
2019

Acceptée sur proposition du jury

pour l’obtention du grade de Docteur ès Sciences

par

Maxime Ugo Julien AUDOUIN

Présentée le 29 mars 2019

Thèse N° 9098

Towards Mobility-as-a-Service: a cross-case analysis of public 
authorities' roles in the development of ICT-supported integrated 
mobility schemes

Prof. Ph. Wieser, président du jury
Prof. M. Finger, directeur de thèse
Prof. J. Montero, rapporteur
Prof. J. M. Viegas, rapporteur
Prof. F. Corman, rapporteur

au Collège du management de la technologie
Chaire La Poste en management des industries de réseau
Programme doctoral en management de la technologie 





Abstract 
Automobiles have become counter-productive. Negative externalities resulting from car use have over-

come the social benefits automobiles brought when initially introduced. Having shaped most contemporary 

transportation systems, the automobility regime is known to be hard to revert from. However, as all path-

dependent systems, automobility can be subject to tipping points. Among other elements, the Information and 

Communication Technologies (ICTs) have enabled the development of new solutions having the potential to sup-

port a paradigm shift. At the forefront of ICT-enabled developments, so-called ICT-supported integrated mobility 

schemes have emerged, encompassing smart transportation cards, Integrated Mobility Platforms and Mobility-as-

a-Service, that bundle different transport offers together and aim at providing users with a mobility solution of a 

level of service competitive with the one provided by private cars, ultimately holding the promise of supporting a 

shift from vehicle ownership to mobility usership and potentially help unlatching transportation systems from the 

current automobility lock-in. 

However, most of those solutions are being proposed by the private sector, which often has different interests 

than the public sector. While the organization of transport usually falls under the responsibility of public actors, 

new governance structures are needed in order to make the most out of ICT-supported integrated mobility 

schemes. Hence, this thesis aims at shedding light on the role that public bodies are playing into the birth of smart 

cards, integrated mobility platforms and MaaS, and more specifically on the way they are governing their devel-

opment. A case study strategy was employed in this thesis, where, building on grey literature and semi-structured 

interviews, the cases of smart cards development in London, integrated mobility platform unfolding in Vienna and 

Mobility-as-a-Service expansion in Helsinki served as empirical material. 

Based on a cross-case analysis conducted using governance and socio-technical transition literatures, the main 

findings of this thesis are that (i) public transport authorities and state-owned railway undertakings are usually 

quite reluctant to ICT-supported integrated mobility schemes brought by external actors and prefer developing 

those by themselves and stay in control or avoid collaborating; (ii) central governments can act as true enablers by 

developing visions including strong quantitative targets, showing political support for those solutions, acting as 

matchmakers between public and private bodies, developing legislation, providing funding and steering, and using 

network governance to make incumbent regime actors change behaviours; (iii) city governments have a greater 

role to play by setting stronger quantitative-based visions and stop governing by laissez-faire; (iv) ICT-supported 

integrated mobility schemes should not be understood as magic bullets and must be combined with demand 

management policies to be truly effective. 

By providing thick-descriptions of the nuts and bolts of smart cards, IMP and MaaS development, this thesis con-

tributes to the literature on transport integration, transport governance and socio-technical transitions, and con-

tributes to practice by suggesting fourteen recommendations for public authorities interested in a sustainable and 

impactful development of ICT-supported integrated mobility schemes. 
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33 

In Chapter 5, the three cases are analyzed using two different conceptual frameworks. The cases are first 

analyzed using a framework that builds on the governance and innovation management literature (i). In a 

second time the three cases are comparatively analyzed using a framework building on the socio-technical 

transition literature (ii).  

The thesis concludes with Chapter 6, in which the results of both analyses are combined into a list of rec-

ommendations geared at policy makers interested in framing the development of ICT-supported integrated 

mobility schemes, to make the most out of those. Contributions to scientific literature are also emphasized. 

This last chapter also sheds light on the limitations of the present research endeavor and ultimately pro-

poses leads for future research to be conducted. 
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termodal integrated timetables, see Mohaymany and Gholami (2010) or Guihaire and Hao (2008). However, 

it seems that almost no studies have paid attention to the governance structures that have supported the 

birth of modal integration schemes. Exceptions include Kim and Dickey (2006) and Pucher et al. (2005) for 

the study of Seoul bus reform, where network integration and ticketing integration where introduced; Caris 

(2015) for a comparison of bus reforms between Rio de Janeiro and Sao Paulo; and Munoz and Gschwender 

(2008) for an analysis of the failure of the Santiago bus reform, where network integration and ticketing 

integration were introduced. While most studies on traditional modal integration acknowledge the benefits 

of modal integration, there seems to be a research gap in terms of how to make modal integration happen, 

and the roles of each of the involved stakeholders in the process. As explained below, it appears this cri-

tique is also valid for studies looking at digital integration solutions. 

While most of the studies of smart cards have praised the benefits of automated fare collection systems (Li 

et al., 2018), few studies, particularly in the transport sector, have looked at processes of development and 

implementation of smart cards. In transportation studies, most of the research has focused either on the 

impact of the smart card solution on modal share, or on its acceptance by different social groups, or on 

what could be further derived from the utilization of this technology. Exceptions to this include studies of 

the development of smart ticketing schemes in Hong Kong (Poon and Chau, 2001) or in Seoul and Bogota 

(Audouin and Finger, 2018b). Again, there seems to be a research gap when it comes to the study of the 

processes having supported the birth of digital modal integration solutions. More specifically, there seems 

to be almost no studies focusing on the governance processes and policy development that have led to the 

implementation of smart cards in urban transportation systems. This critique is also valid for the last two 

digital integration schemes; that are MaaS and IMPs. The analysis of the role that public authorities played 

in the development of MaaS in Sweden and Finland by Smith et al. (2018a) may be an exception to that 

statement. However, given the potential social, economic, and environmental benefits that those solutions 

shall bring, if realized correctly, one might be interested in understanding the governing processes support-

ing the birth of those solutions, in order to potentially replicate those.  

So first, it appears there is a need to conduct empirical research on the governance structures supporting 

the birth of ICT-supported integrated mobility schemes. Second, there is a need to look at other bodies of 

literature that might have looked at the development of ICT-supported integrated mobility schemes, unlike 

the transport integration literature. Given that what is really missing are studies looking at the role of the 

different stakeholders (and in particular of public authorities) into the development of digital integrated 

mobility schemes, it appears relevant to look at the transport governance literature. Thus, in the next sub-

chapter (2.3) the transport governance literature is reviewed.  

2.3 Transport governance literature 

There is a consensus among academics that the organization of transport should fall under the responsibility 

of public authorities. However, the academic perspective on the role that public authorities should play in 

policy making and public service provision (including in transportation) has evolved greatly over the last few 

decades. Indeed, it is acknowledged for having shifted from a government to a governance perspective 

(Rhodes, 1996). Thus, is first reviewed the paradigm shift from government to governance before examining 

the literature on transport governance. This subchapter is divided into three main sections. It first looks at 

the evolution of the research perspectives on the role that public authorities should play (in general, not for 

transportation) in policy making and public service delivery. Secondly, it looks at the transport governance 

literature. Last but not least, it highlights the main research gap of the transport governance literature vis-à-
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the development of carsharing in Sydney. According to them, the willingness and openness of public actors 

to converse with private transport providers can be understood as an important success factor for the de-

velopment of shared mobility. Similarly, Audouin and Neves (2017), Harding et al. (2016), and Edelman and 

Geradin (2015) have been interested in looking at how regulation could be used by public authorities to 

embrace ride-booking services in existing urban transportation systems. Docherty et al. (2017) looked at 

how governance structures would need to change in order for smart mobility solutions developed by the 

private sector to deliver as much public value as possible. They emphasized the need for public authorities to 

adopt long-term thinking in order to develop the right governance structures. Apart from those studies, 

there seems to be a profound research gap when it comes to the study of the governance of digital transpor-

tation systems, and in particular to the study of the governance of smart cards, IMPs and MaaS develop-

ment.  

One of the possible main reasons for the existing research gap could be the fact that governance literature is 

mainly static and adopts a rather top-down perspective. Indeed, while governance literature is interested in 

looking at the complex network of relationships between actors for the development and implementation of 

policies and for public service delivery, it seems to fail to look at bottom-up processes. Given the very low 

number of publications looking at the governance of new mobility modes, it seems the governance literature 

might need to be combined with another body of literature to fully understand the governance of new mo-

bility. 

Taking into account the environmental, social, and economic benefits they might bring, ICT-supported inte-

grated mobility schemes can well be seen as innovations. But the governance literature has been rather 

weak on looking at innovation development. While the above-mentioned literatures have been effective for 

examining the role of public actors in policy making or public service provision, they have barely looked at 

the impact of governance mechanisms on innovation development (Halvorsen et al., 2005). Exceptions in-

clude studies of the link between liberalization and innovation (Jamasb and Pollitt, 2011), economic regula-

tion and innovation (Winston, 2000; Ross and Yan, 2015; Bauknecht, 2011; Stefanadis, 2003), as well as PSP 

and innovation (Beisheim et al., 2005). Otherwise, the governance literature has not paid a lot of attention 

to the processes supporting the birth of innovations.  

In order to tackle this research gap, there seems to be a need to combine the governance literature with 

another, yet to be defined, stream of literature. For that matter, the socio-technical transition literature 

might be a good candidate. Indeed, this literature is focused on the governance of transition of socio-

technical systems, and transport can be understood as a socio-technical system. Furthermore, there are two 

additional reasons why the transition literature might be a good fit. Firstly, the transition literature (also 

called governance of transition) brings a dynamic perspective to governance studies by looking at the gov-

ernance of socio-technical transitions. Secondly, the transition literature pays attention to bottom-up pro-

cesses; that is, to transitions that are the result of innovations. Thus, transition studies, that are presented 

in the following sub-chapter (2.4), might tackle the critiques of the governance literature that is overly static 

and top-down-oriented.  

2.4 Transition studies 

As mentioned above, transport can be understood as a socio-technical system that is constantly evolving 

(Auvinen and Tuominen, 2014). Therefore, by looking at the literature specifically focusing on transitions of 

socio-technical systems (more often referred to as the transition literature), one might find studies that have 

focused on similar topics to the one explored in the present thesis. The following subchapter is divided into 
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level (inclusion of entertainment, excitement, and fun values in popular culture), and the development and 

competition with the electric tramway regimes. Research was later undertaken to look at the on-going tran-

sition towards low-carbon transport systems. Using MLP, Geels (2012) investigated the mobility transition in 

UK and the Netherlands and concluded that although the automobility regime is still dominant, some tech-

nological niches (green propulsion technologies and ITS) are gaining momentum, which might lead to a shift 

towards a low-carbon regime. According to Wells and Nieuwenhuis (2012), the stability of the automobility 

regime is heavily dependent upon car manufacturers. Looking at the UK and Sweden, and using MLP, Nykvist 

and Whitmarsh (2008) showed the importance of hybridisation mechanisms between areas of innovation to 

generate a regime shift. According to Moradi and Vagnoni (2018), a shift from the current regime might be 

possible if non-dominant sub-regimes (public transport and human powered transport sub-regimes) reach a 

stable state, which might be possible if they gain more support from regime actors.  

Although most of the research on the whole mobility transition has been conducted with the MLP, some 

scholars have also used transition management. Looking at policy development for sustainable transport 

through the lens of the transition management framework, Kemp et al. (2011) criticized Dutch authorities 

for being overly focused on short-term technological fixes and not developing a coherent future vision for 

transport, thus raising serious doubts about their ability to steer the mobility transition. Some scholars have 

also been interested in using transition frameworks to propose scenarios of evolution for mobility. In their 

book entitled Automobility in Transition? A Socio technical analysis of sustainable transport, Geels et al. 

(2012) presented the automobility regime as relatively stable but not as strong as it used to be. From the 

three scenarios they highlighted for the future of transportation, the one proposing the greening of cars (but 

not a redefinition of the role of the car) is presented as the most likely to happen. The scenario entitled In-

termodal urban transport (relying on the development of intermodal journeys) is presented as less likely 

because of its higher dependence on government willingness to support it. Köhler et al. (2009) developed a 

simulation model, building on system dynamics and agent-based modelling, and using MLP as a theoretical 

framework, to assess transitions to sustainable mobility. Using UK data, the authors foresaw a shift towards 

ICE and hybrid vehicles in the next 10 to 30 years, and finally a dominance of hydrogen fuel cell vehicles after 

2030. According to them, the product-service shift (shift from ownership to usership) is unlikely to happen, 

indicating that the demise of the private car might take a very long time to happen. Marletto (2014) sug-

gested the use of a socio-technical map to propose transition pathway for mobility. For the author, three 

pathways exist: the AUTO-city (individual cars are still dominant, but are getting more electric), the ECO-city 

(increased reliance on non-car modes of transport), and the ELECTRI-city (new electric vehicles and smart 

grids). However, it is likely that the former will prevail if no clear-cut policies are developed in favour of the 

second one. Schwannen (2015) looked at the development of low-energy mobility modes in Oxford and 

Brighton. He concluded that although such solutions are being developed in both cities, they are not (yet) 

producing a regime shift due to their categorization as incremental (and not radical) innovations. 

Given the importance of the fuel system in the automobility regime (Urry, 2008), studies have sought to 

understand how to enhance the transition towards non-fossil fuel system. Suurs and Hekkert (2009) used a 

TIS approach to look at the dynamics of the biofuels innovation system in the Netherlands. They concluded 

that the Dutch biofuels innovation system has not been successful mainly because most of the TIS functions 

were not fulfilled. Looking at the development of alternative transport fuels in Sweden and also using a TIS 

approach, Hillman and Sanden (2008) concluded that in order to be effective, policies must take into account 

and somehow balance all the dynamic forces within the TIS. Using a SNM approach, Ulmanen et al. (2009) 

concluded that Sweden developed biofuels more successfully than the Netherlands mainly due to a better 

niche management strategy, protection measures (tax reduction), as well as the institutionalization of a pro-

biofuel discourse.  







63 

ment of ICT-supported integrated mobility schemes, I believe it will empirically contribute to the literature 

on transport integration/Mobility-as-a-Service. 

Similarly, it appears there is an extensive body of literature focusing on transport governance. Unfortunate-

ly, most of this literature has focused on analyzing the impact of some governance mechanisms on transpor-

tation systems performance. A smaller body of literature, within the transport governance literature, has 

been interested in looking at transport governance from a political perspective; that is, the role of different 

stakeholders in the development of transport projects or transport policy. However, it appeared that no 

studies focused on the governance of transport integration. More importantly, very few studies have inves-

tigated the governance structures that have supported the birth of ICT-supported integrated mobility 

schemes, and even fewer have been concerned with looking particularly at the role of public authorities in 

the process of development of smart cards, IMP and MaaS. Thus, again, I believe the present study should 

contribute to the growing literature focusing on the politics of transport governance.  

Last but not least, it seems the literature focusing on the mobility transition; that is, with understanding how 

some technological innovations might enhance the transition towards a more sustainable transport system, 

is important. However, most of this research has focused either on the overall mobility transition or on the 

development of some specific technologies, such as non-ICE engines, alternative fuels, non-car mobility solu-

tions, or shared mobility modes. It appears that almost no research within the field of transition studies has 

concentrated on intermodal transport or on the development of technologies supporting transport integra-

tion. Thus, I believe that by answering my research question, I might also be able to bridge this existing gap 

and contribute to the literature on socio-technical transitions. 

It is pertinent now to ask how I aim to do this, which I will explain in detail in the following methodology 

chapter (chapter 3). 
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terviews. Having now detailed my choices of epistemological and ontological positions, as well as the theo-

retical perspective, research methodology and research methods adopted, I now detail the research strategy 

that has been used, which was the case study research strategy. An overall representation of my methodo-

logical stream is represented in Figure 3.2.1. 

Figure 3.2-1: Research stream employed in this thesis (inspired from Moon and Blackman [2014] and Gray [2009)]  

3.3 Research strategy 

Here is presented the overall research strategy adopted for the present research project, which was a case 

study research strategy. The case study approach should indeed not be considered as research method, nor 

research methodology, but rather as a research strategy (Yin, 1981) or research approach (Chadderton and 

Torrance, 2005). In this sub-chapter, I explain why I have chosen this particular research strategy, before 

going into more details and explaining my case design, case selection, data gathering, and data analysis pro-

cesses. 

3.3.1 The case study as a research strategy 

A case study strategy was used, because of its usefulness to look at complex processes, and its suitability to 

look at phenomenon that cannot be clearly separated from their contexts (Yin, 2009). In particular, the case 

study approach was adopted because of its practicality to obtain a holistic understanding of a particular 

phenomenon (Gummesson, 1991). According to Meredith (1998), there are three valuable outputs of select-

ing a case study approach. First, it allows the researcher to study a particular phenomenon in depth, in its 

natural setting and context, and to generate theory from its understanding. Second, it allows the researcher 

to answer why-, what-, and how-types of research questions. Last but not least, it makes it possible to con-

duct investigations where the dependent and independent variables are still not known, and where there is 

very limited knowledge about the phenomenon studied. Yin (2014) added that selecting a case study ap-

proach is relevant when the researcher has no control over the behavioral elements and events studied, and 

that the phenomenon being looked at is contemporary and happening in a real-life context. 

All the above-mentioned criterions led me to choose the case study as research strategy to conduct the pre-

sent study. First, it appeared clear that I did not have any control over the behavior that public authorities 
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average day using public transportation, 9.8 million (37 percent) using private motorized vehicles and 7 mil-

lion (27 percent) using human-powered mobility modes (walking or cycling). Among the 9.5 million daily 

trips made by public transport in 2014, 4.1 million (43 percent) were made by bus and trams, 2.6 million (27 

percent) using underground and overground and 2.8 million (30 percent) using rail. The modal share is 

summed up in Figure 4.1.11 (TfL, 2015c). 

Figure 4.1-10: evolution of daily average number of trips by main mode of travel from 1995 to 2015 

Figure 4.1-11: modal share in Greater London in 2014 

As shown in Figure 4.1.12, public transport has been growing at a much faster pace than London population 

for the last 25 years. It is also interesting to compare the growth in journey stages on selected modes to the 

population growth in London. In 2012, there were 2.56 million cars registered in London, which is approxi-

mately 300 cars for every 1000 inhabitants. Forty-six percent of households did not own a car, 40 percent 

had one car, 12 percent had two cars and fewer than 2 percent had more than two cars (TfL, 2012c). Accord-

ing to TfL (2015c), the situation regarding per capita car travel follows the peak car use proposed by New-

man and Kenworthy (2011) and has been decreasing recent years, although it has reached a peak in the last 

decade. According to the BBC, there were 309 cars per thousand people in 2015, compared to 325 in 2011 

(BBC, 2016). 

Although the number of cars per inhabitant has been decreasing, congestion is still a big issue in London. 

Congestion costs in London are estimated to be approximately £4 billion a year (Frost and Sullivan, 2015). In 

Q2 of 2016, it is estimated that 85% of riders were satisfied with Metro services (TfL, 2016g) as well as with 

bus services (TfL, 2016h), which was the target set out by TfL. Customer satisfaction regarding reliability was 

85/100, while staff behavior ranked 88/100 and value for money ranked 74/100 (TfL, 2016c). 
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Figure 4.1 15: Data and monetary flows (author's elaboration based on TfL (2014e)) 

Figure 4.1-15: Data and monetary flows (author's elaboration based on TfL (2014e))

Figure 4.1.16 summarizes the overall development of Oyster and CPCs in London. The following sub-section 

presents the development of IMPs in Vienna, which is the second case study at the center of this thesis.  
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Figure 4.1-16: development and implementation of digital ticketing systems in London (author's elaboration)  
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