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ABSTRACT: 

In recent years, special attention has been paid to the area of travel behavior, perceptions, and preferences for multimodal mobility, but also to the comprehensive facts about what multimodal mobility means for people, for their activities and their daily routines. Travel planning behaviour (choice of travel mode) can be understood as a decision-making process based on accumulated experience as well as developed behavioural patterns during the journey, etc. The paper describes a decision support system for multimodal travel planners based on a behavioural decision-making model.
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1. INTRODUCTION 
 
In recent times, advancing eco-friendly transportation has been a top priority for the European Commission. Through various EU policies and initiatives [1, 2], the goal is to ensure smooth mobility and accessibility to essential locations and services for all citizens, enhance transportation safety, decrease negative environmental impacts such as emissions and noise, and boost the overall efficiency and affordability of the transport system. The European Union (EU) target for the transport sector is to reduce greenhouse gas (GHG) emissions by at least 60% by 2050 [3]. The EU and its Member States have set a sustainable, energy-efficient approach to mobility as their mobility target. In recent years, driven by the promotion of EU transport policy, multimodal passenger transport systems have become one of the most important tasks in addressing urban mobility [4]. The European Commission has declared 2018 the "Year of Multimodality" and has developed a number of legislative and policy initiatives for better, adequate infrastructure and digital solutions to promote an integrated, multimodal and ultimately sustainable transport system [5].
[bookmark: _Hlk97330080]Establishing sustainable urban mobility is a complex task because sustainable urban mobility should primarily be considered at the individual level, i.e. at the level of the user. The transition from cars to sustainable modes of transport remains a complex behavioral process at the personal level and a societal challenge in general. As passengers need to get from one place to another smoothly, quickly and easily, it is necessary to offer a solution that can compete with the car, which is still the predominant choice.
According to the ISO taxonomy, Traveler Information is one of the 11 functional areas of ITS. This area includes static and dynamic information about the transport network, pre-trip and on-road information services, and support services that collect, store and manage information for planning transport activities. Pre-trip information services are of great importance to users as they allow to plan a trip from home or from any other location where internet access is available or where information on public transport, time or travel costs is available. In addition to pre-trip information, access to information during the trip is very important [6].
The paper consists of five chapters. A basic description of multimodal travel is given in the second chapter. The third chapter presents the importance and role of multimodal travel planners. The fourth chapter describes the decision-making model, focusing on a behavioral approach. The conclusion presents the main features of this approach and guidelines for further improvements.

2. MULTIMODAL TRAVEL 

The concept of multimodal "door-to-door" transport is one of the priority measures in EU transport policy and can solve the transport problems of urban areas. The European Commission, which has declared 2018 as the "Year of Multimodality", has designed a series of legislative and policy initiatives for better, adequate infrastructure and digital solutions to promote an integrated, multimodal, and ultimately sustainable transport system [5].
The multimodal passenger system is the answer that leads to sustainable urban mobility. It includes end-to-end connectivity throughout the journey (service "from anywhere to anywhere"), time-saving (easy change of transport mode) and maximum flexibility in combining transport modes. Such a travel concept includes a combination of available public transport modes from origin to destination (Fig. 1). Urban integration and time-saving are the advantages of developing and introducing such a concept. 
Travel planners offer the possibility of unimodal and multimodal travel planning. There are several route options with unimodal travel, but only one mode of public transport. There are several route options with multimodal trips, with each route containing a combination of transport modes according to selected criteria. In certain scenarios of multimodal travel, there are some obstacles such as lack of information for certain modes of transport (transfers, waiting times), lack of personalization of the journey, etc. To achieve such systems' quality and efficient functioning, it is necessary to implement modern technology [7]. 

[image: ]

Figure 1. Multimodal travel options, [7]

The multimodal passenger information system combines a number of different data on which the system is based. These are data on users' destinations, cities, regions, information on the topography of the country and its relation to the transport system, timetables for different modes of transport, schematic maps of transport hubs, schematic maps of transport networks, information on objects of interest (points of interest - POI), information on tariffs and fare zones and, more recently, information on the pollutant emissions of certain modes of transport [6, 8-10].

3. MULTIMODAL TRAVEL PLANNERS
 
An appropriate definition of multimodal travel planners was provided by Gentile and Nökel [11]: “These systems are front-end-back-end computer systems, which provide a traveler the best itinerary according to several parameters characterizing an intermodal passenger transport journey. Multimodal travel planners provide better modal integration and more sustainability by enabling travellers to select the most suitable combination of transport modes for the journey and could lead to an increased use of public transport, cycling or walking in urban environment.”
Multimodal journey planners are part of urban ITS, which offers a range of passenger transport services. The basic task of the system is to answer the user's question: "How do I get from place A to place B at a certain departure/arrival time and under which conditions? " The system usually contains travel and traffic information such as locations of stops, departure and arrival times of means of transport (which are integrated into the system, e.g. tram, metro, bus, etc.), possibilities to buy tickets, possible incidents, general traffic situation, etc. In contrast to static information systems, dynamic systems enable timely decision-making when choosing means of transport and travel routes [8-10, 12,13].
Nowadays, multimodal travel planners are mainly based on algorithms that determine the shortest route / shortest travel time. The complexity in building the model that generates options tailored to passengers is reflected in the diversity of their preferences. For this reason, the choice of the most appropriate route can be considered as a multi-criteria problem. An example of the diversity of preferences can be seen in a number of travel scenarios in urban areas. In the case of congestion, passengers can be provided with information and options for other routes, making better use of the available transport infrastructure. It is important to note that the country's economy also benefits from multimodal travel information and planning services, as they provide new business opportunities for service providers and create new jobs in a very dynamic sector. Introducing new transport information and charging systems is an important step towards a better transport system.
Multimodal travel information provides dynamic real-time information integrating several accessible modes of public transport (tram, metro, bus, train, walking, etc.). In this respect, the user creates a customized journey. Previous research has defined multimodal information in three phases: Pre-trip information, on-trip information and post-trip information [6, 8, 9]. Thus, there are different physical locations where a person can be when making a travel decision, and the use of a multimodal information system can change the decision or behaviour pattern during the trip (depending on the information).
In urban areas, multimodal information is of great importance as it increases the share of public transport and other “healthy” ways such as walking and cycling [8, 11]. Multimodal travel information promotes mobility for all user groups, especially for users with disabilities or reduced mobility, by providing information about facilities and assistance at transport hubs. A particular type of user of multimodal travel planners is tourists. They may be guided by additional criteria when selecting a travel route, e.g. choosing a route that includes different attractions (POIs, etc.). The above points to a wide range of criteria and their personalized nature [8].

4. DECISION-MAKING PROCESS

Classical decision theory assumes complete and perfect rationality, whereby rational decision-makers strive to make optimal decisions. In economic theory, the so-called "economic man" (lat. Homo economicus) is an approximation of homo sapiens, who acts and exists in the best way for him and given the possibilities and limits of the environment. He or she knows the relevant aspects of the environment, but even if he or she is not familiar with all aspects, his knowledge of them is pure and coherent. Moreover, he or she is always able to choose the version of the decision that maximizes his or her personal preferences and self-interest (utility). Such an approach has met with numerous criticisms [14, 15]. The homo economicus model is often criticized because there is no perfect knowledge, stability, consistency, or rationality in decision-making. 
In this case, the focus is on the user (human) who is faced with the problem of choosing a multimodal travel route. He is not an ideal rational being, but is shaped by his feelings, past travel experiences, emotions, etc. Based on his "travel genome" [16], which is an experienced record of all this, he makes a decision, i.e. the choice of a multimodal travel route. According to [17], the choice of alternative, i.e., decision-making, is an act of compromise between different "I's" within the decision-maker.
The Rational Choice Theory is limited in the human component and does not accurately picture the decision-making process. On the other hand, behavioral decision theory is driven by the decision-maker's cognitive, psychological, and emotional constraints but provides a much more comprehensive picture of the decision-making process. Nobel Prize winner Herbert A. Simon was among the first to recognize the inadequacies of the standard (classical) economic model of decision-making. As a critique and response to the previous classical approach to decision-making, Simon emphasized that decision-making is a complex, dynamic and sequential process that leads to adaptive decision-making. Simon introduced the term "bounded rationality", proving that individuals make rational decisions based on all possible information is not true [18].
People strive for a satisficing, good-enough decision in the decision-making phase, not the "best decision". Satisficing is determined by the level of aspiration of the decision-maker, i.e., the set of minimum requirements that the decision-maker sets. In contrast to the classical "rational" models of decision-making, which do not take into account the deeper psychology or influence on preferences, behavioural economics has offered a solution that considers human decision-making under realistic conditions; where preferences are not stable and are based on the rule of intransitivity [19]. Fig. 2 shows the proposal for a multimodal travel route assistance system based on elements of behavioural decision theory.



Figure 2. Multimodal travel route assistance system based behavioural decision theory

5. CONCLUSION

As a result, planners equip travelers with improved information to aid in selecting a transportation mode, empowering them to opt for the most suitable choice based on their requirements (for instance, considering factors like the mode of transport, route, cost, duration, and even an environmentally friendlier alternative), ultimately facilitating a successful journey completion. The open behavioural model is presented as a sequential, iterative process. In the open behavioral model, the key role is played by aspiration, i.e., the desire and effort to achieve something, and the use of heuristics, which are characteristic of human problem solving and decision making [20]. 
The system described above can be significantly improved by using real-time information on traffic conditions, possible traffic incidents, congestion, etc. This is made possible using cooperative transport systems [21]. In this case, the system becomes significantly more efficient and practical for the end-user - passenger.
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