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Abstract

:

Sustainability research is frequently tasked with the development of concrete solutions that can be directly applied to socio-environmental problems as such this paper presents and discusses an inter- and transdisciplinary approach to developing and testing a mobility-on-demand-system in a “real world laboratory” set up in Schorndorf, Germany. This paper addresses the following questions: (1) How can stakeholders be involved in the research and development process and become co-designers? (2) What are the suitable ways of supporting and facilitating interdisciplinary exchange and joint work at different places? The main contribution of this paper is the description of a methodological approach. It thereby reflects on the process of inter- and transdisciplinary work in the development phase and pilot operation. In addition, a joint working document, a so called “Specification Book”, is utilized to facilitate teamwork and enable the exchange of scientific knowledge within the team. The experiences in the project are also reflected upon and specific recommendations are determined. The paper further reflects on the possibilities and challenges of the methodology and provides recommendations for its application. The originality of the paper lies in its description and reflection of a method that goes beyond the participation of users in the design phase of the project.
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1. Introduction


The discussion on new mobility concepts is usually carried out from a very technical perspective [1,2]. However, when dealing with complex transformation processes of socio-technical systems, like the transport system, we are not only confronted with technical challenges but also with questions of user acceptance, which include the users’ willingness and ability to change long established behavioral patterns [3,4].



Fundamental changes of behavioral patterns are however essential for reaching sustainability goals for mitigating climate change. Sustainability is evaluated by factors such as usability or economic issues for example, depending on the different fields, for this reason experts from various disciplines should be involved in the research process. “As has been well-known for more than two decades, sustainability research must be highly inter- and transdisciplinary [for definition see Section 2.3] in nature in order to respond to the challenges inherent to the topic. Sustainability research should provide knowledge for action and is therefore profoundly related with social and political issues such as regulation, behavior, value-added chains, daily routines of users, consumption patterns, economic incentives, perceptions, attitudes and values” [5].



Besides the need for interdisciplinarity in the development of sustainable products and services, new solutions should be developed and co-created by those who use it. Brake et al. [6] suggested that “more successful flexible transport services are likely to be achieved by the “bottom up” approach of consultation over a wide area, leading to substantial adjustments to the network of transport services”. Accordingly, the early involvement of users and additional stakeholders might facilitate the development of systems that fulfil user needs, as well as strengthen users’ willingness to change and adapt to technical progress [7].



In order to create and develop sustainable mobility services it is crucial to study prospective users’ behavior and the underlying mechanisms of decision processes. As Csikszentmihalyi [3] outlines: “To provide a more complete view of what human behavior and experience entail, it is necessary to begin observing what people do and what happens to them when they are not confined to the couch or the laboratory, but are involved in their normal lives in real ecological settings”. Accordingly, Rau et al. [8] state that science is often required by research funders to produce “societally relevant and ‘usable’ knowledge and to actively engage with non-academic actors”.



In view of the fact that sustainability research is frequently tasked with developing concrete solutions to socio-environmental problems, that can be directly implemented [8], this paper offers an experimental approach for the development and testing of a mobility-on-demand system (for a definition see Section 2.2) in a real-world laboratory that allows observation of the transformation in a real context rather than only on paper (for a definition see Section 2.3). The main goal of the research project real-world laboratory Schorndorf presented here, is the development of a flexible bus system for the city of Schorndorf that addresses the needs of different user groups and the demands of various stakeholders. The real-life testing environment of the newly developed on-demand bus system was, as the project name suggests, the city of Schorndorf, which is a medium-sized major district town with a population of approximately 40,000. Schorndorf is situated 25 km east of Stuttgart (for more information about Schorndorf see Section 4.1).



The goal of this paper is the description of a methodological approach in developing new, sustainable mobility systems. Using the research project real-world laboratory Schorndorf’ as an empirical case study, the bus system we developed is briefly presented and possibilities and challenges of applying the methodology are discussed. The real world laboratory is characterised by an experimental approach which is used to initiate and accompany the transition process of the existing public transport system into a new transport system. This paper focuses on two main research questions.



First, the paper aims to answer the question: “How can stakeholders be involved in the research and development process of a new mobility concept and become co-designers?” To develop a demand-driven mobility service that meets the requirements of different users, some of whom have special needs, it is necessary to find new approaches, different from those that have dominated conventional transport research in the past. This requires the further development and testing of (combinations of) methods [9] that result in demand-driven solutions based on the collaboration between people with scientific backgrounds as well as people without. This paper aims to demonstrate the added value of participatory methods and how knowledge of general public can be successfully integrated into new mobility concepts in order to create and operate services that are ecological while being both economically and socially sustainable and user-friendly.



Second, the following research question is addressed: “What are suitable ways to support and facilitate transdisciplinary exchange and joint work in different places?” Given that transdisciplinary projects are highly dynamic, and new insights and results are generated throughout the project, research results and the process of derivation should be continuously documented and shared to ensure the plausibility and transparency of the results. Traditional tools for facilitating interdisciplinary work might not be suitable to meet the challenges posed by transdisciplinary research projects, i.e., having to integrate knowledge from different academic disciplines with practical knowledge. Thus, the agreement on a common language and the acknowledgement of distinct norms, values, and methodologies of different disciplines is a crucial challenge to overcome [10]. There are only several empirical findings on the factors that contribute to an efficient and successful collaboration between academic researchers [11,12], but few concerning the collaboration within transdisciplinary teams [4]. Thus, the paper aims to define suitable tools to support the exchange within a transdisciplinary team.



After presenting definitions and the state of the art of sustainability research concerning mobility and inter- and transdisciplinary approaches in Section 2, the combination of methods that were developed is described in Section 3. In Section 4, the characteristics of the newly developed on-demand bus system are presented and the application of the method in the real-world laboratory Schorndorf is demonstrated. In the discussion, the potential and challenges of applying the transdisciplinary approach to the development of a new mobility concept are presented in Section 5. Lastly, a short conclusion is given in Section 6.




2. Theoretical Underpinnings: The Transdisciplinary Development of a New Sustainable Mobility System


Sustainability research and inter- and transdisciplinarity are highly interconnected, as reflected by the observation that “Governments [and] funding agencies […] have all arrived at a near consensus that development cannot be sustainable and long-lasting unless people’s participation is made central to the development process” [13]. Real-world-laboratories often go hand in hand with the objective of facilitating sustainable transformative processes [14,15].



Before demonstrating the value of applying a transdisciplinary, user-centered approach to the development of sustainable mobility systems, the three main thematic areas of this paper are introduced: sustainability (Section 2.1), mobility-on-demand-systems (Section 2.2) and inter- and transdisciplinary approaches in transport science (Section 2.3).



2.1. Sustainability


Real-world laboratories promise a contribution to the understanding and facilitation of societal transformation towards sustainability [16,17]. As such, real-world laboratories have recently caused interest among many researchers in different fields of sustainability such as sustainable living [18,19], energy efficiency [17] and sustainable urban development [14] amongst others. Sustainable development always encompasses two perspectives: the results and the process [20]. For the present case study, sustainability is the objective for both the new public transport system and the real-world laboratory approach.



Sustainable transport is defined as a transport solution that is accepted by a majority of the population [21]. The Sustainable Urban Mobility Plan (SUMP) asserts a transport system to be sustainable if it reduces noise pollution and greenhouse gas emissions, enhances the quality of life, is accessible to all user groups and optimizes efficiency and cost effectiveness among others [22]. Richardson [23] derives a definition from the Brundtland Commission’s definition of planet-wide sustainability as “the ability to meet today’s transportation needs without compromising the ability of future generations to meet their transportation needs”. This paper utilizes Richardson’s definition [23].



Since “… problems related to sustainability are usually complex, ambiguous and multi-dimensional, thus generally precluding the existence of simple solutions” [24], a transdisciplinary development process could contribute to achieving the aims of creating sustainable outcomes. A sustainable development process is defined as a development process that “meets the needs of the present without compromising the ability of future generations to meet their own needs” [25]. Sustainable development is said to have three dimensions: environmental, economic and social [26].




2.2. Mobility-On-Demand-Systems as Sustainable Transport Services


The rapid dissemination of on-demand ride services marks a transformation of urban mobility [27]. The emergence of new mobility providers like Uber, Lyft and Via is driven by the prospect of new business segments based on travelers’ demand for higher flexibility and enabled by the progress in digitalization and the provision of real-time information [28]. The concept of mobility-on-demand-systems meets the requirements of a society that strives for personalization and flexibility. Mobility services operate in a demand-oriented way that adapts the route and schedule to the actual demands of users [29]. An increasing body of empirical evidence indicates that mobility-on-demand services can provide numerous benefits for transportation efficacy, users’ satisfaction and the environment [28,30,31,32]. When serving as a feeder to transit lines for public transport, mobility-on-demand-systems can contribute to resolving the challenge of the first and last mile by providing seamless and comfortable travel connections and thus facilitating intermodal trips [30]. The mobility-on-demand-systems that match users’ ride requests through ride-sharing schemes are regarded as being especially sustainable because they reduce emissions by pooling rides and increasing the occupancy rate of vehicles [33]. See also Liyanage et al. [27] for a review on the proven and presumed technological, social, ecological, and economic impacts of mobility-on-demand-systems.



The discontinuation of services like Kutsuplus that operated as a pilot in Helsinki, Finland from 2012 to 2015 proves that accompanying research is needed to assess the needs of all stakeholders and take them into account in the development phase of a service [34]. This is especially relevant due to the multidimensional and interdependent factors that determine the success of a service. A study by Jokinen et al. [34] evaluated the on-demand bus service and recommended looking beyond long-term financial sustainability and taking into account a range of other critical factors such as the decision-making process. Learning from the challenges experienced by the Kutsuplus service, Jokinen et al. [34] identified a comprehensive planning process that facilitates the management of multidimensional factors for success. They recommend a multidisciplinary team with versatile expertise and skills to work together to account for the complexity of a new service [34]. The evaluation of the Kutsuplus services revealed the need for more adaptive and agile decision-making processes and an increase transparency. In addition, recent studies have shown that users’ evaluation and acceptance of technological innovations are bound to their current behavior and how people ascribe meaning to their travel behavior [31,32,33]. Thus, when introducing new mobility-on-demand-systems to the market, travelers’ preferences and needs must be considered early in the development process to ensure user acceptance and willingness to use the new service [35].




2.3. Inter- and Transdisciplinary Approaches in Transport Science


The equal integration of people from different disciplines and members of the public requires further development and testing of research methods [36,37]. This would allow an understanding of social-technical systems like mobility, and assist in the development of needs-based solutions co-designed by members of the public. According to the states of the framework for Responsible Innovation, people in the innovation process should be mutually responsive to each other and strive for a bottom-up-policy; including members of the wider public, and appreciate the quality of dialogue between different stakeholders as a learning exercise [38]. Hessels et al. [4] add to this position by suggesting that people without a scientific background should be involved in research and development, which is defined as transdisciplinarity: “There is wide agreement about the importance of transdisciplinary research to address complex sustainability issues” and the merits of participation [13,39], although the “paradoxes of participation” [40] are also discussed critically in the literature [40,41].



There are a variety of definitions for transdisciplinary research [42,43]. Reflecting this wide variety of definitions, transdisciplinary research is understood in this paper as a user-oriented variant of interdisciplinary research focused on synthesis [44]. This means opening up research towards (a) everyday life problems, (b) the integration of non-scientific actors, and (c) the explicit normative processing of their issues [45,46]. Due to this, the research questions, hypotheses, methods, and language of this research [47,48] are different to the research that does not involve non-scientific actors (for discourse, see also [49,50,51,52]).



One format of transformative and transdisciplinary research is the real-world laboratory approach (for more information on real-world laboratories, see [53,54,55]. Real-world laboratories have gained increasing popularity in the recent years [56]. They promise a contribution to “the understanding and facilitation of societal transformation towards sustainability” [56]. The research format represents a social context in which “real experiments” are carried out to learn about social dynamics. The idea of a real-world laboratory thus transfers the concept of a scientific laboratory to analyze social and political processes in ‘the real world’ [55,57]. Real-world laboratories create spaces for transdisciplinary research, where science and society cooperate, and mutual learning can occur in an experimental environment. [55,58]. Real-world laboratories are “open-innovation environments typically characterized by private—public partnerships (research institutions, industry, SMEs) aimed at implementing and demonstrating new services, products and systems for urban applications” [59]. It is important to emphasize that, unlike scientific experiments, where the focus is on causal knowledge produced in a fully controlled lab setting, experiments in real-world laboratories produce transformational knowledge and take place in settings that are not controlled [17,60]. Usually, these types of laboratories are a catalyst for the process of sustainable transformation and therefore gain increasing popularity, as Schäpke et al. [61] state: “There is a strong trend towards research in society-based laboratories, especially in relation to sustainability.”



The new role of science in transdisciplinary research is led by the objective of developing robust solutions for sustainable transitions through mutual learning via the empowerment of stakeholders and enabling citizens to serve as co-creators [62].



There is a distinction between co-creation, co-production and co-design, but the terms are often used interchangeably [63]. Co-Creation can be considered a broad ‘umbrella’ term that refers to co-creation as an act of collective creativity that is experienced and performed jointly by a group of people [63,64]. This term includes co-design and co-production and is used in the following section to describe an approach to creating a solution by integrating scientific and non-scientific perspectives. In mobility projects, such as the City of Bremen traffic development plan [65], members of the public were included as participants and decision makers, placing importance on the undervalued knowledge of laymen [66]. At the same time, the role of stakeholders particularly members of the public and their willingness to participate in laboratories is not known and defined [67,68,69]. Often a high degree of participation is emphasized as important [70,71], but only a few studies analyze the level of participation and the methods used to involve users and citizens in laboratories [72]. Moreover, there is a lack of empirical and comparative studies that focus on the added value of laboratories [17,73].





3. A Methodological Transdisciplinary Approach to Develop a User-Centered Mobility-On-Demand-System


Understanding mobility as a socio-technical phenomenon [9] and developing the appropriate mobility services with members of the public as co-designers requires a transdisciplinary approach as well as the application of modified research methods [74]. For this reason, instead of first generating data about user behavior and preferences and then putting it into practice, a transdisciplinary approach was developed with members of the public to provide a sustainable solution for public transport.



Figure 1 illustrates the newly developed methodological approach. It shows the cycle from (1) analyzing the behavior of potential users (2) over to the identification of user groups and possible use of the new system (3) to the generating of ideas and concepts and (4) lastly testing and evaluating the new system. This procedure was named “Transdisciplinary Development of Socio-technical Systems” (the TraSy method). In the following sections, the application of the newly developed method is demonstrated through the example of the real-world laboratory Schorndorf. The goal was to develop a procedure that can also be used in other contexts to develop socio-technical systems. For a very detailed description of this method see Gebhardt et al. [75].



The empirically based participation approach of the TraSy method is more comprehensive than similar methods, such as methods of participatory technology assessment (pTA), which seek to involve stakeholders and interested parties in socio-technical and political decision-making processes [76]. The pTA focuses on the evaluation of technical developments in order to support decisions [77], while the TraSy method’s goal is the development of a new system in cooperation with its potential users. In contrast to the pTA, the TraSy method involves users and public stakeholders including employees of the public transport sector (e.g., bus drivers) and scientists.



Similarities between the approaches of participatory technology development [78] and the TraSy method can be seen in the iterative approach and the symmetrical relationship between the scientists and the future users, who are seen as equal research subjects and not as objects of research [79,80]. However, the TraSy method goes beyond the participation of users in the design phase. A range of potential users of the new system are involved in all phases of system development from concept to implementation and use of an innovation [81].



The TraSy method aims to involve users in the development phase of new products, by following an iterative experiential design process that uses recurring slopes of exploration, co-creation, and evaluation. This means that individual components of the system may be updated in several iterations or the whole cycle (see Figure 1) can be repeated to form the final product. Furthermore, unlike other approaches, experimentation and evaluation are driven by users within a real-life context and not in an artificial setting. In contrast to Design Thinking that focuses mainly on the idea generation according to the five phases of (re)defining the problem, need finding and benchmarking, ideating, building and testing [82], the TraSy method also addressed the testing and evaluation in the real-world context (see step 4 of Figure 1). Lastly, as another unique feature, the TraSy method bases the development phase on a comprehensive analysis of secondary data concerning the status quo in the specific context (e.g., data concerning commuter mobility).



3.1. Data Collection


The starting point of developing a new on-demand bus system was the investigation of the status quo in Schorndorf. The context of everyday life was investigated by analyzing the socio-demographic data, settlement structure, mobility behavior and available mobility offers (step 1). Apart from the analysis of data and documents in the beginning, it was indispensable to apply qualitative and explorative methods to reveal the intrinsic motivation of the individual, that determines action but is hidden behind visible behavior [83,84]. Knowing that people perceive and generate mobility according to conditions in their daily lives, [85,86,87,88] qualitative methods are essential in helping investigate individual mobility [2,89].



Data analysis, 12 expert interviews with local stakeholders (bus operators, taxi drivers, bus drivers, responsible authorities, etc.) and two workshops, with around 20 members of the public and local associations, helped to identify and describe potential user groups and their mobility requirements (step 2). Members of the public were selected based on representation of the make-up of current bus users as well as some car users as potential future users. Participants were addressed via several communication channels (e.g., addressing them personally in public space, through social media or mail, and advertisements in the local newspaper).



In two co-creation workshops scientists with different backgrounds and people without a science background (around 20 citizens as representatives of the defined user groups), as well as 3–4 practitioners (such as the bus operator and representatives of the municipality), were brought together to develop and specify the mobility concept in a playful way (step 3). Visual elements were used to create ideas of what a new mobility concept could look like and to enable joint work with members of the public and scientists from different disciplines. For example, the workshop participants sketched out a typical trip (e.g., going shopping) and discussed what this trip would ideally look like with the new bus. Handicrafts and drawings helped to facilitate communication and cooperation in these heterogeneous work environments. Questions that were discussed within the workshops are useful in exploring what factors to include in the development of demand-driven and user-specific solutions. To avoid only selective interests from being introduced into the development process (as happens in many participation processes), the team was cautious not to only take on middle-class, male persons without a migrant background [90,91,92]. These groups are very often over-represented in participation processes (see also Section 5.2). Considering this, efforts were made to address older and mobility-impaired people. The participants were informed about their rights in advance and gave their consent to the project team by signing a consent form. The integration of user feedback was used to optimize the general bus system layout, the routing algorithm, the smartphone app, and the bus driver navigation app.



In the final phase (step 4), the newly developed bus system was tested for nine months (March 2018–December 2018) under real-world conditions in Schorndorf. The tests were evaluated by passenger counting, statistical analysis of collected (booking) data, participatory observation while using the bus, quantitative surveys at two points in time (May 2018 with n = 174 and October 2018 with n = 105), and qualitative interviews with 11 selected test users at four time points (May, October, December 2018, and July 2019). The investigations at several time points aimed to examine potential changes in the behavior or assessment of the users. Questionnaires were available in all buses as well as in the town hall, and several cafés. The number of people who answered the questionnaire is satisfactory considering the number of regular passengers who use busses in Schorndorf. The respondents are also representative of the age and gender distribution of passengers in a small-town context. In the survey, open and closed questions about current mobility behavior, socio-demographic aspects, as well as questions regarding the assessment of the new system, were asked. The extent of participation in the development and testing process was also asked about. The 11 test users are comprised of different age groups, with a surplus of elderly people above 65 years, as this is the largest bus user group in Schorndorf.



Continuous communication with the test users allowed an understanding of the user perspective and an improvement of the system based on the users’ needs. Test users were also selected via several communication channels (e.g., personal addresses in public space, social media, and advertisements).




3.2. Analysis and Data Preparation by Using the Transdisciplinary Work Tool “Specification Book”


The analysis, structuring and interpretation of the collected qualitative data followed the principles of “Grounded Theory” [93,94,95]. The analysis resulted inter alia in the outline of different use cases and bus system requirements (e.g., operating hours). Visual elements, such as drawings and hand-made prototypes, which were part of the results of the workshops, were part of the analysis and discussion. In accordance with the principles of a mixed-methods approach, various types of data were combined for the development process and for the evaluation of the bus system. This proved to be valuable to compensate for the limitations of certain data formats and for gaining an in-depth insight into system requirements, performance during the test phase and user acceptance.



Through continual optimization, a “Specification Book” provided structure for all the data collected (quantitative-statistical data, passenger counting, qualitative data from the interviews, and workshops) and for the system parameters that were derived during the process. This documentation format addresses the challenges of inter- and transdisciplinary exchange, analysis, and teamwork by providing knowledge from different academic disciplines in a comprehensible way to the entire project team in all project phases. The Specification Book comprises a glossary with definitions of terms that are used differently in different scientific context or are not common knowledge for some disciplines. Technical system functionalities and parameters are explained in non-technical language. The specifications thus enable researchers with a social science background to understand engineering colleagues’ technical terminology and vice versa. The Specification Book represents a further development of the traditional requirement specifications and project statements of classical project management [96,97] for use in more agile contexts. It meets the requirements of system development including technical detail solutions in a highly dynamic process. The Specification Book also serves various other functions, for example, to document the derivation and justification of the parameter specification. In order to support team work, the document is accessible to all project partners (read and write).





4. Results


This section provides information about the specifications of the mobility-on-demand-system of the real-world-laboratory Schorndorf, focusing on those aspects that were derived from the participatory process. The TraSy method presented in this paper (see Section 3) was developed and simultaneously applied in order to obtain an on-demand bus-system that fulfils user requirements without neglecting sustainability aspects.



4.1. Information on the On-Demand Bus System from the Real-World Laboratory Schorndorf


The bus system intended to close the gap of knowledge about on-demand mobility systems for areas with medium density, e.g., medium-sized cities, which are widespread in Germany. In contrast, similar projects and pilot tests often focus on urban areas with very dense populations or rural areas with very low population density [98]. Schorndorf’s structure is typical for the state of Baden-Württemberg which allows us to apply the results gained in the real-world laboratory to other communities [98]. Due to the real-life oriented, experimental nature of transformative science, this new transport system should not be a stand-alone solution but be integrated into the existing transport system [74].



The city of Schorndorf is characterized by a transport system with a public bus system including three inner-city bus lines and a metro line that connects the system to the city of Stuttgart (600,000 inhabitants). Schorndorf is a rather “old city”, with a mean age of 51.5 years. Accordingly, the age groups of 45 to 55 years (~17%) and 65 to 75 years (~11%) represent the largest groups in Schorndorf’s society [99]. These age ranges were considered and therefore, unlike many similar mobility-on-demand-systems, the on-demand bus concept aimed to avoid excluding user groups like elderly or impaired citizens. This was implemented by measures such as a telephone booking option [100].



Unlike conventional scheduled bus systems, on-demand systems have no fixed routes or timetables. In Schorndorf, a specifically designed routing disposition algorithm processed and combined ride requests to create an optimized route. For detailed information on specification of system requirements including system parameters like operation period, stopping points and routing (disposition algorithm) see [98]. Table 1 presents the key parameters of the developed bus transport system of the real-world laboratory Schorndorf, as well as an extract of the results of the pilot operation. Due to the scope of this paper, the presentation of the results is limited to a few selected parameters. Detailed evaluation results of the pilot operation will be published in separate papers.




4.2. Applying the TraSy Method to Derive the Bus System Parameters


The project objectives of the real-world laboratory Schorndorf included the development of a product (a flexible on-demand bus system) and the development of a methodology. Beyond the context of the real-world-laboratory Schorndorf, the TraSy method (see Section 3) may help to optimize similar research and development projects in various fields like infrastructure or education. This section describes the benefits of applying the TraSy method by showing its impact on the design of the on-demand bus system in Schorndorf. It also demonstrates the limits of participation and suggests how to manage the restraints.



Wherever possible, the system parameters of the on-demand operation concept were derived with involvement of the general public and workers. Input of all groups was continuously collected via mail, in discussion, workshops and further communication formats. The information gathered was logically structured, analyzed, and classified by importance and implementation potential within a matrix that was available for the whole project team. The bus system was continuously adjusted according to the input received by general public and workers. This was done, for example, for the operation area and operating times, two fundamental properties of the bus system. Another example is the selection procedure of the booking options, which led to a variety of options including digital and conventional telephone booking, considering the special needs of different user groups. Both the telephone hotline and cooperation with local partners for bus booking were initially not intended but were a result of civil society participation and the requirements of the municipality. Telephone booking proved to be essential for system access, but provoked considerable challenges for system optimization. Evaluation of the pilot operation via quantitative surveys (see Section 3.1) reveals a high share of telephone booking for passengers aged over 55. This result highlights the differences in user preferences. The general share of smartphone application booking is significantly higher at 65% according to digital system data.



The high share of fixed telephone booking for elderly passengers (low share for entire user group) was not a surprising result of the pilot operation. It is a known fact that smartphone usage is not widespread among some parts of the population. However, it was due to the participatory process that this fact was actually considered when specifying the on-demand system. It became evident that participatory processes not only generate knowledge about users’ needs but also give greater weight to them, thereby ensuring practical application. Many on-demand systems decide not to offer telephone booking not due to lack of awareness of users’ needs, but due to strategic decisions with regard to their business model (costs, target profit, target groups) and also due to unfavorable route optimization constraints that are related to telephone booking. Some user requirements significantly influence the performance and cost of on-demand systems. Telephone booking was one of the main items of the on-demand pilot’s operational costs compared to scheduled buses in Schorndorf.



In contrast to other participatory approaches that only integrate civil society to derive system requirements and generate conceptual ideas during the product development phase, the TraSy method extends participation to the testing, evaluation and optimization of a product. Within the real-world-laboratory Schorndorf practice actors were not only involved in defining the on-demand system in order to prepare the pilot operation but also user feedback was continuously collected and integrated into a structured workflow during the complete pilot phase. The civil society together with the on-site project team’s experience led to appropriate system changes if those changes were evaluated as reasonable and feasible. The TraSy method does not only support derivation of specific requirements and parameters, but also enables the implementation of a trust-based relationship between actors from commercial enterprises, municipal administration, civil society and science. Test users stated in interviews that they appreciated being part of the research team. Subliminal fears, especially of elderly passengers, could be revealed and addressed in a constructive dialogue. Also the bus drivers emphasized that they valued the possibility of shaping the system together with project team members instead of executing tasks that were defined merely academically without practical focus. The mutual trust of drivers and core project team led to a positive and solution oriented attitude of the drivers and thus resulted in many solutions for problems with practical details on-site. One example is the management of passengers without having booked boarding at the main station, which was resolved by the drivers through active communication.



One result of the ongoing transdisciplinary exchange was the reduction of operating hours from Friday evening to Sunday night, excluding Friday afternoon and Saturday morning. The necessity for a dialogue with all stakeholders became obvious based on user feedback and the observation of researchers on the buses. Opinions on the adjustment of operating hours were not unanimous in Schorndorf. Hence, the decision to adjust the operating hours was a result of a workshop consisting of participants with diverse backgrounds supporting and opposing reduced operating hours.



Finally, reduced operating times were decided, considering user feedback and experiences within the first months of testing. During certain time spans (Friday afternoon, Saturday morning), regular users like commuters and passengers shopping at the weekly farmers market were not satisfied with the need to book the bus in advance. Additionally, the on-demand system proved to be less suitable for the high volume of passengers on Friday afternoons. Supported by transparent communication and comprehensible explanation of the reasons for changing the operating hours, acceptance was obtained from most of stakeholders involved. The reduction of operating hours was not perceived as a setback, but the response from civil society showed that flexibility and consideration of user feedback were understood as advantages of this research format.



Our findings and experiences let us assume—as postulated by Mitchell [101]—that the early and continuous participation of citizens has advantages. The scientists learned from users what to improve in the system. In addition, the results of the surveys showed that people who were involved in the development of the new bus system or actively tested the bus, evaluated the new system more positively than residents who did not participate. A test user described how the benefits of the new system directly related to his participation in the project: “The benefit is the flexibility and that it actually goes faster, and I find it very positive that I take part in the real-world laboratory and can participate in pioneering forms of transport” (Test user Mrs. A; 62 years old, May 2018).




4.3. The Specification Book as a Tool for Inter- and Transdisciplinary Research


The Specification Book (see Section 3.2), as an information sharing platform for inter- and transdisciplinary teams, proved to be a useful tool in the real-world laboratory Schorndorf. It represents a compendium of all the information needed to develop the bus service e.g., information on legal aspects, system parameters and state of the art solutions. It contains all the system requirements that are determined over the entire duration of the project with the help of the transdisciplinary process.



Throughout the project, the Specification Book was constantly updated with additional information. The results showed that a shared document with a thematic structure functioned much better than chronologically structured meeting minutes in documenting decisions on system layout and providing quick access to relevant data on specific topics. The justification of decisions and their chronological sequence were documented and organized by the thematic structure of the document. This meant that the document was essential for the interdisciplinary work in the team, particularly regarding work that took place at different locations without regular face-to-face meetings. It allowed exchange of information both about meetings with the complete project team and about bilateral agreements. The Specification Book supported structured and fact-based discussions of relevant topics, such as the reduction of the operating hours of the mobility-on-demand-system according to the feedback of users [35].



To sum up, the Specification Book was used to solve the following challenges of transdisciplinary work in the real-world-laboratory Schorndorf research project:




	
developing a common language between the different disciplines;



	
collecting and sharing the generated knowledge “in real-time” (especially about the acquired system requirements);



	
continuously documenting the process of parameter specification and specifying the reasons for the deriving of specifications;



	
facilitating the information exchange within a team whose members work in distributed places;



	
“translating” findings of qualitative methods into specific requirements and technical specifications;



	
promoting discourse between the experts involved;



	
meeting the challenges of a highly dynamic process of the development and refinement of the system requirements;



	
commissioning of sub-tasks, like software programming.









4.4. Novelty/Originality and Scientific Merit of the Research Presented


Though extensive approaches for participatory methods and transdisciplinary collaboration exist, the real-world-laboratory Schorndorf used its own specific set of methods and the Specification Book as a tool to ensure the effective utilization of available resources [39]. In Schorndorf, the implementation of a new mobility solution was particularly challenging, as an existing available mobility (conventional scheduled inner-city bus lines) was replaced by a product developed within the project (an on-demand bus service).



As the on-demand bus service was no complementary system, but a replacement of existing bus lines, a heterogeneous user group was affected by the real-world experiment. This meant that, in contrast to some projects that only receive input from already engaged and highly educated local experts, participants in Schorndorf came from diverse educational and social backgrounds, including mentally or physically impaired persons as well as retired transport planners with expert knowledge on mobility systems.



The requirements of public transport users vary extensively (based on factors like age, attitude, preferences, and education), they also have conflicting objectives. For example, some residents want the bus to drive as seldom as possible through their residential area due to noise emissions whereas bus users are interested in a regular schedule. Accordingly, system design is based on finding an acceptable compromise between customer requirements, ecological goals and economic constraints. The newly developed TraSy method helps address these conflicts and supports the development, testing, and evaluation phases. The method includes extensive communication between test users and the project team, including bus drivers as practical system experts. To avoid subjective interpretations of the findings a combination of the methods (described in Section 3.1) were used as well as collaboration of various scientific disciplines to achieve a more objective result. As expected, findings from the quantitative surveys showed that offering heterogeneous user groups a replacement bus system is challenging, as acceptance of the new flexible system was highly dependent on age for the pilot operation. Around 50% of young adults surveyed were satisfied with the new system, whereas only 25% of people over 50 years of age ticked satisfied in the questionnaire.



Replacing existing conventional bus lines instead of complementing them, with an on-demand system proved to be challenging. The main challenging aspect is meeting the requirements of heterogeneous user groups with persistent mobility routines. However, the replacement of bus lines offers possible economic and ecological advantages (see Table 1). In addition, positive health implications were recognized by members of the public, such as reduced noise exposure.





5. Discussion


The measurement of the success of a project and the assessment of its impact pose large challenges. This is especially true for long-term sustainability projects, as their impact assessments are based on largely hidden impacts, like possible shifts in opinion and the behavior of individuals [8]. In the following section, the potential and challenges of the proposed methodology are reflected upon, and recommendations are extrapolated. As real and sustainable transformation requires time, the long-time effects of the new bus system could not be assessed within the time-frame of the project. Thus, the following reflection is restricted to the methodological approach.



5.1. Potential of the Proposed Approach


The potential can be clustered into four categories: (1) Understanding and observation of social dynamics and transformational processes, (2) establishing synergy through the integration of different disciplines, (3) enhancement of members of the public’s acceptance of new services and products, (4) activation and empowerment of the innovative potential of members of the public. Scholz et al. [16] previously proposed the benefits of a trans-disciplinary approach to bring together scientific scholars with scholars from seemingly unrelated disciplines and as well as people without a science background. We share Kumar’s [17] opinion that the knowledge of local residents is equally as important and valuable as that of scientists’. The proposed real-world laboratory approach serves to “overcome the reductionist view of science” [12]. Real-world laboratories prove beneficial in studying transformational processes in real settings, and as such have been called an ‘ideal-type’ of transformative research [61].



The Specification Book described in Section 3 facilitated a transparent documentation of the decision-making process and further illustrated the influence of the participation of members of the public and other stakeholders in the development process. The Specification Book represents a tool for internal use only, so an informal style can be used, which ensures fast and easy information exchange. Furthermore, the proposed methodological procedure (see Figure 1) proved to be powerful in stimulating the actors to look beyond the confines of their own disciplines and develop mutual understanding and respect.



Studies show that the users’ assessment and acceptance of technological innovations are bound to their current behavior [87,102]. The experiences of the real-world laboratory Schorndorf confirm this assessment and show that involvement affects evaluation and acceptance. As shown before, the involvement of local people generated a sense of ownership and personal consternation, which is seen as an essential prerequisite for the sustainability of interventions [13]. In light of our experience, it can be concluded that early involvement of the public increases the acceptance of a newly developed product or service. In addition, the innovative potential of a society can be encouraged by applying this kind of transdisciplinary approach. Even in the case of the newly-developed products not being successful, this approach allows one to think ahead of social negotiation processes and to elaborate on model solutions. Furthermore, this process allows one to experience and understand social dynamics in complex socio-technical systems. These findings should encourage urban and transport planning to pay more attention to the benefit of early and continuous participation of the population [6].




5.2. Challenges of the Proposed Method


Several challenges and drawbacks have to be considered when applying transdisciplinary research methods to the field of sustainable transport. These challenges can be clustered into four levels: (1) The cognitive-epistemic level, (2) the social and organizational level, (3) the communication level, and (4) the factual-technical level.



At the cognitive-epistemic level, a common understanding within the team was a key challenge within the transdisciplinary project, especially at the beginning. The recognition and appreciation of knowledge and methods of other disciplines as well as the knowledge of the general public, was a challenging goal over the entire duration of the project. As mentioned before by Parodi et al. [103] a common understanding of the real-world laboratory approach is essential for securing a shared identity of different actors.



At a social and organizational level, the social bias in the process of selection must be considered. In scientific discourse this problem is negotiated under the term “crisis of representation” [90,104]. Since participation depends to a great extent on individual resources, participants usually come from a similar socio-economic milieu (middle-class, male, without migration background, aged above average). In contrast, migrants, young people and members of lower income classes are underrepresented [91,92]. Thus, there is a risk that only selective interests will be introduced into the negotiation process [90]. As described by the so-called Matthew effect (“whoever has, will be given”), socio-economically well-off members of society are particularly committed to their own interests, while the interests of resource-poor individuals remain under-represented [105], and certain groups are more difficult to reach than others [72]. Bearing this fact in mind is very important in the recruitment of members of the public. To address this, different communication channels (e.g., information in public space, social media, and networks, letters to a random sample) should be used.



Ethical questions concerning the intended and unintended real-world impact on the lives of citizens and other stakeholders have been raised by other researchers in the context of real-world laboratories [17]. A thoughtful and comprehensive approach that deals with ethical questions is highly recommended. Another challenge at the social and organizational level is the prioritization of diverging interests. While, for a city, a flawlessly functioning system is the main goal, for a researcher, the processes of failure, of negotiation, or even the non-acceptance of the citizens towards innovation, are also very interesting observations and learning processes.



At the communicative level, transdisciplinary projects face several challenges and drawbacks. First, finding a common language within the team that includes the same understanding of the terminology and methods was a challenge that required mutual learning as mentioned in the reflection of other real-world laboratories [16]. The different perspectives of participants from different disciplines within the team of researchers also became evident when deciding on concepts, methodologies, and working methods. The presented Specification Book (see Section 3.2 and Section 4.3) proved to be a useful tool to facilitate the joint work of the transdisciplinary team.



The efforts (and costs) of communication, organization, and evaluation are high for participatory processes and should be considered accordingly in the planning phase of a project as already proposed by [103].



At the factual-technical level, this approach faces the challenge of translating ‘soft’ and qualitative findings into ‘hard’ technical system requirements. The design and development of a system that meets all relevant stakeholder requirements, on the one hand, and represents a functional, sustainable, and efficient system, on the other hand, is challenging. Trade-offs should be made carefully and communicated transparently to all persons concerned.



Many of the participant’s requests throughout the project cannot, or can only partly, be implemented due to budget or time constraints, which are mentioned as severe challenges for the study of long-term transformative processes [103]. An example of limitations was the lack of design of the smartphone app that did not considered the needs of mentally or visually impaired people. For both groups, the requirements were obtained by interviewing the affected stakeholders, but financial limitations prevented the implementation of adequate measures. It is important to communicate and explain such restrictions transparently in the beginning of the project, as well as during the course of the participation process. Defining the roles of the project team members was also difficult. On the one hand, academic neutrality is required when evaluating an on-demand bus system. On the other hand, a professional advertising campaign could have supported user acceptance and understanding of how to use the new system. The challenge of changing and ambiguous roles has been emphasized before by Schäpke et al. [17].



Finally, the authors would like to emphasize the challenges in evaluating the transdisciplinary method and validating the results in a quantitative way. Research on the empirical validation of participatory and transdisciplinary methods are still lacking [72]. One of the main challenges in the experimental evaluation of this method is the missing control product or group that is essential to derive quantifiable and replicable results. One possible solution to evaluate the methodology would be the comparison of the solution that was developed by using the Trasy method with a solution that was developed and tested without a participatory approach, but with the same or very similar boundary conditions (ceteris paribus). Other research subjects like influencing factors on user acceptance could be evaluated by comparing an experimental group and a control group that did not participate in the transdisciplinary process, which was done before in living lab settings [106]. For this purpose, people living in the real-world laboratory could be randomly split in experimental and control group at the beginning of the project [107]. One first approach to validate real-world labs was presented by [81] who based the evaluation of four real-world labs on the Living Lab Triangle. Furthermore, it should be emphasized that the method was evaluated continuously during the project with the help of the iterative development process based on the reflection of different stakeholders. The additional continuous evaluation of the results was of outermost importance for the successful implementation of the transport service.




5.3. Recommendations


The following main recommendations can be derived based on the application of the transdisciplinary approach to the development of the mobility-on-demand-system. Many findings are congruent with results of former studies, which are indicated in the text below. These recommendations could provide support for further projects adapting this approach.




	
Accept and appreciate the character of an explorative experiment. This means being open to any development and results being flexible. Consider that the setting of the real-world laboratory is not a tabula rasa [108] but experimenters must base their research and developments on the existing and highly specific characteristics of the lab.



	
Involve the citizens and local stakeholders as early as possible, ideally to define the problem and/or research question from the beginning (see also [109]).



	
New mobility concepts should address the challenges of providing sustainable solutions by focusing not only on selected user groups (“cherry picking”) but by integrating different user groups and local practitioners.



	
Reflect the heterogeneity of society by involving various groups of citizens in the participation process (Mathew effect [105]).



	
Involve the municipality and decision makers to enable the implementation of the innovation and empower people through gaining legitimacy [103] (see also [110]).



	
Using a shared platform or tool (e.g., the presented Specification Book; see Section 3.2) to generate knowledge is important, as is the facilitation of joint work by documenting the process and unifying the knowledge level of the team.



	
Have the courage to try new things. Even if, for example, the introduction of a functioning and economically profitable system fails, in real experiments, one can learn a great deal from these transformation processes, such as negotiation processes between, and empowerment of, the actors´ social dynamics [54,55]. Instead of being intimidated by resistance and the possibility of failures, use the experimental setting as ‘test beds’ [108] for generating knowledge and experiences in a real-world context. Use the pilot phase to test and experiment.



	
Value confrontation and increased awareness of a topic as a success. Even if no change in behavior can be seen or measured, the process of raising citizens’ awareness of questions regarding sustainability itself can be seen as a success. It should be noted that transdisciplinary approaches have an inherent responsibility of raising social awareness on related topics [18].



	
Do not be concerned by resistance to change. Since mobility is deeply shaped by routines, people do not change their behaviors overnight. Transformative processes need time. Within transformative processes, you can learn much about the fears, requirements, and learning abilities of people. Try to consider the concerns of users by using an iterative development process that integrates new insights in the development of the service. If possible, carry out a long pilot phase to facilitate more thorough assessments of the transformative processes [103].








When implementing these practical recommendations, the regional boundary conditions for real experiments must also be considered. Furthermore, routines are not changed overnight, and it takes time to initiate, recognize, and map long-term transformative processes. Only long-term studies could actually measure these processes of change. Most of the current research projects and funding instruments are designed for a limited period of time and thus offer little room for transformation. It is, therefore, important to discuss new formats and forms of transdisciplinary work and to create appropriate framework conditions.





6. Conclusions


The main goal of this paper was to present a transdisciplinary methodological approach to developing a new, user-centered mobility concept, and apply it to the real-world-laboratory Schorndorf. The format of a real-world laboratory made it possible for members of the public and other stakeholders to design and test a new mobility system. This format is especially interesting in the context of the need for real changes and transformation since it allows the observation and understanding of social dynamics and transformative processes in socio-technical systems. The approach is promising for studying transformational processes and their barriers. However, behavioral changes towards more sustainable mode choices do not happen in the short term, as routines and habits are persistent. Thus, it is important to support and encourage behavioral changes towards sustainability by involving affected stakeholders and offering a trust-based interaction. The TraSy method supports a solution-oriented cooperation by making participation results promptly perceptible within the testing phase. The mixed method approach allows the practical experience and requirements of users as well as existing scientific knowledge and societal goals to be taken into account. The experiences of the real-world-laboratory make clear that new solutions are not necessarily appreciated by the majority of users. The project team therefore also has the role to carefully balance opposing interests and implement a transparent decision making process. With regard to that, the TraSy method proves to be powerful in informing and guiding members of the public through the process. Regarding the assessment of the effect of implemented innovations, long term studies are necessary to evaluate actual transformative effects. In order to account for all aspects of sustainability, further studies should also include a detailed ecological and economic analysis. Further, the application of the newly developed methodological approach in other local and content related contexts would provide valuable findings.



On a conceptual level, the theoretical framing of real-world-laboratories, including their methods and quality criteria, must be discussed and specified. Further, the consequence of following the two aims that are traditionally rather separated in science—understanding and facilitating change—calls for further research.



The paper at hand shows that the involvement of practitioners and other local stakeholders is essential to facilitate understanding and implementation of sustainable solutions. The authors would like to invite other researchers to apply the proposed TraSy method to further other fields of research, such as infrastructure projects.
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Figure 1. Schematic representation of the user-centered procedure and the participants in the respective phases as used in the TraSy method © adapted from Gebhardt et al. [75]. 
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