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1. Initiation, Research question and Research approach
Organizations must continuously change due to ongoing changes in the environment (Donaldson, 1996). In trying to improve the performance of the organization, the focus has shifted over the past years from the organizational level towards the interorganizational level (Malone & Rockart, 1991; McGrath & Hollingshead, 1994). This growing interest in interorganizational relationships can be illustrated by several interrelated business trends (Bowersox, Closs, & Helferich, 1996), such as globalization, outsourcing and technological developments. Developments in information and communication technologies (ICT) such as the World Wide Web, Electronic Data Interchange, and electronic mail can be seen as enablers to cross organizational boundaries more easily when dealing with information intensive processes. From the early efforts to support existing interorganizational processes (e.g. the exchange of documents between organizations), the focus has shifted to the emergence of new ways of doing business. Examples of this include the introduction of electronic trading markets, electronic auctions, and electronic bookstores. ICT has developed from a minor force supporting the interorganizational processes into a dominant force for shaping these processes (Buxmann & Gebauer, 1998): increasing and changing communication between organizations, shifting organizational boundaries, and geographically expanding relationships between organizations. Although different in nature, the changes all affect the coordination between organizations. Since a positive relationship exists between the range of benefits obtained from coordination and the level of ICT support (Venkatraman, 1994), guidelines need to be designed for new combinations of coordination and ICT at an interorganizational level. 
The dissertation research was demarcated to interorganizational coordination in container transport. Container transport is important: today, well over 60% of the world’s ocean going general cargo is transported in containers. Although marine transport of containers received much attention in the past, attention has focused increasingly on inland container transport the last few years. The performance of the inland container transport chain must improve to maintain or even increase the attractiveness of containerized transport under the escalating requirements: more frequent and reliable transport is asked for. Taking into account the many organizations that are involved in inland container transport, the low level of ICT use, and the many processes that must be tuned, improvement of interorganizational coordination offers a possibility to improve the performance of the inland container transport chain.
The following central research objective was formulated by combining the scientific and socially relevant issues presented above: to improve the performance of the inland container transport chain by designing an ICT based system for chain management.
The research area described above has only been of interest for the past few years. The literature on coordination and on ICT is rather overwhelming, but not always relevant. Therefore, an inductive-hypothetical research strategy seemed to be most appropriate. The central notion of this strategy is a shift during the research from description of the problems to prescription of an alternate approach to solve these problems. Four different instruments were used in the inductive-hypothetical strategy to gain a better understanding of the problem situation at hand and to find out in which ways these problems could be solved. A case study was used to investigate the problems in the current situation in the port of Rotterdam concerning chain management in inland container transport (section 3). Based on the results of the case study, a literature study was carried out to enhance the case results and to set guidelines for designing a system for chain management. A multi-disciplinary approach was chosen in which a broad range of literature was considered on coordination structures, coordination processes and ICT to support coordination (section 2, 4 and 5). Using the results of the case study and the literature research as a starting point, an ICT based system was designed for chain management in the inland container transport chain (section 6). For a first evaluation of the design, an expert panel was used in which experts from the port of Rotterdam were asked for their opinion concerning the design. Finally, the design was elaborated in a game for evaluation purposes (section 7). In the game, a combination of interactive simulation and prototyping was used to evaluate the multidisciplinary design.

2. Contributing to a body of knowledge: interorganizational coordination
The need for coordination arises as a logical consequence for the division of labor in and between organizations (Mintzberg, 1993). A general definition of coordination is proposed by Malone and Crowston (1994): ‘coordination is managing dependencies’. The structure of a group of organizations can be seen as a mechanism for coordinating activities (Jablin, 1987). A structure, at an abstract level, can be viewed as a collection of elements and the set of relationships that connect these elements (Monge & Eisenberg, 1987). In an interorganizational coordination structure, the elements are the organizations and the relationships are coordination related.
Many different forms of interorganizational coordination structures exist, but they can be categorized into two basic coordination structures (Malone, Yates, & Benjamin, 1986; Thompson, 1991). A hierarchical coordination structure is characterized by long lasting relationships between organizations with fixed rules of behavior and clear authority relationships. The market as a structure coordinates organizations via bidding and pricing systems. The dichotomy of markets and hierarchies is not as sharp as it may seem. The actual mix of coordination structures to be used in practice can be characterized as hybrid or network (Powell, 1991). Hybrids vary between the extremes of pure markets and pure hierarchies. But even with this third structure, the division is insufficient to describe individual situations as they include more complex developments.
Four characteristics are proposed to describe coordination structures more precisely: centralized versus decentralized, dominated versus neutral, the number of participants, and long term versus short term agreements. Coordination structures can be classified into decentralized and centralized structures (Malone & Rockart, 1991). In a decentralized structure, all buyers are able to contact all sellers to negotiate transactions, whereas in a centralized structure transactions between buyers and sellers are negotiated indirectly through a broker. The characteristic of the coordination structure being dominated or neutral takes into consideration the power of setting prices and rules (Bodendorf & Reinheimer, 1997). In a dominated structure, one organization sets the prices and rules and it is up to the other organization either to accept this or not to agree on the deal. In contrast, a neutral structure enables organizations to introduce their prices and rules and to negotiate them among each other. The third characteristic takes into consideration the number of buyers or sellers that take part in the coordination and can vary between one organization and the total number of buyers or sellers in the network. The term participant is introduced to refer to the buying and selling organizations. The participant that takes the initiative is called the selecting participant. The selecting participant is the organization that wants to sell or buy something. The participants selected are the organizations that are contacted for their buying or selling offer, respectively. A distinction is made between the number of participants with whom agreements are negotiated and the number of participants with whom agreements are settled. The number of participants during negotiations can influence the results of the negotiations (Kalakota & Whinston, 1996; Porter, 1980): the more participants that take part, the better supply and demand can be coordinated. After negotiation, agreements are settled with one or more participants. Organizations make agreements about a certain good or service. This agreement could be valid for once only (short term) or for a longer period of time in which the good or service is required more than once (long term) (O. Williamson, 1985). This is captured in the fourth characteristic, the duration of agreements.

3. Exploring a field: inland container transport
Inland container transport is the transport of containers between a port and a place in the hinterland. Many organizations are involved with different interests, cultures, and core businesses. These organizations include forwarders, rail and barge operators, trucking companies, terminal operators, customs, and insurance companies. The processes of these organizations must increasingly be tuned to meet the ever growing requirements for container transport. Coordination is important in this.
The level of ICT use is not yet high in inland container transport. Most information is available on paper or in the head of persons. Some organizations, however, have opened a site on the World Wide Web to publish some general information about their business. Communication mainly takes place via fax, telephone, and face-to-face meetings. Decisions are made in the head, on 'Fingerspitzengefühl', or on the back of an envelope. When taking into account the ICT developments, ICT has the potential to bring about major changes in the interorganizational coordination structures of the inland container transport. Inland container transport, therefore, is a challenging application field for research on interorganizational coordination structures. The port of Rotterdam is taken as an example.
The coordination structures of inland container transport can be characterized using the four characteristics mentioned in the second section. First, the coordination structure is neither centralized nor decentralized: transport requesters can negotiate directly with transport providers and vice versa without the intervention of a broker; transport requesters and transport providers can be represented by a broker individually, but can also be represented as groups; finally, there are examples of independently operating brokers. Second, a neutral coordination structure exists in inland container transport. Prices and rules for which and by which a container is to be transported are part of the negotiation and are not preset by one of the organizations. Third, the number of participants in inland container transport has the potential to be quite high. There are more than a hundred organizations operating in inland container transport in the port of Rotterdam. In practice, however, only a few organizations participate in a specific negotiation process and settle agreements: three on average. Finally, the coordination of inland container transport is characterized by long term agreements between participants. Agreements are settled for a period varying from three months to a year and after this time they are almost always renewed for the next period of time.

4. Creating a generic understanding: the impact of ICT on interorganizational coordination
It is widely believed that the use of ICT enables people to shape coordination (Bodendorf & Reinheimer, 1997; Chircu & Kauffman, 2000; Malone & Crowston, 1994; Malone & Rockart, 1991). Several authors researched the direction this change could take. The idea of transaction costs for explaining this change was introduced by Coase (1937) and developed principally by Williamson (1975). The transaction costs theory holds that the organization considering the market versus hierarchy option will behave in a cost-economizing way. Williamson (1986) claims that costs come primarily from two sources: production and coordination. These costs must be considered when determining the appropriate coordination structure: it is a trade-off between the advantage of low coordination costs in the case of hierarchies and low production costs in the case of markets. Since the use of ICT can lower coordination costs, this may lead to an overall shift towards smaller firms and proportionally extra use of markets (Malone et al., 1986). Others talk of more use of hybrids (Clemons, Reddi, & Row, 1993; Holland & Lockett, 1994).
Because of the fact that market, hierarchies and hybrids as forms of coordination structures are insufficient to use, we elaborate on the impact of ICT with attention paid to the four characteristics of coordination structures. Coordination structures will become more centralized thanks to the use of ICT. On first thoughts it seems to be the other way around. As a result of a reduction in coordination costs, it becomes more feasible to contact more partners resulting in more decentralized structures coming within reach of buyers and sellers (Bakos, 1991; Cramton, 1991; Lee & Clark, 1996; Malone et al., 1986). An additional result, however, is that more and more information becomes available. The World Wide Web is a good example of this. The more information available, the more difficult it gets to find the right information. Eventually, as a result of the information overload, the decentralized structure will turn back into a centralized structure in which one or more brokers can satisfy the need for information required for coordination (Bailey & Bakos, 1997; Bakos, 1998; Malone & Crowston, 1994; Moore, 1996).
The use of ICT is not expected to influence the aspect of dominated versus neutral. A dominated structure will stay dominated and a neutral structure will stay neutral. Within a neutral structure, however, some changes can take place. Bakos (1997) shows that by reducing coordination costs ICT will improve the efficiency of a neutral coordination structure, but will reduce the profit of the participants selected. If the costs of coordination are low enough, selecting participants can compare all offers and select the one best serving their needs. Selecting participants enjoy low prices because of the increased competition among the participants selected. For this reason, the participants selected are willing to prevent the introduction of ICT; however, eventually it is impossible to avoid the usage of ICT. Bakos suggests three strategies to be used by the participants selected to minimize the negative effect: emphasizing service over price information, making it increasingly difficult to compare the price of alternative offerings, for example by ever-changing fare structures, and increasing the differentiation of offerings.
The number of participants during negotiations will increase thanks to the use of ICT (Bakos, 1991). The optimal number of participants to contact is determined by trading off coordination costs for further searches for new participants against the expected benefit from identifying a better participant (Bakos & Brynjolfsson, 1993). The use of ICT reduces the costs of coordination (Malone et al., 1986) and as thus leads to more participants (Kalakota & Whinston, 1996). This trend, however, is not yet recognized in practice, instead the opposite is happening: the number of participants has decreased over the past years (Bakos & Brynjolfsson, 1993; Kauffman & Walden, 2000). The adoption of ICT currently requires organizations to make large, technological and organizational investments to connect to each new participant. This may explain why the number of participants decreased. It is widely believed, however, that in the long run ICT lowers coordination costs (Arunkundram & Bakos, 1997) and that the number of participants contacted during negotiations could increase. In the same way, the number of participants with whom an agreement is settled could also be expected to increase from an ICT oriented perspective.
The use of ICT can also influence the duration of agreements. To build a relationship with an organization requires some investments, for example in information systems to share information. If the investments are high, it is not profitable to do this over and over again for every order. Long term agreements are settled in which the good or service can be supplied more than once. With the ongoing developments in ICT such as the process of standardization, the investments required will become lower. This could eventually lead to agreements for a shorter period of time.

5. Developing a contribution: introducing a chain manager for container transport
Several authors (Bakos, 1998; Chircu & Kauffman, 2000; Malone & Crowston, 1994; Moore, 1996) assume that ICT increases the complexity of coordination: as more participants are involved and the duration of agreements shortens, the frequency of coordination and amount of information to be taken into account increases. Introducing an intermediary to deal with this complexity can satisfy the need for coordination according to these authors, or as it is sometimes called chain manager, broker, network director, infomediary, consolidator, or specialist. In line with this, it is assumed that in container transport a chain manager will carry out the coordination processes between transport requesters and transport providers.
Although it is generally accepted that intermediaries will arise, there is no generally accepted role for these intermediaries (Bakos, 1998; Buxmann & Gebauer, 1998). In this dissertation research we described the role of the chain manager along the line of three processes or steps in coordination, based on Guttman and Maes (1998): the information step, the preparation step, and the negotiation step. The information step is mainly about information collection about competitors, transport providers, transport requesters, and environmental changes. The availability of this information is considered to be a necessary precondition to lower the degree of uncertainty and to start negotiations. In contrast to the current situation, detailed information about the inland container transport chain should be collected by the chain manager.
During the preparation step, negotiations are prepared for by defining requirements to specify what it is that is wanted and by selecting possible participants that can meet these requirements. The number of factors or requirements taken into account should not be restricted: the more factors there are under consideration, the more a better comparison between alternatives is enabled and the more the outcome of the negotiation is improved (Roloff & Jordan, 1992; Schermer, 1997). A number of factors was defined for inland container transport which together form a complete set of requirements for transport requests (Bowersox et al., 1996; Mennega & ten Cate, 1993; Ribbers & Verstegen, 1992). Some factors are transport related: costs, time, environmental effect, physical complexity, administrative complexity, and extra service. Other factors are participant related: quality, reliability, personal relationship, and after-sales service.
During negotiation, one tries to reach an agreement with one or more of the participants selected. Negotiation can be seen as a sequential process, which is manifest by the iterative communication of offers and counteroffers. The negotiation process terminates when a consensus is reached or a willingness to negotiate vanishes. A detailed description of the negotiation step can not be given since this depends strongly on the characteristics of the person involved. However, a cooperative approach is preferred over a hostile one for the inland container transport chain, because of the importance of trust (Guttman & Maes, 1998; Mumpower, 1991).

6. Instantiation: decision support for chain management
To support the chain manager in performing the coordination processes, a decision support system has been designed. The information collected during the information step becomes too large to process by hand. Therefore, a database system was used which supports the storing and processing of information.
Information must be collected about the inland container transport network. Great challenge in this was to find a good structure for storing information about different element of the container transport system: trains follow a time schedule, trucks can drive at any moment in time, tariffs depend on the type and weight of the container and the weight of the good, tariffs for transshipment depend on the time in the day, and so on. The information structure is presented below and stores information on three main elements: transport providers, transport requesters, and competitors. Transport providers operate either a terminal for transshipment and storage of containers or a transport service. Depending on the time, the type of goods and the transport service, certain costs are allocated to these services. A transport request contains information about the number of containers which the transport requester wishes to transport, the type of goods in the containers, the origin and destinations of the containers, the total transport time allowed, and the allowed transport modes in the case of a preference. Furthermore, a request comes with certain criteria that must be met, for example, concerning costs, transport time, physical and administrative complexity, environmental effect, reliability, safety, after-sales service, and quality. When a transport request is linked to a transport service, there is a transport solution. Competitors provide transport solutions.


[bookmark: _Ref518395391]Figure: Information structure
During the preparation step this information is used in a multi-criteria method to evaluate the degree to which a transport solution meets with the requirements of a transport request. Many different methods have been described in the literature for comparing alternatives on several, sometimes conflicting, criteria (Sawicki & David, 1986; Zeleny, 1982). These methods, however, compare explicit alternatives. A transport service, for example, is an explicit alternative. Implicit alternatives are alternatives that must be constructed out of a set of 'sub-alternatives'. The values for the sub-alternatives are available, but the values for the alternative depend on the construction out of the sub-alternatives. Transport solutions are implicit alternatives; they are constructed out of transport services, such as transport by train, transshipment and transport by truck. Therefore, an algorithm should be used that supports optimization of implicit alternatives (Buis, 1996; Jurgens, 1992). The algorithm should deal with large networks, but should still calculate a transport solution within reasonable time. Based on the algorithm of Buis, a ‘multiple’ shortest path algorithm was built to deal with multiple transport modes, multiple time aspects (time schedules, throughput times and time windows) and multiple criteria
Based on the information structure and the algorithm a first prototype of the information system was built, see figure below. The box at the top of the screen shows the transport request for which the chain manager must find a transport solution. The information system searches for transport solutions and the results of this are presented in the lower half of the user interface. A map is presented on which the terminals are located and on which routes are drawn. A textual output box is available in which detailed information about the transport solution can be found. A histogram is used for a graphical comparison of the transport solutions and is presented at the bottom of the user interface. The transport solutions are ranked according to the total value, based on the values for the individual factors. The reason for presenting the individual values is that transparency of an algorithm increases acceptance by decision makers (Kersten, 1988; Zeleny, 1982).
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No ICT support is prescribed for the negotiation step. Although ICT could be used to support communication, face-to-face meetings are considered to be too important to be replaced.

7. Evaluation
Evaluation of the suggested situation for interorganizational coordination structures in inland container transport is required to see whether the suggested system performs better than the current interorganizational coordination system. A simulation model was designed for this purpose. The focus of the simulation model is on matching supply and demand. For container transport, supply is represented by transport services offered by transport providers. Demand is represented by transport requests from shippers. In the model we assume a centralized coordination structure to be present, explicated by the existence of a broker. The broker is modeled as a set of rules for the process of matching supply and demand. These rules are given by the interorganizational coordination structure. Four of the most important rules are: (1) the number of transport providers contacted for finding a transport service for a certain transport request, (2) the number of transport providers with whom an agreement is settled, (3) the duration of agreements with transport providers, and (4) the amount of information available to the broker. The simulation model was used twice: once with the rules of the current situation, and once with the rules of the situation suggested. In the current situation, there is little information available to the broker (because of lacking ICT), the duration of the agreements is long and with a few participants only. The situation suggested is characterized by much more information, still long term agreements, but with more participants. The performance of both situations is obtained by measuring the degree in which the broker manages to match supply with demand. This is realized by using a multiple criteria method taking into account the costs, time, and environmental effect. The values for costs, time, and environmental effect are obtained from the transport service that is matched with the request. These values are normalized to a value between 0 and 1 in which 0 is the most preferred value.
To allow for a statistical analysis, a lot of data must be collected. Therefore, more than 7500 transport services were entered in the database of the simulation model. For the transport requests, we consulted a large shipping line in the port of Rotterdam and extracted the transport requests of ten weeks: slightly more than 10.000 transport requests. This number represents approximately 10% of all container transport requests through the port of Rotterdam. The results obtained for every week were summarized over that week and used for evaluation. Summarization of the results was necessary to exclude the influence of distance: tariff, time, and environmental effect will increase with distance. Ten observations were obtained by summarizing over a week; the distances could be considered the same for each observation.
The results of the simulation are presented in the table below. A t-test was performed to convey whether a significant difference was discernible between the current situation and the prescribed situation. Based on the t-test with a confidence level of 99% the significance was indicated. The results show first of all that transport requests and transport services can be matched significantly better in the suggested interorganizational coordination system than in the current interorganizational coordination system. Since it was considered interesting to see the influence of distance on the results, the results on short distance and long distance transports were also collected. Based on these, a difference between long distance transports and short distance transports can be noted. Improvements are higher for long distance transports than for short distance transports.
	System
	
	

	Current
	0.6153
	5.48E-04

	Prescribed
	0.5863
	2.38E-03

	Current, long distance ( 750 km)
	0.5886
	4.07E-03

	Prescribed, long distance ( 750 km)
	0.6317
	1.13E-03

	Current, short distance (< 750 km)
	0.5836
	8.66E-04

	Prescribed, short distance (< 750 km)
	0.5954
	4.83E-05


Table. Results of the simulation (n=10, 99% confidence level)

8. Epilogue
In this dissertation research, an ICT based system for chain management in inland container transport was designed and evaluated. The main conclusion is that the designed ICT based system for chain management improves the performance of the inland container transport chain. First, the designed ICT based system improves the transport solutions used in the inland container transport chain. The transport solutions are physically less complex, have a greater flexibility, and perform better on the factors time, costs and environmental effect. This is more so for long distance transport than for short distance transport. The search algorithm is an important element of the design that contributes to the improvement in transport solutions. 
Besides improvements in the transport processes, improvements are also realized in the coordination processes. It can be concluded that less time is required in the designed system for making decisions. Despite the increase in the amount of information to be processed, the designed system supports the chain manager efficiently in dealing with this information.
Above mentioned improvements can only be realized if there is sufficient information available to support decision making. In the current situation, this information is not readily available. Further research is required to analyze how ICT might be used to support this. Furthermore, it may prove interesting to devote further research to supporting negotiation processes. Developments such as video conferencing and software agents offer promising perspectives.
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