies have agreed
on building a long-term partnership with each other. Therefore, even the supplier
companies expect the systems investment to be beneficial in the long run. In this
instance, the investment is rather to the mutual relationship, not mere data exchange,
which may in some situations be strategically desirable.
One supplier in the furniture case of Paper VI currently uses a tracking-based internal
inventory control application. However, it is clear that the tracking-based approach is
most useful when the contents of the transport packages are not unpacked and repacked.
The unpacking and re-packing of goods can of course be managed with the trackingbased system, for example by using the composite container methodology applied from
object-oriented programming as presented by Främling et al. (2004). However, the
recording of all unpacking and packing operations individually can undermine the
efficiency of warehouse operations. Therefore, the proposed approach cannot be
considered feasible for traditional large volume distribution warehouses unless the
recording of all the material handling activities can be truly automated for example with
RFID technology. On the furniture suppliers case the approach is feasible as it always
packages only one final product per a package.
Based on the analysis in Papers VI, V, and II we can conclude that the tracking-based
material flow transparency approach is likely to be a good solution in supply chains
with temporary transparency needs, limited information systems, and a need for
delivery item level logistics control. The findings of Paper VI suggest that the suitability
of tracking-based approach is questionable in environments with strict efficiency
requirements and adequate internal control systems in place, long term relationships,
and large scale SKU-level warehouse operations. Based on Paper VI we can also
conclude that the size, investment possibility, and level of IT expertise of an
organisation do not play a major role on its possibility of taking the tracking-based
transparency approach in use. As the results are based on three case studies, they can
not be considered a comprehensive representation on how different environmental
factors affect the applicability of the proposed approach. However, the results offer help
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in understanding in which situations the tracking based approach for creating
transparency can be beneficial to companies, and where its feasibility is questionable.
Even though the research related to research question 3 has specifically focused on the
applicability area of generating inventory transparency with FIT-type tracking systems,
most of the findings are not FIT specific. Generally, other tracking systems can also be
used for generating transparency in short-term or low-volume business relationships,
depending on their technical set-up. For example, the challenges related to senderspecific tracking coding are reduced if checkpoints of individual tracking systems can
be quickly and easily taken into use. In such cases several systems can be used in
parallel. However, operating several systems and selecting the appropriate one for each
package can decrease operational efficiency at the sorting and inventory locations, and
is a potential source for errors. Of course, these problems are minimised if the
warehouse or sorting location handles the goods of only one partner.
The findings related to research question 3 have interesting implications on a proposed
empirical theory linking warehouse complexity, warehouse control, and warehouse
management systems (Faber et al., 2002). The proposed theory states that the number of
orderlines processed per day and the number of SKUs in the warehouse are the two
main variables determining warehouse complexity. An increase in the value of these
variables increases warehouse control complexity, and thus increases the likelihood of
needing a custom made warehouse management software.
The results of this study suggest an amendment to the theoretical framework. The
primary feasibility case of the tracking-based approach – a situation where dedicated
packages are handled in a warehouse without dismantling them – can be thought of as a
situation with an unlimited number of SKUs (often somewhat similar in physical
characteristics) operated with standard control and handling procedures. However, the
packages have to be individually controlled, their information can not be pooled in
information systems by handling them only in quantities of a certain SKU. The set-up
demands individual package level information management and operations control and
traditional warehouse control methods (such as the ABC classification based on
transaction volumes) are totally inapplicable in such situations. The findings of this
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research thus suggest that an amendment to the proposed theory of Faber et al. (2002) is
needed.

5.4 When to utilise RFID technology in tracking

The fourth research question of this thesis is: “Under what circumstances does RFID
technology offer the most benefits in tracking?”
The factors affecting the benefits of RFID over bar coding as the identification
technology for tracking applications are addressed in Papers I and III, and to a lesser
extent in Paper IV.
This section is organised as follows: first, we will present a classification of the benefits
achievable with automatic identification technology based on Paper I. Then we will
discuss the role of RFID in achieving these benefits based on Paper III and
complementary literature. Finally, we will form a proposal presenting in which
situations should RFID technology be applied in tracking based mostly on Papers III
and IV.
5.4.1 The benefits achievable with automatic identification

Paper I presents the concept of item level supply chain management as a goal in which
the potential benefits of automatic identification have been achieved. In the paper the
benefits achievable with automatic identification technologies are classified as efficient
handling, efficient customisation and effective information sharing enabled by the
identification technology.
Paper I states that in order to achieve greater velocity in distribution, distribution centres
have to be extremely effective in handling and sorting shipments. British Airways
(Nelms, 1999) and Lynx Express (Anon., 2000) have successfully used wireless
identification technology to achieve significantly faster and more accurate sorting and
distribution.
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According to Paper I, the challenge of being able to produce customised products
efficiently, even at item level customisation, is easier to solve when products can be
identified on single product level. For example, QSC-Audio Products has built a smart
convoyerised assembly system using radio frequency identification (RFID) technology.
This system enables the company to build to order with mass production efficiency.
RFID tags are used to identify the products on the assembly line and the configuration
of a particular product to be assembled is attached to its identity. (Feare, 2000)
Paper I also states that the problems in the sharing of operational information linked to
small, customised deliveries across company boundaries are solved if all the necessary
information about handling a product is attached to the product and is attainable in an
effortless (automatically readable) way. For example, EDI messages can be stored in
identifiers attached to deliveries (Johnston and Yap, 1998). Besides solving the
problems of linking material and information flows together, the communication of
operational information with the deliveries themselves decreases the need to integrate
information systems in order to build effective processes between companies. The
possibility to use identifiers to carry operational information in systems readable form
enables supply chain partners to automate processes without systems integration.
Therefore, it is also possible to use short-time partnerships more effectively.
As the examples indicate, item level supply chain management is a solution to the
handling, customisation and the information sharing challenges in supply chain
management. The enabling steps to item level supply chain management are illustrated
in Figure 6. Handling efficiency is the basis on which item level supply chain
management is built on. It can be achieved when products are identified without a need
to handle them physically. Automatic identification in single item level enables efficient
customisation. In efficient customisation products or deliveries are efficiently processed
and handled in small batches. Effective information sharing enables efficient handling
and customisation even in dynamic inter-company networks. The key to effective
information sharing is attaching the control attributes to the product so that they are
globally available without prior arrangement. (Paper I)
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Globally attainable control
attributes with the product

Identification of products
on single product level

No physical contact needed
to interact with the product

Effective
information
sharing

Efficient
customisation

Handling
efficiency

Figure 6 The enabling steps of item level supply chain management (Paper I)

Greater handling efficiency can be achieved if the need to handle the product in order to
identify it is eliminated. Wireless product identification technologies can be applied to
enable interaction with the product without physical contact (Paper I).
Paper I continues that most commonly used wireless identification technology is based
on Radio Frequency Identification (RFID) tags. It can fulfil the requirements of item
level supply chain management with acceptable costs. Products can be identified
effortlessly because RFID tags do not require line of sight in order to be read, they can
be read through non metallic materials and tens of tags can be read simultaneously
(Jones, L., 1999; Boxall, 2000; Mumby, 2004; Rafsec, 2005; Robson, 2004). The tags
are also resistant to temperature and other environmental factors and can be read and
written at least hundred of thousands of times and can therefore have a life span of over
ten years in continuous use (DeJong, 1998; Mumby, 2004). The read/write capability of
RFID tags also enables changing the product information during processing (i.e. rerouting and price-changes). Other technologies that could be used are Bluetooth chips
for expensive equipment and Global Positioning Systems (GPS) could be utilised for
very large items such as containers even though it is not in itself an identification
technology.
Paper I states that in order to be able to practice efficient customisation, products have
to be identified at single product level. Then it is possible to control items individually
in all parts of the supply chain, e.g. in manufacturing and distribution, which provides
the ability to offer customised products and services for the customers (Töyrylä, 1999).
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The identity of the product is stored in the tag by using the RFID technology. Common
RFID tags provide from 256 bits to several kilobytes of read/write memory
(Finkenzeller, 2000; Gould, 2000; Mumby, 2004; Robson, 2004), which would be more
than enough to give each individual product an identity of its own.
Further, Paper I presents that effective information sharing can be achieved if supply
chain execution data, e.g. how the product is to be handled and where it is to be
delivered, is communicated with the product in a machine-readable way. Then, the
synchronisation of the information and the physical objects can be assured (Johnston
and Yap, 1998). Paper-based processes can also be eliminated without the need to
integrate IT-systems. This also enables efficient processes in short-term relationships.
When using RFID technology, the control attributes of the item can be stored in the
tag’s memory or it can contain a reference to a network address where the information
about the product is stored, so the control attributes are attainable at any given place
(Ashton, 2000; Stebbins, 2000). When using the network address the product's
information is also attainable at all times if the product’s network address is known.
5.4.2 The role of RFID in realising the benefits

In Paper III, the case retailer decided to go forward with developing an RFID based
tracking model for chilled goods because bar code based tracking methods were
difficult to apply particularly in stores. In the case of Paper III, it was evident that bar
code based practices of inventory management within the store environment are labour
intensive, difficult, and prone to errors. This is due to the amount of effort in tracking all
the movements of products with bar code based solutions. Furthermore, the store
environment presents the biggest logistics challenges in the grocery supply chain, and
thus the case company wanted to examine technologies potentially aiding the problems
of tracking inside stores.
Paper III states that the most important issues in RFID functionality from the retail
viewpoint were the possibility of batch reading and that no line of sight is needed to
read the tags. These enable the reading of tags in product crates without a need for
separate handling. This was considered especially important in retail store environment
where the development efforts were focused.
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Therefore, in the case of Paper III, RFID technology development was initiated simply
because it enabled more efficient capture of the tracking information – handling
efficiency. This notion of utilising RFID in the retail supply chain for increased
handling efficiency is supported by the aims of the development efforts of Tesco and
WalMart, who are testing and employing read-only RFID technology primarily to
enable more efficient data capture from the material flow (Cobain, 2004; Puckett,
2004). Tesco even calls the technology Radio Barcodes in order to easier focus on the
issues they are after and to avoid the complicated hype and fuss around RFID
technology (Cobain, 2004). The director of information technology at WalMart also
pointed out in a recent conference that due to the large volume of material moved they
do not have the possibility of tracking the material transfers between store backroom
and sales area with bar coding (Puckett, 2004). Therefore, in some instances RFID
technology is needed for tracking due to the unfeasibility of capturing the tracking
information from the material flow with bar code based solutions.
Besides the volume of transferred goods, the handling environment can sometimes
render bar coding useless and therefore RFID can be a good solution for tracking. In the
case presented in Paper IV, the company decided to use RFID technology for
identifying the deliveries regardless of the associated costs primarily due to the risk of
losing the readability of bar codes to dirt and wearing in the harsh environments
encountered in a mechanical engineering industry supply chain. However, RFID
technology is not the only solution for environments where bar coding is not applicable
for some reason. Other alternative technologies are, for example, vision recognition and
contact memory. For further discussion on the identification technologies see
(Kärkkäinen et al., 2001; Moore, 1999b).
The customisation benefits presented in Paper I are not in any way RFID dependant.
Bar coding can be easily utilised in very many instances to give items a unique identity
that can be used to control and handle the item as an individual. The question, which
technology to choose, should be thought of as a selection of the most effective
identification technology for that application and environment in question. For example,
all the customisation examples in Paper I could also have been carried through with bar
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code technology, but the companies have estimated RFID to be more cost effective in
their operations.
RFID is not required for the effective information transfer based on identification
technology. Here we discuss the two potential information transfer methods:
information programmed directly to the identifier and using a code stored at the
identifier as a reference to information stored in databases (Paper I).
For transmitting information in the identifier, bar coding can be utilised just as RFID.
For example, Johnston and Yap (1998) used two-dimensional bar codes, not RFID, for
transmitting EDIFACT advanced shipping notices. Actually, transmitting information in
bar codes is in many cases easier compared to transmitting information in RFID tags
due to the much greater information storage capacity of two-dimensional bar codes than
common RFID tags. Common two-dimensional bar codes can carry 2 000 ASCII
characters or more (Kärkkäinen et al., 2001), which is enough for e.g. storing EDIFACT
messages as the above example points out. RFID tags with read/write data storing
capability currently usually have a memory size of 256 bits. For example, the most
recent large-scale RFID adoptions with read/write memory (CHEPs launch of its service
of renting RFID tagged pallets, and Marks and Spencer’s equipping its reusable delivery
crates with RFID tags) have both utilised tags with 256 bits of memory (Mumby, 2004;
Robson, 2004). This 256 bits of memory is enough for encoding only 32 ASCII
characters. Therefore the information to be stored to RFID tags has to be strictly limited
or very tightly structured so that information can be encoded with few characters.
The strength of RFID is of course its potential capability for read/write memory, which
enables the information on the tag to be appended and changed. However, in practice
the information that can be programmed to RFID tags is highly limited and therefore
tags cannot be used e.g. as traceability databases collecting all relevant operations
performed to the items they are attached to. Furthermore, a database residing on a tag is
accessible only when in the vicinity of the tag, and therefore its utility is decreased as it
is not readily available for most relevant traceability operations (Töyrylä, 1999).
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RFID technology is also presented as a vehicle for linking information stored in
databases to individual items, thus creating intelligent products or the Internet of things
(see e.g. Ashton, 2000; McFarlane et al., 2002; McFarlane and Sheffi, 2003; Wong et
al., 2002). However, the same referencing can also be performed with bar codes, as is
clearly presented for example in Kärkkäinen et al. (2003b). Again, when selecting
which identification technology to use as the reference for information in databases, one
should consider the effectiveness of the identification situation itself.
In the identification situation itself RFID has some distinct advantages that can in some
cases enable overcoming the additional costs. The potential of totally automating the
identification and performing automatic inventory counts enables building more robust
processes and new types of replenishment services (Småros and Holmström, 2000).
RFID has other distinct benefits besides the efficiency of identification; it is almost
impossible to copy or forge RFID tags, so the information in the database is only
handed out to or updated by a party with the original identifier, and encryption
technologies can also be incorporated in the RFID reading process to further enhance
security when needed (Finkenzeller, 2000).
5.4.3 The most potential RFID application areas

When separating the facts from the myth and hype and considering the choice of
identification technology from the identification event point of view, we can identify
four specific situations where RFID especially provides value.
First, RFID has good potential in tracking in situations where tracking is deemed
important, but the gathering of the tracking information has to be very efficient for
feasible operations. This situation is present in many high volume environments, such
as in grocery supply chains or express parcel logistics. The need for RFID is the most
severe, if it is not possible to use conveyers or sorting belts on which the items can be
automatically identified with bar coding. This is the case for example in stores (Paper
III) and any other supply chain location with space limitations, and in temporary or
transferring handling locations often present for example in military logistics (Dierkx,
2000; Lambright, 2002; Songini, 2004).

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

Chapter 5: Results

67

Second, RFID has of course very good potential in environments where bar coding
based solutions have difficulties in identification performance, be that due to extreme
temperatures, dirt or physical wearing of the identifiers (Paper IV).
Third, RFID provides value in safety-oriented tracking owing to its very good read rate
and the hard copying and fortifying of tags, as well as the possibility of encryption. This
benefit is present whether there is a need to reduce theft or shrinkage of valuable goods
or prevent terrorism (Cobain, 2004; Croft, 2004; Lambright, 2002; Songini, 2004).
Fourth, RFID provides value when the relatively limited data carrying capacity it
provides can be turned to good use. This potential was present for example in the case
of Paper III, where only the description and quantity of products in the crate, the use-by
date of these products and the crate’s id-number were programmed to the tags attached
to the crates. The case presented how spoilage can be reduced when the use-by dates of
products are easily and comprehensively obtained from the goods handled in the supply
chain. Great benefits can therefore be accomplished with limited information content.
Marks and Spencer has a similar set-up in its RFID based operations, which are planned
for full roll out in the spring of 2005 (Mumby, 2004).
The information on product content and the use-by date of products on a transport crate
can of course also be transferred in bar codes, as is the current practice for example at
Mark and Spencer’s (Mumby, 2004) and Sainsbury’s (Paper III). However, when
information is carried in such reusable transport packages, the possibilities of the
read/write memory of RFID can be truly utilised. The information to be carried can be
reprogrammed to the tags on each round, and the task of attaching new bar code labels
can be avoided. It has even been calculated that this can in many instances be a more
cost efficient alternative of attaching the information to reusable crates than attaching
new bar code labels to the crates on each round of use (Albright, 2002; Mumby, 2004).
Kärkkäinen et al. (2004) are on the same lines by stating that when using identifiers on
the reusable packages, it is possible to start utilising more expensive automatic
identification technologies, as the same identifiers are used in several use cycles.
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Therefore, we can conclude that the potential benefits of utilising RFID in tracking are
the highest in situations where the tracking information has to be efficiently gathered
from the material flow (i.e. handling efficiency is important), bar coding can not be
utilised due to environmental or safety considerations and when the limited capability of
storing read/write information on the tag can be efficiently utilised. The prime example
of an application in the last category is the use of RFID in the tracking of reusable
transport packages.
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6 Conclusions
In this chapter, we first present the most important findings related to each research
question and discuss how they contribute to previous literature in section 6.1. Then in
section 6.2 we discuss the implications and linkages of these findings. Section 6.3
focuses on the evaluation of the thesis research.

6.1 Contribution of the thesis to prior literature

This thesis contributes to prior research literature by providing information for
answering the four research questions of the study.
In relation to the first research question: “What can be obtained by using tracking
systems and tracking information?”, the thesis makes four distinct contributions: 1) the
thesis describes the potential of tracking for the purposes inventory monitoring and
material flow transparency in the supply chain and the requirements for utilising
tracking in establishing transparency, 2) presents specific ways of utilising tracking
information in project-oriented industries, 3) validates prior literature on using tracking
information for developing logistics metrics by further results and describes what
additional information is needed for developing the metrics, thus enhancing the practical
applicability of the results, and 4) it presents findings on how additional information
linked to the basic tracking information can be used to develop further benefits.
For answering second research question: “How to design tracking systems applicable to
short-term multi-company networks?”, the thesis adds to previous literature by
proposing a novel solution concept for solving the challenges of tracking in short-term
multi-company networks. The proposed solution concept is validated by a pilot
installation with a demonstration system constructed by the guidelines of the solution
concept.
In answering the third research question “How does operational environment affect the
applicability of the tracking-based approach to increase material flow transparency?”
the link between tracking and material flow transparency is examined further. The
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question is answered by mapping out environmental characteristics that affect the
applicability of the tracking-based approach for generating transparency. The trackingbased approach is likely to be a viable solution in environments with temporary
transparency needs, limited information systems, and need for delivery item level
logistics control. The feasibility of the approach was found questionable in
environments with strict efficiency requirements and adequate internal control systems,
long-term relationships and large-scale SKU-level warehouse operations. Company
size, the availability of capital for systems investments and the level of IT expertise of
an organisation do not seem to play a major role in the possibility of taking the trackingbased approach into use. These results do not form a comprehensive representation on
how different environmental factors affect the applicability of the proposed approach,
but give significant aid on determining the feasibility area of the proposed transparency
approach.
The fourth research question: “Under what circumstances does RFID technology offer
the most benefits in tracking?” is answered by concluding that RFID technology offers
most benefits in situations where its true advantages – related directly to the event of
identification of the item – can be taken use of. Such circumstances are present, for
example, in environments where tracking is deemed important and identities of delivery
items have to be very efficiently retrieved from the material flow for tracking to be
feasible, where there are safety concerns to be addressed, or bar coding is unfeasible due
to the characteristics of the physical environment. RFID can also provide significant
value in environments where the limited read/write data carrying capacity it provides
can be successfully used. Examples of such environments are the distribution of
perishable goods, where adding the use-by date of the goods can provide significant
benefits and the identification of reusable transport packages where the material content
of the packages (and potential additional information) can be programmed to the tags on
each round of using the package. These guidelines can be considered as a contribution,
as previous literature did not include any clear guidelines, but presented contradictory
viewpoints on whether and when RFID technology should be utilised in tracking.
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6.2 Managerial implications

In this section we analyse the findings of the research questions concurrently and
discuss the implications of the findings. When we examine the findings of research
questions 1, 2, and 3 we can identify significant potential effects on the dynamics of
logistics service markets.
Findings related to research question 1 outline how tracking systems and tracking
information can be used to increase the efficiency of logistics service provision as well
as the value of the service for customers. The big potential of tracking is also apparent
in the trends of the industry. Major logistics companies continuously spend millions in
developing and retaining capacity for tracking goods transported in their distribution
networks. The customer value of reliable tracking information is also apparent in the
actions of several major producer companies at least in the high tech sector. The quest
of building a global distribution network with only a few selected LSP’s is by a great
deal motivated by establishing reliable visibility to the material flow. If a global
visibility to the transported material is sought for, then reliance on only a few large
LSP’s is a logical choice with the predominant design of tracking systems. The large
LSP’s are natural partners as they have sufficient resources for developing their tracking
systems, and the number of partners has to be restricted due to the amount of effort in
systems integration with each of the partners. In many instances this reliance on a few
large companies with good tracking systems can lead to a distribution network with
reduced distribution effectiveness in some areas as well as increased costs. Therefore
tracking systems can be seen as a technological driver that affects the market structure
of logistics service provision.
A change in the basic solution design of tracking systems can alter the way in which
they affect the development of the market of logistics services. The research related to
research question 2 has focused on the development of tracking solutions for short-term
distribution networks, and deliveries in project-oriented industries are cited as the prime
example of such short-term networks. However the proposed solution concept of
Forwarder Independent Tracking (FIT) has two characteristics that make it very relevant
also when building logistics networks for more stable distribution needs. First, FIT
offers a possibility for gathering tracking information from an LSP without arduous
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integration effort. Second, the FIT solution concept would enable logistics companies
currently without tracking systems (e.g. small, local companies) to offer comprehensive
tracking information to their customers.
These aspects of the FIT solution concept could have a major impact on the structure of
the markets of logistics services, if the concept grows more popular. First, easier
integration with the tracking systems of several LSP’s would reduce the pressure of
reducing logistics partners. Also, the system would also potentially reduce the
importance of tracking systems integration as a factor of customer lock-in. Second,
tracking systems would not act as a differentiator in the market for logistics services.
This could potentially increase the feasibility of acquiring logistics services with spot
trade and even increase the feasibility and popularity of transportation marketplaces.
Third, reduced effort in adding a new company to the distribution network and the
reduced cost of offering tracking services could potentially lead to the emergence of
strong local distribution companies. These local companies could have a very high
market share in a distinct geographical area, and could be directly utilized by end
customers strongly present on that area. However, the local companies would also be
good partners for several larger LSP’s not willing to invest in building a comprehensive
distribution network in that area. The same local company could in principle serve
several global service providers, as it would be relatively simple to convey the gathered
tracking information to each one of them. The inclusion of the same local distribution
partners in the networks of several global LSP’s without a sacrifice in the quality of the
service could lead to an increase in the total efficiency of logistics services.
The findings related to research question 3 suggest that in addition to having an impact
on the markets of logistics services, the FIT solution concept can affect also supply
networks with warehousing and production. This is because FIT can be used to establish
visibility to goods stored or processed within the facilities of organizations participating
in the supply network with relatively little integration effort. Therefore, it removes some
information systems related obstacles from the use of temporary supply network
partners. Thus, it potentially has the same kinds of affects as industry-wide
standardization efforts such as RosettaNet.
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The findings related to research question 4 suggest that, at least in the short-term, RFID
will potentially be the most beneficial in enduring high volume distribution networks.
The high volume of operations enable taking full use of RFID’s potential in increasing
the efficiency of handling, and enduring supply chain relationships provide a stable
basis on which to build operations, so that investment in tags and readers can be
justified. Furthermore, the stability of relationships in the supply network eases the
introduction of reusable packaging, and the value of RFID is very high when applied to
reusable packaging. Therefore as the primary feasibility area of RFID seems to greatly
differ from the primary applicability area of FIT, it is very likely that large-scale
implementations of RFID will first be performed with conventional tracking systems,
and RFID will not be widely utilized in FIT systems.

6.3 Evaluation of the thesis

This thesis has utilised the Innovation Action Research (IAR) -framework as a guideline
for carrying out the research. The IAR approach does not incorporate a formal
framework for evaluating the success of the research. There are also very few other
formal frameworks for evaluating the success of design research. Kasanen et al. (1993)
present that the success of design research should be evaluated based on the following
aspects: 1) are companies willing to take the proposed design into use and 2) whether
measurable benefits can be obtained with the design. They further present a set of three
different market tests for measuring the success of the resulting design on these two
dimensions: 1) weak market test (has any responsible manager applied the design), 2)
semi-strong market test (has the design become widely adopted), and 3) strong market
test (have the users of the design systematically achieved better financial results than
others).
The presented market tests can be very useful in estimating the relevance and
applicability of the results, but it is also evident that a considerable time is needed for
companies to take a researcher’s design proposal into operative use, i.e. for the
requirements of the market-tests to be filled. It cannot be considered a reasonable
requirement for a thesis project that develops a novel solution design to ensure that the
results of the research are also put into large-scale use by the industry.
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However, as already briefly presented in section 4.1 the IAR approach incorporates
feedback-loops for ensuring and increasing the practical and scientific validity and
relevance of the results. The feedback loops of the IAR cycle closely resemble the
double-loop learning procedures suggested by Mahoney and Sanchez (2004). The
feedback loops of the IAR approach are illustrated in Figure 7. The practical feedback
loop consists of discussing the target problem and proposed solution design with
managers of companies where the problem should be present and should also
incorporate implementations of the proposed solution design. The scientific feedback
loop consists of presenting the results in scientific conferences and journals.
Practical
implementations
-The functionality and applicability of the
proposed solution design
- Unexpected issues in implementation
- Value of the design
- Potential additional application areas

- The practical relevance of the target problem
- The credibility of the solution design

The proposed
solution design

- Relevant associated theories
-Increased accuracy in the formulation
of the target problem and solution design

- The scientific relevance of the target problem
- The novelty of the proposed solution design
- The validity of the analysis and the research

Academic
publications

Figure 7 The feedback loops of Innovation Action Research (applied from Kaplan,
1998)

The practical feedback loop is needed to ensure the relevance of the target problem and
to assess the credibility of the proposed solution design – is the proposed solution and
the logic of the solution believable to the industry experts. The problem has to be
relevant and the proposed solution has to have some credibility for companies to invest
their resources for (pilot) implementations of the system. The discussions with
management and practical implementations also give relevant feedback on the
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functionality and applicability of the proposed solution design, reveal unexpected issues
or problems in the implementation of the proposed solution design, can help in
establishing the value of the solution design, and the implementations can even reveal
new application areas for the solution concept.
Continuous publication of the research results helps to ensure the scientific relevance of
the research and the novelty of the proposed solution design. The referee process also
often forces to clarify the representation of the target problem and proposed solution.
Also, the validity of the analysis and research, which serve as the basis of the solution
proposal are reviewed in the referee process. The conference presentations and
published articles can also give the researcher information on previously unfamiliar
management theories, for example from a different field of research, that potentially can
be linked to the problem or proposed solution design.
The above described feedback loops can be used for continuous informal assessment
and direction of the research (Kaplan 1998). However, the feedback loops can be used
also for formal assessment of the results, if evaluation criteria can be set. Especially the
clarity of the representation of results, the validity of research, as well as the practical
relevance and applicability of the findings can be assessed with the above described
feedback loops. More formal evaluation helps to overcome the weakness of the IAR
approach. However, as Kaplan does not present any criteria for evaluating the research,
applicable evaluation criteria have to be sought from other sources.
Different authors have proposed different criteria for evaluating design research.
Niiniluoto (1993) considers that the results of applied science should be assessed by
their correctness, informativeness, and thruthlikeness as all sciences, but also based on
their practical applicability. Benbasat and Zmud (1999) propose that the results of
design science should be above all practically relevant. The practical relevance
comprises the practical importance of the target problem, the utility of the proposed
solutions, timeliness of the problem and proposed solution (i.e. focusing on current
problems and technologies), and accessibility of the results (i.e. the results are presented
in a way understandable also to practitioners). Holmström et al. (2004), are on the same
lines as they propose design research to be evaluated based on the novelty, relevance,
functionality, and optimality of the proposed solution designs.
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The scientific relevance (i.e. novelty) and validity (correctness, informativeness, and
thruthlikeness) of the results of this thesis research can be evaluated based on the lack of
previous literature on the topics, and the success of publishing the results in peer
reviewed journals. The accessibility of the results can be evaluated based on the
published papers, i.e. can the separate publications and this compendium be considered
understandable also to practitioner-oriented readers? The practical relevance of the
target problem and proposed solution designs, and applicability of the results can be
assessed based on the success of getting companies to submit resources to live pilots of
the proposed solution designs. Furthermore, the functionality of the solution designs
was demonstrated in the successful implementation trials.
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7 Discussion and further research
The aim of this thesis is to describe why tracking has become an increasingly important
area in logistics management, identify the key problems with current designs of tracking
systems, and develop and test a solution proposal that addresses the identified problems.
The thesis has been able to establish a classification on what can be obtained from
tracking, develop a solution concept for tracking in short-term multi-company networks
and outline its applicability area, and examine the applicability of RFID technology in
tracking.
In this chapter, we will discuss how the results of this thesis affect logistics management
in a greater extent, and what kind of further research possibilities were identified during
this thesis study.
First, the thesis brings forth the potential need of a tracking-based control logic in some
types of supply chains. The comments in the telecom case of Paper VI raise a question
on the whole applicability of traditional logistics control and measurement methods for
monitoring the delivery process in project-oriented business. The traditional material
flow control metrics proposed in supply chain management literature are based on
aggregate information with supply chain location focus (e.g. inventory rotation, delivery
reliability or average delivery lead time of specific supply chain phases) (see e.g.
Bolstorff and Rosenbaum pp. 49-54, 2003). The findings in this research (primarily
from the telecom and machinery cases) suggest that this viewpoint might not be
sufficient or optimal for controlling project-oriented operations. Rather, the monitoring
and control should focus on the progress of individual shipments. In his thesis, Töyrylä
(1999) also reported similar findings when he reported that one case study followed the
inventory dwell-times of individual material lots instead of focusing on inventory value
and rotation metrics.
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The tracking-based control approach differs greatly from the traditional way of
controlling material-flow. The focus would no longer be on the effectiveness of supply
chain phases or even the whole supply chain, but on the flow of individual products or
material lots and their effective control. In principle, this new way of control should suit
the project equipment delivery process very well, as it has to aim on timely and reliable
delivery of specific products or lots and be able to report any possible delays instantly.
Exploring the true applicability of traditional logistics management methods for
controlling project equipment deliveries and potentially developing new tracking-based
possibilities forms one stream of further research stemming from this thesis study. This
stream of further research has already been initiated in the Cyclog research project
conducted at the Helsinki University of Technology and within the project there are two
ongoing case studies focusing on the topic.
The thesis also presents the solution concept of forwarder independent tracking (FIT).
The solution concept can be considered important as it significantly eases the
implementation of tracking based control in a multi-company setting. It presents a
model for designing tracking systems for multi-company setting and also provides
guidelines for unambiguous referral to the tracked entities in a multi-organisational
network. As presented in Papers V and VI, FIT-type tracking systems can also be used
to establish inventory transparency and other metrics in multi-company supply chains
operating with traditional control logic. Thus, the results have great potential utility for
all kinds of multi-company supply chains, as material flow transparency is considered
one of the most important aspects of successful supply chain management Ballard,
1996; Clarke, 1998; Gunasekaran and Ngai, 2004; Lee and Billington, 1992; White and
Pearson, 2001)
Increasing the amount of empirical research material on the applicability and
implications of the FIT concept is another area in the need of future research.
Fortunately, there are now also some commercial providers of tracking services
corresponding with the principles of the FIT solution concept (ISI Industry Software,
2005; LogiNets, 2005; Stockway, 2005), which enables the researchers to perform case
studies on installations with commercial software. This can significantly reduce the
effort needed from researchers compared to researcher led pilot installations.
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Furthermore, commercial providers, due to secured maintenance and development of
the solution, potentially enable studying the concepts in real-life operations, not just in
the piloting phase. Structured interviews and potentially even surveys could also be
used to further examine the applicability area of FIT.
The telecom and machinery cases in Paper VI and the analysis of the challenges of
project management in Paper V also brought forth the existence of temporary storage
locations in the cases. This is an interesting discovery as the literature discussing facility
(warehouse or depot) location problems traditionally deals with the tradeoffs between
fixed warehouse location costs and variable transportation costs (see e.g. de la Fuente
and Lozano, 1998). Therefore, the whole phenomenon of temporary storage locations
could provide a fruitful area for further research with a significant contribution to the
logistics literature. There are several potential interesting research questions linked to
the temporary storage locations, for example: where do they exists and why are they
used, what is their economic impact, in what situations should they be used, and how
should they be controlled?

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

80

List of references
Ala-Risku, T., Kärkkäinen, M., Holmström, J., (2003), “Evaluating the applicability of
merge-in-transit”, International Journal of Logistics Management, Vol. 14, No. 2,
pp. 67–81.
Albright, B., (2002), “’Eye’ spy”, Frontline Solutions, Vol. 3, No. 11, pp. 16–22.
Anon., (1996), “GPS technology: The new high-tech compass”, Sensor review, Vol. 16,
No. 3, pp. 9–10.
Anon., (2000), “Money well spent”, Frontline Solutions, Vol. 1, No. 6, pp. 30–31 and
59.
Ashton, K., (2000), “Internet of Things - MIT, Embedded Technology and the Next
Internet Revolution”, Tag 2000, 25.5.2000, Baltic Conventions, The
Commonwealth Conference & Events Centre, London.
Ballard, R., L., (1996), ”Methods of inventory monitoring and measurement”, Logistics
Information Management, Vol. 9, No, 3, pp. 11–28.
Benbasat, I., and, Zmud, R., (1999), “Empirical research in information systems: The
practice of relevance”, MIS Quarterly, Vol. 23, No. 1, pp. 3–16.
Biddle, J., (2004), “Global visibility: myth or reality?”, Journal of Commerce, February
16th, 2004, pg. 1.
Bingham, J.E., and Perzzini, P.S., (1990), “Systems design for international logistics”,
International Journal of Technology Management, Vol 5, No. 4, pp. 472–479.
Bodamer, D., (2002), “Department of Transportation keeps backup systems for GPS
tracking technology”, Civil Engineering, Vol. 72, No. 5, pg. 32.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

81

Bolstorff, P. and Rosenbaum, R., (2003), Supply chain excellence: a handbook for
dramatic improvement using the SCOR model, American Management Association,
New York.
Booker, E., (1999), “Service Maps To Needs – DHL Lets Customers Dictate Which
Services The Company Delivers”, Internetweek, July 12 1999, p. 17.
Boxall, G., (2000), “The Use of RFID for Retail Supply Chain Logistics”, Tag 2000,
24.5.2000, Baltic Conventions, The Commonwealth Conference & Events Centre,
London.
Burnell, J., 1999, “Users will overcome many obstacles and implement RFID, study
predicts”, Automatic I.D. News, Vol. 15, No. 5, p. 26.
Burnell, J., (2000), “The jury's out in the case for RFID in logistics”, Frontline
Solutions, Vol. 1, No. 6, pp. 18–27.
Bushnell, R., (2000), “RFID’s wide range of possibilities”, Modern Materials Handling,
Vol. 55, No. 1, p. 37.
Christopher, M., (2002), personal communication with professor Martin Christopher at
the Council of Logistics Management Doctoral Symposium, September 27, 2002,
San Francisco, CA.
Cheng, E.W.L., Li, H., Love, P.E.D., Irani Z., (2001), “An e-business model to support
supply chain activities in construction”, Logistics Information Management, Vol,
14, No. 1/2, pp. 68–77
CIES, (2004), “Implementing traceability in the food supply chain”, a report compiled
and published by CIES – the food business forum
Ciuba, G., (2004), “More logistics consolidation ahead”, Journal of Commerce,
September 27, 2004, p. 1.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

82

Clarke, M., (1998), “Virtual logistics”, International Journal of Physical Distribution &
Logistics Management, Vol. 28, No. 7, pp. 486–507.
Cobain, C., (2004), “The Tesco Experience in RFID”, presentation at The CIES
Conference Tag, Trace & Synchronise, 7th & 8th October 2004 – Hilton Arc de
Triomphe, Paris, France
Coia, A., (2001), “Express services unite Europe”, Logistics Management and
Distribution Report, Vol. 40, No. 9, pp. E3–E5+.
Croft, J., (2004), “Hight-Tech Baggage Tracking Wins in Vegas”, Air Transport World,
Vol. 41, No. 3, pg. S12.
Dainty, A.R.J., Briscoe, G.H., and Millett, S.J., (2001), “New perspectives on
construction supply chain integration”, Supply Chain Management: An
International Journal, Vol. 6, No. 4, pp. 163–173.
Day, A., (1991), “Who Cares about International Freight?”, International Journal of
Physical Distribution & Logistics Management, Vol. 21, No. 4, pp. 29–31.
de Brosses, A., (2004), “Regulation of Traceability – The Status of the Situation in
Europe”, presentation at The CIES Conference Tag, Trace & Synchronise, 7th & 8th
October 2004 – Hilton Arc de Triomphe, Paris, France
DeJong, C. A., (1998), “Material handling tunes in”, Automotive Manufacturing &
Production, Vol. 110, No 7, pp. 66–69.
de la Fuente, D. and Lozano, J., (1998), “Determining warehouse number and location
in Spain by cluster analysis”, International Journal of Physical Distribution &
Logistics Management, Vol. 28 No. 1, pp.68–79.
Deschner, D., Hofman, O., Reiheimer, S., and Bodendorf, F., (1998), “Agent-Supported
Information Retrieval for Tracking and Tracing”, Lecture Notes in Computer
Science, Vol. 1435, pp. 44–54.
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

83

Dierkx, K., (2000), “Taking Supply Chain Visibility to the Next Level: Powering the
Smart Supply Chain”, Council of Logistics Management Annual Conference,
26.9.2000, Council of Logistics Management, New Orleans, presentation slides
Eagan, T., Clancy, S., and O’Toole, T, (2003), “The Integration of E-Commerce Tools
into the Business Processes of SMEs”, Irish Journal of Management, Vol. 24, No.
1, pp. 139–153.
Faber, de Koster, R., and de Velde S., (2002), ”Linking warehouse complexity to
warehouse planning and control structure”, International Journal of Physical
Distribution & Logistics Management, Vol. 32, No. 5, pp. 381–395.
Feare, T. (2000), “Pump up the volume”, Modern Materials Handling, Vol. 55, No. 3,
pp. 55–59.
Fearne, A., (2002), personal communication with professor Andrew Fearne at the
Council of Logistics Management Doctoral Symposium, September 27, 2002, San
Francisco, CA.
FedEx, (2003, www-pages of Federal Express corporation http://www.fedex.com/fi/
[Last Accessed January 18 2005]
Finkenzeller, K., (2000), RFID Handbook, John Wiley & Sons Ltd, West Sussex.
Florence, D., and Queree, C., (1993), “Traceability – Problem or opportunity?”,
Logistics Informtion Management, Vol, 6, No. 4, pp. 3–8.
Främling, K., (2002), “Tracking of material flow by an Internet-based product data
management system(in Finnish: Tavaravirran seuranta osana Internet-pohjaista
tuotetiedon hallintaa)”, Tieke EDISTY magazine, No. 1, 2002, Publication of Tieke
(Finnish Information Society Development Centre)
Garstone, S., (1995), “Electronic data interchange (EDI) in port operations”, Logistics
Information Management, Vol. 8, No. 2, pp. 30–33.
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

84

Giannopoulos, G.A., (2003), “The application of information and communication
technologies in transport”, European Journal of Operational Research, Volume
152, No. 2, pp. 302–320.
Gould, L.S., (2000), “What you need to know about RFID”, Automotive Manufacturing
& Production, Vol. 112, No. 2, pp. 46–49.
Gunasekaran, A., and Ngai, E.W.T., (2004), “Information systems in supply chain
integration and management”, European Journal of Operational Research, Vol.
159, No. 2, pp. 269–295.
Halmepuro, J. and Nystén, C., (2003), an interview with Department Manager Jorma
Halmepuro and Expediter Christer Nystén from Jaakko Pöyry Oy on 23rd January
2003
Harju-Jeanty, T., and Jäntti, J., (2004), an interview with Senior Project Manager Tomas
Harju-Jeanty and Purchasing Manager Jaakko Jäntti from Foster Wheeler Energia
Oy on October 5th, 2004.
Harris, E., (1999), “Project risk assessment: a European Field study”, British
Accounting Review, Vol. 31, pp. 347–371.
Holmström, J., Ala-Risku, T., Främling, K., Kärkkäinen, M., (2004), “Evaluating
Research-in-process: At the Cutting Edge of Solution Design and Supply Chain
Management Theory”, Helsinki University of Technology, Department of Industrial
Engineering and Management, Working Paper No 2004/4.
Huvio, E., Grönvall, J., and Främling, K., (2002), “Tracking and tracing parcels using a
distributed computing approach”, NOFOMA'2002 conference, June 13th and 14th
2002 Trondheim, Norway.
ISI Industry Software, (2003), a press release 10th February 2003, available at
http://www.isiindustrysoftware.com/news/kvaerner.html , [Last Accessed
17/01/2005]
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

85

Jahnukainen, J., Lahti, M., and Huhtala, M., (1995), LOGIPRO : towards world class
make-to-order supply chains, Research report, no 162, Helsinki University of
Technology, Industrial Economics and Industrial Psychology, Finland.
Jakobs, K., Carsten, P., and Wallbaum, M., (2001), “Using the Internet in Transport
Logistics – The Example of a Track & Trace System”, Lecture Notes in Computer
Science, Vol. 2093, pp. 194–203.
Janah, M. and Wilder, C., “FedEx special delivery”, Informationweek, Oct 27, 1997,
No. 654, pp. 42–60.
Jansen-Vullers, M.H., van Dorp, C.A., and Beulens, A.J.M., (2003), “Managing
traceability information in manufacture”, International Journal of Information
Management, Vol. 23, pp. 395–413.
Johnston, R. B., and Yap, A. K. C., (1998), “Two-Dimensional Bar Code as a Medium
for Electronic Data Interchange”, International Journal of Electronic Commerce,
Vol. 3, No. 1, pp. 86–101.
Jones, L., (1999), “Working without wires”, Industrial Distribution, Vol. 88, No. 8, pp.
M6–M9.
Kaplan, R.S., (1998), “Innovation Action Research: Creating New Management Theory
and Practice”, Journal of Management Accounting Research, Vol. 10, pp. 89–118.
Kasanen, E., Lukka, K., and Siitonen, A., (1993), ”The Constructive Approach in
Management Accounting”, Journal of Management Accounting Research, Vol. 5,
Fall 1993, pp. 243–264.
King, J., (1999), “Shipping firms exploit IT to deliver e-commerce goods”,
Computerworld, Vol. 33, No. 31, p. 24.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

86

Kullström, T., (2003), an interview with Tom Kullström, director of business
development at Kiitolinja Oy (part of Schenker group) 28th of October 2003. Jouni
Kauremaa performed the interview.
Kärkkäinen, M., Ala-Risku, T., and Kiianlinna, P., (2001), Item Identification –
applications and technologies, a report published and distributed by TAI Research
Centre, 2001, available at [http://www.tuta.hut.fi/logistics/publications.html]
Kärkkäinen, M. and Ala-Risku, T., (2003a), “Automatic identification – applications
and technologies”, Logistic Research Network annual conference LRN 2003,
September 11-12, 2003, London, UK
Kärkkäinen, M. and Ala-Risku, T., (2003b), “Facilitating the integration of SME’s to
supply networks with lean IT solutions”, eChallenges e-2003 conference, October
22–24, 2003, Bologna, Italy
Kärkkäinen, M., Ala-Risku, T., and Holmström, J., (2003a), ”Increasing customer value
and decreasing distribution costs with merge-in-transit”, International Journal of
Physical Distribution & Logistics Management, Vol. 33, No. 2, pp. 132–148.
Kärkkäinen, M., Ala-Risku, T., and Främling, K., (2003b), “The product centric
approach - a solution to supply network information management problems?",
Computers in Industry, Vol. 52, No. 2, pp. 147–159.
Kärkkäinen, M., Ala-Risku, T., and Herold, M., (2004), “Managing the rotation of
reusable transport packaging - a multiple case study”, Thirteenth International
Working Seminar on Production Economics, February 16-20, 2004, Igls/Innsbruck,
Austria
Lacefield, S., (2004), “To RFID, or not to RFID?”, Logistics Management, Vol. 43, No.
7, pp. 63–68.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

87

Lambert, D., (2002), personal communication with professor Doug Lambert at the
Council of Logistics Management Doctoral Symposium, September 27, 2002, San
Francisco, CA.
Lambright, S. Business Developer of Global Supply Chain Infrastructure of Savi
Technologies, (2002), “Smart new technologies for managing the real-time supply
chain”, a presentation in the Council of Logistics Management (CLM) annual
conference 2002, September 29 – October 2, San Francisco, CA.
Lee, H. and Billington, C., (1992), “Managing Supply Chain Inventory: Pitfalls and
Opportunities”, Sloan Management Review, Vol. 33, No. 3, pp. 65–73.
Levy, M., Powell, P., and Yetton, P., (2002), “The Dynamics of SME Information
Systems”, Small Business Economics, Vol. 19, No. 4, pp. 341–354.
Lewis, M., (1998), “Iterative triangulation: a theory development process using existing
case studies”, Journal of Operations Management, Vol. 16, pp. 455–469.
Liddell, S. and Bailey, D., (2001), “Market opportunities and threats to the U.S. pork
industry pose by traceability systems”, International Food and Agribusiness
Management Review, Vol. 4, pp. 287–302.
Li, S.-T. and Shue, L.-Y., (2003), “A study of logistics infomediary in air cargo
tracking”, Industrial Management & Data Systems, Vol. 103, No. 1, pp. 5–13.
Linthicum, D.S., (2001), B2B application integration: e-business enable your
enterprise, Addison-Wesley, Boston.
Loebbecke C., and Powell, P., (1998), “Competitive Advantage from IT in Logistics:
The Integrated Transport Tracking System”, International Journal of Information
Management, Vol. 18, No. 1, pp. 17–27.
LogiNets, (2005), the homepage of LogiNets Oy, http://www.loginets.com/ , [Accessed
17/01/2005]
Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

88

Mahoney, J. and Sanchez, R., (2004), “Building New Management Theory by
Integrating Processes and Products of Thought”, Journal of Management Inquiry, Vol.
13, No. 1, pp. 34-47.
McLaren, T., Head, M.,and Yuan, Y., (2002), “Supply chain collaboration alternatives:
understanding the expected costs and benefits”, Internet Research: Electronic
Networking Applications and Policy, Vol. 12, No., 2, pp. 348–364.
McLeod, M., (1999), “Cutting both ways,” Supply Management, Vol. 4, No. 7, pp. 24–
25.
McFarlane, D., Sarma, S., Chirn, J.-L., Wong, C.Y., and Ashton, K., (2002), “The
Intelligent Product In Manufacturing Control And Management”, Proc IFAC World
Congress, Barcelona (2002)
McFarlane, D. and Sheffi, Y., (2003), “The Impact of Automatic Identification of
Supply Chain Operations”, International Journal of Logistics Management, Vol.
14, No. 1, pp. 1–17.
Meredith, J., (1998), “Building operations management theory through case and field
research”, Journal of Operations Management, Vol. 16, pp. 441 – 454.
Mousavi, A., Sarhadi, M., Lenk, A., and Fawcett, S., (2002), “Tracking and traceability
in the meat processing industry: a solution”, British Food Journal, Vol. 104, No.1,
pp. 7–19.
Moore, B., (1999a), “Bar code or RFID: Which will win the high speed sortation race?”,
Automatic ID News, Vol. 15, No. 7, pp. 29–30, 34 and 36.
Moore, B., (1999b), “How to identify the odd item”, Automatic ID News, Vol. 15, No.
12, pp. 41–47.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

89

Morrell, M. and Ezingeard, J.-N., “Revisiting adoption factors of inter-organisational
information systems in SMEs”, Logistics Information Management, Vol. 15, No. 1,
pp. 46–57.
Mumby, I., (2004), “The Marks & Spencer RFID Pilot Study One Year Later”,
presentation at The CIES Conference Tag, Trace & Synchronise, 7th & 8th October
2004 – Hilton Arc de Triomphe, Paris, France
Mäkinen, A., and Mäkinen, T., (2003), an interview with Aapo Mäkinen, business
development manager and Tapio Mäkinen, the managing director at SE-Mäkinen
Oy (a leading Finnish car distribution company) October 30, 2003.
Nelms, D. W., (1999), “Move forward on RFID”, Air Transport World, Vol. 2, No. 3, p.
2.
Niiniluoto, I., (1993), “The aim and structure of applied research”, Erkenntnis, Vol. 38,
pp. 1–21.
Otto, A. (2003), “Supply Chain Event Management: Three Perspectives”, The
International Journal of Logistics Management, Vol. 14, No. 2, pp. 1–13
Patterson, K., Grimm, C., and Corsi, T., (2003), “Adopting new technologies for supply
chain management”, Transportation Research Part E, Vol. 39, No. 2, pp. 95–121.
Peltonen, K., (2002), “The logistics of export projects is being developed to be at the
global leading-edge”, Tekniikka&Talous, No. 28/2002, pp. 26–27. In Finnish.
Puckett, T., (2004), “The Wal-Mart Experience in RFID”, presentation at The CIES
Conference Tag, Trace & Synchronise, 7th & 8th October 2004 – Hilton Arc de
Triomphe, Paris, France
Rafsec, (2005), The www-pages of the tag manufacturer UPM Rafsec www.rafsec.com
[Last Accessed 15/05/2005]

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

90

Riso, F., (2001), “Intelligent Chip Technology – An RFID Update”, The InTelligent
Supply Chain, CIES - The Food Business Forum, 4th & 5th October 2001, Hotel
Okura, Amsterdam.
Robson, (2004), Personal communication with Andy Robson, development manager of
CHEP Ltd, October 7, 2004.
Samuelsson, P, Maiers, G., and Armstrong, E.P., (2002) “Creating Value in North
American Communications,” Council of Logistics Management annual conference
2002, September 29th – October 2nd 2002, San Francisco.
Savi Technology, (2002), “Savi SmartChain platform – a white paper by” Savi
Technology, February 2002, available at http://www.savi.com/ [Last Accessed
03/03/2005]
Shah, J.B., (2001), “Fedex's Hub Of Supply Chain Activity – At its own operations, the
logistics company has made an art out of the science of supply chain management”,
EBN, No. 1260, Apr 30, 2001, pg. 54.
Simon, H., (1996), The Sciences of the Artificial, The MIT Press, Cambridge, Mass.,
USA, 3rd Edition, 231 p.
Småros, J., and Holmström, J., (2000), “Reaching the consumer through e-grocery
VMI”, International Journal of Retail & Distribution Management, Vol. 28, No 2,
pp. 55–61
Songini, M., (2004), “Supply Chain System Failures Hampered Army Units in Iraq”,
Computerworld, Vol. 38, No. 30, pg.1 and 15.
Stebbins, J., (2000), “Motorola to use barcode scanner to net connect”, The Australian
IT, June 20, 2000, p. 47.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

91

Stefansson G., and Tilanus, B., (2001), “Tracking and tracing: principles and practice”,
International Journal of Services Technology and Management, Vol. 2., Nos. ¾, pp.
187–206.
Stefansson, G., (2002), ”Business-to-business data sharing: A source for integration of
supply chains”, International Journal of Production Economics, Vol. 75, No. 1–2,
pp. 135–146.
Stockway, (2005), homepage of Stockway Oy, http://www.stockway.fi , [Accessed
January 17, 2005]
Sundelin, J., (2003), an interview with Joni Sundelin development manager at the
Finnish Postal Service, October 16, 2003. Jouni Kauremaa performed the interview.
Tausz, A., (1994), “The high stakes game of keeping tabs”, Distribution, Vol. 93, No.
13, pp. 54–57.
Töyrylä, I., (1999), Realising the potential of traceability – A case study research on
usage and impacts of product traceability, PhD. Thesis, Acta polytechnica
Scandinavica. Ma, Mathematics, computing and management in engineering series ;
97, Finnish Academy of Technology, Espoo.
van Dorp, K.-J., (2002), ”Tracking and tracing: a structure for development and
contemporary practices”, Logistics Information Management, Vol. 15, No. 1, pp.
24–33.
van Dorp, K.-J., (2003), ”Beef labeling: the emergence of transparency”, Supply Chain
Management: An International Journal, Vol. 8, No. 1, pp. 32–40.
van Hoek, R., (2002), ”Using information technology to leverage transport and logistics
service operations in the supply chain: an empirical assessment of the interrelation
between technology and operations management”, International Journal of
Information Technology and Management, Vol. 1, No. 1, pp. 115–130.

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

List of references

92

Wall, B., (1995), “Material traceability – the á la carte approach that avoids data
indigestion”, Industrial Management & Data Systems, Vol. 95, No. 1, pp. 10–11.
Wilde, C., (1997), “New Life for EDI?”, InformationWeek, Issue 622, March 17,
1997, pp. 65–67.
Willesdorf, R.,G., (1991), “Adding Value Through Logistics Management”,
International Journal of Physical Distribution & Logistics Management, Vol. 21,
No. 4, pp. 6–8.
White, R. and Pearson, J., (2001), “JIT, system integration and customer service”,
International Journal of Physical Distribution & Logistics Management, Vol. 31,
No. 5, pp. 313–333.
Whiting, R., (2003), “Ship To Sure: Tracking In Real Time”, InformationWeek,
September 22, 2003, pg. 131.
Williams, L., and Tao, K., (1998), “Information technology adoption: Using classical
adoption models to predict AEI software implementation”, Journal of Business
Logistics, Vol. 19, No. 1, pp. 5–16.
Wilson, T.P. and Clarke, W.R., (1998), “Food safety and traceability in the agricultural
supply chain: using the Internet to deliver traceability”, Supply Chain Management:
An International Journal, Vol. 3, No. 3, pp. 127–133.
Wong, C.Y., McFarlane, D., Zaharudin, A.A., and Agrawal, V., (2002), “Intelligent
Product Driven Supply Chain”, Proceedings of IEEE SMC 2002, Tunisia

Forwarder Independent Tracking Systems – Problem Description and Solution Design Proposal
Kärkkäinen, Mikko, 2005, Helsinki University of Technology, Espoo.

93

Appendices

Appendices

Appendix A The informants in the furniture case

Organisation

Interviewee

Retailers’ distribution
organisation

Several interviews and discussions with the logistics
management (logistics director and development
manager)

Retailers’ distribution
organisation

Interviews with systems development representatives
(IT director (three interviews) and IT manager)

Supplier A (sofa supplier)

Quality manager (4.6. 2003)

Supplier B (shelve supplier)

Managing director (10.6. 2003)

Supplier B’s information
system supplier

Phone interview with the managing director (2.9.
2003)

Supplier C (shelves supplier)

Phone interview managing director (8.9. 2003)

Retail chain A

Phone interview with store manager and regional
manager (15.9. 2003)

Retail chain A

Phone Interview with another store manager (22.9.
2003)

Retail chain A

Product line manager (sofas) (3.9. 2003)

Retail chain B

Manager of impot/export warehouse’s (18.6. 2003)

Retail chain B

Store manager (24.6. 2003)

Final mile distribution
company of both retail chains

Phone interview managing director (16.9. 2003)
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Appendices

Appendix B The informants in the machinery case

Organisation

Interviewee

Project equipment manager

Development manager (31.3.2004)

Component supplier

Factory manager (29.5.2004)

Project contractor

Senior project manager (5.10.2004)
Purchasing manager (5.10.2004)
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