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ABSTRACT
A pivotal element in the transport industry, intermodal freight transport, is rather
complex due to the numerous transport modes and actors involved. Terminal
operators in intermodal freight transport face major challenges to provide
seamless flows of containers via their terminals. Seamless flows are achievable
by bridging gaps between large-scale transport operators (e.g. shipping lines) and
small-scale transport operators (e.g. road hauliers and rail operators). Effective
access processes can not only bridge those gaps but also contribute to decreasing
turnaround times for trucks and trains. By applying the access processes, smallscale transport operators can receive access to specific resources in terminals. An
effective access process can be achieved when transport resources (e.g. trucks and
truck drivers) can be managed together with terminal resources (e.g. straddle
carriers and straddle carrier drivers). In this thesis, such management is termed
access management, defined as managing the process by which actors access
resources at terminals. Guided by that concept, the thesis seeks to increase the
understanding of how access management for road hauliers and rail operators in
intermodal freight terminals can contribute to decreasing turnaround times for
trucks and trains.
The thesis is a compilation of five papers reporting studies that involved literature
reviews, interviews, focus groups, participant observations and time
measurements. Whereas the literature reviews focused on the topics of access
management and information exchange, the collected data were analysed by
implementing several analytical frameworks developed for the thesis. The results
of using those frameworks clarified how effective access to resources at
intermodal freight terminals can be managed, especially by explaining four
dynamics: (1) how different information services can contribute to decreasing
turnaround times for trucks and trains, (2) how those services can affect activity
performance and resource utilisation, (3) how the required and most relevant
attributes of information can be exchanged in real time among actors involved and
(4) how and when such attributes need to be automatically collected and
exchanged. Following from those results, the chief finding is that terminal
operators can effectively manage transport and terminal processes, as well as
decrease turnaround for trucks and trains, by using access management services
that allow exchanging information in real time. From the empirical findings of the
studies conducted, six propositions are formulated and justified.
Keywords: Access management, information exchange, information services,
turnaround times, road hauliers, rail operators, intermodal freight terminals,
intermodal freight transport
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1 Introduction
The topic of this thesis is access management for road hauliers and rail operators
in intermodal freight terminals. This chapter elaborates upon that topic, identifies
some problem areas therein and articulates the purpose, research questions, scope
and delimitations of the thesis, before closing with an outline of the thesis’s
contents.

1.1 Background
Freight transport systems are essential to today’s societies and economies
(Rodrigue et al., 2006; European Commission, 2011; Reis and Macário, 2019).
For successful global logistics, freight transport has even been described as the
glue that binds complex global supply chains together (Coyle et al., 2015).
However, in Europe, the annual 31.1% growth of all freight transport modes—
road, rail, seaways, inland water ways, air and pipelines (European Commission,
2019)—continues to increase greenhouse gas (GHG) emissions (International
Energy Agency, 2019) and congestion (European Commission, 2011). In
response, a specific kind of freight transport—intermodal freight transport—can
mitigate high GHG emissions and congestion, for it affords possibilities to switch
load units from road transport to more sustainable modes such as rail, inland
waterways and seaways (Lowe, 2005; Flodén, 2007). Intermodal freight
transport, hereafter referred to as simply ‘intermodal transport’, is defined as ‘the
movement of goods in one and the same loading unit or road vehicle, which uses
successively two or more modes of transport without handling the goods
themselves in changing modes’ (Economic Commission for Europe, 2001). In that
definition, loading units, or ‘intermodal transport units’ (ITUs), refers to
containers, semi-trailers and swap bodies (Woxenius, 1998; Economic
Commission for Europe, 2001; Flodén, 2007).
Intermodal transport can be arranged within a network structure of nodes and links
(Lumsden et al., 2019). In such a network, a link represents the movements of
ITUs and resources, whereas a node signals an interruption or stop in their
movements. Along similar lines, the movements of ITUs and resources are
enabled by intermodal transport processes, whereas their interruptions are enabled
by intermodal freight terminal processes. In that sense, according to Davenport
(1993), a process is ‘a specific ordering of work activities across time and space,
with a beginning, an end, and clearly identified inputs and outputs’. By extension,
activities are actions owned and performed by actors that involve resources
(Håkansson and Snehota, 1995). Whereas activities included in intermodal
transport processes are road and rail haulage, pipeline transport and sea and air
transport (Woxenius, 1998; Lowe, 2005), activities in intermodal freight terminal
processes are the transhipment, sorting, stacking and coordination of ITUs
(Crainic and Kim, 2007; Lumsden et al., 2019). In particular, transhipment refers
to the movement of an ITU from one transport mode to another (Bontekoning et
al., 2004).
In contrast to activities, resources are entities that are controlled and utilised by
actors (Håkansson et al., 2009). In transport, resources include vessels, trucks,
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trains and employees, and at terminals involved in intermodal transport in
particular, resources include straddle carriers, cranes, employees and ITUs
(Woxenius, 1998). Although an ITU can be regarded as a resource, the flows of
ITUs are distinguished from the flows of resources, because the latter are created
when ITUs are moved by using transport resources (Lumsden et al., 2019). Other
resources in intermodal transport are supportive information components such as
information communication technologies (ICTs), information technology (IT)
and information systems (Almotairi et al., 2011). Well-functioning supportive
information components are not only powerful but also necessary to enable flows
of information among actors (Lumsden et al., 2019). In that context, actors are
organisations (Håkansson and Snehota, 1995) and according to Woxenius (2012)
can include transport operators (e.g. road hauliers, rail operators and ship owners
or shipping lines), intermodal freight terminal operators (e.g. seaport terminal
operators, railroad terminal operators, inland waterway terminal operators and
airport terminal operators) and transport coordinators (e.g. forwarders, third-party
logistics providers and agents). Of those organisations, transport coordinators
administrate and manage various logistics activities by exchanging information
between transport operators and intermodal freight terminal operators
(Stefansson, 2006).
The chief objectives of intermodal freight terminal operators, hereafter referred to
as ‘terminal operators’, are to deliver seamless flow of ITUs through intermodal
freight terminals (Marlow and Casaca, 2003) and to bridge gaps in differences
between capacity, frequency and time in the various transport modes involved
(Hultén, 1997). Bridging such gaps to achieve those chief objectives is the
recognised purpose of terminals the world over (APM Terminals, 2020; DP
World, 2020; PSA International, 2020). In general, terminal operators have to
handle differences between large-scale transport operators, which ship large
volumes at low frequencies, and small-scale transport operators, which ship small
volumes at high frequencies. As a case in point, a seaport terminal operator needs
to coordinate larger volumes—for instance, transported by mega vessels carrying
more than 23,000 containers and arriving less than once per week (Ge et al.,
2019)—with smaller ones—for example, transported by trains with 120
containers arriving once or twice per week and trucks with three containers
arriving once or twice per day (Steenken et al., 2004). Due to the differences in
volumes and frequencies, a terminal operator, with the help of transport
coordinators, has to coordinate numerous small- and large-scale transport
operators.
Given the massive flows of ITUs from large-scale transport operators that
terminals have to process, terminal operators and small-scale transport operators
face major challenges (Notteboom and Rodrigue, 2009; Meng et al., 2017; Jeevan
and Roso, 2019) in achieving seamless flows of ITUs through terminals (Marlow
and Casaca, 2003). As a solution, terminal operators and small-scale transport
operators (e.g. road hauliers and rail operators), along with their corresponding
terminal and transport processes allowing the movement and handling of ITUs to,
within and from terminals, are often arranged in intermodal transport systems by
applying a systems approach (Gammelgaard, 1997; Lindskog, 2012). In this
thesis, the system under study is part of an intermodal transport system
encompassing transport coordinators and large-scale transport operators with
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corresponding transport processes and flows of resources and information. The
studied part of the intermodal transport system can influence and be influenced
by the system itself as well as be influenced by external factors, including laws
and regulations, political and economic decisions (Woxenius, 1998), weather
conditions, market initiatives and fluctuations in supply and demand (Liljestrand,
2016).
Figure 1 illustrates the system under study and how a terminal operator therein
needs to coordinate numerous small-scale transport operators, which can
influence and be influenced by transport coordinators and numerous large-scale
transport operators with corresponding physical flows, information flows and
transport processes beyond the studied system.

Figure 1. System under study

An important performance measurement for terminals in intermodal transport
systems is turnaround time (Lubulwa et al., 2011), defined as the length of time
required for a truck or train that has entered the terminal to exit the terminal area
(Islam et al., 2013). The objective of the access process, as marked within the
system shown in Figure 1, is to achieve seamless ITU flows to decrease
turnaround times for trucks and trains. By way of the access process, small-scale
transport operators can receive access to specific resources at terminals. To
achieve an effective access process, transport resources (e.g. trucks and truck
drivers) need to be managed in conjunction terminal resources (e.g. straddle
carriers and straddle carrier drivers) in the right way at the right time. Such
management, referred to as access management (see Section 1.3), relies upon
information flows among terminal operators and small-scale transport operators
(Holweg and Pil, 2008; Gharehgozli et al., 2016). However, several problems can
adversely affect the access process, its management and, in turn, turnaround times,
as further described in the next sub-section.

1.2 Problem areas
Congestion at terminals is liable to adversely affect the access process (de Langen
and Chouly, 2004; Namboothiri and Erera, 2008; Gharehgozli et al., 2016) and,
3

by extension, increase turnaround times (Dekker et al., 2013; Phan and Kim,
2015; Ihebom et al., 2019). On the one hand, congestion at terminals has
intensified in recent years as a result of the rapid growth of freight transport that
conveys massive flows of ITUs through terminals (Motono et al., 2016). Handling
such massive flows requires large numbers of trucks and trains (Notteboom and
Rodrigue, 2009), as well as of actors and transport modes, all of which make the
structure of intermodal transport networks rather complex (Marchet et al., 2012).
Such complexity increases as terminal operators have to be able to handle everincreasing differences in the volumes, frequencies and quantities of large- and
small-scale transport operators (Hultén, 1997) that stand to create bottlenecks at
terminals (Crainic and Kim, 2007; Behrends, 2011; Islam et al., 2013).
Bottlenecks at terminals can also arise due to limited hours when gates are open
(Maguire et al., 2010) or when too few lanes or rail tracks are in service (Huynh
and Walton, 2011).
On the other hand, congestion at terminals also arises as a result of inefficient
terminal and transport processes (Maguire et al., 2010). Inefficient terminal
processes include all unnecessary movements and pointless container stacking at
terminals (Steenken et al., 2004), slow modal shifts (Woodburn, 2006) and
inefficient loading and unloading activities (Sternberg et al., 2013b). Such
needless movements and container stacking typically occur when trucks arrive
unannounced, which prevents terminals from planning for their arrival (Covic,
2017; Wasesa et al., 2017). In fact, studies have shown that 85–90% of import
containers and 60–84% of export containers are needlessly moved and stacked
(Steenken et al., 2004; Westbroek, 2012; Mutters, 2019). Meanwhile, inefficient
transport processes include truck arrivals during peak hours (Maguire et al.,
2010), empty running, or when trucks have to return from terminals empty
(McKinnon and Ge, 2006; Islam et al., 2013), and unnecessary driver activities,
including administrative tasks and idle waiting during loading and unloading
(Sternberg, 2008; Sternberg et al., 2014). Such administrative activities are
undertaken to obtain information required to perform mandatory work tasks, or
else to manually process paperwork, instead of using digital equipment such as
electronic documents, sensors and cameras to complete those activities (Heilig
and Voß, 2017). Added to those problems, the utilisation of resources may be poor
due to bad resource planning and a lack of information (Sternberg et al., 2013b).
On that topic, the relative lack of information exchange among actors in
intermodal versus unimodal transport systems (Van der Horst and Langen, 2008;
Islam et al., 2013; Wiegmans et al., 2018) stems from the relative complexity of
intermodal systems (Caris et al., 2013). At the same time, the lack of exchange
often coincides with the scarcity of information that is adequate and timely
(Sternberg, 2008), accurate and complete (Steenken et al., 2004), in real time and
of sufficiently high quality (SteadieSeifi et al., 2014; Acciaro and Wilmsmeier,
2015). All of those information-related shortcomings derive from the dismal
integration of supportive information components among actors involved and
their poor exploitation of components already available (Almotairi et al., 2011).
Conditions explaining those setbacks include the incompatibility of the various
actors’ information systems (Caris et al., 2013) or ICT components (Harris et al.,
2015), either of which, when combined with conservative mind-sets, make it
difficult for the system’s actors to adapt to new technologies (Marchet et al., 2012;
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Evangelista and Sweeney, 2014). Beyond that, the actors may distrust new
systems (Cigolini et al., 2016) or resist making changes and implementing costly
new systems and applications simply because they lack the necessary human and
economic resources (Stefansson and Lumsden, 2009; Marchet et al., 2012;
Evangelista and Sweeney, 2014; Harris et al., 2015).
Thus, congestion at intermodal transport terminals is caused by several problems
that can be grouped into three areas: complex network structure, inefficient
processes and a low level of integration between supportive information
components (Figure 2). All three problem areas negatively affect the access
process and, as a consequence, increase turnaround times for trucks and trains.

Figure 2. Problem areas in the system under study

For example, a truck’s turnaround time can range from one and six hours,
depending upon the wait time (Morais and Lord, 2006; Giuliano and O’Brien,
2007; Ramírez-Nafarrate et al., 2017). Without any wait time, the average
turnaround time is 20–30 minutes (Huynh, 2009; Lubulwa et al., 2011), which
shows how significantly wait time contributes to increased turnaround time. In
turn, longer wait times increase the idling of trucks (Do et al., 2016; Phan and
Kim, 2016), which generates more GHG emissions (International Energy Agency,
2019), elevates the stress and reduces the quality of work conditions for terminal
and intermodal transport employees alike (Montreuil, 2011), raises salary costs
for time wasted (Sanchez Rodrigues et al., 2008; Sternberg et al., 2014) and raises
fuel costs with each idling truck and empty run made.
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1.3 Access management
To address the three problems areas that adversely affect the access process, its
management and turnaround times for trucks and trains, a better understanding of
access management is needed.
Access management refers to managing the process by which actors access
resources at terminals.
In that definition, access is granted by the actor controlling specific resources (e.g.
terminal operators) and is received by the actor that requires those resources (e.g.
road hauliers and rail operators) (Wong and Karia, 2010). The specific resources
include specific ITUs, loading bays, and entry lanes, at terminals. Management
involves planning, monitoring, controlling and coordinating such access, typically
in collaboration with other actors in the intermodal transport system (Council of
Supply Chain Management Professionals, 2019). To date, studies conducted by,
for example, Namboothiri and Erera (2008); Marchet et al. (2009); Marchet et al.
(2012) have focused on functions of access control at terminals and ports,
including the automation of gate entry and exit, as well as boarding operations by
means of automated ITUs and vehicle identification. In general, the purposes of
those functions are enhanced security at terminals, safer work environments for
human resources, better commercial relations or improved efficiency (Andritsos,
2013), the last of which is the focus of this thesis. However, because such
functions control the access of trucks and trains at terminals only (Van der Horst
and Langen, 2008), they do not concern the management of access to resources at
terminals.
To manage the access process (Namboothiri and Erera, 2008; Wong and Karia,
2010), information exchange among actors in the intermodal transport system is
crucial (Buijs and Wortmann, 2014; Bisogno et al., 2015), especially the exchange
of relevant, timely information (Auramo et al., 2005; Kaipia, 2009; Bhakoo et al.,
2015; Dubois et al., 2019). The literature highlights five information services that
can be mobilised to enable the exchange of such information:
•
•
•
•
•

Information access services (Heilig and Voß, 2017);
Automated gate services (Dekker et al., 2013);
Pre-notification and appointment services (Chen et al., 2013; Phan and
Kim, 2015);
Real-time information exchange platform services (Kaipia, 2009; Carlan
et al., 2016; Dubois et al., 2019); and
Dedicated access services (Boile and Sdoukopoulos, 2014).

All five of those services depend upon supportive information components,
including information systems, ICT and IT (Almotairi et al., 2011), and have a
primary objective of decreasing turnaround times for trucks and trains. Examples
of such services successfully implemented to date are pre-notification and
appointment services, which have decreased turnaround times at terminals by
30% (Phan and Kim, 2015), and real-time information exchange platform
services, which can decrease turnaround times by 39% (Carlan et al., 2016). A
simulation model developed by Dekker et al. (2013) shows that turnaround times
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can be decreased by up to a staggering 83% once automated gate services are
added. Given their potential to increase turnaround, information services are of
particular interest to researchers and practitioners (Perego et al., 2011). For
example, two research initiatives—smartPORT at the Port of Hamburg, Germany
(Hamburg Port Authority, 2017) and SmartPort in Rotterdam, the Netherlands
(Smart port community, 2017)—have demonstrated how using information
services can at once promote sustainable economic growth and minimise
environmental impacts.

1.4 Purpose and research questions
At the time of writing this thesis, little research has provided a holistic approach
for access management that focuses on how small-scale transport operators (i.e.
road hauliers and rail operators) can access specific resources (e.g. specific ITUs,
loading bays, and/or entry lanes) at terminals at certain times of day in order to
decrease turnaround times for trucks and trains.
The purpose of this thesis is to increase the understanding of how access
management for road hauliers and rail operators in intermodal freight terminals
can contribute to decreasing turnaround times for trucks and trains.
To that purpose, the problem-solving path articulated by Booth et al. (2008) has
been employed to guide a research process for the thesis, beginning with the
identification of a practical problem, followed by formulating any number of
research questions (RQ) that define a research problem, and ending by addressing
the RQs and, in that way, offering answers to the practical problem. From the
three problem areas identified in Section 1.2, three RQs were identified and
formulated, as presented in what follows.
The network structure of the intermodal transport system studied for this thesis
involves large numbers of actors (i.e. terminal operators and small-scale transport
operators) and transport modes. As mentioned, intermodal transport remains
extremely complex, with little known about what actors are involved and how
they exchange information, if at all, even though several research teams (Marchet
et al., 2009; Marchet et al., 2012; Bisogno et al., 2015; Ramírez-Nafarrate et al.,
2017; van der Horst and de Langen, 2017) and practitioners (DHL, 2019; DB
Schenker, 2020; Kuehne+Nagel, 2020) have focused on reducing that complexity
by improving information exchange. At the same time, research on inefficient
terminal and transport processes remains rare, especially regarding the movement
of ITUs to, within and from terminals and the activities and resources involved in
those endeavours (Elbert et al., 2017). Although practitioners have applied
different information systems to improve terminal processes (Navis, 2020a), road
processes (K2, 2019) and rail processes (Hogia, 2020), all of those processes
continue to be inefficient. Thus, a clearer understanding of inefficient terminal
and transport processes involved in accessing resources at terminals is required,
as are insights into the complexity of the network structure in terms of the actors
involved and their exchanges of information when resources at terminals need to
be accessed.
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To those ends, and addressing the terminal and transport processes and actors
involved therein, RQ1 was formulated as:
RQ1: What processes and actors are involved in accessing resources at intermodal
freight terminals?
As stated in Section 1.2, the poor integration of supportive information
components at terminals stems from incompatible information systems and ICT
applications, which hinder the exchange of information among the actors
involved. Several studies have stressed the importance of information exchange
among such actors (Baron and Mathieu, 2013; Islam et al., 2013; Carlan et al.,
2016; Gharehgozli et al., 2016), the need for reliable information to access
resources at terminals (Natvig, 2009) and that good information exchange
between actors is key to improving efficiency at terminals (Sternberg et al., 2012;
Bisogno et al., 2015). From another perspective, practitioners have stressed the
importance of supportive information components and services to enabling the
seamless exchange of information (IBM, 2020; Mymo Terminal, 2020; Navis,
2020b). However, few research teams and practitioners have investigated ways of
improving information exchange for terminals (Stefansson and Russell, 2008;
Almotairi et al., 2011; Elbert et al., 2017) or the exchange of high-quality
information in real time (SteadieSeifi et al., 2014; Acciaro and Wilmsmeier,
2015), which is necessary to facilitate effective access to resources at terminals.
Although information exchange can be enabled by the five information services
previously mentioned, researchers to date have mostly investigated how specific
information services are designed to decrease turnaround for trucks or trains at
terminals, thereby overlooking conditions in which more services have been
applied. For example, studies examining the minimisation of turnaround times
based on one type of information service (e.g. Zhao and Goodchild, 2013; Huynh
et al., 2016; Phan and Kim, 2016) have ignored the various ways in which
different information services can contribute to decreasing turnaround times.
Consequently, more in-depth examinations are needed on what supportive
information components and services are required to enable effective access to
resources at terminals. In that sense, effective access, with reference to Drucker’s
(1986) definition of effectiveness as ‘doing the right things’, means access to the
right resources (e.g. specific ITUs, loading bays and entry lanes) at terminals at
the right time. Thus, addressing required supportive information components (i.e.
information systems, ICT applications and information) and required information
services, RQ2 was formulated as:
RQ2: What supportive information components and services are required to
enable effective access to resources at intermodal freight terminals?
The complex structure of intermodal transport networks, the poor integration of
supportive information components and inefficient terminal and transport
processes increase turnaround times for trucks and trains (Huynh, 2009; Lubulwa
et al., 2011; Ramírez-Nafarrate et al., 2017). As mentioned, to address those
problems, a better understanding of access management and of ways to improve
both its effectiveness and information exchange among the actors involved is
needed. In this thesis, effective access management means the automatic exchange
of the right information at the right time (Sternberg et al., 2012; Kurapati et al.,
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2015) towards ensuring that the actors involved can effectively manage the
terminal and transport processes in question (Van der Horst and Langen, 2008;
Neagoe et al., 2017). As a result, the actors should be able to grant or receive
access to the right resources at terminals at the right time (Wong and Karia, 2010;
Yang, 2016) as a means to decrease turnaround times for trucks and trains
(Goodchild et al., 2011; Mathias et al., 2018). Therefore, the potential effects of
effective access management need to be explored in three aspects: effective
automatic information exchange (i.e. how the right information can be
automatically exchanged at the right time), the effective management of terminal
and transport processes (i.e. how actors can manage terminal and transport
processes involved in effectively accessing resources at terminals) and effective
access (i.e. how access to the right resources at terminals at the right time is
granted or received). Taken together, those potential effects can contribute to
decreasing turnaround times for trucks and trains at terminals, hence RQ3:
RQ3: How can effective access to resources at intermodal freight terminals be
managed?
Altogether, by addressing the three RQs, the thesis will achieve its stated purpose
by illuminating how access management for road hauliers and rail operators at
terminals can help to decrease turnaround times for trucks and trains.

1.5 Delimitations
Involving phenomenon-driven instead of theory-driven research, this thesis
centres on the phenomenon of access management for road hauliers and rail
operators at terminals. As earlier defined and briefly described, access
management refers to the planning, monitoring, controlling and coordination of
the access process of actors involved (road hauliers, rail operators and terminal
operators) in intermodal transport networks as they access specific resources (e.g.
ITUs, loading bays and entry lanes) at terminals at certain times of day. Managing
the access process relies on information exchange that can be enabled by
implementing the five identified information services, all of which are based on
various supportive information components, including information systems, ICTs
and ITs.
Of the four types of terminals—seaport, railroad terminals, inland waterway
terminals and airports (Lowe, 2005; Roso et al., 2009)—seaport and railroad
terminals are examined in this thesis, not only due to their crucial roles in logistics
and supply chains (McCalla, 1999; Lam and Su, 2015) but also because ITU flows
are processed at both types (Higgins et al., 2012). Seaport terminals offer
transhipment between maritime and land-based transport (e.g. with trains or
trucks; Lumsden et al., 2019), whereas railroad terminals provide transhipment
between smaller modes of transport than road and in larger volumes than in rail
and inland waterways (Boysen et al., 2012). Because the thesis focuses on two
types of terminals, two set-ups of the system under study (see Section 1.1) are
included herein: a seaport terminal set-up and a railroad terminal set-up. Whereas
the seaport terminal set-up includes seaport terminal operators, road hauliers and
rail operators, the railroad terminal set-up includes railroad terminal operators and
road hauliers. By further contrast, the seaport terminal set-up receives more
attention in this work than the railroad terminal set-up, just as road haulage
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receives more focus than rail haulage, because they experience the identified
problem areas to a greater degree (see Section 1.2).

1.6 Outline of the thesis
This chapter has described the background to the thesis, the problems addressed,
the concept of access management, the purpose of the research, the three RQs and
the scope and delimitations of the research. Next, in presenting the frame of
reference for the thesis, Chapter 2 addresses literature relevant to the topic and
explores the current body of knowledge about intermodal transport in the
management of supply chains and logistics, as well as about access management,
from three perspectives: network structure, management components and
information services. Chapter 3 describes the methodology of the research in
terms of its approach, design, the various studies involved and its validity, after
which Chapter 4 provides a summary of each of the five appended papers. After
Chapter 5 presents the findings from the five papers, which serve to answer the
three RQs, Chapter 6 provides a discussion that ultimately results in six
propositions based on the findings in the five papers. In closing, Chapter 7
describes some of the conclusions and contributions of the research, followed by
a brief outlook for further research on the topic.
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2 Frame of reference
This chapter presents the frame of reference that served as a foundation for the
research conducted for the thesis. Developed in light of a review of relevant
literature, the frame of reference was designed to gain additional insights into
access management.

2.1 Intermodal transport in the context of supply chain
management and logistics
According to the Council of Supply Chain Management Professionals (2019),
supply chain management (SCM) encompasses ‘the planning and management of
all activities involved in sourcing and procurement, conversion, and all logistics
management activities’. In literature addressing SCM, two well-known supply
chain frameworks have been proposed (Naslund and Williamson, 2010): the
supply chain operations reference (SCOR) framework (APICS, 2019) and the
Global Supply Chain Forum’s (GSCF) framework (Cooper et al., 1997). On the
one hand, the SCOR framework enables different levels of detail when describing,
measuring and evaluating supply chains while using five business processes:
planning, sourcing, making, delivering and returning. In capturing only those five
business processes, the SCOR framework overlooks other processes, including
the implementation of IT, research and technology development, product
development and, among others, sales and marketing (Jonsson, 2008).
On the other hand, the GSCF framework comprises three closely inter-related
elements: the supply chain network structure, SCM components and supply chain
business processes (Figure 3).

Figure 3. The three closely inter-related elements in the GSCF framework (Cooper et al.,
1997)

The first element, the supply chain network structure, encompasses the key actors
in the supply chain and the business processes that link them. The second, SCM
components, determines how each linked business process is managed for
successful SCM. The third, supply chain business processes, represents a
structured set of activities designed to facilitate flows of information, knowledge,
money, resources and materials. Altogether, the three closely inter-related
elements capture how supply chain networks are structured and managed (Cooper
et al., 1997; Lambert et al., 1998a; Lambert and Cooper, 2000).
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Several published works discuss the relationship between SCM and logistics
management (Cooper et al., 1997; Lambert et al., 1998a; Mentzer et al., 2001;
Larson and Halldórsson, 2004). According to the Council of Supply Chain
Management Professionals (2019), logistics management is the ‘part of SCM that
plans, implements, and controls the efficient, effective forward and reverses flow
and storage of goods, services and related information between the point of origin
and the point of consumption in order to meet customers’ requirements’. That
definition maintains that logistics management is part of SCM, even though prior
research has suggested that their relationship is different. For example, Larson and
Halldórsson (2004) have argued that they are linked in four different ways,
whereas Lummus and Vokurka (1999) have posited that SCM is not logistics
management. Although definitions of the term differ, this thesis considers
logistics management to be part of SCM (Cooper et al., 1997; Lambert et al.,
1998a; Jonsson, 2008; Christopher, 2016; Council of Supply Chain Management
Professionals, 2019) and to encompass activities emerging from inventory
management, physical distribution and freight transport (Aastrup and
Halldórsson, 2008).
Freight transport, an important part of both logistics and SCM (Hesse and
Rodrigue, 2004; Coyle et al., 2015), can be described as having three layers—
material flow, transport operation and transport infrastructure (Figure 4)—each of
which constitutes a network with nodes and links (Wandel et al., 1992).

Figure 4. A three-layer model of freight transport (Wandel et al., 1992)

The first layer, material flow, describes the flow of materials as a process of links
and nodes, whereas the second, transport operation, models transport activities
and corresponding activities generated by transport service companies. One result
of transport activities is the flow of ITUs and vehicles among nodes. The third
layer, transport infrastructure, refers to the physical infrastructure and its
management. Taken together, the layers of the transport system interact in terms
of demand and supply. For example, vehicle flow creates demand that is met with
supplies conveyed via transport infrastructure in terms of capacity, which in turn
creates a traffic market. Of all three layers, transport operation receives primary
focus in this thesis, for it concerns the flow of load units—that is, ITU flows—but
not the flows of materials within the ITUs. Nevertheless, the transport
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infrastructure network also receives attention, because terminals are important
pieces of that infrastructure at which access to resources (e.g. specific ITUs,
loading bays and entry lanes) can be granted or received.
The flows of freight transport shown in Figure 4 can be divided into four types
(Lumsden et al., 2019): material, resource, information and money (Figure 5).

Figure 5. Flows in logistics (Lumsden et al., 2019)

For one, material flow is created by moving goods, which in turn creates a
resource flow, because goods have to be connected to ITUs. For another, resource
flow is always bidirectional, because resources are not consumed within the
system. By contrast, information flow occurs both horizontally and vertically;
after all, horizontal information flow creates the need for both its vertical
counterpart and information about goods, the status of resources and their physical
locations. Last, monetary flow is controlled among the seller, buyer and conveyor
of goods with the help of information from the other flows.
In intermodal freight transport, given the possibilities of switching freight from
road to more sustainable modes of transport (e.g. rail, seaways and inland
waterways), achieving the chief objectives depends upon environmental and
economic variables (Lowe, 2005; Flodén, 2007). To succeed, intermodal freight
transport depends upon four major aspects (Lumsden et al., 2019): the availability
of technology for switching freight among modes, the flexibility of the transfer of
equipment (e.g. straddle carriers), the handling of ITUs and the adaption of
transport units (e.g. railway wagons) to handle those ITUs. For example, because
ITUs increase flexibility and preclude manual loading and unloading during
transhipments, they reduce the money and time spent on the activities as well as
lower the risk of damage to goods (Woxenius, 1998).

2.2 Access management
To capture the essence of access management, this thesis has adopted the logic of
the GSCF framework (Cooper et al., 1997), because, unlike the SCOR framework
(APICS, 2019), it does not exclude IT, which is an important tool for addressing
and resolving the identified problems related to the poor integration of supportive
information components at terminals. The GSCF framework attempts to capture
the essence of SCM by viewing it in terms of three closely inter-related elements
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(Cooper et al., 1997): network structure, management components and business
processes. Concerning its elements, the logic of the GSCF framework can be
applied at lower levels of the system including logistics systems, intermodal
transport systems and the system under study, all of which are part of supply chain
systems, as previously discussed. Thus, with reference to the GSCF framework,
the essence of access management can be captured by adapting the logic of the
framework’s three elements to accommodate the system under study. In the subsections that follow, access management is described in terms of those three
elements.
2.2.1 Network structure
The supply chain network, according to Cooper et al. (1997), has three
components: the primary actors involved, the network structure and the actors’
abilities to manage their business processes. In this thesis, the primary actors are
road hauliers, rail operators and terminal operators, all of which are described first
in what follows. The structural dimension of the system under study is described
and illustrated in Section 1.1, whereas the actors’ abilities to manage their
business processes are described and analysed in terms of the industrial network
approach in Section 3.3.
Road hauliers
In intermodal transport, road haulage, comprising pre- and post-haulage
(Woxenius and Bärthel, 2008), is the activity in which ITUs are transported on
roads (Woxenius, 1998). The major challenges of road haulage are achieving high
resource utilisation at a low cost and delivering a quality of transport demanded
by customers (Behrends et al., 2011). The needs of customers can often be
fulfilled by road haulage owing to its small-scale quantities, adaptability,
flexibility, safety, reliability and services (Lumsden et al., 2019). Other activities
involved in road haulage are handling ITUs, handling documents, retrieving
information and, in the case of bottlenecks at terminals, waiting during the loading
or unloading of ITUs onto or from trucks (Sternberg et al., 2014). Those activities
are performed mostly with resources such as transport planners, truck drivers and
trucks. Regarding the last of those resources, trucks in intermodal transport come
in four types (Lumsden et al., 2019): unit load carriers (i.e. with a load carrier
affixed to the truck), semi-trailers (i.e. with a load carrier that can be disconnected
from the truck), swap body trucks (i.e. with detachable platforms and foldable
support legs) and side loader trucks (i.e. with lift equipment for ITUs).
Rail operators
Compared to road transport, rail transport is preferable for longer distances (de
Langen et al., 2017) and is viewed as more sustainable transport because it emits
fewer GHG emissions (Heinold and Meisel, 2018) and exerts low friction on rails
(Lumsden et al., 2019). The roles of railway companies entail operating terminals,
supplying rail wagons and selling rail haulage between terminals (Woxenius,
1998). Rail haulage is dictated by the organisational structure of the entire
intermodal transport network, such that freight trains may need to be driven at
night, because passenger trains are prioritised during the day, meaning that most
of the freight trains arrive in the morning and leave in the evening (Ballis and
Golias, 2002). In conjunction with terminals, rail haulage involves not only the
shunting of locomotives and rail wagons, because terminals can handle trains no
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more than 750 metres long (Lumsden et al., 2019), but also marshalling, in which
ITUs are transhipped between trains (Ricci and Black, 2005). Those activities can
be performed by using various resources (Lumsden et al., 2019); CarConTrain
are trucks and wagons connected with beams to tranship ITUs, rolling highways
allow trucks to drive up onto the wagons by using a ramp, and bimodal systems
involve semi-trailers that are loaded or unloaded into the wagons.
Intermodal freight terminals
At intermodal freight terminals, owners and operators play major roles
(Wiegmans et al., 1999). Terminal owners, which can be private or public entities,
if not both, chiefly serve to facilitate central terminal services, including the
provision of terminals and office space (Wiegmans et al., 1999). By contrast,
terminal operators chiefly provide terminal services—transhipment, sorting,
stacking and coordinating ITUs (Bontekoning et al., 2004; Crainic and Kim, 2007;
Lumsden et al., 2019)—that customers request and at the best possible prices
(Wiegmans et al., 1999). In those services, ITUs are transhipped, or moved, from
one transport mode to another, after which they are sorted and stacked due to
different criteria and, in turn, coordinated to optimise their flows in ways that
accommodate differences in the variations, frequencies and capacities of arriving
vessels, trains and trucks. Performing those services requires various resources
(Lumsden et al., 2019). Moving ITUs at terminals, for instance, requires using
straddle carriers, terminal tractors and wagons. Handling ITUs to and from trucks,
by contrast, requires using sidelifters and counter-balanced trucks, whereas
handling them to and from trains requires gantry cranes.
2.2.2 Management components
Cooper et al. (1997); Lambert et al. (1998a); Lambert and Cooper (2000) have
identified nine SCM components: planning and control methods, workflow
activity structure, organisation structure, communication and information flow
structure, product flow structure, culture and attitude, power and leadership
structure, risk and reward structure and management methods. The major goals of
those components are managing and structuring business processes within the
supply chain (Cooper et al., 1997; Lambert et al., 1998a; Lambert and Cooper,
2000). Of those nine components, the communication and information flow
structure needs to be integrated first (Cooper et al., 1997; Wolf and Seuring, 2010;
Mulholland et al., 2018). That structure includes the same components as the
supportive information components mentioned in Chapter 1—information
systems, ICT applications and information exchange—as described below.
Information systems
Information systems are composed of people and computers that produce, collect,
process, filter, distribute and interpret information (Kroenke et al., 2013). In
freight transport and other contexts, they also typically include ICT applications
that enable and improve collaboration among the actors involved (Dürr and
Giannopoulos, 2003). Information systems consist of three fundamental subsystems: the physical sub-system, the decision-making sub-system and the
information sub-system (Romero and Vernadat, 2016). Overall, the information
sub-system stores, transmits and communicates information to the decisionmaking sub-system, which in turn controls the physical sub-system (Anglani et
al., 2002). In greater detail, the physical sub-system consists of physical
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components such as actors, resources and both material and physical flows
(Romero and Vernadat, 2016). The decision-making sub-system, by contrast, is
composed of decision support systems that supply information to decision makers,
whereas the information sub-system is composed of real-time systems and
transaction-processing systems (Wortmann et al., 2013). Of those types of
systems, real-time systems monitor physical variables (e.g. text, numbers, audio
and video) via sensors and update transaction-processing systems with those
variables (Buijs and Wortmann, 2014). For their part, transaction-processing
systems can communicate with other transaction-processing systems at other
organisations via electronic data interchange (EDI) or extensible mark-up
language (XML; Buijs and Wortmann, 2014).
ICT applications
Focusing on intermodal transport, Marchet et al. (2009); Marchet et al. (2012)
have identified four ICT-based applications—transport management applications,
supply chain execution applications, field force automation applications and, last,
fleet and freight management applications—the last three applications can all be
processed in real time. First, transport management applications are decision
support tools for transport planning, optimisation and execution. They can afford
functions such as terminal operation management and monitoring as well as
accounting and finance functions. Second, supply chain execution applications
facilitate information exchange and real-time management used in order tracking
and processing, for instance. Third, field force automation applications comprise
workforce management systems and mobile technology tools (e.g. Wi-Fi devices)
that support in-field activities. Last, fleet and freight management applications
allow access control, the monitoring of parameters (e.g. travel times, service
times, delivery points visited and load temperatures) and vehicle tracking and
tracing.
Information exchange
Four facets define information exchange among actors (Mohr and Nevin, 1990):
frequency, direction, modality and content. First, frequency describes how often
information needs to be exchanged among actors in order to be used effectively.
In intermodal transport, for example, the frequency of flows of information may
be altered when hauliers plan new routes to pick up or deliver ITUs to terminals.
Second, direction describes how information is exchanged: either bidirectionally
(i.e. in two directions) or unidirectionally (i.e. in one direction). Direction also
characterises whether the information flow is inter-organisational or intraorganisational. Third, modality refers to the medium used for information
exchange: either via analogue devices (e.g. over the telephone) or digitally (e.g.
video chat, email and social media). Fourth and last, content refers to the messages
transmitted, which in this thesis are structured according to the object-oriented
paradigm (Booch, 1991) and presented as information attributes.
2.2.3 Business processes
Processes are structured sets of activities designed to facilitate flows of
information, knowledge, money, resources and materials (Cooper et al., 1997;
Lambert et al., 1998a; Lambert and Cooper, 2000; Lambert and Enz, 2017). This
thesis, as previously stated, focuses exclusively on flows of information, resources
and ITUs, all of which can be managed by using different information services
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that enable information exchange. The following paragraphs detail the chief
functions and characteristics of those services.
For one, information access services include services constructed via a web
interface or browser (Baumgrass et al., 2015) and can promote information
sharing only from a terminal to road hauliers or rail operators. Terminals can
provide information to road hauliers via webcams (Huynh et al., 2011),
information systems or webpages (Heilig and Voß, 2017). For example, the cloudbased smartPORT logistics project in Hamburg, Germany, provides information
about traffic, accidents and congestion (Heilig and Voß, 2014).
Another set of services is automated gate services, which use automated gate
systems to minimise unnecessary stops for trucks at terminals by affording
automated ITU inspections (Dekker et al., 2013). Such systems can allow
information sharing via port community systems (Heilig and Voß, 2017), without
which some terminals have introduced self-service stations located externally. By
using those stations, truck drivers can notify terminals of their arrivals, which can
expedite processing at gates (Heilig and Voß, 2017). However, regarding
processing at the terminal gates, truck arrivals cannot be managed to off-peak
hours with automated gate services.
Next, pre-notification and appointment services involve using timeslot allocation
systems (Giuliano and O’Brien, 2007), including truck appointment systems
(Chen et al., 2013; Phan and Kim, 2015), vehicle booking systems (Islam et al.,
2013; Islam and Olsen, 2014) and truck scheduling (Hall, 2001). Such services
enable trucks to notify terminals of delays along their routes and their expected
arrival times at terminals (Wasesa et al., 2017). With such information, terminals
can begin readying access for road hauliers in advance. Using pre-notification and
appointment services enables terminals to equally distribute truck traffic timewise
by allowing them to manage trucks that arrive during off-peak hours (Giuliano
and O’Brien, 2008).
In addition, real-time information exchange platform services combine decision
support systems, real-time systems and transaction-processing systems (Buijs and
Wortmann, 2014). As an example, port community systems enable real-time
information exchange among actors (Heilig and Voß, 2017), who can thereby
improve the visibility of their processes and conduct accurate, effective
transactions (Carlan et al., 2016; Huynh et al., 2016). By exchanging real-time
congestion information, for instance, truck arrivals can be processed during offpeak hours, which minimises congestion at terminals (Sharif et al., 2011).
Last, based on information systems involving pre-notification and appointment
services and real-time information exchange platform services coupled with
corresponding characteristics of information flows, dedicated access services
allow road hauliers with appointments at terminals to access priority lanes (e.g.
green lanes) or timeslots based on price, urgency or liability (Zhao and Goodchild,
2013). By exchanging the necessary information, terminals can easily handle
truck traffic and, in turn, distribute arrivals to off-peak hours (Boile and
Sdoukopoulos, 2014; Heilig and Voß, 2017).
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2.3 Synthesis: Conceptualising access management for road
hauliers and rail operators in intermodal freight terminals
The three closely inter-related elements (i.e. the supply chain network structure,
SCM components and supply chain business processes) can be adapted to suit the
system under study and capture the essence of access management. In that case,
they have been renamed access network structure, access management
components and access management services. Access management services
include information services (see Section 2.2.3), whereas the access network
structure includes terminal and transport processes, the chief actors involved (i.e.
road hauliers, rail operators and terminal operators) and how they exchange
information. Last, access management components, including communication
and information flow structure, may be affected by planning and control (Zhou
and Benton Jr, 2007) and attitudes that influence how employees adopt and react
to information (Mondragon et al., 2017).
Those three elements of access help to conceptualise the phenomenon of access
management for road hauliers and rail operators at terminals. In particular,
adapting and integrating the GSCF framework can clarify how the access network
is structured, what access management components are needed to structure and
manage information exchange in access management services and how those
services can contribute to decreasing turnaround times for trucks and trains at
terminals. The overall analytical framework with the three elements of access and
the three RQs is depicted in Figure 6.

Figure 6. Overall analytical framework with the three elements of access and three RQs

The goal of the three elements of access is to interconnect with each another in
order to achieve effective access to specific resources. For example, the access
network structure, with its various processes and actors involved, constitutes how
and what access management services can be provided and used. The services, by
contrast, enable information exchange that is structured and managed by the
components of access management.
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3 Methodology
This chapter presents the research methodology, by providing an overview of the
data needed and appropriate methods, by justifying the research process, approach
and design, and by explaining the research’s validity.

3.1 Overview of data needed and appropriate methods
In general, the data needed to answer the three RQs and the appropriate research
methods for collecting and processing such data depend upon the types and
formulations of the RQs as well as the current body of knowledge on the topic
(Ellram, 1996; Maxwell, 2013; Yin, 2013; Flick, 2014). Although the
relationships between the RQs and the body of knowledge is depicted in the
overall analytical framework in Figure 6, Table 1 further describes those
relationships and presents which data and appropriate methods were needed.
Table 1. Overview of research questions, data needed and research methods
Element of RQ
access

Data needed

Research methods

Access
network
structure

Perceptions of terminal and transport
processes

Literature review and
participant observations

Overview of actors involved and their
information exchange
Identification of required information
systems and ICT applications

Literature review and
semi-structured
interviews
Literature review and
focus groups

Identifications of required and most
relevant information attributes

Literature review and
focus groups

Identification of required access
management services
Explanation of how automatic information
exchange can be effectively managed

Literature review and
focus groups
Literature review and
focus groups

RQ1:
Terminal and
transport
processes
and actors
involved
Access
RQ2:
management Required
components supportive
and services information
components
and services

Access
RQ3:
management Effective
access
management Explanation of how the terminal and
transport processes involved can be
effectively managed

Semi-structured
interviews and focus
groups

Explanation of how effective access can be Time measurements,
managed
focus groups and semistructured interviews

The choices of research methods are described and explained in Section 3.4.

3.2 Research process
Commencing in September 2014, the research for this thesis was conducted in
two research projects: the REACH project and the DREAMIT project, hereafter
respectively referred to as ‘REACH’ and ‘DREAMIT’ (see Appendix B). In both
projects, access granted to the industrial project partners afforded valuable
opportunities for collecting data in real-life situations. In terms of
consequentiality, the results gathered from REACH informed the findings from
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DREAMIT. In REACH, the research focused exclusively on road hauliers and
ways of improving their access management. However, once it was recognised
during the project that improving access management for road hauliers would be
impossible without considering the needs of rail operators and terminal operators
as well, developing a more inclusive systems perspective became necessary.
Additionally, REACH initially focused solely on a railroad terminal, as the project
proceeded, attention shifted to a seaport terminal as the project partners, who ship
ITUs to both terminals, increasingly stressed several problems with access at the
seaport terminal. Furthermore, once an access management service was tested that
revealed some problems with manually handling, more attention was paid to how
such information can be automatically exchanged between the information
systems of the actors involved in order to reduce those problems. Thus,
DREAMIT not only adopted a broader systems perspective but also focused on
automatic information exchange between their interoperable information systems
to improve the access management for actors involved and to reduce problems
with manually handling of the tested access management service.

3.3 Research approaches
Because different approaches can be taken to provide a comprehensive view of a
given phenomenon (Halldórsson et al., 2007), this work adopted an open system
approach, the industrial network approach and an abductive approach. Those
approaches are further described below. Because this work did not aim to improve
access management by outsourcing activities to decrease transaction costs,
various other approaches were not considered: transaction cost analysis
(Williamson, 1981); principal–agent theory (Eisenhardt, 1989) for designing
contracts among actors to reduce asymmetric information, conflicting objectives
or behaviour based on self-interest; the resource-based view (Barney, 1991) and
relational view (Dyer and Singh, 1998) about outsourcing resources to achieve
competitive advantages; and contingency theory (Hofer, 1990) for reorganising or
changing how organisations are managed.
3.3.1 Open system approach
An open system approach is a sub-class within the systems approach (von
Bertalanffy, 1969), also referred to as systems theory or systems thinking
(Gammelgaard, 1997), which, by any name, has been acknowledged as a core
theory in SCM and logistics (e.g. Bowersox and Closs, 1996; Lambert et al.,
1998b; Stock et al., 1998; Stock and Lambert; 2001; Arlbjørn and Halldórsson,
2002). In particular, the open system principle can be fruitfully applied to describe
and analyse how a system depends upon its environment (Arbnor and Bjerke,
2009), especially to reveal how changes in one part of the system impact its other
parts (Burke, 2014). Described in Chapter 1, the system under study can indeed
be viewed as an open system, for it depends upon its environment, which includes
other systems: an SCM system, a logistics system and an intermodal transport
systems (Ellram and Cooper, 1990; Woxenius, 1998; Stock and Lambert, 2001).
Following calls to examine the concept of open systems to increase the visibility
of SCM systems and extend holistic perspectives (Stock and Lambert, 2001),
researchers have shown that an open system approach stresses the purposefulness
and mechanics of SCM and logistics systems (Aastrup and Halldórsson, 2008) as
well as intermodal transport systems (Woxenius, 1998).
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3.3.2 Industrial network approach
The industrial network approach was expected to offer insights into their
relationships, in a way similar to the principle of open systems in the sense that
what happens between two organisations can affect their relationships with other
organisations (Håkansson and Snehota, 1995). For the same reason, the industrial
network approach has been applied in other research on intermodal transport
(Woxenius, 1998; Stefansson and Lumsden, 2009; Sternberg et al., 2013a).
Business relationships are mutually oriented interactions among actors and are
not just mechanisms enabling communication and information exchange among
focal actors (Håkansson and Snehota, 1995), but are important processes that
develop, change and evolve over time and affect actors, resources and activities
(Håkansson et al., 2009). What happens in business relationships reflects various
technical, knowledge, social, administrative, and legal interdependencies on
which every business builds (Håkansson and Snehota, 1995).
3.3.3 Abductive approach
Since the research undertaken was phenomenon-driven instead of theory-driven,
it also adopted an abductive approach. The aim of abductive and inductive
approaches is developing theory, whereas the aim of a deductive approach is to
test theory (Arlbjørn and Halldórsson, 2002). Relative to an inductive approach,
an abductive approach was considered, because theory development and empirical
data collection occurred simultaneously, not in isolation, as an inductive approach
would have accommodated (Dubois and Gadde, 2002); and because the primary
aim was to expand current understandings of a phenomenon, not to generalise
findings from empirical data (Kovács and Spens, 2005).

3.4 Research design
The section justifies choices made regarding the research design.
3.4.1 Method for the research design
A case study was considered to be the most appropriate method for the research
owing to the nature of the RQs and the overall purpose of the thesis. As for the
first reason, RQs can be descriptive, explorative or explanatory (Marshall and
Rossman, 2014); explanatory research explains plausible relationships or explains
patterns related to phenomena; explorative research investigates poorly
understood phenomena to discover or identify important categories of meanings;
and descriptive research describes phenomena. The RQs in this thesis ask either
‘what’ or ‘how’; whereas ‘what’ questions can be explorative or descriptive,
‘how’ questions can be explorative or explanative. Both types of questions are
appropriate for qualitative research, which focuses on describing or exploring
phenomena in depth (Ellram, 1996). Whereas ‘what’ questions are suitable for
experimental methods (i.e. requiring control of behavioural events) and case
studies (i.e. investigating a contemporary phenomenon in depth in a real-world
context), as well as statistical tests of survey data, model building, simulations,
archival analysis and historical studies (Bryman and Bell, 2011), ‘how’ questions
are most suitable for experiments and case studies as well (Ellram, 1996; Yin,
2013). Thus, because the phenomenon under study was to be investigated in depth
and without needing to control for behavioural events, a case study was thought
to be the most appropriate means to address the RQs.
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3.4.2 Unit of analysis
The primary unit of analysis in the case—that is, in the real-life phenomenon (Yin,
2013)—was access management for road hauliers and rail operators in intermodal
freight terminals. The primary unit of analysis embedded subordinate units, or
embedded units of analysis (Yin, 2013), in three case studies, each addressing one
of the three RQs that, in turn, related to the elements of access in the overall
analytical framework. Those elements of access helped to conceptualise access
management from the perspective of road hauliers and rail operators in intermodal
freight terminals. The embedded units of analysis are further described in relation
to the three case studies in Section 3.5.
3.4.3 Model for the research design
Maxwell’s (2013) model was chosen to guide the research process, for it adapts
several components interactively developed to one another throughout the
research process. By comparison, Flick’s (2014) model begins with the RQs and
proceeds with a sequence of decisions. Figure 7 depicts Maxwell’s (2013) model
with the components of the research conducted for the thesis.

Figure 7. Interactive model of a qualitative research design (Maxwell, 2013)

The following sub-sections describe the components in relation to the research.
3.4.4 Goals
According to Maxwell (2013), research-oriented goals aim to achieve the
research’s purpose, personal goals motivate researchers and include the desire to
improve or change a practice or situation involving them, and practical goals
focus on accomplishing objectives. The overarching purpose of this thesis is to
increase the understanding how access management for road hauliers and rail
operators in intermodal freight terminals can contribute to decreasing turnaround
times for trucks and trains. Meanwhile, as a researcher, the author’s personal
goals, include broadening personal academic skills and adding to personal
knowledge by obtaining profound insights into access management for road
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hauliers and rail operators in terminals, including about access management
services, information systems, ICT and information exchange. Last, the practical
goals include enabling information exchange among the actors involved.
3.4.5 Conceptual framework
In general, a conceptual framework incorporates a frame of reference, research
approaches and theories, philosophical beliefs and personal knowledge (Maxwell,
2013). The frame of reference for this thesis has been described in Chapter 2 and
its research approaches and theoretical underpinnings described in Section 3.3.
Regarding philosophical beliefs, the thesis has adopted a post-positivist view,
which maintains a critical realist perspective on ontology and a modified
objectivist perspective on epistemology (Guba, 1990). According to Guba (1990),
critical realism holds that ‘reality exists but can never be fully apprehended’ and
‘is driven by natural laws that can only be incompletely understood’, whereas
modified objectivism holds that ‘objectivity remains a regulatory ideal, but it can
only be approximated, with special emphasis placed on external guardians such
as the critical tradition and the critical community’. Critical realists also conceive
the world as an open system (Aastrup and Halldórsson, 2008) and advocating
taking an abductive approach to understand it. Last, the author’s personal
knowledge stems from experience with managing various industrial research
projects and developing software for intelligent transport systems that incorporate
wireless communication between infrastructure and vehicles, the models for
which embody different layers and hierarchies, as in the TCP/IP layer model
(Braden, 1989) and the transport layer model (Figure 4). As part of that personal
knowledge, the author maintains that knowledge is best gained from the
interaction of objectivity and subjectivity and that researchers can expand
knowledge by performing both interviews and measurement.
3.4.6 Research questions
In Maxwell’s (2013) model, RQs are central. Unlike in other models, in which
RQs are formulated at the outset of research and remain fixed, Maxwell (2013)
encourages researchers to reformulate their RQs throughout the research process
in light of the other key components of the research process. To develop RQs,
Maxwell (2013) proposes four steps: identifying new questions about topics not
fully understood (see Section 1.4), considering the research’s goals and
formulating RQs designed to achieve the research’s overall purpose (see Section
1.4), taking the relationship between RQs and methods into account (see Section
3.4.7) and ensuring the validity of findings meant to answer the RQs by reflecting
on their potential inaccuracy or inapplicability (see Section 3.6).
3.4.7 Research methods
The three RQs were respectively addressed in Study 1, Study 2 and Study 3. The
following paragraphs describe the selection of participants, data collection and
analysis in the studies, each of which is elaborated upon in Section 3.5.
Selection of participants
Collecting empirical data in the three studies involved engaging with various
participants: four road hauliers (i.e. Road Hauliers A, B, C and D), two rail
operators (i.e. Rail Operators A and B), a railroad terminal operator (i.e. Railroad
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Terminal Operator), a seaport terminal operator (i.e. Seaport Terminal Operator)
and two information system suppliers (i.e. Information System Suppliers A and
B). All participants are further described in Appendix A. The selection of the
terminal operators followed a purposive sampling strategy—that is, involved
selected settings, people or activities to provide information relevant to fulfilling
the research’s goals and answering the RQs (Maxwell, 2013). To be specific, the
railroad terminal and the seaport terminal were chosen because they are major
terminals in Sweden, and the Seaport Terminal Operator was chosen given her/his
accumulated expertise in access management services.
By extension, the four road hauliers and two rail operators were selected based on
referrals from the Railroad Terminal Operator and Seaport Terminal Operator as
part of a snowballing strategy, in which sampling follows from initial contact with
people who recommend contact with others (Bryman and Bell, 2011). The Seaport
Terminal Operator recommended gaining insights from several road hauliers and
rail operators to form a better understanding about the phenomenon under study.
Both terminal operators provided statistical data on road hauliers and rail
operators that used the terminal, which precluded having to measure nonparticipants. Last, following a purposive sampling strategy, Information System
Suppliers A and B were selected due to their expertise in developing fleet
management systems. Table 2 describes participants involved in the seaport and
railroad terminal set-ups.
Table 2. Participants in the seaport terminal and railroad terminal set-ups
Set-up

Terminal operator

Seaport terminal set-up

Seaport Terminal Operator

Small-scale transport operators

Road Hauliers A, C and D
Rail Operators A and B
Railroad terminal set-up Railroad Terminal Operator Road Hauliers A and B

Data collection
Literature reviews were conducted to gain a more in-depth understanding of
access management. Only peer-reviewed works published between 2000 and 2019
were included in the reviews. Aside from using Google Scholar and the search
engine of Chalmers Library, searches were conducted in three databases: Web of
Science, Scopus and ABI/Inform. Different keywords and search strings were
used for the different topics. For example, the search for published works
addressing access management applied the following keywords and search
strings: ‘transport*’ AND (‘freight’ OR ‘logistics’) AND (‘access management’
OR ‘arrival process*’ OR ‘appointment system’ OR ‘truck arrival’ OR ‘lorry
arrival’ OR ‘slot allocation’ OR ‘truck scheduling’ OR ‘lorry scheduling’). The
database searches returned 287 results, which were reduced to 30 after the
abstracts were read and the number of citations taken into account. The same
procedure was applied to locate published works addressing the other three
elements of access (i.e. access network structure, access management components
and access management services). Of course, the searches could not have
identified all published works on those topics from the period, especially because
access management and elements of access are represented by a range of
terminology. For instance, regarding access management services, literature on
pre-notification and appointment services often interchangeably uses terms such
as ‘gate appointment’, ‘truck appointment’, ‘vehicle booking’ and ‘truck
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scheduling’. Therefore, to cover the most important, most relevant literature, a
snowballing strategy was applied, in which relevant articles and authors in the
reference lists of applicable search results were searched for as well.
Other sources of data were interviews, focus groups, participant observations and
a mixed-methods approach. First, interviews were conducted with individuals
functioning within the seaport terminal and railroad terminal set-ups. In general,
interviews were conducted because they constitute the most important source of
evidence in case studies (Yin, 2013). The interview questions derived from the
RQs (Maxwell, 2013) and were further developed based on the literature reviews
and the frame of reference. As a result, three interview guides were created (see
Appendix C): Interview Guide 1, which focused on information exchange among
the participants; Interview Guide 2, which focused on how the terminal and
transport processes involved can be managed effectively; and Interview Guide 3,
which focused on how effective access can be managed. The interviews were
semi-structured to ensure flexibility and allow supplementary questions and topics
to be addressed (Flick, 2014). Second, focus groups were held to challenge how
participants have collectively made sense of the phenomenon and constructed
meanings about it (Bryman and Bell, 2011). The focus groups involved
identifying participants’ problems with access management and brainstorming
possible solutions. Third, participant observations were performed as a powerful
means to gain in-depth understanding about everyday life situations (Flick, 2014).
Involving both on-site visits at the seaport and railroad terminals under study and
accompanying truck drivers on their routes, the observations focused on the
terminal and transport processes involved in particular depth. Fourth and last, as
part of a mixed-methods approach to collect both quantitative and qualitative data
(Flick, 2014), time measurements were taken in Study 3, along with interviews,
to gain a more complete understanding of how real-time information exchange
can help to decrease turnaround times (Creswell, 2014).
Data analysis
The empirical data were analysed with the aid of various coding strategies after
field notes from the participant observations and notes from the semi-structured
interviews were transcribed. Coding methods that assigned labels to segments of
data to allow simultaneously categorising, summarising and accounting for each
piece of data (Flick, 2014) were applied. Thematic coding was also applied to
develop categories (Flick, 2014), all based on previous results, approaches and
theories (see Section 3.3) as well as empirical data from the three studies
conducted. In total, six analytical frameworks were developed. Spreadsheets was
used to support analyse and construct matrices.

3.5 Studies
This section describes Study 1 (i.e. on the access network structure), Study 2 (i.e.
on access management components and services) and Study 3 (i.e. on effective
access management). The studies resulted in five research papers, all appended to
this thesis. Table 3 shows how the studies, their purposes, methods and analyses
related to the RQs, the embedded units of analysis and the appended papers.
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Table 3. RQs, studies, embedded units of analysis and papers
RQ

Study 1: Access network structure

Embedded units Papers
of analysis

Purpose

Methods

Analysis

RQ1:
Terminal and
transport
processes and
actors
involved

To exploratively
describe and identify
terminal and transport
processes

30
observations
at terminals
and in trucks

Process
Terminal and
reference model transport
processes

RQ

Study 2: Access management components and
services

To exploratively
11 semiidentify the actors
structured
involved and their
interviews
(lack of) information
exchange

Purpose
RQ2:
Required
supportive
information
components
and services

RQ
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Actors involved Paper
and their
1
information
exchange
Embedded
Paper
units of analysis

Analysis

To exploratively
5 focus groups
identify required
information systems
and ICT applications

Typology
Information
Paper
reference model systems and ICT 4
and spreadsheet applications
to support
analysis

To exploratively
identify the required
and most relevant
information attributes
to be exchanged in
real time

7 focus groups
and a
telephone
group meeting

Information
attributes
framework and
real-time
information
exchange
framework

To exploratively
identify the required
access management
services

Review and
synthesis of
relevant
literature

Differentiation Access
framework
management
services

Study 3: Effective access management
Purpose

RQ3:
Effective
access
management

Methods

Industrial
network
approach and
spreadsheet to
support analysis

Paper
5

Methods

Analysis

To explain how
4 focus groups Cost–benefit
effective automatic
matrix
information exchange
can be managed

Required and
most relevant
information
attributes for
real-time
information
exchange

Papers
1 and 3

Paper
2

Embedded
Papers
units of analysis
Information
attributes and
phases of
automatic
exchange

Paper
4

Process
Terminal and
analytical
transport
framework and processes
spreadsheet to
support analysis

Paper
5

To explain how the
terminal and transport
processes involved
can be effectively
managed

8 semistructured
interviews and
4 focus groups

To explain how
effective access can
be managed

9 semiDifferentiation Turnaround
Papers
structured
framework and times for trucks 2 and 3
interviews, 2 spreadsheet to and trains
focus groups, calculate mean,
198 hours of median, min,
time
max and
measurements, standard
and 25
deviation
observations
in trucks

A timeline of the studies and papers appears in Appendix B. Each study is briefly
described in the three sub-sections below.
3.5.1 Study 1: On the access network structure
Addressing RQ1, Study 1 involved using descriptive and exploratory methods to
identify and describe (1) the terminal and transport processes involved and (2) the
actors involved and their information exchange, or lack thereof. To identify those
processes, 30 participant observations at the seaport and railroad terminals were
performed by the author and 25 members on the research team. Via purposive
sampling, personnel who met certain criteria (e.g. background, gender and
knowledge about the phenomenon under study) were selected to be observed. The
selection of truck drivers to observe also followed purposive sampling based on
criteria such as gender, language, behaviours as drivers, driver training and
regularity of trips. Accompanying the drivers on their trips provided opportunities
for conversation to obtain additional in-depth information. Aside from field notes
taken during conversations and observations, photos and short movies were also
taken, namely with a smartphone. To identify the actors involved and their
information exchange, 11 semi-structured interviews guided by Interview Guide
1 (see Appendix C) were conducted at different times. The interviewees were
selected from the participating organisations by following convenience sampling,
and all interviews were recorded on a smartphone and later transcribed.
Data transcribed from the field notes were coded into three categories—actors,
activities and resources—taken from the industrial network approach (Håkansson
and Snehota, 1995). Applying the industrial network approach together with
Davenport’s (1993) definition of process, a process reference model was
developed. As detailed in Paper 5, the process reference model allowed an indepth analysis of the processes involving the major activities and resources of the
actors studied. The industrial network approach was also applied to analyse the
data collected from the semi-structured interviews that contained in-depth
information about how the participants exchange information with each other.
Last, spreadsheets were used to construct a matrix able to sort the most important
data from the interviews by categorising the actors, activities and resources into
sub-categories to identify which actors exchange what information with one
another.
3.5.2 Study 2: On the access management components and
services
Addressing RQ2, Study 2 involved exploratively identifying (1) components of
access management required to enable access to resources at terminals (i.e.
information systems and ICT applications), along with the required and most
relevant information attributes to be exchanged in real time, and (2) the access
management services required to enable effective access to resources at terminals.
To identify those services, relevant literature was reviewed and synthesised for
later reference. Meanwhile, to identify the required access management
components, 12 focus groups were held at different times over a 22-month period.
The first five focus groups discussed how the participants’ information systems
can become interoperable and thereby enable automatic information exchange;
the next five focus groups sought to identify information attributes required to
enable access to resources at terminals; and the final two focus groups, as well as
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the telephone group meeting, aimed at selecting the information attributes that
were most relevant to real-time information exchange. In all groups, participants
were selected from the participating organisations by way of convenience
sampling. All focus groups were recorded on a smartphone, and meeting notes
were taken during the telephone group.
All transcripts and notes were coded and analysed. When data from the focus
groups purporting required information systems and ICT applications were
analysed, they were coded into the categories ‘information systems’ and ‘ICT
applications’ by applying the typology reference model developed in Paper 4 and
synthesised from relevant literature (e.g. Buijs and Wortmann, 2014; Marchet et
al., 2009; Marchet et al., 2012). By contrast, data regarding the required
information attributes were coded into sources and types of information attributes;
the sources were subdivided into actors, activities and resources, with reference
to the industrial network approach (Håkansson and Snehota, 1995), whereas the
types were subdivided into static, historical and dynamic (i.e. real time) following
Giannopoulos (2004); Burstein and Holsapple (2008). As a result, an analytical
framework, called the ‘information attributes framework’, was developed, as
described in Paper 1. Data regarding the most relevant information attributes were
coded into the categories ‘ITU flows’, ‘request messages’, and ‘response
messages’. Last, another analytical framework, called the ‘information exchange
framework’, was developed, as described in Paper 3.
3.5.3 Study 3: On the effective access management
Addressing RQ3, Study 3 involved explanatory research to investigate (1) how
effective automatic information exchange can be managed, (2) how the terminal
and transport processes involved can be effectively managed and (3) how
effective access can be managed. First, to gain insights into effective automatic
information exchange, four focus groups were held at four different times over an
eight-month period. The discussions in the focus groups centred on how and when
the information attributes need to be exchanged by the access management
services in order to enable effective access to resources at terminals. Second, to
gain insights into how the terminal and transport processes can be effectively
managed, eight semi-structured interviews and four additional focus groups were
conducted, also at different times. The interviews followed Interview Guide 2 (see
Appendix C), while the focus groups concentrated on what activities and
resources could be affected by access management services planned for future
use. Third and last, to gain insights into how effective access can be managed, six
additional semi-structured interviews and two more focus groups were conducted,
again at different times. Those interviews followed Interview Guide 3 (see
Appendix C), whereas the focus groups centred on the potential effects of access
management services planned for the future. During data collection, a real-time
information exchange platform service was developed that was tested with time
measurements purporting truck drivers’ activities and evaluated by conducting
three semi-structured interviews. All participants in the focus groups and
interviewees were selected from participating organisations by way of
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convenience sampling, and all focus groups and interviews were recorded on a
smartphone and later transcribed.
Data collected regarding effective automatic information exchange were coded as
either costs or benefits, following Kraljic’s (1983) model of supplier relations.
That model and a cost–benefit analysis with reference to Mishan and Quah (2007)
formed the body of knowledge used to construct a cost–benefit matrix, as
described in Paper 4. To analyse the data concerning the effective management of
the terminal and transport processes involved, the process analytical framework,
developed in Paper 5, was applied together with spreadsheet such that a matrix
was constructed with four columns: ‘access management services’, ‘pre-access
phase’, ‘access phase’ and ‘post-access phase’. Within each access phase, the
effective activity performance and resource utilisation were analysed. Next, for
each access management service, the effective activity performance and resource
utilisation for each access phase were also analysed. To analyse the data regarding
how effective access can be managed, an analytical framework called the
‘differentiation framework’, as elaborated in Paper 2, was developed to
differentiate the five identified services in terms of the four key performance
indicators (i.e. turnaround time, access reliability, access precision and access
flexibility). To analyse the effects of the developed access management service,
the mean times, as well as each median, min, max and standard deviation, were
calculated in spreadsheet.

3.6 Validity of the research
According to Guba and Lincoln (1989), four conventional criteria of research
quality—internal validity, reliability, external validity and objectivity—have
parallel criteria that are considered to better accommodate qualitative research:
credibility, transferability, dependability and confirmability. First, credibility
refers to the fit between respondents’ and researchers’ constructions of reality
(Halldórsson and Aastrup, 2003). Briefly put, credibility supports in-depth
understandings and meanings of phenomena studied. Second, transferability
focuses on the possibility of making general claims about the world (Bryman and
Bell, 2011). Precluding true (statistical) generalisations, however, when sampling
is not randomised, transferability means applying knowledge gained outside the
context of the phenomenon studied, or what has been described as analytical
generalisation, which aims is to generalise findings to other concrete situations
and contribute to theory building (Yin, 2013). Part of the theory-building process,
by extension, is formulating propositions that are statements, grounded in the
findings, intended to answer RQs (Maxwell, 2013). Third, dependability indicates
the stability of data over time (Guba and Lincoln, 1989) and can be improved by
tracking variance, especially by documenting a research process in terms of
methods, participant selection, field notes, interview guides and interview
transcripts (Bryman and Bell, 2011). Fourth and final, confirmability gauges the
extent to which findings are based on data and requires reference to external
sources. Since interpretations and recommendations are part of all qualitative
research, researchers need to provide evidence of their sources (Halldórsson and
Aastrup, 2003), and to ensure the robustness of their results, they can have their
research processes externally audited. Table 4 describes how the four
conventional criteria of research quality were pursued in the research conducted
for the thesis.
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Table 4. Conventional criteria of research quality in relation to the thesis
Criteria

Relation to the research

Credibility
(i.e. internal
validity)

For all three studies, the findings were validated by presenting and discussing
them with the participants, all of whom took part in data collection in all three
studies, were well-informed of the research’s purpose and were well-instructed
by user manuals and oral explanations. In Study 1, participant observations
were conducted to gain in-depth insights into the studied phenomenon, whereas
in Study 2, focus groups were conducted to challenge and to probe
participants’ reasons for holding certain views on the interoperability of their
information systems and to collectively identify the required and most relevant
information attributes to be exchanged among each other. In Study 3, results of
the time measurements were validated during semi-structured interviews with
participants, for what amounted to a triangulation of sources. Triangulation was
also performed during participant observations, either with conversations with
truck drivers or with interviews with participants.
Transferability The analytical frameworks and reference models developed in all studies were
(i.e. external based on the literature and other research approaches and theories, as well as
validity)
developed to be transferable to other settings (e.g. with other road hauliers, rail
operators and terminal operators). The developed frameworks include access
management services in use at other terminals around the world, and nothing
indicates their inapplicability at other terminals in other settings. All five
papers were subjected to double-blind reviews, revised in light of critical
comments and presented and defended at international research conferences.
The findings from the papers resulted in the formulation of six propositions as
part of the theory-building process for analytical generalisation.
Dependability The interviews in all studies followed interview guides (i.e. Interview Guide 1
(i.e.
in Study 1 and Interview Guide 2 and 3 in Study 3) developed in light of the
reliability)
RQs and literature. The interviews in Studies 1 and 3 and focus groups in
Studies 2 and 3 were recorded and transcribed. All participants were selected
by way of purposive sampling, snowballing or convenience sampling. During
participant observations in Study 1, field notes, photographs and videos were
taken. In Study 3, all time measurements were stored in a digital file. The
designs, methods and processes in all studies, as well as their rationales, were
well-documented and can be followed in detail.
Confirmability Taken together, the three studies involved two reference groups and a steering
(i.e.
group. The reference groups acted operationally in the studies and furnished
objectivity)
empirical data as they were interviewed, participated in the focus groups, took
part in designing and developing access management services and helped with
the time measurements. By contrast, the steering group discussed and provided
a wider perspective on the effects of the research. Each group met twice
annually to review the findings and discuss both prior and future research
actions to ensure that the findings were confirmable and that the research was
focused, relevant and of interest.

In sum, the quality of the research conducted for this thesis was ensured by
carefully addressing (1) the credibility of its findings via validation processes, (2)
its transferability by developing analytical frameworks to be transferred to other
settings, (3) its dependability by developing interview guides and applying wellknown sampling strategies and (4) its confirmability by hosting reference and
steering groups to guide the research and confirm its findings.

30

4 Summary of appended papers
This chapter summarises the five appended papers that form the foundation of this
thesis.

4.1 Overview of the appended papers
Table 5 presents an overview of the five appended papers in terms of their
approaches, findings and contributions.
Table 5. Summary of the five papers
Paper Approach

Findings

Contribution

Paper 1 Purpose: To identify
current and required
information attributes
Method: 11 semistructured interviews and
5 focus groups
Paper 2 Purpose: To explore
how the 5 identified
access management
services can affect access
performance
Method: 6 semistructured interviews and
2 focus groups
Paper 3 Purpose: To design an
access management
service that can improve
road haulage activities
Method: 2 focus groups,
1 telephone group
meeting, 3 semistructured interviews,
198 h of time
measurements and 25
observations and
interviews
Paper 4 Purpose: To explore
how and when the most
beneficial and costeffective information
attributes can be
automatically exchanged
Method: 9 focus groups

The identification of
current and required
information attributes, and
poor information exchange
among the actors involved.

Theoretical: Information
attributes framework
Managerial: Exchanging the
required information attributes
can decrease turnaround times.

Access management
services able to exchange
information in real time
can improve more access
performance indicators.

Theoretical: Differentiation
framework
Managerial: Identifying
services with the most potential
can decrease turnaround times.

The design service can
Theoretical: Real-time
exchange real-time
information exchange
information attributes
framework
identified as being the most Managerial: Exchanging the
relevant (i.e. ITU status,
most relevant information
queueing status and ETA) attributes in real time can
and dramatically lower
decrease turnaround times.
barriers to adopting new
services.

The most beneficial, cost- Theoretical: The typology
effective information
reference model and the cost–
attributes identified need to benefit matrix
be exchanged a week
Managerial: Planning access to
before, a day before and 2 ITUs more efficiently can
hours before accessing
decrease turnaround times when
ITUs to enable effective
actors follow the proposed
access to resources at
exchange of identified
terminals.
information attributes.
Paper 5 Purpose: To clarify how Effective activity
Theoretical: The process
terminal and transport
performance and resource reference model and the process
processes can be
utilisation can (1) eliminate analytical framework
managed effectively
the needless moving,
Managerial: Services with the
Method: 30
lifting and shifting of ITUs most potential to contribute to
observations, 8 semiat terminals, (2) facilitate effective activity performance
structured interviews and the use of electronic
and resource utilisation can be
4 focus groups
paperwork and (3) allow identified.
the digital inspection of
ITUs.
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4.2 Paper 1: ‘Access management in intermodal freight
transportation: An explorative study of information
attributes, actors, resources and activities’
The lack of high-quality, real-time information exchanged between road hauliers,
rail operators and terminal operators negatively affects their access management.
In response, Paper 1 sheds light on information attributes currently exchanged and
ones that should be exchanged to enable effective access to resources at terminals.
A case study, consisting of a literature review, semi-structured interviews and
focus groups with key stakeholders, resulted in a comprehensive compilation of
what information attributes exist and are required. The paper reveals that the most
useful information attributes required for the future are pick-up time, loading point
at terminals, unloading point at terminals, occupancy rate, queuing status and ITU
status. With such information, road hauliers can reschedule their trucks to avoid
congestion at terminals and lower the number of empty runs. Paper 1 also
indicates that the current information exchange between participants is either poor
or very poor. The paper’s chief theoretical contribution is the development of the
information attributes framework, which visualises the existing and required
information attributes on the basis of the relationship between actors, resources
and activities, categorised as static, historical or dynamic. Its chief managerial
contribution, by contrast, is that transport planners at hauliers and personnel at
terminals can learn how to improve their information exchange and what
information attributes need to be exchanged in order to enable effective access to
resources at terminals and, in turn, decrease turnaround times for trucks and trains.

4.3 Paper 2: ‘Differentiation of access management services at
seaport terminals: Facilitating potential improvements for
road hauliers’
Because literature on categorising and differentiating access management services
remains scant, Paper 2 examines how the five identified access management
services can be differentiated in terms of four defined access performance
indicators: turnaround time, access reliability, access precision and access
flexibility.1 A case study, consisting of semi-structured interviews and focus
groups, revealed that access management services that allow exchanging
information in real time (e.g. with real-time information exchange platform
services and dedicated access services) can improve a greater number of access
performance indicators: decreased turnaround times for trucks and trains at
terminals; increased reliability of access due to the exchange of notices about ITU
statuses, paperwork and resource statuses throughout the terminal and transport
processes; more precise access through the exchange of estimated times of arrival
(ETA) and ITU ID so that terminal operators can begin preparing access for the
on-time delivery of those ITUs; and more flexible access due to the ability to
inform other actors when unforeseen events occur during terminal and transport
processes. The paper’s theoretical contribution is the development of the
differentiation framework, which can help in determining which access
1

In this thesis, the ‘access service elements’ are referred to as ‘access performance indicators’,
because they are measures of effective access management (see Section 5.3.3).
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management service can best improve the access process at certain seaport
terminals given their particular customers. For managers, the differentiation of
five access management services revealed that services that allow exchanging
information in real time (e.g. real-time information exchange platform services
and dedicated access services) have greater potential than the others to decrease
turnaround times and increase the reliability, precision and flexibility of access.

4.4 Paper 3: ‘Potential improvements for access management
in intermodal freight terminals: Designing and testing a
service for small road haulers’
Whereas research has predominantly focused on larger organisations such as
seaport terminal operators when designing and developing new access
management strategies, it has altogether neglected small road hauliers. Therefore,
Paper 3 presents an access management service designed for small road hauliers
and tested in real-life situations to gauge its potential to improve road haulage
activities. A real-life case study, consisting of semi-structured interviews, focus
groups, a telephone group meeting, time measurements and observations
concerning road haulage activities, resulted in the identification of the most
relevant information attributes to be exchanged in real time (i.e. ITU ID, ITU
status, ETA, queueing status and weighing status), as well as revealed that the
major inefficiencies of truck driver activities (i.e. waiting and administration time
31% of the time) can be decreased if the actors involved are willing to use and
adopt the designed access management services. The paper’s theoretical
contribution is the development of the information exchange framework, which
categorises the most relevant information attributes required, explains how those
attributes need to be exchanged in real time and distinguishes import from export
flows of ITUs. The managerial implications suggest a novel understanding of how
to improve the abilities of the different identified access management services and
of how the relevant information attributes need to be exchanged in real time to
decrease turnaround for trucks and trains.

4.5 Paper 4: ‘Automatic information exchange between
interoperable information systems: Potential improvement
of access management in a seaport terminal’
To date, research has rarely focused on reducing the lack of high-quality, realtime information exchange caused by incompatible information systems,
especially not by identifying how and when information needs to be automatically
exchanged. Thus, with reference to a case study at a seaport terminal involving
nine focus groups, Paper 4 identifies how and when the most beneficial, costeffective information attributes (i.e. deviation information, direction, driver ID,
ETA, goods priority information, ITU ID, ITU status, opening hours, shipment ID
and vehicle ID) need to be automatically exchanged between interoperable actors’
information systems in order to decrease turnaround. Those attributes need to be
exchanged a week before, a day before and two hours before the ITUs are
retrieved at the terminal. The paper’s theoretical contributions are twofold: (1) the
typology reference model, which synthesises relevant literature and describes how
interoperable information systems and ICT applications can automatically
exchange those attributes through EDI or XML, and (2) a cost–benefit matrix that
identifies and structures the information attributes into different categories, from
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low cost and low benefit to high cost and high benefit. The matrix, as a change
management tool, can also be deployed to identify and support the transformation
of attributes from one category to another, especially from high cost to low cost
and from low benefit to high benefit, as data-processing tools and techniques
evolve. Moreover, the matrix can be used to classify data sources to ensure that
sufficient resources are deployed for automatic information exchange and that
unnecessary collection is avoided. Last, the paper’s contributions for managers
include new knowledge for decision-making about what information needs to be
considered and what technologies are available for performing automatic
information exchange as a means to contribute to decreasing turnaround times for
trucks and trains.

4.6 Paper 5: ‘Managing terminal and transport processes with
access management services’
Because previous research has largely focused on decreasing turnaround times by
implementing access management services, it has overlooked those services’
potential effects on activity performance and resource utilisation. The purpose of
Paper 5 is thus to clarify how a seaport terminal can use access management
services to organise terminal and transport processes for effective activity
performance and resource utilisation. A case study conducted at a seaport terminal
and consisting of participant observations, semi-structured interviews and focus
groups revealed that real-time information exchange platform services and
dedicated access services have the greatest potential to improve processes. As a
result, wait times for truck drivers and train drivers at the terminal can be reduced,
because straddle carriers can operate effectively as they receive relevant
information in advance that allows them to reduce the needless moving, lifting
and shifting of ITUs at the terminal. The wait time for truck and train drivers can
also be cut because container inspection times can be reduced by replacing manual
inspections with inspections via sensors and cameras. Without manual inspection,
the number of administrators and controllers at the terminal operators can be
reduced. In light of those results, the paper’s theoretical contributions are a
reference model and an analytical framework synthesised from the literature. The
model maps and details the terminal and transport processes involved, whereas
the framework depicts and analyses the relationships between those processes,
access management services, activity performance and resource utilisation. The
paper’s managerial contribution is new knowledge for planning managers—to
wit, that access management services able to exchange information in real time
have the greatest potential to achieve effective activity performance and resource
utilisation.
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5 Results
This chapter presents the findings from the five appended papers that in turn
answer the three RQs.

5.1 Relationships between the appended papers and the
research questions
The relationships between the papers and RQs using the overall analytical
framework appear in Figure 8.

Figure 8. Relationships between the papers and RQs in the overall analytical framework

In Figure 8, the primary findings from each paper appear in the grey boxes. As
the figure show, each paper contributes to answering more than one RQ. For
example, Paper 5 contributes to answering RQ1, by describing and identifying the
terminal and transport processes and the actors involved, and to an answering
RQ3, by explaining how those processes can be managed effectively.
Table 6 provides a detailed summary of how the findings from the papers answer
the various aspects of the RQs as articulated in Section 1.4.
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Table 6. A summary of the results of each RQ
RQ1: What processes and actors are involved in accessing resources at intermodal freight
terminals?
Aspects
Papers Results
Terminal and
Paper 5 Identification of activities and resources in the terminal and transport
transport processes
processes involved in the access of resources in the seaport terminal
involved
and railroad terminal set-ups.
Actors involved

Papers Actors involved are road hauliers, rail operators, and the seaport and
1 and 5 railroad terminal operators. In the seaport terminal set-up, information
exchange occurs between the actors involved but not in real time. In
the railroad terminal set-up, no information exchange occurs among
the actors involved.
RQ2: What supportive information components and services are required to enable effective access
to resources at intermodal freight terminals?
Aspects
Papers Results
Required
Paper 4 The information systems and ICT applications required to enable
information
interoperable information exchange by using EDI or XML are a
systems and ICT
transaction-processing system and supply chain execution
applications
applications.
Required and most Papers All information attributes requiring to be exchanged to enable
relevant
1 and 3 effective access to resources at terminals are identified. Of them, the
information
most relevant ones (i.e. ITU ID, ITU status, ETA, queueing status and
attributes
weighing status) suitable to be exchanged in real time are selected.
Required access
management
services

Paper 2 Differentiated by ability to exchange or share information in real time,
the access management services required to enable effective access to
resources at terminals are dedicated access services (exchange), realtime information exchange platform services (exchange), prenotification and appointment services (share), automated gate services
(share) and information access services (share).
RQ3: How can effective access to resources at intermodal freight terminals be managed?
Aspects
Papers Results
Effective
Paper 4 For effective access management, the right information needs to be
automatic
automatically exchanged at the right time. More specifically, the right
information
information attributes are the most beneficial and cost-effective (i.e.
exchange
deviation information, direction, driver ID, ETA, goods priority
information, ITU ID, ITU status, opening hours, shipment ID and
vehicle ID), whereas the right time is a week, a day and 2 hours before
access to resources is granted or received.
Effective
Paper 5
management of
terminal and
transport processes
Effective access

Access management services can be used to effectively manage the
terminal and transport processes in order to achieve effective activity
performance and resource utilisation. Loading and unloading activities
at terminals can be performed effectively with less moving and lifting
of containers and fewer drivers, administrators and controllers.

Papers Access management services can enable effective access to resources
2 and 3 at terminals as a means to contribute to higher access performance,
meaning that more access performance indicators can be affected:
decreased turnaround times, increased access reliability (i.e. access to
the right resources), access precision (i.e. access at the right time) and
access flexibility (i.e. ability to update other actors when unforeseen
events occur).

The answers to each RQ are further described in the next three sub-sections.
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5.2 RQ1: Terminal and transport processes and actors
involved
The following section presents the findings from Papers 1 and 5 in answer to RQ1.
5.2.1 Terminal and transport processes
The processes involved in the access of resources at terminals include both the
transport processes of road hauliers and rail operators and the terminal processes
of seaport and railroad terminal operators. Those processes and their
corresponding activities and resources can be classified and analysed in three
phases: pre-access, access and post-access. Pre-access involves all of the planning
and coordination activities that the actors need to perform and all of the resources
that they need to utilise in order to be able to grant or receive access to specific
resources (e.g. ITUs, loading bays and entry lanes) at terminals at certain times of
day. Later, post-access involves all activities and resources needed to finalise the
handling of specific resources after they have been accessed.
In the seaport terminal set-up
In the pre-access phase of the seaport terminal and road transport processes, the
Seaport Terminal Operator plans the placement of ITUs, while the road hauliers
coordinate their trucks and drivers to drop off and/or pick up ITUs. In the access
phase, which begins when trucks arrive at the terminal, the truck drivers need to
stop at the marshalling area (i.e. where they wait to enter the terminal area) and
the control area (i.e. where ITUs are inspected by controllers and administrators
who enter information about the ITUs into the information system). The
information system notifies the straddle carrier drivers to start unloading or
loading the ITUs. After loading or unloading, the truck drivers drive to the exit
gate and register any ITUs that they have picked up. In the post-access phase,
which begins when the trucks exit the terminal area, the truck drivers first notify
the transport planner, who in turn informs their customers that the ITUs are in
transit and gives them an ETA. Meanwhile, the straddle carrier drivers place the
newly received ITUs in the yard.
In the pre-access phase of the seaport terminal and rail transport processes, the rail
operators prepare for the ITUs to be delivered and picked up at the terminal, after
which they inform the Seaport Terminal Operator about the ITUs to be dropped
off and delivered. In response, the Seaport Terminal Operator coordinates
dispatchers and straddle carrier drivers to begin moving the prepared ITUs from
the yard to the train platform. As a result, more than 50% of all ITUs are already
in place when the train arrives at the terminal. The access phase commences when
the train arrives at the terminal, at which point the Seaport Terminal Operator
inspects the train and the ITUs, shunts the train from an electric locomotive to a
diesel-driven one, manually (dis)confirms that the received ITUs are the ones
prepared for and unloads and loads all confirmed ITUs. Following that process,
the Operator manually checks that the loaded ITUs match the ones to be
transported, re-shunts the train from diesel to electric and conducts a safety
inspection. Before the train departs, the train driver conducts a final safety
inspection of the train and all ITUs to be transported. Once the train departs, the
post-access phase begins, at which point the straddle carrier drivers move newly
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received ITUs into the yard as the train drivers convey the trains back to their
terminals.
In the railroad terminal set-up
The road and terminal processes in the railroad terminal set-up are similar to their
corresponding processes in the seaport terminal set-up. Differences between the
set-ups include that the railroad terminal uses reach stackers to tranship ITUs
between trucks and trains, whereas the seaport terminal uses straddle carriers, and
uses neither a marshalling area nor a border gate in the access phase. The railroad
terminal lacks a border gate because it does not export any ITUs and, for that
reason, does not require security control as vigorous as what the Seaport Terminal
Operator requires. Beyond those differences, the activities and resources in the
road transport and terminal processes in the railroad terminal set-up are performed
and utilised similarly to those in the seaport terminal set-up.
5.2.2 Actors involved
The actors involved in accessing resources at terminals are road hauliers and both
rail and terminal operators. Their information exchange, which depends upon their
business relationships as mechanisms for enabling information exchange (see
Section 3.3.2), is elaborated upon in the following paragraphs.
In the seaport terminal set-up
In the seaport terminal set-up, no information exchange occurs between the four
road hauliers and the Seaport Terminal Operator due to the lack of business
relationships among them. Instead, information is exchanged between the shipper
and the road hauliers and between the shipper and the Seaport Terminal Operator,
because those actor dyads have business relationships with each other. The
Seaport Terminal Operator and the two rail operators, however, do exchange
information, because they have business relationships based on predefined
schedules of train arrivals at the terminal. As a result, they can inform each other
when changes occur so that the trains no longer need to follow the predefined
schedules. The Seaport Terminal Operator also receives notices from the rail
operators about which ITUs are loaded on arriving trains and which ITUs need to
be loaded onto departing trains to be transported back to the rail operator.
However, that information is typically received too late by the Seaport Terminal
Operator to be able to prepare all ITUs to be loaded onto arriving trains. As a
consequence, ITUs are often needlessly stacked and lifted in the seaport terminal
area.
In the railroad terminal set-up
Information exchange also does not occur among the four road hauliers and the
Railroad Terminal Operator because they do not maintain any business
relationships Consequences of their poor information exchange include that trucks
need to return empty to the road haulier’s terminal if they arrive at the railroad
terminal and cannot access certain ITUs for pick up. Moreover, long wait times
typically occur for trucks at the railroad terminal, because the road hauliers do not
receive any exact ETAs for the freight trains. Worse still, when the hauliers do
receive information about the delayed arrivals of freight trains, they do not trust
that information. Too often, they have been notified by the Railroad Terminal
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Operator that a certain train will be delayed, only to arrive at the later ETA and
realise that the train was in fact on time.

5.3 RQ2: Required supportive information components and
services
This section presents the findings from Papers 1, 3 and 4 to answer RQ2.
5.3.1 Required information systems and ICT applications
Figure 9 (taken from Paper 4) presents the information systems (in grey boxes)
and the ICT applications (in italics) required to enable interoperable information
exchange. One such system—namely, an application programming interface
(API), the MyMo API—developed by the Information System Supplier B, which
is based on information systems (e.g. transaction-processing systems) and ICT
applications (e.g. supply chain execution applications). MyMo API can enable
automatic information exchange among the actors involved via either EDI or
XML.

Figure 9. Information systems and ICT applications required to enable actors to access
resources at terminals

K2, Hogia and Navis are decision support systems used by the road hauliers, rail
operators and the Seaport Terminal Operator, respectively, that can update MyMo
API with information to be automatically exchanged among the actors. Dynafleet,
the Swedish Transport Administration and Navis are real-time systems that update
MyMo API with information gained from sensors in vehicles and at terminals. As
a result, MyMo API enables automatic information exchange between the Seaport
Terminal Operator and both the rail operators and the road hauliers. The automatic
information exchange is triggered by different EDI request messages when the
status of information attributes changes.
5.3.2 Required and most relevant information attributes
A comprehensive list of information attributes that require to be exchanged to
enable effective access to resources at terminals was created and sorted according
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to the developed information attributes framework in Paper 1. To highlight some
of the required information attributes from the list, the road hauliers would like
the terminal operators to regularly provide their ITU status (e.g. visit code, ‘Not
released’, ‘Not discharged’, ‘Not cleared by customs’ and ‘No existing prenotification number’) regarding each requested ITU. Whereas a visit code
indicates that the ITU is ready to be picked up, the others indicate that the ITU is
not ready to be picked up due to the stated circumstance. From the other direction,
the terminal would like the road hauliers to provide the ITU ID, ETA and
weighing status of all ITUs in order to better plan their arrivals and their access to
ITUs to be picked up. (For further information, see Paper 1.) From the
comprehensive list, the most relevant information attributes needed to enable
effective access to resources at terminals can be selected, exchanged in real time
and sorted by applying the information exchange framework developed in Paper
3. In Table 7 (taken from Paper 3), which describes that framework, the rows
illustrate how relevant information attributes need to be exchanged depending
upon the ITU flows, while the columns show how the relevant information
attributes need to be exchanged.
Table 7. Information exchange framework with the most relevant information attributes
ITU
flows

Relevant information attributes to be exchanged
… from the road hauliers (request messages)
… to the Railroad
… to the Seaport
Terminal Operator
Terminal Operator

Import ITU ID
ETA
Export ITU ID
ETA

ITU ID
ETA
ITU ID
ETA
Weighing status

… from the Railroad Terminal
Operator or Seaport Terminal
Operator to the road hauliers
(response messages)
ITU status
Queuing status
Queuing status

Different information attributes need to be exchanged depending upon whether
the railroad or the seaport terminal needs to be accessed and whether the ITUs
need to be imported or exported. For example, when ITUs need to be exported via
the seaport terminal, then the road hauliers need to exchange the Weighing status
of the ITUs along with other information attributes (e.g. ITU ID and ETA), as
elaborated upon in Paper 3.
5.3.3 Required access management services
To identify which of the five identified access management services (see Section
2.2.3) are required to enable effective access to resources at terminals, the services
are differentiated in terms of four ‘access service elements’, to use the language
in Paper 2. Despite that name in Paper 2, this thesis instead refers to them as
‘access performance indicators’, because they double as measures of effective
access management herein. As described in what follows, the four access
performance indicators are turnaround time, access reliability, access precision
and access flexibility. Whereas turnaround time has already been described,
access reliability (i.e. ‘correct access’ in Paper 2) means regular correctness of
ITUs in the sense that ITUs have been weighed, cleared by customs, released and
discharged from the vessel or train; that ITUs are not broken and are in the right
sequence and quantity; that all documentation (e.g. internal paperwork and bill of
lading) is correct and has been correctly handled; and that the use of resources is
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correct (i.e. correct number of straddle carriers and workers). By contrast, access
precision (i.e. ‘on-time access’ in Paper 2), means that ITUs need to be ready for
loading when trucks or trains arrive at the terminal. Last, access flexibility means
that the actors involved can exchange information updates in real time when
changes occur during the terminal or transport processes.
Differentiation allows a comparison of the access performance indicators for each
access management service. For instance, different access management services
result in different levels of effective access management for road hauliers and rail
operators, because a particular service has different effects on the access
performance indicators. Considering that dynamic, a differentiation framework is
constructed in Paper 2 as a table—in this thesis Table 10—in which the rows
represent the access management services, and the columns represent the access
performance indicators. An ‘X’ appears in cells representing access performance
indicators affected by access management services. Following the same
reasoning, a process analytical framework is constructed in Paper 5, also as a
table—applied in Table 8 and Table 9—in which the rows represent the access
management services, and the columns represent the terminal and transport
processes divided into the three access phases. An ‘X’ appears in cells
representing activities and resources affected by access management services.
Paper 3 focused particular on designing and testing a real-time information
exchange platform service that was flexible, user-friendly, inexpensive, and
developed for small road haulers to enable effective access to resources at
terminals.

5.4 RQ3: Effective access management
This section presents the findings from Papers 2, 3 4, and 5 to answer RQ3. As
described in Section 1.4, effective access management has three aspects:
automatic exchange of the right information at the right time, actors who manage
the terminal and transport processes involved effectively and access to the right
resources (e.g. specific ITUs, loading bays and entry lanes) at terminals at the
right time. As a result, those potential effects can decrease turnaround times for
trucks and trains.
5.4.1 Effective automatic information exchange
Paper 4 showcases how effective automatic information exchange can be
managed by automatically exchanging the right information at the right time for
effective access management. The right information can be identified by the
accompanying cost–benefit matrix as the most beneficial, cost-effective
information attributes; those attributes are deviation information, direction, driver
ID, ETA, goods priority information, ITU ID, ITU status, opening hours,
shipment ID and vehicle ID. Unlike the most relevant information attributes, the
most beneficial, cost-effective ones are easiest to be collected automatically (i.e.
at a low cost) and, at the same time, have great potential for effective access
management (i.e. high benefits). Meanwhile, the right time can be calculated
according to three time phases: a week before, a day before and two hours before
access to specific resources (e.g. ITUs, loading bays and entry lanes) at terminals
is granted or received.
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The three phases are shown in Figure 10 (taken from Paper 4).

Figure 10. Three phases for automatically sharing the right information

By exchanging information accordingly, access to resources at terminals can be
effectively managed. For example, the Seaport Terminal Operator can obtain the
necessary information from the road hauliers and the rail operators a week in
advance and thus plan the unloading of ITUs from vessels to be correctly placed
in the terminal depending upon whether the ITU is to leave the terminal by truck
or by train. A day before and, later, two hours before the access of ITUs, the road
hauliers or rail operators can send updated information, if necessary, to revise the
information sent a week before.
5.4.2 Effective management of terminal and transport processes
This sub-section presents the findings from Paper 5 regarding how the terminal
and transport processes involved can be effectively managed by applying access
management services and thereby achieve effective activity performance and
resource utilisation. However, only the processes in the seaport terminal set-up
are analysed here, because the Railroad Terminal Operator neither provides nor
plans to provide any access management services.
At the seaport terminal and in road transport processes
Table 8 (taken from Paper 5) clarifies how the terminal and road transport
processes in each access phase can be effectively managed by using access
management services.
Table 8. Effective management of terminal and road transport processes
Access management services
Information access services
Automated gate services
Pre-notification and
appointment services
Real-time information exchange
platform services
Dedicated access services

Terminal and road transport processes
Pre-access phase
Access phase
Post-access phase
X
X
X
X

X

X

X

X

X

X

X

Information access services in the access phase can help the road hauliers to
effectively coordinate their trucks and drivers due to the status information
obtained about the ITUs. In the post-access phase, such services can help them to
transport the ITUs effectively by lowering the number of unnecessary empty runs.
With automated gate services, the time spent by the truck drivers in the access
phase can also be reduced, because the manual inspection of ITUs is replaced by
sensors and cameras. Moreover, with pre-notification and appointment services,
the Seaport Terminal Operator can better plan the placement of ITUs in the preaccess phase, and, in the access phase, the straddle carrier drivers can save time
and avoid unnecessary movements at the terminal. Above all, real-time
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information exchange platform services and dedicated access services can affect
the activities and resources in all access phases. The ability to exchange
information in real time affords a more flexible range of possibilities to exchange
the right information at the right time. If unforeseen events occur in the access
phase, then the actors can immediately inform each other and react directly to that
information. Last, with dedicated access services, the wait time for truck drivers
at the terminal can be eliminated.
At the seaport terminal and in rail transport processes
Table 9 (taken from Paper 5) details how the terminal and rail transport processes
in each access phase can be effectively managed by using the access management
services.
Table 9. Effective management of terminal and rail transport processes
Access management services
Information access services
Automated gate services
Pre-notification and appointment
services
Real-time information exchange
platform services
Dedicated access services

Terminal and rail transport processes
Pre-access phase
Access phase
Post-access phase
X
X
X
X

X

X

X

X

X
X

With information access services, the rail operators can improve their planning
activities in the pre-access phase by virtue of receiving the status information of
ITUs. In turn, in the access phase, containers can be loaded more effectively. On
top of that, pre-notification and appointment services offer the same advantages
as information access services. Meanwhile, automated gate services reduce the
need for controllers and shunters, who conduct manual inspections in the access
phase but can be replaced by sensors and cameras. In addition, with predefined
schedules in hand, the Seaport Terminal Operator can know the arrival times of
trains as well as when the ITUs should be placed on the train platform. Another
benefit can be realised with real-time information exchange platform services,
which allow the Seaport Terminal Operator and the rail operators to exchange the
right information at the right time during all access phases, all for effective
planning activities that can result in fast loading or unloading activities with short
wait times for the train drivers. A final benefit is that dedicated access services
can affect the activities and resources in the pre- and post-access phases if the rail
operators receive higher priority for certain trains controlled by the Swedish
Transport Administration.
5.4.3 Effective access
This sub-section presents the findings from Papers 2 and 3 regarding how access
management services can enable effective access to resources at terminals and
thus contribute to higher access performance. Briefly put, higher access
performance means more access performance indicators can be affected:
decreased turnaround times, increased access reliability (i.e. access to the right
resources), increased access precision (i.e. access at the right time) and enhanced
access flexibility (i.e. ability to update other actors when unforeseen events

43

occur). The findings are presented for each service in terms of how it could affect
the access performance indicators, at least according to the differentiation
framework, shown in Table 10 (taken from Paper 2). As table reveals, access
management services able to exchange information in real time yield higher
access performance—that is, can affect more access performance indicators.
Table 10. Differentiation of access management services
Turnaround
time
X
X

Access performance indicators
Access
Access
Access
reliability
precision
flexibility

Access management service
Information access services*
Automated gate services*
Pre-notification and appointment
X
services*
Real-time information exchange
X
X
platform services**
Dedicated access services**
X
X
* Developed information sharing, ** Developed information exchange

X
X

X

X

X

With information access services, turnaround times can be decreased as long as
the road hauliers consider and act upon queueing status information. Automated
gate services can also affect turnaround times, because they eliminate unnecessary
stops in the seaport terminal, as can pre-notification and appointment services,
because the arrivals of trucks at terminals can be arranged so that not all trucks
arrive at once. All of those services can also improve access precision, because
they furnish the ETAs of trucks and trains, as well as corresponding ITU numbers,
to the Seaport Terminal Operator, who can therefore prepare access to ITUs.
Beyond that, with a real-time information exchange platform and dedicated access
services, turnaround times can be further decreased, because the actors involved
can update each other in real time when changes occur in their processes. Against
those trends, however, quantitative measurements described in Paper 3 indicated
no effect of real-time information exchange platform services on turnaround time,
for the truck drivers became stressed while using the services, and the transport
planners did not react to the information. Nevertheless, access reliability can be
improved when road hauliers receive notices about ITU status throughout the
transport and terminal processes involved. Dedicated access services seem to
afford the same improvements as real-time information exchange platform
services, albeit with the sole difference that truck drivers with dedicated access do
not need to queue in order to enter the terminal area.

5.5 Linking the results and discussion chapters
This chapter has presented the results, taken from the appended papers, to answer
the research questions on an abstract level by using the overall analytical
framework. Although the next chapter, Chapter 6, first discusses the significance
of the results on the same abstract level, it gradually shifts the focus of the
discussion to a higher level by using the system under study. Therein, from the
inferred significance of the results, six propositions are formulated and positioned
within the overall analytical framework. Next, the propositions are synthesised
into the model of the system under study, at which point the discussion centres on
how the propositions can be applied to solve the problems identified in Chapter 1.

44

6 Discussion
This chapter first discusses the significance of the results as a means to formulate
six propositions on an abstract level. Thereafter, it discusses the propositions at a
higher level by using the system under study to link them to the problem areas
identified in Chapter 1.

6.1 Relationships between the propositions and the overall
analytical framework
Each proposition relates to one element of access in the overall analytical
framework, as shown in Figure 11.

Figure 11. Relationships between the propositions and elements of access in the overall
analytical framework

In the following sub-sections, the propositions are formulated and justified in light
of the results shown in Chapter 5 (i.e. the findings from the five appended papers)
and how those results relate to literature reviewed in Chapter 2.

6.2 Access network structure
The first significant result in this thesis is that business relationships are essential
among actors involved if they intend to apply access management services that
can enable information exchange in real time (i.e. real-time information exchange
platform services and dedicated access services), as discussed in Paper 5. That
result corroborates findings in the literature showing that the success of the
application of services depends upon the business relationships among actors
(Håkansson and Snehota, 1995; Lambert et al., 1998a). The more developed those
business relationships are, the more successful the services will be (Seo et al.,
2016). A major obstacle to successfully applying services is thus not technology
but the human factor (Marchet et al., 2012; Jacobsson, 2019). The business
relationships among the involved actors need to be clarified in terms of the
interdependencies [i.e., technical, knowledge, social, administrative, and legal
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(Håkansson and Snehota, 1995)] to apply access management services that enable
real-time information exchange. Thus, the first proposition2 is:
Proposition 1: Access management services require established
business relationships among the actors involved.
Proposition 1 addresses terminal operators, road hauliers and rail operators in
particular. It is pointless for terminal operators to implement advanced, costly
systems and services if they lack business relationships with road hauliers and rail
operators. With business relationships, however, road hauliers and rail operators
can influence what services terminal operators implement, which can result in
effective access management for all actors involved.

6.3 Access management components
The second significant result is that only the most relevant information attributes
(i.e. ITU ID, ITU status, ETA, queueing status and weighing status) need to be
exchanged in real time for effective access management (Jacobsson et al., 2017;
Jacobsson, 2019). That result challenges the literature on big data, which
maintains that as much data as possible should be made visible and analysed
(Heilig and Voß, 2017). However, information sources available in intermodal
freight transport that can be used to collect information attributes are numerous
(Sternberg, 2008; Trafikanalys, 2014; National Heavy Vehicle Regulator, 2015;
Jacobsson et al., 2017), and analysing and visualising such a large amount of
information in order to predict the future is impractical (Chen and Zhang, 2014).
At the same time, collecting, analysing and visualising such vast amounts of
information require resources such as skilled analytics, powerful computers and
large bandwidths (Chen et al., 2012). Small organisations often lack those
resources (Coleman et al., 2016), and 80% of road hauliers in the European Union
and the United States are small organisations (Sternberg et al., 2013a). For them,
exchanging relevant information is more important than exchanging large
amounts of information. For those reasons, the second proposition is:
Proposition 2: The real-time exchange of a subset of information
attributes is sufficient for effective access management.
Proposition 2 addresses terminal operators, road hauliers and rail operators. If the
last two are willing to exchange relevant information, then the first can prepare
access to ITUs and thereby decrease turnaround for trucks and trains.

6.4 Access management services
The third significant result is that access management services, except for
automated gate services, can enable information exchange in one access phase
and positively affect activity performance and resource utilisation both in that
phase and in subsequent phases, as elaborated in Paper 5. To the literature, that
result adds the idea that real-time information exchange platform services and
dedicated access services can be activated and affect both activities and resources
in all phases of access through their abilities to exchange real-time information.
2

Proposition 1 from Paper 5 is rephrased to align with the form of the other propositions in this
thesis.

46

The ability of such services to update actors involved when unforeseen events
occur in the pre-access phase can improve the possibility of granting or receiving
on-time access to specific resources (e.g. ITUs, loading bays and entry lanes) at
terminals during the access phase (Jacobsson et al., 2018). The result also
confirms literature showing that information access services, as well as prenotification and appointment services, can be activated only during pre-access and
reduce wait, loading and unloading times in the access phase (Chen et al., 2013;
Phan and Kim, 2015). Therefore, the third proposition3 holds that:
Proposition 3: Access management services active in one phase
positively affect subsequent phases.
Addressing terminal operators, road hauliers and rail operators, Proposition 3
states that knowing which activities and resources can be affected in what access
phases is important information for terminal operators when deciding what access
management service to apply. The proposition can also motivate road hauliers and
rail operators to implement access management services in the pre-access phase
as a means to reduce wait times during the access phase.

6.5 Effective access management
The fourth significant result is that the most beneficial, cost-effective information
attributes (i.e. deviation information, direction, driver ID, ETA, goods priority
information, ITU ID, ITU status, opening hours, shipment ID and vehicle ID) need
to be exchanged at three times—a week before, a day before and two hours before
access—for effective access management (Jacobsson et al., in press). That result
counters previous findings for the same reasoning stated earlier: that smaller
organisations lack the resources to collect, analyse and visualise large amounts of
information (Coleman et al., 2016) but only a subset of information needs to be
exchanged in the first place. The most beneficial, cost-effective information
attributes should be selected, because they are most suitable for automatically
exchanging information (Jacobsson et al., in press). Thus, identifying certain
phases as being necessary not only confirms past findings that providing relevant,
timely information is important to local supply chain actors for their planning and
coordination activities (Auramo et al., 2005; Kaipia, 2009; Bhakoo et al., 2015;
Dubois et al., 2019); they moreover add that those attributes need to be exchanged
a week before, a day before and two hours before access to resources in terminal.
Thus, Proposition 4 states that:4
Proposition 4: The automatic exchange of a subset of information
attributes in advance contributes to effective access management.
Proposition 4 particularly addresses terminal operators, road hauliers and rail
operators. If those actors can exchange information according to the three required
time phases, then they can decrease turnaround for trucks and trains by allowing
terminal operators to better prepare for access to ITUs.
3
Proposition 3 from Paper 5 is rephrased to align with the form of the other propositions in this
thesis.
4
Proposition 4 combines the two propositions in Paper 4 and is rephrased to align with the form
of the other propositions in this thesis.
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The fifth significant result is that access management services can improve
activity performance and resource utilisation in the terminal and transport
processes involved, as discussed in Paper 5. More activities and resources can be
performed effectively with services able to exchange information in real time (i.e.
real-time information exchange platform services and dedicated access services)
than with services only able to share information (i.e. information access services,
automated gate services and pre-notification and appointment services). To the
literature, that result adds the idea that different access management services can
affect different amounts of activities and resources. It also confirms findings that
activities and resources can be performed effectively when access management
services are applied. In particular, effective planning and coordination activities
can reduce idle times for trucks at terminals (Dekker et al., 2013; Shiri and Huynh,
2016) and thus their turnaround times (Phan and Kim, 2015; Carlan et al., 2016).
Beyond that, the effective transport of ITUs can lower the number of unnecessary
empty runs (McKinnon and Ge, 2006; Islam et al., 2019), while effective
automatic controls by using digital equipment (Heilig and Voß, 2017) can
eliminate redundant workforce (Min et al., 2017). Thus, the fifth proposition5 is:
Proposition 5: Access management services contribute to effective
activity performance and resource utilisation.
Directed towards terminal operators, road hauliers and rail operators, Proposition
5 states that ways of improving effectiveness by using access management
services is important knowledge for terminal operators when choosing what
services to implement, as well as a strong motivation for road hauliers and rail
operators to use the services.
Last, the sixth significant result of the thesis is that the access management
services can boost access performance. Services that allow exchanging
information in real time (i.e. real-time information exchange platform services and
dedicated access services) can improve access performance better than ones only
able to share information—that is, pre-notification and appointment services,
automated gate services and information access service (Jacobsson et al. 2018).
Enhanced access performance means that access management services can affect
more access performance indicators by decreasing turnaround times, improving
access reliability, access precision and access flexibility. That result confirms
literature showing that turnaround times can be decreased by applying access
management services (Phan and Kim, 2015; Carlan et al., 2016; Heilig and Voß,
2017), as well as adds to the literature that services have different capabilities in
contributing to decreased turnaround, especially that the reliability, precision and
flexibility of access need to be considered when examining access performance.
The sixth and final proposition is thus:
Proposition 6: Access management services contribute to higher
access performance.

5

Proposition 5 from Paper 5 is rephrased to align with the form of the other propositions in this
thesis.
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Proposition 6 addresses terminal operators, road hauliers and rail operators, none
of whom should resist using access management services that can allow them to
exchange information in real time. After all, those services can affect more access
performance indicators than ones only able to share information.

6.6 Synthesis: Linking the propositions to the system under
study and the problem areas
This section links the chapter’s discussion and Chapter 1 by uniting the six
propositions with the three identified problem areas (i.e. complex network
structure, inefficient processes and low level of integration of supportive
information components) in the system under study (Figure 2). Based on Figure
2, Figure 12 shows how each proposition links to each problem area.

Figure 12. Propositions for the problem areas identified in the system under study

Propositions 1 and 6 address the problems concerning the complexity of the
network structure. Though clarification of the interdependencies [i.e., technical,
knowledge, social, administrative, and legal (Håkansson and Snehota, 1995)],
business relationships among terminal operators, road hauliers and rail operators
can be improved. With improved relationships between terminal operators and
small-scale transport operators, terminal operators can more easily bridge gaps in
differences between the volumes and frequencies of small-scale transport
operators (Hultén, 1997) and better handle and manage the large number of such
operators (Marchet et al., 2012). Access management services can contribute to
improving the access performance indicators by decreasing long turnaround times
for trucks and trains (Morais and Lord, 2006; Giuliano and O’Brien, 2007;
Ramírez-Nafarrate et al., 2017), by mitigating issues that adversely affect the
access process (de Langen and Chouly, 2004; Namboothiri and Erera, 2008;
Gharehgozli et al., 2016), by increasing access reliability to the right resources,
by increasing access precision to grant or receive on-time access to resources and
by increasing access flexibility to enable actors to update each other when
unforeseen events occur.
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Beyond that, Propositions 3 and 5 address problems with inefficient terminal and
transport processes, which themselves relate to poor activity performance and
poor resource utilisation (Sternberg et al., 2013b). As this thesis has shown,
effective activity performance and resource utilisation can be achieved by using
certain access management services. In particular, with the information exchange
that such services facilitate, the various actors involved can better plan access,
which can lessen the needless movement and stacking of ITUs at terminals
(Steenken et al., 2004; Westbroek, 2012; Mutters, 2019), prevent vehicles from
arriving unannounced (Covic, 2017; Wasesa et al., 2017) and during peak hours
(Maguire et al., 2010), stop vehicles from returning empty from terminals
(McKinnon and Ge, 2006; Islam et al., 2013), make loading and unloading more
efficient (Sternberg et al., 2013b), reduce unnecessary activities among drivers
(Sternberg, 2008; Sternberg et al., 2014) and decrease the paperwork (Heilig and
Voß, 2017).
Last, Propositions 2 and 4 address problems regarding the poor integration of
supportive information components. Via the real-time exchange of the most
relevant information, or with the automatic exchanges of the most beneficial, costeffective information, the complexity of information exchange (Caris et al., 2013),
or deficits in such exchanges (Van der Horst and Langen, 2008; Islam et al., 2013;
Wiegmans et al., 2018), can be improved so that it is not inadequate or untimely
(Sternberg, 2008), inaccurate or incomplete (Steenken et al., 2004) or prone to
conveying insufficient high-quality, real-time information (SteadieSeifi et al.,
2014; Acciaro and Wilmsmeier, 2015). Automatic information exchange also
offers a cost-effective implementation of solutions to problems regarding the lack
of necessary human and economic resources (Stefansson and Lumsden, 2009;
Marchet et al., 2012; Evangelista and Sweeney, 2014; Harris et al., 2015). Their
implementation also makes the information systems of the actors involved
interoperable so that they can overcome setbacks caused by incompatible
information systems (Caris et al., 2013), incompatible ICT components (Harris et
al., 2015), barriers to adopting new technology (Marchet et al., 2012; Evangelista
and Sweeney, 2014) and general distrust in new systems (Cigolini et al., 2016).
Of course, decreased turnaround times for trucks and trains and improved access
processes can have other positive effects as well. For one, decreased turnaround
lowers environmental impacts by lessening fuel consumption and, in turn, GHG
emissions (International Energy Agency, 2019). Fuel use can also be reduced by
avoiding unnecessary drives to and from terminals (McKinnon and Ge, 2006;
Islam et al., 2013) and by reducing idle running (Do et al., 2016; Phan and Kim,
2016), because truck drivers typically leave their engines running to either cool
down or heat up their cockpits during warm or cold weather, respectively.
Decreased turnaround times can also lower stress for drivers, who will not agonise
over lost driving time and thus experience higher-quality working conditions
(Montreuil, 2011). Finally, with decreased turnaround times in terminals, road
hauliers can have time to transport more ITUs and reduce costs by requiring fewer
trucks and lowering salary costs (Sanchez Rodrigues et al., 2008; Sternberg et al.,
2014).
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7 Conclusions, contributions and directions for
future research
This chapter presents the conclusions and contributions of the thesis, as well as
recommendations for future research.

7.1 Conclusions
The purpose of this thesis is to increase the understanding of how access
management for road hauliers and rail operators in intermodal freight terminals
can contribute to decreasing turnaround times for trucks and trains. Access
management refers to managing the process by which actors access resources,
including specific intermodal transport units (ITUs), loading bays, and entry
lanes, at terminals. To that purpose, three research questions were developed, each
of which focuses on one of three topics: terminal and transport processes and
actors involved in accessing resources at terminals (i.e. RQ1), supportive
information components and services required to enable effective access to
resources at terminals (i.e. RQ2) and how access to resources at terminals can be
effectively managed (i.e. RQ3).
Results regarding the first topic explain the terminal and transport processes
studied, the actors involved in those processes and their information exchange.
The processes, along with their corresponding activities and resources, have been
structured and analysed across three phases terminals: pre-access, access and postaccess. Whereas pre-access includes all activities and resources deployed in
planning and coordinating access to resources, the access phase includes all
activities and resources deployed once access to specific resources (e.g. ITUs,
loading bays and entry lanes) at terminals is granted or received. Last, post-access
begins after truck drivers have received access to the resources and embarked on
their return trips to the road hauliers, at which point the terminal operators finalise
any activities involved in the access of resources. However, as the thesis has
clarified, though the road hauliers, rail operators and the seaport terminal studied
can exchange information, they cannot do so in real time. Meanwhile, between
the railroad terminal, the road hauliers and the rail operators, information
exchange simply does not occur.
On the second topic, the supportive components required to enable access to
resources at terminals include information systems, information communication
technology (ICT) applications, the required and the most relevant information
attributes. The required information systems and ICT applications are a
transaction-processing system and supply chain execution applications,
respectively, which can enable automatic, interoperable information exchange.
The required information attributes, identified and sorted into a comprehensive
list presented in Paper 1, show that the road hauliers, for example, would like to
receive regular notifications such as ITU status, which indicates whether an ITU
is ready to be picked up. From the other direction, the terminal would like to
receive the ITU ID, estimated time of arrival and weighing status of ITUs. From
the comprehensive list of required information attributes, the most relevant
information attributes to be exchanged in real time were ITU ID, ITU status,
estimated time of arrival, queueing status and weighing status.
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The required supportive information components can be used to structure and
manage five different required information services, referred to collectively as
access management services. Those required services have been differentiated
and listed from most advanced to least advanced in terms of how they can
exchange or share information in real time: dedicated access management
services, real-time information exchange platform services, pre-notification and
appointment services, automated gate services and information access services.
Moreover, to measure the effects of those services, four key access performance
indicators have been developed: turnaround time, access reliability, access
precision and access flexibility. To recap, turnaround time begins when a truck or
train enters a terminal and ends when it exits; access reliability refers to access to
the correct resources in the right quantities; access precision refers to the
provision of access to the right resources at the appropriate time; and access
flexibility refers to the ability to adapt to unforeseen changes.
The third topic, effective access management, has been analysed in terms of how
and when the right information can be automatically exchanged, how access
management services can used to effectively manage terminal and transport
processes to achieve effective activity performance and resource utilisation and
how those services can aid in granting or receiving access to the right terminal
resources at the right time, all to decrease turnaround for trucks and trains. The
right information can be identified by the cost–benefit matrix in Paper 4 as the
most beneficial, cost-effective information attributes (i.e. deviation information,
direction, driver identification, estimated time of arrival, goods priority
information, ITU ID, ITU status, opening hours, shipment identification and
vehicle identification). Unlike the most relevant information attributes, the most
beneficial, cost-effective ones are the easiest to be collected automatically (i.e.
low cost) and have the greatest potential for effective access management (i.e.
high benefits). They need to be automatically exchanged a week, a day and two
hours before access to ITUs is possible.
Access management services able to exchange information in real time (i.e. realtime information exchange platform services and dedicated access services) can
be mobilised to not only effectively manage terminal and transport processes in
order to achieve effective activity performance and resource utilisation (e.g.
effective loading and unloading with less movement and lifting of ITUs and fewer
drivers, administrators and controllers) but also afford effective access to
resources at terminals as a means to boost access performance. Higher access
performance means that more access performance indicators can be affected:
decreased turnaround times and increased access reliability, precision and
flexibility. With decreased turnaround times, truck and train drivers can transport
ITUs in less time while using fewer trucks and trains, which can lessen fuel
consumption.
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7.2 Contributions
This thesis makes theoretical and managerial contributions in the domains
representing the elements of access in the overall analytical framework,
summarised in Table 11.
Table 11. Theoretical and managerial contributions of the thesis
Elements of Theoretical
access
Access
• The dependencies between business
network
relationships and access management
structure
services to produce Proposition 1
• The development of the process reference
model (Paper 5)
Access
• The distinction between information
management exchange and information sharing
components • The development of
o The typology reference model (Paper 4)
o The information attributes framework
(Paper 1)
o The information exchange framework
(Paper 3)
• Formulation of Proposition 2
Access
• The development of the differentiation
management framework (Paper 2)
services
• Formulation of Proposition 3
Access
• The definition of access management
management • The development of the cost-benefit matrix
in Paper 4, applied to identify the most
beneficial, cost-effective information
attributes and when they are need to be
automatically exchanged
o Formulation of Proposition 4
• The developed process analytical
framework in Paper 5, applied to analyse
how the access management services can be
used to effectively manage the studied
processes
o Formulation of Propositions 5 and 6
• The development of the overall analytical
framework to synthesise the frame of
reference, analyse the findings from the
five appended papers that answer the three
RQs and structure the six propositions

Managerial
• Business relationships are
essential to the successful
application of access
management services.
• Automatic information
exchange can be established
through interoperable
transaction-processing systems
and supply chain execution
applications.
• Only the most relevant
information attributes need to
be exchanged in real time.
• Information exchange can be
enabled by using access
management services.
• Planning can be improved if
the most beneficial, costeffective information attributes
are automatically exchanged a
week, a day and two hours
before access.
• The developed frameworks can
help with identifying and
solving problems with access
management.
• Access management services
can help with managing
activities and resource
effectively and improving
access performance.
• Using improved access
services can reduce stress,
costs and environmental
impacts.

The theoretical and managerial contributions of each element of access are further
described in the following sections.
7.2.1 Theoretical contributions
This thesis offers new understandings to the disciplines of intermodal freight
transport and information systems by defining access management, developing
several analytical frameworks and formulating six propositions from its results.
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Access network structure
The dependencies between business relationships and access management
services have been identified with Proposition 1 (‘Access management services
require established business relationships among actors involved’). In addition,
the process reference model developed in Paper 5 details the activities and
resources in the terminal and transport processes studied.
Access management components
The developed typology reference model in Paper 4 illuminates how information
can be automatically exchanged between interoperable information systems
installed at different actors. The information attributes framework, developed in
Paper 4, visualises the current and required information attributes, while the
information exchange framework, developed in Paper 3, allows the categorisation
of the most relevant information, guides its real-time exchange and differentiates
it by whether access to a railroad or seaport terminal is required. As a result,
Proposition 2 (‘The real-time exchange of a subset of information attributes is
sufficient for effective access management’) has been formulated.
Access management services
The differentiation framework, developed in Paper 2, can be employed to analyse
the provision and use of access management services and the different capabilities
of those services for improving access management in relation to the four access
performance indicators (i.e. turnaround time, access reliability, access precision
and access flexibility). The differentiation framework allowed analysing the
results of the two empirical studies and can help to determine which access
management service would best improve the access process of certain seaport
terminals given their particular customers. From the results, Proposition 3
(‘Access management services active in one phase positively affect subsequent
phases’) has been formulated.
Access management
Along with the definition of access management, a cost–benefit matrix has been
developed, namely in Paper 4, to identify and structure the required information
attributes from Paper 1. The matrix has particularly been applied to identify the
most beneficial, cost-effective information for automatic exchange, which
resulted in the formulation of Proposition 4 (‘The automatic exchange of a subset
of information attributes in advance contributes to effective access management’).
The process analytical framework, developed in Paper 5, has been used to analyse
how the transport and terminal processes involved can be managed effectively by
deploying the required access management services. From the analysis, two
propositions have been formulated: Proposition 5 (‘Access management services
contribute to effective activity performance and resource utilisation’) and
Proposition 6 (‘Access management services contribute to higher access
performance’). Last, the overall analytical framework captures the essence of
access management, allows the analysis of findings from the five appended papers
that answer the three RQs and structures the six propositions.
7.2.2 Managerial contributions
The managerial contributions of this thesis should help practitioners to gain an
increased understanding of access management.
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Access network structure
The ability of actors in an intermodal transport network to apply successful access
management services depends upon their business relationships. In short, services
that allow exchanging information in real time (e.g. real-time information
exchange platform services and dedicated access services) cannot function
without business relationships between the actors.
Access management components
Information exchange can be improved if the actors implement and apply both the
required interoperable transaction-processing system and supply chain execution
applications, which can enable the exchange of the most relevant information
attributes. Moreover, the developed analytical frameworks can help decision
makers to identify access management problems and resolved them by using
access management services.
Access management services
Knowing how access management services active in one access phase can
positively affect the activity performance and resource utilisation in subsequent
phases is important information for terminal operators when deciding what access
management services to implement and apply. Such knowledge can also motivate
road hauliers and rail operators to apply access management services in the preaccess phase as a means to reduce wait times during the access phase.
Access management
The access management services can enable effective access to resources at
terminals when the most beneficial, cost-effective information attributes are
automatically exchanged a week, a day and two hours in advance of access. By
exchanging that information at those times, the actor involved can effectively
manage the necessary terminal and transport resources to achieve effective
activity performance and resource utilisation. Moreover, the access management
services can promote high access performance (i.e. decreased turnaround times
and increased access reliability, precision and flexibility), which itself can reduce
(1) environmental impacts by lower engine idling times, (2) the number of empty
runs, which saves truck drivers’ time, lowers costs for road hauliers and further
reduces environmental impacts and (3) drivers’ stress over lost driving time.
Decreased turnaround times can moreover allow road hauliers to transport more
ITUs per day and reduce the number of trucks and drivers needed.

7.3 Directions for future research
To further develop the frameworks and strategies proposed in this thesis, more
quantitative data need to be collected, for only a small amount of such data was
gathered during the studies (i.e. time measurements regarding road transport
activities only). It would be interesting to quantitatively measure, in both road and
rail haulage, the access performance indicators for each access management
service as a way to further investigate their impacts. Turnaround times, for
instance, can be automatically measured through Bluetooth beacon systems or
GPS-tracker systems, whereas the other three access performance indicators
require manual measurements. Even so, access reliability, access precision and
access flexibility could be measured by having truck or train drivers evaluate their
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recent access to specific resources in terms of whether such access was correct,
was on time and allowed information to be updated if any unforeseen event
occurred along the transport route to the terminals.
The strategies and frameworks developed in Paper 4 need to be further
implemented so that they can be tested in real-life situations, in which the most
beneficial, cost-effective information attributes need be automatically exchanged
with respect to the three identified time phases (i.e. a week, a day and two hours
before access) between the interoperable information systems of the actors
involved. Such exchange needs to be as automatic as possible in order to avoid
problems with human factors such as stress and barriers in adopting new
technology, as explained in Paper 3. The one-week-before and one-day-before
time phases can be implemented without implementing new information systems.
Instead, APIs can be implemented to make the information systems of actors
involved interoperable. By contrast, the two-hour-before time phase may be
triggered manually or by defining different virtual zones, such that when a driver
passes by those zones, the information exchange is initiated. Although such zones
may be applicable for trains that follow fixed rails, they remain difficult for trucks,
which may take different roads to reach terminals. Therefore, future research
should investigate how the two-hours-before time phase can be triggered both for
trucks and trains.
A limitation of the research is that it focused only on the transhipment of ITUs in
road and rail transport, not maritime transport. It also involved investigating only
road hauliers, rail operators and terminal operators, not transport coordinators and
other transport operators. Therefore, further research is needed that includes other
transport modes and actors. Especially interesting would be investigating how
information can be exchanged when more actors (e.g. more road hauliers, rail
operators, other transport operators and transport coordinators) are involved. In
those cases, what would be the best solution that is cost-effective and easy to
connect to? Because the information exchange among more actors does not
depend upon big data exchange but focuses on the most relevant, most beneficial
and cost-effective information to be exchanged, a cloud computing solution may
be applicable. To ascertain that possibility, more understanding is needed about
how such a system can be implemented and what ICTs need to be included.
Because this thesis addresses only some ICT applications for interoperable
exchange, it remains to be clarified what ICTs are needed for an easy-to-connect,
cost-effective solution that can be used by many actors at once.
Finally, the six formulated propositions should be transferred into hypotheses that
can be statistically tested to make the findings statistical generalisable. To
statistically generalise the findings, future research should also extend and apply
the developed frameworks and strategies in herein to other terminal and transport
processes in other set-ups. After all, this thesis considered only a seaport terminal
and a railroad terminal, and seaport terminal and road haulage received more
attention than the railroad terminal and rail haulage. By following a more
inclusive approach, the frameworks and strategies can be further developed and
generalised both nationally and internationally.
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Appendices
Appendix A: Participants
The following table describes the participants, including in terms of weekly
volume of intermodal transport units (ITUs) processed.
Participant
(studies involved in)
Road Haulier A
(Studies 1, 2 and 3)
Road Haulier B
(Studies 1, 2 and 3)
Road Haulier C
(Study 3)
Road Haulier D
(Studies 2 and 3)
Rail Operator A
(Studies 2 and 3)
Rail Operator B
(Study 3)
Railroad Terminal Operator
(Studies 1, 2 and 3)
Seaport Terminal Operator
(Studies 1, 2 and 3)
Information System Supplier A
(Studies 1 and 2)
Information System Supplier B
(Studies 2 and 3)

Number of
employees

Equipment

Weekly volume
(in ITUs)

9

31 trucks

650

182

50 trucks

300

20

50 trucks

300

60

55 trucks

600

6

2 trains

1400

15

3 trains

1500

38

1 ITU crane
2 forklifts
8 ITU cranes
2 railway cranes
40 straddle carriers
Fleet management
system
Application programme
interface developer

750

438

33
5

10,000

N/A
N/A
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Appendix B: Timeline of the research
The research conducted for the thesis formed part of the REACH (Vinnova, 2014)
and DREAMIT (Vinnova, 2020) projects. Running from September 2014 to
February 2017, the REACH project involved investigating advanced, digital
interaction in real time among infrastructures, facilities and vehicles, with the goal
of increasing resource utilisation in intermodal freight transport systems by
improving access management. By contrast, the ongoing DREAMIT project,
beginning in March 2017, has aimed to improve access management for road
hauliers and rail operators in terminals, by both facilitating the exchange of digital
information and improving the interaction of the actors involved. Both projects
have focused on stakeholders in intermodal freight transport systems (e.g. road
hauliers, rail operators and terminal operators), who, by using digital technology,
can reduce their environmental impact and boost their competitiveness. Involving
a university, six large organisations, three small organisations and a public
authority, the REACH and DREAMIT projects are also both based on
collaboration among academia, industry and society.
The timeline of the three studies and five papers appears in the following table, in
which dark grey cells marked with a white “X” indicate that the corresponding
paper has been published in an international journal.
2014
2015
2016
2017
2018
2019
2020
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
Study 1
Study 2
Study 3
Paper 1
Paper 2
Paper 3
Paper 4
Paper 5

X
X
X
X

Note: X = Published

Even though the studies began and ended at different times, they also overlapped
insofar as the knowledge gained in one provided important insights into the others.
Likewise, the writing of the papers commenced at different times but overlapped
as well. The five papers, each either published in or under review at an
international journal, appear in this thesis in chronological order based on their
date of publication: Paper 1 was published in February 2017, Paper 2 in June 2018
and Paper 3 in September 2019, whereas Paper 4 was accepted in January 2020
and is now in press, and Paper 5 is currently under review.
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Appendix C: Interview guides
Interview Guide 1: Information exchange among participants
A. General
1. Name?
2. What sex?
3. Work position?
4. Describe your work?
5. What does a normal working day for you look like?
B. Information exchange
1. What IT-system do you use today?
2. How is the information exchange coordinated today between the
involved actors, resources and activities?
3. Do you receive the desired information today (e.g. information about the
arrivals of the vehicles/trains/ships and/or the arrivals of the
container/containers)?
a) If yes, how long time in advance do you receive this information?
i) How do you receive this information? Analogue (e.g. telephone)?
Digital (e.g. IT-system, apps, web services, etc.)
ii) Do you think that the information is reliable? Do you trust the
information?
(1) If not, how do you think you can better trust or rely on the
information you receive today?
iii) Do you miss anything in the information today?
b) If not, would you need this kind of information?
4. Do you receive information about the location/locations of the
container/containers?
5. How often do the vehicles/trains/ships/containers arrive on time?
6. How often does the information that you receive fit with the reality?
7. Do you receive notification if any changes occur?
8. Do you think that you would be able to plan your resources in a more
efficient with an improved information exchange between involved
actors?
C. Information attributes
1. What information attributes are available today?
2. What information attributes are missing today (the interviewee gets
access to the table with the identified information attributes)?
3. What information attributes would be required to improve the access
management?
4. Do you think that you would be able to plan your resources in a more
efficient with an improved information exchange between involved
actors?
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Interview Guide 2: Potential effective management of terminal and
transport processes under study
A. General
1. What is your name?
2. What is your gender?
3. What is your position in the organisation?
B. Terminal and transport processes
1. What activities are involved in the terminal or transport processes under
study?
2. What resources are involved in the terminal or transport processes under
study?
C. Access management services
1. What access management services do you currently use?
2. What access management services do you plan to use in the future?
D. Access network structure
1. What actors are involved in accessing resources at the terminals?
2. How do the business relationships among the actors involved influence
the use of the access management services?
E. Effective management of terminal and transport processes
Access management services in current use
a) How have the access management services affected activities in the
processes under study?
b) How have the access management services affected resources in the
processes under study?
Access management services for future use
a) What are the potential effects of the access management services on
activities in the processes under study?
b) What are the potential effects of the access management services on
resources in the processes under study?
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Interview Guide 3: How access can be effectively managed to
decrease turnaround times
A. General
1. What is your name?
2. What is your gender?
3. What is your position in the organisation?
B. Access management services
1. What access management services do you currently apply?
2. What access management services do you plan to use in the future?
C. Effective management of access to resources to decrease turnaround
times and enhance other access performance indicators
1. Access management services currently in use
a) How can the services affect turnaround times?
b) How can the services affect the reliability of access?
c) How can the services affect the precision of access?
d) How can the services affect the flexibility of access?
2. Access management services planned for future use
a) How could the services affect turnaround times?
b) How could the services affect the reliability of access?
c) How could the services affect the precision of access?
d) How could the services affect the flexibility of access?
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