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ABSTRACT 

The social discourse surrounding the climate emergency progressively infuses the society, 

transforming into both micro- and macro-social injunctions to change. Yet, society – 

grounded in a territorial, social, and cultural contingency – appears to resist the necessary 

behavioral and institutional transformations. This thesis resituates the importance of social 

sciences to accompany the sustainable transition, in particular in mobility practices. 

In a context where the automobile system dominates culture, pace of life, other modes of 

transport and environmental resources, we propose five scientific productions to explore the 

resistance to change towards more sustainable mobility practices. 

In the paper "Gaps in Public Transit" (Schultheiss, 2022), we investigate how transit systems 

are dominated by peak hours and commuters' pace of living, and how this creates access 

inequities for rhythmic minorities. Transit supply is unevenly distributed (in time and 

space). And certain segments of the population, such as mothers, have lower levels of 

service and accessibility. In contrast, other segments, such as males and commuters, always 

find the best conditions. 

In the paper "Repeatable Behavior" (Schultheiss & Kaufmann, 2023a), we explore spatial 

and organizational variability through a typology of modal habits. The originality of this 

work lies in the use of longitudinal data together with a mobility experiment (pricing and 

nudging). The data allows to directly test the time-space resistance to change. The results 

show that activity-travel predictability is not correlated with exclusive car use, questioning 

the supposed flexibility of cars. 

In the paper “Urban proximities?” (Schultheiss, Pattaroni, et al., 2023), we examine urban 

interventionism. We put the proximity planning ideal of “having anything we need nearby” 

in perspective with residential aspirations. We find that most dwellers aspire to tranquility 

and calm, instead of dense, functional neighborhoods. 
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In the paper "Data Domotopia" (Schultheiss, Puppo, et al., 2023), we describe a survey 

designed to understand how people make use of, experience, and relate to home-making 

given the pace of their daily activities. Home-making can reveal coping strategies and 

resilience practices to make everyday life work, but also condition the mobility practices. 

Lastly, in the paper "Uncertainties 2050" (Schultheiss & Kaufmann, 2023b), we explore 

various resistances originating in the techno-social uncertainties underlying the sustainable 

transition of urban mobility. 

By using data sources of different scope and types, and adopting an interdisciplinary 

scientific approach, we mainly studied how social dynamics related to home-making, ways 

of living, modal practices, public policies, or public transit translate into micro-social, 

macro-social, or latent resistance to change in mobility practices. As a general result, we 

introduce the novel concept of agent-based resistance regimes. Resistance regimes make it 

possible: to take distance from the multi-scalar differentiation of resistances (micro, and 

broader) which are not in opposition nor hierarchical, but interconnected in the ordinary life 

of the homosociologicus; to situate the agent within a socio-territorial context and a 

biography; to piece together the logics of justification (contradictory or not) mobilized by 

the agent to legitimate their mobility practices; and to make sense of the reciprocal 

adjustments between agents and social structures. 

Keywords: Resistance to change, Mobility practices, Mode choice, Computational 

sociology, Justification regime, Urban pathology, Micro-social, Uncertainty, Automobile 

system, Domination 
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READING DIRECTIONS 

The thesis is made of combined articles. It falls within the domain of (quantitative) Urban 

Sociology. My background is in Transportation (Civil) Engineering. Formally, according to 

the EPFL Doctoral Commission Decision, the thesis must include: 

● An introduction that puts the entire thesis into context and gives global objectives 

of the research to be presented in the thesis 

● It is recommended that the thesis includes a review of the literature covering the 

entire domain of the thesis 

● A glue that connects the different papers and chapters together 

● A general conclusion chapter, summarizing the main contributions of the thesis 

● A section presenting possibilities for future development of the work presented in 

the thesis 

Before embarking on this formal exercise, I propose a foreword about my personal posture 

to describe the social and environmental awareness in which this work was conducted. This 

chapter is in French, and is deliberately left untranslated. For English readers, it is not 

essential for understanding the work, but it provides my critical and personal positioning. 

Another particularity worth mentioning is the diversity of approaches and methods 

employed to contribute to the field of research. Each paper deals with different topics, and 

uses different data. Yet, they all converge to the main research question. 

Lastly, an unfinished lexicography (or glossary or ABC) is proposed in the Appendix. It 

shows the breadth of topics, issues, and questions addressed in the field of mobility research 

and its multidisciplinary nature. Each of the terms defined in the glossary is marked with a 

“(L)” in the body of the text. 
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1. POSTURE PERSONNELLE 

(In French only) 

 

Par éthique de conviction (Weber, 1919), cette préface adopte un style éditorial libre, 

engagé, et revendicateur. La production scientifique est aujourd’hui normée. Elle s’inscrit 

pourtant dans une modernité où les normes sont chahutées, à l’image des actions de 

désobéissance civile, ou des mouvements queers. Empreint d’éco-anxiété mais aussi 

d’optimisme, mon travail de doctorat cherche avant tout à contribuer à la dynamique du 

changement écologique qui infuse lentement dans la société, la politique, et les systèmes de 

valeurs individuels. 

1.1. OPTIMISME 

Le contexte dans lequel cette thèse est rédigée est à la fois paisible et anxiogène. Paisible 

car je suis le produit des progrès sociaux, démocratiques, technologiques ; d’une société 

mature, portée par la réussite individuelle. Paisible davantage encore, car je ne fais 

personnellement partie d’aucune minorité (par mon genre et mes origines sociales, 

géographiques et ethniques), si ce n’est cette minorité a qui la société sied parfaitement. 

C’est aussi un contexte anxiogène car nous avons hérité d’une société d’après-guerre qui 

s’est individualisée, et qui s’est perdue dans la consommation de masse, le besoin 

d’immédiateté, des aliénations (L) de toutes sortes, et surtout de l’éloignement à la nature. 

“Les rythmes du vivant sont bousculés” explique Bruno David, président du Muséum 

national d’histoire naturelle de Paris. “Le nouvel individualisme, l’affaiblissement des liens 

humains et la décadence de la solidarité figurent sur une face de la médaille dont le revers 

offre les contours brumeux de la mondialisation négative” (Bauman, 2007:37). Un contexte 

anxiogène car des standards de confort, que l’on peut qualifier d’écocides, se sont imposés 

comme canons de la société moderne, qui ne semblent plus pouvoir s’altérer. 
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Alors, comme Henri Lefebvre, Bruno Latour, Edgar Morin et d’autres, je soutiens un 

absurde optimisme. “La société porte encore en elle son utopie : le possible-impossible” 

(Lefebvre, 1968). Malgré une société exigeante. Une société productrice de conflits moraux, 

de compétition interindividuelle, de contradictions et d’injonctions ambivalentes. Pas facile 

de s’y retrouver, pas facile de faire avancer les choses. 

Dans ce contexte, la connaissance produite par la recherche semble se populariser. Il 

incombe donc aux chercheurs de pérenniser cette dynamique et de faire un pas vers la 

société. Car la recherche reste trop souvent silencieuse, inopérante, théorique, 

épistémologique, méthodique, conceptuelle. Mais il y a urgence, urgence à mettre la science 

au service de nos villes et à transférer nos connaissances au reste de la société. La sociologie 

urbaine porte déjà un bagage de courants, d’influences et de références denses. Il n’y a dès 

lors, il n’y a plus beaucoup à réinventer, mais énormément à exploiter, à transformer et à 

synthétiser. La recherche doit donc simplifier et vulgariser son produit. Les approches 

théoriques comme applicative sont toutes deux nécessaires et complémentaires ; afin de 

pouvoir traiter de la réalité concrète du quotidien, de la “vraie vie”, des problématiques 

urbaines, et des villes qui doivent faire face à des défis inattendus comme l’inertie 

administrative et institutionnelle. 

Pour paraphraser Jean Baudrillard (Baudrillard, 1985), il n’y a plus de spectacle dans la 

société moderne, plus d’illusion. Tout devient transparence et d’une visibilité immédiate. 

“Tout est zoomé”. “Extase de la consommation”. “Obscénités”. “Précipitations 

matérialistes”. Cette sur-exposition à la transparence du monde nous mènerait vers une 

société sans profondeur et ininterrompue. Où la limite public-privé s’efface, et où 

l’exorbitance de chaque détail nous attire. Il n’y a plus de spectacle dans la société moderne, 

plus d’illusion. Alors osons nous détourner de l’illusion qui nous a été amenée par 

l’abondance, et l’immédiateté. Osons reconnaître ce que nous perdons à vouloir gagner du 

temps (Rosa, 2022). 

La “sobriété heureuse” est apparue comme une solution. Souvent opposée au plus jeunes 

par les plus vieux sur un ton injonctif, soyons heureux, mais ne consommons, ne voyageons, 

ne dépensons pas trop. C’est fini ce temps-là. La sobriété comme unique discours pose un 

contexte anxiogène et restrictif. Sans fête, ni rêve. La sobriété n’est que la double peine de 

ne pas connaître l’abondance, et de ne pas connaître la fête. Dominique Bourg explique, 
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dans son manifeste contre l’impuissance publique (Chapoutot & Bourg, 2022), “la 

technologie ne nous sauvera pas”, la sobriété n’est pas suffisante, il s’agit de changer les 

modes de vie, sortir de la modernité techniciste, de l’optimisation du temps et de la 

production, sortir du néolibéralisme et du marché global qui extrait le pouvoir aux états. Il 

s’agit de prendre des responsabilités, et de cesser la “démission politique”. Pourquoi ne pas 

parler de comportements raisonnés, de responsabilités individuelles pour réapprendre 

collectivement ce que doit être l’écologie urbaine ? Pour sortir d’un anthropocentrisme (L) 

écocide ? 

Changer les modes de vie, les imaginaires et les aspirations pour que ce soit satisfaisant 

d’intégrer la préservation de la nature dans nos choix. La sobriété est un réflexe capitaliste 

(L). Une financiarisation, une tokenisation de la nature pour mieux contrôler la frugalisation 

de la consommation des ressources ; et pouvoir faire perdurer le système aussi longtemps 

que possible. La sobriété est un ralentissement nécessaire, mais insuffisant. 

Cette thèse s’inscrit dans un courant humaniste et optimiste. Il est trop tard pour être 

pessimiste. Les discours sur l’effondrement sont utiles et nécessaires car ils peuvent susciter 

une prise de conscience individuelle. Mais ces discours sont aussi fondamentalement court-

termistes. Et eux-aussi, anxiogènes. Mais comme le questionnent Jacques Ellul et Serge 

Latouche (2013:53-8) : est-il possible de tout avoir? Les auteurs analysent qu’avec la 

modernité du 21ème siècle apparaît la conviction que l’on peut tout avoir, qu’il n’est pas 

nécessaire d’effectuer un choix, ni dans le domaine individuel, ni dans le collectif. Car la 

modernité nous a accoutumé à tant de possibilités, que le miracle est devenu normalité. Il 

semble normal de continuer à augmenter notre niveau de vie tout en exigeant de diminuer 

notre temps de travail. Il semble normal de vouloir consommer toujours plus d’énergie 

chaque année tout en étant soucieux de notre indépendance énergétique et de la sortie du 

nucléaire. Il semble normal de vouloir des rues et des parkings de plus en plus considérables 

pour y accommoder plus de voitures tout en râlant contre le bruit, l’insécurité, et l’étalement 

des villes ; et en aspirant à des maisons tranquilles, des rues où les enfants peuvent jouer, un 

voisinage humain, et surtout pas de grands ensembles déshumanisants. Il nous semble 

normal enfin d’être hostile à la croissance du pouvoir administratif et à l’omnipotence 

étatique dans nos démocraties modernes ; pourtant nous prétendons que l’État doit s’occuper 

de tout. Éviter les faillites sans écouter les lobbies, gérer la croissance mais être durable. Il 

apparaît donc comme un biais d’attitude de vouloir tout avoir, de cumuler tous les avantages. 
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En ce sens, Latouche utilise des mots durs et invite à s’émanciper par le choix, par 

l’autodiscipline. “La liberté n’est pas l’avachissement dans la facilité, le bien-être, et la 

consommation” (ibid.:58). “L’attitude vraiment révolutionnaire serait l’attitude de 

contemplation au lieu de l’agitation frénétique” (ibid.:106). Ce discours appelle à une 

certaine décroissance, et à une certaine austérité, voire à une inaction. Ce n’est pas ce que 

nous vous voulons. Nous voulons retrouver le spectacle, la fête et le rêve. Nous voulons être 

acteur de ce changement et s’émanciper de cette modernité héritée. 

1.2. CHANGER 

Changer nos habitudes de consommation, nos habitudes de nutrition, nos habitudes de 

voyages. Il nous faut changer, car du 20ème siècle est né un 21ème abîmé, détérioré, usé. 

Un 21ème siècle qui souffre d’un trop de croissance, d’un trop de gens, d’un trop d’hygiène, 

d’un trop d’informations, d’un trop d’aliénation (L). D’un trop de tout. Comme un 

adolescent en perte de repère. Comment pouvons-nous changer durablement dans une 

modernité liquide (L) et accélérée. Comment atteindre une nouvelle maturité sociale et 

écologique. On dira des vieilles générations que “ce n’est pas à cet âge-là que l’on change”. 

On dira des jeunes générations “qu’elles ne comprennent rien et qu'elles ne font rien, de 

toute façon”. Les jeunes sont nés dans des villes, systèmes, et standards façonnés par les 

générations antérieures, et sont pourtant désignés comme seuls moteurs du changement. 

Alors qui doit agir ? Qui doit changer ? Et peut-on tout changer ? 

Dans cette thèse, l’objet de la recherche est la mobilité. Le secteur des transports, en général, 

constitue l’un des plus gros enjeux climatiques des prochaines années pour engager une 

transition vers des villes – et des sociétés – décarbonées (European Commission, 2021). 

L’acheminement de marchandises, les flux de touristes, et surtout, les déplacements de la 

vie quotidienne. C’est sur ce dernier point que porte ce travail, et sur lequel tout le 

laboratoire de Sociologie Urbaine s’affaire. Comprendre les déterminants de la mobilité 

quotidienne. Comprendre les motivations, les attitudes, les comportements, les 

représentations qui en découlent. Les flux et les systèmes de transport sont modélisés depuis 

des années avec des fonctions objectives et des modèles d’utilité. Une pratique fondée sur 

l’économétrie qui a permis de rendre les villes fluides en modélisant les déplacements de 

personnes voitures pour mieux bâtir les infrastructures et anticiper la croissance urbaine. 

Aujourd’hui, les réseaux des villes sont saturés. Nous avons reconstruit les lignes de tram, 
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densifié les réseaux de bus, accéléré les trains intercités, construit des parkings-relais, ajouté 

des voies rapides. Mais le réseau reste saturé.  

Alors comment contourner ce problème ? Bougeons-nous trop ? N’y a-t-il pas assez de 

place ? Peut-on s’adapter ? S’adapter aux contraintes spatiale et temporelle, aux manques 

de ressources, aux injonctions sociales et aux expériences incorporées qui conditionnent nos 

comportements. S’adapter aux besoins du collectif, aux besoins des communs, aux besoins 

sociaux. Mais aussi, s’adapter à la nature. Habitons plus proches, plus petit. Reprenons du 

plaisir à se déplacer en marchant ou en bicyclette, même si cela prend plus de temps. Car 

sur le chemin, odeurs et sourires feront la différence. Osons être des transfuges. Des 

transfuges de nos modes de vie hérités et de notre socialisation. Des transfuges de nos 

habitudes modales, de l’autosolisme, et des idéaux mobilitaires. 

Mais voilà qu'apparaît une deuxième fatalité. La société à l’économie libérale nous a forgé 

individualistes et progressistes. Revoir nos standards de confort et de consommation acquis 

serait comme perdre ce pour quoi la société moderne a travaillé pendant des siècles. Et il y 

en a du confort, en voiture. Alors peut-être faudrait-il voir certaines régressions comme un 

progrès. La régression à la nature, à la communauté, à ce qui nous unis en tant qu’êtres 

sociaux. Sortir du canon trinitaire moderne de la réussite (terre, capital, travail), sortir des 

carcans du consumérisme, de l’immédiateté, de la propriété… pour ralentir, partager, 

réguler. 

Cette pensée idéaliste est très urbaine. Elle ne peut réellement tenir que lorsque des 

alternatives à l’automobilité existent. Aussi car les besoins de ralentir se font principalement 

sentir en ville, où le tissu est dense, les stimulations multiples et le marché cognitif saturé. 

Car la ville est un hyper-lieu, une cacophonie d’informations, de travaux, de publicités, de 

culture, d’emplois, de services, de marginaux, de voitures, de bus, de restaurants et de cafés. 

La ville est grouillante et désordonnée, mais elle fonctionne. Elle fonctionne car elle est 

organisée, elle permet l’appropriation, le collectif et l’opportunisme. Elle fonctionne car elle 

est rythmée. Originellement par un rythme biologique – voire naturel – mais finalement par 

un rythme institutionnel : les heures productives, les heures de loisir et les heures de repos 

sont déterminées par les horaires de bureau uniformisés, l’ouverture des magasins, des 

écoles ou des services publics. Enfin, cette pensée est aussi celle de personnes au fort capital 

(L) culturel, économique et intellectuel. La pensée de celles et ceux qui ont les moyens de 
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changer. De dépasser les automatismes de leur propre socialisation, de trouver une nouvelle 

vérité à leur propre génération. De celles et ceux qui ont un fort capital économique, sans 

avoir à s’inquiéter de la fin du mois. La frugalité ne serait-elle pas un problème de riche ? 

Non pas car être “riche” implique nécessairement de participer davantage au système 

globalisé, mais parce que les capitaux économique et culturel se transforment et se 

transfèrent en disponibilité cognitive (Bronner, 2021), qui permet de penser et d’agir 

autrement. Et de faire percoler ses idées différemment dans la société. Dans la même logique 

que les pays qui affichent un progrès social marqué sont aussi les pays où même les pauvres 

peuvent vivre dignement.  

Changeons. Changeons notre mobilité quotidienne. “Oui, mais…”. Les résistances sont 

grandes, pour changer. “Je ne peux pas faire autrement”. “J’habite trop loin”. “Ce n’est pas 

pratique”. “Le bus est cher”. Les raisons fleurissent, au prix de la terre, de ses ressources et 

de son biotope qui dans le même temps dépérissent. Il y a urgence. Urgence à travailler sur 

ces résistances pour favoriser le report modal. Et pour se rappeler qu’une vie urbaine sans 

gas à effet de serre, c’est possible. C’est même sympathique. Changeons notre mobilité 

quotidienne. Oui mais, le problème est complexe. Et ce n’est pas qu’une affaire de bonne 

volonté. Même pour les villes, même pour les collectivités : que faire ? Comment atteindre 

cette ville propre, verte, résiliente, hospitalière, mais aussi compétitive et permissive. Quel 

maillage du territoire pour accommoder les aspirations individuelles ? Quels services de 

proximité (L), quelle couverture du réseau de transport. L’ingénierie opérationnelle – celle 

de l’homo-economicus – ne suffit plus, alors on réfléchit à une ingénierie de la séduction. 

Les mesures contraignantes et coercitives de la planification urbaine et des réseaux sont 

nécessaires, mais constituent une solution partielle pour faire changer les (mauvaises) 

habitudes. 

1.3. POSTURE 

Alors comment démêler ces résistances au changement ? Insistons déjà sur le fait qu’il ne 

s’agit pas de diaboliser la voiture. Elle reste un mode de déplacement unique par son confort, 

sa rapidité, sa flexibilité. Elle reste un mode de déplacement utile et nécessaire pour toute 

une partie de la population, dite “captive”. Captive car elle est enfermée dans une 

congruence de choix, de compétences, de capacités, d’aspirations, de modes de vie qui la 

prive de toute autre alternative. Le côté pervers à cette ambivalence captif-confort est qu’elle 
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peut changer d’un jour à l’autre. L’on peut être captif de la voiture le mercredi après-midi 

pour traîner les enfants aux activités extra-scolaires, alors même que l’on pourrait faire 

autrement les autres jours. Pourtant, la multi-modalité demande un effort cognitif 

supplémentaire qui n’est pas bienvenu dans notre organisation déjà compliquée du 

quotidien. Ainsi, utiliser ou non la voiture est une question de choix et d’organisation, mais 

pas seulement. C’est aussi une question de mode de vie, d’injonctions sociales, 

d’imaginaires et de système de représentations, de critère de réussite, de perception de 

liberté. Utiliser ou non la voiture est donc une question profondément sociologique. Elle 

mêle le tissu morphologique de nos villes dans sa production et sa transformation, au tissu 

des pratiques sociales, et du collectif dans son acception normative. 

Cette thèse cherche modestement à identifier comment accompagner les changements de 

comportement en matière de mobilité. Où naissent les résistances, et comment s’en 

affranchir ? En évitant la coercition et l’injonction tant que possible. Car c’est déjà si dur de 

trouver ses repères, et de s’y accrocher. Et en considérant autant que possible l’épaisseur et 

la profondeur de nos vies, de nos villes et de nos sociétés. Car la mobilité quotidienne est 

avant tout un médium d’épanouissement dans la société moderne. Cette thèse n’a pas pour 

ambition de diaboliser la voiture ou les automobilistes, ni le capitalisme (L) d’ailleurs, ou 

la consommation effrénée. Mais de réfléchir au champ des possibles en termes d’alternatives 

à nos canons consuméristes, aspirationnels et mobilitaires. 
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2. INTRODUCTION 

2.1. CONTEXT 

Henri Lefebvre wrote in La pensée Marxiste et la ville (1972), that the use and control of 

nature by the productive forces, constrained only by the pursuit of profit, will lead to the 

destruction of nature. In 1992, the Rio Declaration was adopted by more than 175 countries. 

It contained 27 principles meant to guide countries in their future sustainable development 

efforts. In 1997, the Kyoto Protocol was signed by state parties, committing them to reduce 

greenhouse gas emissions resulting from human activity. At the fourth UN Earth Summit in 

Johannesburg in 2002, French President made the following statement (translated from 

French): 

“Our house is burning down and we're blind to it. Nature, mutilated and overexploited, can 

no longer regenerate and we refuse to admit it. […] The earth and humankind are in danger 

and we are all responsible. It is time to open our eyes. Alarms are sounding across all the 

continents. Europe is beset by natural disasters and health crises. […] We cannot say that 

we did not know! Let us make sure that the 21st century does not become, for future 

generations, the century of humanity's crime against life itself”. The discourse then proposes 

five priority areas of action. One of them was global governance to humanize and control 

globalization, in order to better manage the environment and ensure compliance with the 

Rio principles. Another area of action was to focus on climate change, calling the leading 

industrialized countries to ratify and apply the Kyoto Protocol. A third area of action was to 

transform the production and consumption models to spare natural resources and produce 

little waste and pollution. 

In the early 2000s, world leaders were already discussing sustainability (L), nature, public 

health crises, criticism of globalization and production systems. The speech marked an 

international recognition of a state of climate emergency ("our house is burning down") and 

denunciation of systemic inaction. Despite the urgency, existing international agreements 
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and declarations (e.g. Rio 1992, Kyoto 1997) were ineffective. This echoes the Paris 

Agreement of 2015 and the Conferences of the Parties (COP) that have followed since then. 

Twenty years later, public opinion agrees that nothing has changed and trust in institutions 

to take climate action is weakened (EIB Climate Survey, 2022). In parallel, both individual 

denial and skepticism towards climate change persist. However, more and more researchers 

say that climate change is the biggest global health threat of the 21st century (as developed 

in 2011 by 25 authors in The Lancet, Vol. 373, No. 9676, 2009, or the hundreds of experts 

contributing to IPCC reports). 

There is a clear and long-lasting dissonance between what experts and leaders say about 

climate change and what is actually done. This phenomenon is known as "climate delay", 

and has been ongoing for decades. A group of social scientists (see Lamb et al., 2020) first 

identified this institutional discourse of top-down non-action. However, an individual, 

bottom-up mechanism of climate delay can also be identified. From this perspective, climate 

delay is more of a cognitive process of ignoring climate change and the pace of global 

warming. This climate delay tends to slow down the rise of ecological awareness and 

disorient or discourage climate action. The denial strategies, or resistances, are numerous 

and range from technological optimism (Morozov, 2014; Peeters et al., 2016) to 

greenwashing (L) (P. Jansen et al., 2021). In total, the authors identify twelve climate delay 

mechanisms. These can be summarized in four main discourses.  

(a) Redirecting responsibility. Institutions blame individuals and vice versa, leading to 

whataboutism – someone else should take action first.  

(b) Pushing non-transformative solutions. This discourse suggests that disruptive 

changes are not necessary, and that the ways of consuming or traveling can remain 

unchanged as long as one eats organic and drives an electric car. It also points to 

strategies like technological optimism, and the political game of “all talk, no action”.  

(c) Emphasizing the downsides of climate policies. This discourse focuses on the social 

boomerang effects of climate policies, pushing climate action behind other issues 

such as social justice, urban insecurity, health issues, or inequalities induced by 

patriarchy. 
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(d) And lastly, surrendering to climate change – it is too late and change is impossible. 

This list of climate delay discourses and mechanisms is expansive, but not 

exhaustive. Other “delays” still need to be identified. 

It is clear that taking action or effective leadership in climate change is subject to diverse 

frictions or resistances. These resistances exist at both an institutional and individual level 

and should be addressed at both levels, whether to enforce global policies or to make small 

changes in everyday life. A recent study by Carbone4 (2019) highlights that, in France, the 

carbon footprint must be reduced by 80% by 2050 to comply with the Paris Agreements. 

The study also shows that a 60% reduction must be achieved through a political and 

collective effort, such as decarbonizing industry, the agricultural system, freight, public 

services, etc. Individual commitment can reduce the carbon footprint between 25 and 45%, 

through significant behavioral changes (e.g., vegetarianism, soft modes, etc.) and actions 

requiring economic investment (e.g., thermal renovation, electric vehicles, etc.). 

The frictions in changing and adapting behaviors, that we call “resistances”, are also subject 

to cognitive mechanisms and more or less rationalized denial strategies that help people 

cope with other spheres of life or other pathologies of modern society. These "other 

pathologies" are diverse and will be studied throughout the thesis. For example, a relevant 

pathological phenomenon to mention is human exceptionalism (Catton & Dunlap, 1978:14-

20). Our society and our sciences (including Sociology) are fundamentally anthropocentric 

(L). Over the 20th century, anthropocentrism (L) was fostered by the prevalence and 

domination of progress in Western culture, leading to neglect of the ecosystem's dependence 

and forgetting that humans are one species among many (see Dunlap & Van Liere, 1978 

about the New Environmental Paradigm). This, combined with other pathologies like mass 

consumerism practices (L) in an affluent society, makes it difficult to recenter the ecological 

system of values on Nature and the Biotope. Here too, resistances operate. In parallel to 

climate delay and the perceived systemic inaction, every Intergovernmental Panel on 

Climate Change (IPCC) report, every Conference of the Parties (COP), and every ecological 

disaster expose more people to eco-anxiety. According to a recent international study 

published in The Lancet, 84% of 16-25 year olds are "at least moderately worried about 

climate change" (Marks et al., 2021). It provokes sadness, anger, helplessness, guilt, and 

moral suffering (Desbiolles, 2020) about the climate situation and recurrent environmental 

catastrophes. It also creates a "prospective (L) suffering", i.e., an incapacity to project 
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oneself into the future (as reported by Le Temps, 2021). Tobias Brosch, founder of the 

Laboratory of Decision and Sustainable Behavior (University of Geneva, Switzerland), 

explains that there are two main forms of eco-anxiety. There is the "rational" eco-anxiety. 

Rational in the sense that the reality of the climate situation is acknowledged but not 

paralyzing and not obstructive. On the contrary, it may lead to actions with more or less 

renunciations or restrictive ecological gestures. The other form is the pathological eco-

anxiety. This one is paralyzing, to the point of interrupting the normal course of life. 

We argue that anthropocentrism (L) and eco-anxiety are two pathologies that impede action 

against climate change. These phenomena shape the current context and characterize 

modern society, which is fast-changing, liquid (L) (Bauman, 2000), and complex (Morin, 

2021). This urban modernity is digital, feminist, queer, overpopulated (8+ billion people), 

globalized, delocalized, intellectualized, weakened by a fragile economy, and threatened by 

a precarious sanitary situation. 

Refocusing on everyday life mobility, "taking action" can be, for example, changing one's 

mode of transport. Cities want to reduce car use for reasons of sustainability (L), greenhouse 

gas emissions, spatial saturation, territorialization, sprawling, and segregation. These "urban 

pathologies" are widely acknowledged, but also "delayed" by non-action. This "modal shift 

delay" is both institutional and individual. However, the split of car, transit, and active 

modes has remained steady over the past 15 years, and cars still appear to be the preferred 

mode of transportation for many households. As analyzed with eco-anxiety and human 

exceptionalism, this PhD thesis explores the pathologies that delay actions, creating 

resistances to change and adapt activity-travel behaviors (L) in urban areas. 

2.2. SOCIO-SPATIAL CONSEQUENCES OF CAR USE 

One of the main motivations of this work is to address the issue of shifting exclusive car 

users' modal habits to greener practices (L). In this section, we briefly recall why it is so 

important to address car-related challenges from a sustainable development perspective. The 

ties between climate – in particular gas emissions – and mobility behaviors are strong and 

will be discussed throughout this thesis. It is therefore important to report the latest figures 

about infrastructure, energy consumption, greenhouse gas emissions, and spatial impacts of 

car use. We describe the Swiss case, and rely on reports and studies from the Federal Office 
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for the Environment (FOEN), the Federal Office for Spatial Development (ARE), and the 

Swiss Information Service for Public Transport (LITRA). 

2.2.1. (Economic) costs of car use 

Mobility brings a range of costs and benefits (FSO, 2019a). Some of these costs are directly 

supported by transport users, such as the costs of fuel or train tickets. The mineral oil tax 

contributes to road development and maintenance. Train tickets also contribute to the 

financing of railway infrastructure and rolling stock. The direct costs paid by transport users 

are referred to as “internal costs”. On top of these internal costs, there are costs that are 

generated by mobility but are not included in the price of mobility. Traffic noise affects the 

quality of life and health of people living near transport infrastructures. Traffic accidents 

also result in health care costs. Traffic congestion costs a loss of time and production (ARE, 

2019a). These are “external costs”. They are not borne by the transport users, but by 

collectivities or future generations. 

Today in Switzerland, investments for developments and maintenance of roads and rails 

networks are equivalent, with approximately 4500 million Swiss Francs invested in 2019 

(see LITRA, 2022 for more details and infographics). However, if roads and rails cost the 

same amount of money to public institutions – and therefore taxpayers – the external costs 

induced by private motorized vehicles (that impact the whole of society) are significantly 

higher than rail or any other public transit or active modes. Figure 2.2.1 shows the shares of 

the total external costs per passenger mode of transport. 

 

Figure 2.2.1 Shares of total external costs per mode of transport (ARE, 2019) 
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Quantifying the immaterial costs of passenger mobility (active, transit, and private modes, 

but not freight), the latest estimates show that private motorized vehicles account for 69% 

of external costs (ARE, 2019a). This calculation is partially based on the value of statistical 

life to assess sanitation costs, loss of life years, permanent disability, impacts on nature and 

landscapes, climate and environment, and building facade damage (ibid.). International air 

traffic accounts for 13%, active modes 10%, rail 6%, and road transit 2%. Note that freight 

was excluded from the calculations. Additionally, the external costs of active modes are 

mainly due to accidents, and are largely offset by the "external benefits" on health. 

2.2.2. Modal shares 

We have seen that there are equivalent investments in road and rail networks (LITRA, 

2022). In addition to public money investments, most of public transit operations are 

subsidized by the Confederation, the Canton, or the Municipality. This means that, while 

public authorities cover 15% of the costs induced by passenger road traffic, they cover 55% 

of the costs of public transit (FSO, 2019a). 

 

 

Figure 2.2.2 Modal split per passenger-kilometer (LITRA, 2022) 
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Over the past 60 years, the modal shares have kept increasing. Figure 2.2.2 shows the 

evolution of modal shares in passenger-kilometers. This unit combines the volume of trips 

per person with the distance traveled. We clearly identify the conjunctures and the rapid car 

use expansion parallel to territorial development patterns. Massive car adoption began in 

the 1950s, during the Glorious Thirty period, a period of intense economic growth in 

Europe. In terms of territorial development, cars allowed households to settle on the 

outskirts of cities while still having easy access to job areas. This was suburbanization. 

During this time, land-use development was mainly mono-functional and space was not 

limited. These prosperous times led to the 1980s, with a decrease in economic growth. At 

that time, people's domestic dreams remained the same: having a small piece of land in a 

single-family home. However, land was more expensive and rarer, which led to a 

densification of the outskirts of the city and a loss of comfort. This was periurbanization, 

following the dominant model of single-family pavilion housing developments, still mono-

functional. In terms of modal shares, Figure 2.2.2 displays a clear plateau for individual 

mobility during this period. The retrospective on conjunctures, mobility, and dominant 

patterns of land-use and territorial development will be further developed in the paper 

Uncertainties 2050 (Schultheiss & Kaufmann, 2023b). 

Looking at the rail transit, shares started to grow in the late 1990s. This is the result of an 

important investment plan in the rail system – Bahn 2000 (BAV, 2007) – from the Swiss 

Confederation. This Bahn 2000 plan consisted of modernizing the rolling stock, optimizing 

the existing infrastructure, increasing the quality of services, as well as reducing travel 

times, in particular to allow better connections, a higher number of links, and hourly 

intervals on more lines. It brought Switzerland to be one of the leading countries in terms of 

rail system operation. 

However, the gap between individual motorized modes and public transit remains 

significant, and transit can hardly compete with the flexibility of cars. The latest mobility 

and transport microcensus in 2015 reports that 78% of households own at least one car, and 

that the average daily distance per person has increased by 5% since 2000 (ARE, 2015). 
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2.2.3. Energy consumption and emissions 

Final energy consumption in Switzerland has increased almost five-fold since 1950. A 

stabilization has been observed since the beginning of the 2000s. In 2021, about 59% of the 

energy needs were covered by fossil fuels (FSO, 2022), which release CO2 when burned, a 

gas that reinforces the natural greenhouse effect and thus changes the climate system. From 

1990 to 2020, the share of renewable energy in final energy consumption increased from 

15.8% to 27.2%. Among the sectors that consume energy, we can define transport, housing, 

industry, services, and others. Transports constitute one of the main sources of final energy 

consumption, with 32.8% in shares. The housing consumptions follow, with 29.3%. Then 

come the industry and services with 19.5% and 17.3% respectively. 

 

Figure 2.2.3 Total shares of CO2 emissions per mode of transport (pax and freight, LITRA, 2022) 
in millions of ton equivalent 

But what about emissions? Based on conventions like the Kyoto Protocol, the Federal Office 

for the Environment recently documented a greenhouse gas inventory of Switzerland, 

covering the years 1990 to 2020. The report presents the emissions of synthetic gases (e.g., 

carbon dioxide, methane) that have an impact on climate. Note that emissions generated 

during the manufacture of imported goods abroad are not taken into account in the analysis 
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of Swiss emissions. It results that transports constitute not only one of the biggest 

consumption sectors, but also one of the main sources of CO2 emissions in Switzerland. 

40% of Swiss CO2 emissions are attributable to transport (FOEN, 2022b). Figure 2.2.3 

shows the total CO2 emissions shares per mode of transport, including passenger and 

freight, in millions of ton equivalent. 

For the sake of statistics and comparison, Figure 2.2.3 displays the emissions from 

international air traffic. As expected, the international air traffic holds a significant share of 

CO2 emissions, with 5.74 million tons equivalent. Yet, the focus of this research is urban 

mobility. Air traffic is another issue that goes beyond the framework of this research, like 

the international (and often forgotten) cargo freight traffic, which is another major source 

of CO2 emissions. Back to a territorial scale, the individual road traffic emits twice as much 

as international air traffic, with 10.6 million tons (FOEN, 2022a; LITRA, 2022). This 

represents 72% of the total transport emissions within Switzerland in 2019. Rail emits 0.2%. 

2.2.4. Territorial efficiency 

The densification of urban areas is causing issues of space availability. It is therefore 

relevant to question the territorial or spatial efficiency of a mode of transport. If individual 

motorized vehicles are that flexible and comfortable, it is mainly because the territorial grid 

of the road network allows it, and because a lot of street space is attributed to cars.  

 

Figure 2.2.4 Territorial efficiency: spatial coverage of roads and rail networks in Switzerland 
(INFRAS, 2020) 
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According to INFRAS (2020), 1.6% of the Swiss territory is covered in roads, and around 

5% if we only consider plateau (not the mountains). The average occupancy of cars is 1.6 

persons, meaning that most cars move almost empty. The average daily travel time is 90.4 

minutes (all modes considered), meaning that the car is parked roughly 95% of the time. 

From these perspectives, the street space dedicated to cars seems tremendously 

inappropriate. Some quantification of territorial efficiency exists, indicating that individual 

traffic requires approximately 60% more space than road or rail transit. In absolute terms, 

Figure 2.2.4 displays the surface, in hectares, dedicated to road or rail networks. 

As a result, roads take nine times more space than rail, with a relatively lower passenger 

capacity, and mostly to park immobile and empty cars. 

2.2.5. Irresistibility 

Finally, beyond economic, energy, or spatial arguments (Bigo, 2020), let us recall the social 

meaning and the social representation that the car embodies (Sheller & Urry, 2006). The car 

is an exceptional invention in terms of comfort and practicality. It is associated with a wide 

range of symbolic references such as spatial and social freedom offered to the greatest 

number (Malmberg, 1980; Tengström, 1992). By spanning distances, it became possible to 

settle conveniently in the suburbs while still enjoying the advantages of the city. For 

example, in her research about the instrumental, symbolic and affective motives for car use, 

Steg (2005) shows that commuters are the most strongly related to symbolic and affective 

motives, and less to instrumental motives. The car also provides access to speed, which was 

previously reserved for the upper classes. It bears values of “family, security, desire, 

professional success, masculinity and strength” (Oliveira, 2015). After the habitat, the car 

is the main commodity that provides individual status (Sheller, 2004).  

There is something irresistible about the car; so much so that neither the climate impacts, 

nor the external costs in terms of health, landscape, or accidents, nor the abusive spatial 

appropriation are enough to change car habits.  
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2.3. RESEARCH OUTLOOK 

Given the previously introduced socio-spatial context of car-use, and given the lack of 

success of urban transport policies in terms of modal shift, this research aims at deepening 

our understanding of the resistances underlying urban mobility behaviors and practices (L). 

2.3.1. Main objectives 

One of the originalities of this research is that we will use various entry points to study the 

resistances to change in mobility practices. This includes the analysis of transit supply and 

travel demand, home-making and residential aspirations, activity-travel locational and 

scheduling habits and modal practices, and techno-social uncertainties in the sustainable 

mobility transition. In particular, we aim at: 

● Identifying activity-travel pattern diversities to better understand the population 

needs, accounting for Hägerstrand’s constraints (L), time-space consumptions 

patterns, scheduling preferences, and activity organization; and questioning the 

dominant travel patterns that shape the public transit supply;  

● Discussing the phenomenon of modal captivity (L), through the prism of 

residential aspirations to question the long-term dependencies in mobility 

potentials and opportunities (e.g., lifestyles or ways of living (L), accessibility, or 

travel opportunities) 

● Investigating regularities and routines in people's everyday mobility, from both a 

spatial (e.g., familiar activity spaces (L) and locational preferences) and temporal 

(e.g., scheduling routinization) perspective; 

● Exploring the socio-spatial importance of home in the activity space (L) and daily 

pace of living. 

● Leveraging different disciplines and methods (methodological objective), and 

contribute to the interdisciplinary field of City Sciences; 

● Deconstructing the latent (L), micro-social and broader dispositions that yield 

resistances to change; 

● Acknowledging some of the constraints and urban pathologies (e.g., social 

acceleration (L), liquidity (L), uncertainty) that slow down the shift in behaviors 

and the sustainable transition. 
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The ultimate goal is to contribute – conceptually both operationally – to the renewal of urban 

mobility planning (L) by proposing novel on sociologically-informed approaches to better 

understand the resistances in behavioral change. The expected results are to better 

understand resistance to change in mobility behavior. 

2.3.2. Overview of the main entry points to explore resistances 

We propose five research contributions (scientific articles) to explore the resistances to 

change in activity-travel behaviors (L); and the related urban pathologies and 

constraints (L).  

First, in the paper “Gaps in public transit network” (Schultheiss, 2022) we will investigate 

how transport systems (particularly transit systems) are dominated by peak hours and 

commuters’ pace of living, and the access inequities this creates. Through the prism of 

public transport in the Canton of Geneva, we examine a form of systemic resistance. The 

work questions the uniqueness of transit supply (L), with respect to the diversity of travel 

needs. The public transit supply is unevenly distributed, and we identify certain segments 

of the population with complex activity-travel patterns (e.g. women, mothers) that tend to 

have a lower level-of-service and a lower accessibility. On the contrary, we identify 

segments (e.g. males, commuters) who always have the best conditions. 

Second, in the paper “Repeatable behavior” (Schultheiss & Kaufmann, 2023a) and the 

extension technical report (Schultheiss, Pougala, et al., 2023), we explore the locational and 

scheduling habits in multi-day activity-travel patterns. We use a mobility experiment 

(nudging and pricing) conducted over eight weeks with 3600 travelers to reveal different 

degrees of resistance to change habits. We question here the principle of daily stability and 

individual mobility behavior; and we assume that investigating repeatable behaviors can 

give us insight into a variety of resistances. We will explore these in both a spatial and 

temporal perspective. Regularity is an important property of individual activity-travel 

behaviors (L) and intrapersonal dynamics. It is closely tied to predictability and allows 

people to cope with unexpected events and coupling constraints (L). Most travel patterns 

are stable, and people tend to stick to scheduling strategies that work for them. A first portion 

of the research focuses on repeatability in time. It looks at scheduling habits through the 

chaining of mobility motifs (a graph that abstracts the individual's daily mobility project). 
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A second portion focuses on repeatability in space. It examines action space topologies and 

how they relate to modal practices (L). 

Third, in the paper “Urban proximities?” (Schultheiss, Pattaroni, et al., 2023), we examine 

urban interventionism. In particular, the recent trend in favor of urban proximity (L) 

planning that is controversial and debated among experts. We put this planning ideal of 

“having anything we need nearby for shorter or fewer trips” with residential aspirations and 

ways of living (L). For decades, the residential ideals have been driven by single-family 

homes, a private backyard, and a front-alley to park cars. Residential location-choice is a 

long-term decision that can have a decisive impact on everyday life mobility practices (L). 

We explore axiological and latent (L) resistances to change, as the social structure of the 

neighborhood must change to accommodate new residential lifeworlds. We find that a 

majority of dwellers aspire to tranquility and calm, rather than dense urban, functional 

morphologies. 

Fourth, in the paper “Data Domotopia” (Schultheiss, Puppo, et al., 2023), we describe a 

survey about “home”. Mobility is often associated with physical movement, but it is also 

interspersed with moments of immobility that can act as a source of resilience. This paper 

presents a survey design and data collection, that allow for the exploration of both 

microsocial and systemic resistances. We question the resources of stillness in a fast-paced 

world; and the resilience one can find at home to face stress, time pressures, and 

organizations of the different spheres of life. Home and domestic behaviors are taken as 

ways to cope with socio-temporal pressures. The resources found in stillness are integral to 

the daily organization of activities and travels.  

Fifth, in the paper “Uncertainties in mobility 2050” (Schultheiss & Kaufmann, 2023b), we 

shed light on various resistances originating in the different social discourses about the 

future of mobility, and develop the question of digitization with respect to urban mobility. 

This work provides an opportunity to consider the challenges of urban mobility in the 

coming years and decades, by exploring the range of techno-social uncertainties. 

Combined altogether, these varied scientific productions contribute to a better 

understanding of the resistances to change in urban mobility practices (L). 
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2.3.3. Research summary 

The rest of the thesis is structured into seven main parts, briefly described below. The thesis 

compiles a series of scientific articles that have been published and peer-reviewed, 

submitted to a journal, or publishable. 

Background of behavioral sciences. The objective of this section is to understand the 

theoretical concepts and literature that have been mobilized during the course of this thesis, 

and that underlie the conception of the scientific productions presented here. Deeply rooted 

in the field of urban sociology, the conceptual system developed is based on distinct 

scientific paradigms that will be clarified through an epistemological analysis. 

Given that this research is concerned with modal choice and behavioral analysis of daily 

mobility, we propose a synthesis of the determinants of daily mobility to understand the 

main factors that influence the establishment of a mobility routine. To complement the 

determinants identified by a literature review, we will focus on temporal and spatial 

invariants to understand and characterize temporalities and rhythms of mobility, as well as 

activity space (L) and spatial preferences. 

We will also discuss issues of rationality, which dominates transport planning. This provides 

a theoretical and practical framework around modal patterns and routinization. Finally, a 

theoretical synopsis is proposed to situate the research in its multidisciplinary field. 

Research Question and hypotheses: This chapter serves as a transition between theoretical 

positioning and the rest of the work, that is more empirical. It develops the main research 

question and associated hypotheses.  

Methods and data. With working material ranging from interviews to geo-referenced data, 

and topics ranging from residential aspirations to the analysis of public transport supply (L), 

including questions of domination and power, the field of urban science is approached by a 

diversity of mixed-methods. In this section, we propose to specify the methodological 

approach, calling for the renovation of traditional methods of analysis of urban phenomena, 

and in particular of mobility. The methods used in each of the scientific productions are 

introduced and discussed. This mainly involves data manipulation, statistical pattern 

recognition approaches, and advanced spatial analysis. The methods will be further detailed 
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in the scientific productions. The geographical approach of the case study is also specified. 

Finally, the datasets used in the analyses and more generally the data for research on human 

mobility, such as travel data, open data, and urban statistics. 

Exploring systemic, latent, and micro resistances. This chapter compiles the main research 

questions of the five papers we present in this doctoral work. We present below the research 

questions associated with each paper. 

Gaps in Public Transit Supply: A Perspective from the Daily Activity-Travel 

Organization of Travelers (2022) 

Are we all equal when it comes to the quality of the public transport supply? Do we all have 

the same freedom of choice and opportunity of accessibility? What happens on the fringe of 

the main places of interest, and around the peak hours that structure the rhythm of cities? 

And who is left out?  

Repeatable Behaviors: time-space regularity in a mobility experiment (2023) 

Do car users have greater freedom and flexibility when it comes to planning their activities 

and travels? Can we observe greater unpredictability in car-users’ behavior? Can we 

characterize multi-day travel patterns with respect to modal practices (L)? If so, can we 

unravel new ways to foster modal shift and overcome resistances to change? 

Urban Proximities? An Empirical Analysis of Residential Preferences and 

Residential Practices (2023) 

How far planning for urban proximities (L) will conflict with individual preferences and 

practices? Are urban proximities desirable from an individual perspective? What are the 

salient residential preferences? How did they evolve in the last decade? Where are these 

preferences spatially distributed? How large is the gap between preferences, location-

choice, and morphological attributes? What are the archetypical residential ways of living? 

Who aspires to what?  
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Data Domotopia: Introduction to the Quantitative Survey (2023) 

What does "home" mean and how is the home used in an ever-fast-paced world? How are 

the inequalities in domestic life transformed by time pressures? What role do the home play 

in daily life and activity-travel chain? 

Uncertainties 2050: trends, governance, urban smartness and urban 

economy (2023) 

What are the uncertainties brought by the different discourses about future urban transport 

systems? What impacts digitization have on urban mobility practices? 

Discussion and Conclusion. After synthesizing the scientific contributions brought to the 

question of resistances to change in modal practices (L) from the learnings and knowledge 

acquired in the different chapters and scientific productions of the thesis, this conclusion 

provides an overview of the results in the discussion. Additionally, some future works are 

suggested to continue the effort of improving the modal split in our cities. 

Finally, we propose a Lexicography in the Appendix. This lexicography is referred to in the 

body of the text with a “(L)”. This appendix is unfinished, and reflects the wide range of 

disciplines, methods, and theories that urban mobility encompasses. It raises social, 

planning, or territorial questions. This lexicographical work should be used as a glossary, 

helping to better understand the research stakes. 



 

 

 

  



 

 

 

  



 

 

3. BACKGROUNDS 

In his Nobel lecture, Daniel McFadden discussed the analysis of choice behavior 

(McFadden, 2001). He explained that "classical economic theory postulates that consumers 

seek to maximize their self-interest". Fundamentally, economic theorists have always 

considered heterogeneous preferences, but this was largely ignored in economic choices for 

a long time. According to Simon (1959), "the rational man of economics is a maximizer, 

who will settle for nothing less than the best". This model of "consumer" behavior has 

dominated demand analysis, but there has been a long history of questioning its validity and 

seeking alternatives (Ben-Akiva et al., 1999). 

In the 1960s, the rapidly increasing availability of microeconomic data gave 

econometricians an opportunity to take a closer look at the ways in which individual agents 

make decisions. Parallel to these technological developments, the fields of economics and 

psychology were brought together to provide major refinements of economic choice 

analysis. Earlier in 1927, the psychologist L.L. Thurstone proposed a formula known as the 

"Law of Comparative Judgment" which was designed to differentiate between an objective 

stimulus level, and the stimulus level perceived and stated by the patient. This law takes the 

form of the formula 𝑉!   +  ϵ! the alternative i with true stimulus level 𝑉! and the normal error 

associated with it, ϵ! ∼ 𝑁(µ,  σ"). Thurstone's work was later incorporated into economics, 

and is now widely used in the Random Utility Maximization models (Marschak, 1974). 

According to this model, “the probability that an alternative is chosen is defined as the 

probability that it has the greatest utility among the available alternatives” (Ben-Akiva et 

al., 1984:3). Initially, discrete choice models were applied to the binary choice of travel 

mode, and later extended to mode choice models with more than two alternatives, gaining 

traction in the early 1970s. The incorporation of these models into economics has been 

instrumental in understanding the decision-making process, helping to improve economic 

policy and decisions. 

In this thesis, we assume that the utility-based approach overlooks a significant portion of 

mobility behavior. Economists' standard models of choice processes remain theories of 
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rational choice. Individuals attempt to maximize their innate, stable preferences. They 

collect information on alternatives, use the rules of probability to convert this information 

into "perceived" attributes, and then go through a cognitive process. This process can be 

represented as aggregating the perceived attribute levels into a utility index, which is then 

maximized. As McFadden (2001:355-6) stresses, “the concepts of perception, preference, 

and process appear in both economic and psychological views of decision-making, but with 

different views on how they work”. Thus, it is clear that attitudes, affect, and motivation 

play a major role in the decision-making process. Taking this one step further, we need to 

disentangle the intricate relationships between the different scientific perspectives 

underlying behavioral analysis. 

The remainder of this chapter aims to introduce daily mobility as a complex social 

phenomenon. We recognize that understanding the dynamics of daily mobility requires a 

holistic approach that takes into consideration the various factors that influence it. To this 

end, we explain our epistemological positioning, review what the practice and literature say 

about the activity-travel determinants, and lastly describe selected behavioral frameworks. 

3.1. EPISTEMOLOGICAL POSITIONING AND PARADIGMATIC 

SPACES 

This section outlines the different branches of behavioral sciences we drew upon. It 

illustrates our epistemological positioning, describes the different paradigmatic spaces we 

found inspiration in, and discusses the meanings of "rationality". On Figure 3.1.5 (at the end 

of this section), we propose an “epistemological boxplot” to illustrate our positioning. 

3.1.1. Evolution of behavioral science 

Activity-travel behavior (L) patterns have captivated many scientific disciplines, from 

mathematical modeling to social psychology. Conceptually, the parallel development of 

economic choice and psychological approaches has enabled us to consider attitudes, beliefs, 

and motivations when studying choice behaviors. However, the hegemony of economic and 

technical thinking often overlooks other branches that are essential for understanding 

everyday mobility behaviors and urban dynamics. 
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In 1986, E. de Boer (1986:7-8) reviewed that the sociological approaches in transport were 

barely used before the 1970s, when it became a subject taught at TU Delft, and slowly 

appeared in the English and French literature. In 2000, Vincent Kaufmann (2000:3-4) 

observed that the state of knowledge on daily mobility and modal practices (L) was still 

poorly developed in the social sciences. The main achievements from the theoretical 

research were twofold. On the one hand, there was an ongoing discussion regarding the 

rationality of economic models. On the other hand, it was emphasized that the 

comprehension of everyday mobility necessitates an interdisciplinary approach, including 

sociology, social psychology, and social geography. This demonstrated that understanding 

our movements and activities, and their implications, requires a multidimensional approach 

from multiple disciplines to understand them accurately. These achievements remained 

prospective (L) at the time, and did not lead to the formulation of a general 

conceptualization. Kaufmann identified a dilemma that remains relevant today (ibid., p. 8): 

should we narrow the scope of the problem down, risking conceptual simplifications, or take 

a more open approach, which could lead to excessive complexity? 

In this context, recent developments in territories, transport systems, and communication 

systems have made mobility a constantly evolving field. It is distinct from basic A to B trips 

due to its social and spatial significance (Sheller & Urry, 2006). Traditional approaches to 

plan and forecast mobility are ill-equipped to handle the heterogeneity of behaviors over 

time, space, and social structures. As Grieco and Urry (Grieco & Urry, 2011:1) note, "the 

importance of social synchronization (L) in organizing travel and transport had been largely 

ignored within the study of transport". Mobility is also a divisive issue in today's society, an 

ecological protest, and a political instrument. Despite significant efforts, most urban 

transport policies seem to be failing, particularly with respect to modal shift. Exclusive car-

use remains a daily habit for many people. However, a growing number of people must 

move in resource- and space-limited cities. Making the observation that the theory of 

rational economic action is still widely spread in international literature, and with the new 

analytical resources available in data science, this work ventures to open up the behavioral 

analysis to greater complexity. This will encompass the analysis of daily activity-travel 

behaviors (L), but also public transit systems, residential aspirations, the digitalization (L) 

of urban mobility, the path dependency and the promises of prospects (L), or the effects of 

spatial and temporal habits in activity chains – as the rest of this thesis will develop. 
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Opening up behavioral analysis to greater complexity implies a need for a broad and 

intersectional disciplinary and methodological content. This makes it challenging to 

meaningfully reduce our work to a single paradigmatic posture. In the remainder of this 

section, we discuss two main paradigmatic spaces that underpin behavioral sciences (homo-

economicus and homo-sociologicus (L)), and we introduce other peripheral paradigms such 

as time-geography or the theory of planned behavior. 

3.1.2. Homo-economicus 

The theory of rational economic action (e.g., minimization of financial costs and travel 

times) is the dominant methodology for the analysis of mobility behaviors and discrete 

choice modeling. Well calibrated, these models generally make it possible to describe the 

observed situation, but they are not able to explain behaviors (V. Kaufmann, 2000). Ben-

Akiva and colleagues (Ben-Akiva et al., 1999:193-8) proposed a latent-based (L) utility 

function U = V(𝑋, 𝑋 ∗  ;  β) + with observed variables X, and unobservable variables X* to 

account for attitudes, perceptions, motivations, memory, and other psychological constructs 

in the model estimation. Since then, econometric models have become more advanced, 

incorporating more sophisticated methods and trained on larger, more diverse datasets. An 

example of this can be found in the work of Vij, Carrel and Walker (2013) in which a 

latent (L) modal preferences framework is developed. The model is illustrated in Figure 

3.1.1. 

Conceptually, their approach consists of revealing archetypical modality styles (i.e., class-

specific models) that are influenced by "lifestyle" (L) components and "mobility style" 

components. The lifestyle (L) refers to the characteristics of the individual and household, 

such as gender, income, level of education or household size. This first set of explanatory 

variables are basic sociodemographics traditionally employed in the economic theory of 

action. The mobility style includes constraints (L) yielded by long-term decisions, such as 

the residential location, or the vehicle ownership. The latent-class (L) approach allows for 

a richer and more realistic behavioral model as class-specific utilities are considered.  

More generally, the choices of activities, locations, modes, and routes are influenced by 

mid-term considerations (e.g. perception of the environment, sensitivity to cost or time) and 

long-term decisions (e.g. latent (L) traits and preferences) (Ben-Akiva, 1973). This forms 
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the basis of a class of models known as activity-based models. These models strive to be 

behaviorally realistic by recognizing that the need to do activities drives travel demand in 

space and time (Axhausen & Gärling, 1992; Bowman & Ben-Akiva, 2001). Although 

calibration data are often a limitation, activity-based models can – in their mathematical 

formulation – incorporate multiple dimensions such as activity participation, scheduling, 

spatio-temporal and interpersonal constraints (L), interactions between activity and travel 

decisions over time, interactions between individuals, and household dynamics (Pas, 1985). 

 

Figure 3.1.1 Example of a (sophisticated) model based on the homo-economicus paradigm 

Interestingly, after thirty years of developments, recent efforts have been made to include 

the effects of household or social circle interaction (Allahviranloo & Axhausen, 2018; Kim 

& Parent, 2016; Ronald et al., 2012), as well as longitudinal behavior (Arentze & 

Timmermans, 2009; Nijland et al., 2012). However, to be computationally tractable, most 

activity-based models rely on simplifying assumptions, which can overlook some 

behavioral complexity or the dynamic aspects of the decision process (Axhausen, 2000). 
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3.1.3. Homo-sociologicus 

Sociology takes a different approach to mobility behavior. 

Firstly, any movement in physical space (spatial mobility), implies the crossing of a social 

space, more or less metaphorically. This conception allows the exploration of the links 

between space and society such as the production of territories. On the level of everyday 

life, it allows the study of the succession of trips and activities, but also and foremost the 

successive social roles (Levy et al., 1997). For example, I leave home as a father, I arrive at 

work as an engineer, and go for lunch as a friend. This movement between different social 

spheres is also a movement between different socio-cultural environments. 

Secondly, unlike the homo-economicus paradigm, behaviors are not solely driven by a set 

of sociodemographics. Choices and behaviors are the result of a multitude of dimensions 

articulated in several levels of analysis ranging from the societal level (e.g., social order, 

culture) to micro-social phenomenon (V. Kaufmann, 2000). On a mesosocial and global 

level, spatial mobility patterns, rhythms, and time-space equilibrium are influenced by 

different features such as culture, globalization and the economy, the political space, and 

technological or urban systems developments. “Work as the epicenter, liberalism as the 

dominant ideology, technology, science and the control of space-time as values, the 

individual and their accomplishment as an ultimate goal are all features […] that influence 

the equilibrium and rhythms of the spatial mobility” (ibid.:22). On the micro-social level, 

activity-travel patterns are constrained by the orchestration of everyday life, and in 

particular the professional sphere, the domestic sphere, the leisure sphere, and lastly the 

engagement sphere (ibid.:30). 

Thirdly, the paradigm of homo-sociologicus (L) falls within the Weberian tradition. This 

implies that multiple logics of action (L) can be combined. We emphasized the deterministic 

and normative character of spatial mobility through social and spatial constraints (L). 

However, the homo-sociologicus paradigm also allows for an "individual latitude" in how 

a person conducts their life. This latitude is associated to the “way of living” in the literature. 

The ways of living (L) provide degrees of freedom in the individual's action, opinion, and 

values (V. Kaufmann, 2000:38). This individual latitude influences the individual 

capabilities (V. Kaufmann et al., 2004), where and how people spend their free-time (Y. 

Dubois, 2017:34), and more generally their time-use patterns (Kitamura, 2009). Thomas and 
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Pattaroni (2012) further developed the "ways of living" (L) as the result of three 

interdependent logics that shape the decision-making process. These logics are: (i) the logic 

of sensibility, which takes into account imaginaries and the unreasoned perception of the 

environment and their influence on one's behavior (e.g. cognitive experience, collective 

representations); (ii) the logic of functionality, translating the use of the environment for the 

fulfilment of daily activities (e.g. convenience, habits and routines); (iii) the logic of social 

interactions, which anchors the individual behavior within a larger and dynamic social 

context (e.g. household obligations, lifestyle choices (L)). 

In contemporary sociology, the homo-sociologicus is a concept within the current of 

pragmatic sociology (Boltanski & Thévenot, 1991), which takes into account both social 

determinism and the incorporated dispositions in the logics of action (L) and of justification 

(Lahire, 1998; Thévenot, 2006). 

3.1.4. Depth Sociology 

Gurvitch (1963:66-118) characterizes social phenomena in pluridimensional terms in his 

work on depth sociology. He proposes a stimulating decomposition of social phenomena in 

“layers”, which allow us to describe their complexity. Applied to everyday mobility and 

modal choice actions, the depth sociology approach sheds light on its determinants, which 

we will describe in the next section. 

Ten layers in depth are identified, ranging from tangible to intangible and from structure to 

process. According to Gurvitch, these layers are not hierarchical i.e., the deepest layer does 

not mean the most important. The number of layers and what they embody is flexible and 

case-specific. And all the layers are inter-connected as an indivisible system of systems 

(ibid.:70). Bassand, Kaufmann, and Joye (2007) further grouped these layers into three main 

systems for the analysis of urban mobility: urban morphologies, social practices (L), and 

collective representations. 

The morphological surface refers to urban forms and territorial densities, to the transport 

system, and to everything that is measurable in the flows of individuals. It is in this layer 

that the main levers for acting on modal shift are established, most often through implicit or 

explicit injunctions (L) to change, or through the exercise of financial and access control 

constraints (urban tolls, parking restrictions, etc.) (L). 
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Social practices encompass social organizations (such as religions, politics, industries, 

lobbies, and education), as well as social patterns that shape values, mentalities, and 

collective behaviors. Additionally, social practices (L) include the structure of households, 

lifestyle choices (L), and long-term individual and collective decisions between different 

spheres of life (professional, personal, family, leisure, etc.). 

Collective representations refer to collective attitudes, social symbols, ideas, and values 

(Gurvitch, 1963:89), as well as socialization, perceptions, and patterns of action and routine 

(Buhler, 2015). An example of the importance of collective representations is the value 

associated with cars. While cars were once a symbol of freedom and emancipation, they are 

now mainly seen as functional and comfortable. In some cases, they can even carry negative 

values. 

 

Figure 3.1.2 Example of different urban networks according to Dupuy (1991), based on depth 
sociology paradigm and system thinking 

The depth sociology can be seen as an attempt to conceptualize the relationships between 

individuals, society and the environment. Other works use the concept of layers to study 

urban systems, such as "spheres of experience" (Pattaroni et al., 2009) or "overlapping and 

interacting urban networks" (Buhler, 2015; Dupuy, 1991; Lefebvre, 1974). These networks 
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can be further divided into networks of technique, production-distribution, urban 

households, and social groups. Figure 3.1.2 illustrates three levels of urban networks drawn 

from Dupuy’s concept of “city operators” (Dupuy, 1991:115). 

The Gurvitchian approach is close to systems thinking, widely used in urban ecology. In 

very generic terms: each system is interrelated and interdependent, influenced by its 

environment, and defined by a function. Changing one part of the system can affect other 

parts or the whole system. Contemporary authors representing system thinking are Donella 

Meadows with her best-selling book Thinking in systems (2008), Robert Fishman in 

Metropolis Unbound (1990), Robert Goodspeed in the Evidence and theory of cities as 

complex systems (2022), Edgar Morin with his approach of order, disorder and complexity 

(1981), or James Lovelock with the Gaia hypothesis (2000). 

3.1.5. Social Psychology 

Social psychology provides a nuanced view of the homo-economicus by examining 

behaviors not solely from an instrumental and goal-directed perspective, but also from the 

perspective of intentions, attitudes, and preferences (Kroesen et al., 2017). Van Acker et al. 

(2010:221) propose a conceptual model of travel behavior integrating social psychology in 

their reference paper “When transport geography meets social psychology”. This model is 

illustrated in Figure 3.1.3. They argue that the integration of individual attitudes, intentions, 

preferences, and perception make it possible to consider more heterogeneity in the 

population, overcoming the traditional socio-demographic segmentation of the population. 

They also put the activity-travel behavior (L) in perspective with lifestyles (L), and 

opportunities and constraints (L) at the individual, social, and spatial levels. 

Considering that actions are controlled by intentions was introduced by Icek Ajzen (1985). 

He explains that (ibid.:11): “Being neither capricious nor frivolous, human social behavior 

can best be described as following along lines of more or less well-formulated plans. […] 

Some parts of the plan are more routine, and require less conscious thought than others.” 

Thus, the rationality of behaviors is taken into account, in a sense that individuals pursue 

reasonable, coherent, or even automated strategy according to their own beliefs and values. 

At the same time, some subjectivity or impulsiveness can alter the intentional plan (e.g., I 

had the intention to go to groceries after work but I met a friend on the way, so I will go 
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tomorrow). “Intentions are assumed to capture the motivational factors that influence a 

behavior; they are indications of how hard people are willing to try, of how much of an 

effort they are planning to exert, in order to perform the behavior” (Ajzen, 1991:181). 

 

Figure 3.1.3 Conceptual model of travel behavior integrating social psychology, by van Acker, van 
Wee and Wiltox (2010) 

Ajzen describes three determinants of intentions, two of which are centered on the 

individual, and the other reflecting social influences. The first determinant is termed 

“attitude toward the behavior”. It refers to the individual’s evaluation of the (subjective) 

probability that the behavior will produce a positive or negative outcome. The second 

determinant influencing intention is an individual's perception of the social pressures or 

support to either perform or not perform the behavior in question. It is termed “subjective 

norm.” The third determinant is the “perceived behavioral control”. It is the perception of 

the resources and opportunities available to a person and refers to capabilities and 

confidence to overcome barriers and challenges (perceived, because the decision maker acts 

with a partial knowledge of the utilities). Behavioral control or self-efficacy (as termed in 

Bandura, 1991), can influence choice of activities or preparation for an activity (e.g., activity 

scheduling, location choice). Back to the field of urban mobility, Kaufmann (2003) 

introduced the concept of “motility” that echoes with behavioral control. Motility defines 
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an individual's capacity for spatial movement. It comprises three distinct components: social 

accesses, knowledge and skills, and desires and aspirations. Social accesses refer to the 

conditions that enable individuals to make use of available transportation options. 

Knowledge and skills refer to the necessary proficiencies to use these transportation options. 

Desires and aspirations refer to the motivations that drive individuals to make use of these 

transportation options. Together, these three components are essential to understanding an 

individual's capacity for spatial movement. 

3.1.6. Time-geography 

As reviewed by the Geographers Golledge and Stimson, “an innovative and instructive 

approach to the study of time, space and human activities is what has become known as the 

Lund time-geography approach” (1997:268). Time-Geography analyzes behaviors in the 

basic dimensions of space-time, within a “situational context”. Hägerstrand (1970) develops 

an approach that articulates constraints (L) on behavior in terms of physical path (e.g., areal 

extension, duration in time), and activity projects. In this approach, the constraints are 

divided into three main classes: capacity constraints, authority constraints, and coupling 

constraints. Capacity constraints refer to the physical ability or capacity of individuals to 

move around and engage in activities; authority constraints refer to the rules, regulations, 

and laws that govern behavior and activities; and coupling constraints refer to the temporal 

and spatial links between activities. By taking these constraints into account, Hägerstrand's 

approach provides a comprehensive framework for analyzing the behavior and activities of 

individuals. An example of typical time-geography representation is given in Figure 3.1.4. 

Above, we saw that homo-economicus integrates instrumental rationality. Homo-

sociologicus (L), on the other hand, integrates the influences of social order, culture, and 

action logic. The field of social psychology adds attitude, motivation, and intention, as well 

as the notion of capabilities. And time-geography furthers these paradigms by projecting 

mobility in space and time, bringing critical elements to behavior analysis. It takes into 

account activity space (L), action space, activity scheduling, organization, and urban 

rhythms. This echoes Henry Lefebvre's project (1992) of analyzing society through rhythms, 

referred to as rhythmanalysis. These include biological rhythms, but mostly urban and 

techno-social rhythms (peak hours, facility openings, public services, etc.) 
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Figure 3.1.4 Example of a familial mobility project from time-space geography prism inspired by 
Walford (1981) 

3.1.7. Computational Sociology 

The approaches mentioned above are either complex and conceptual, or simplified and 

operational. They have theoretical overlap and complement one another, yet their 

applications remain distinctively disciplinary. 

A new research paradigm has recently emerged around city sciences, called computational 

sociology. Scientifically grounded in social sciences, humanities and information science, 

computational sociology uses computationally intensive methods to analyze diverse social 

phenomena. To date, research on human behaviors has relied mainly on one-time, self-

reported data. But new technologies “offer a moment-by-moment picture of interactions 

over extended periods of time, providing information about both the structure and content 

of relationships” (Lazer et al., 2009:722). By leveraging new kinds of data, computational 

sociology brings new opportunities in research, such as studying temporal dynamics at both 

a micro and mesosocial scale. “A computational social science is emerging that leverages 

the capacity to collect and analyze data with an unprecedented breadth and depth and scale” 

(ibid.) 
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A particularity of computational sociology is the use of a wide variety of data sources to 

explain a social phenomenon, such as daily mobility. For example, mobile phone data makes 

it increasingly easy to track the movement of people (González et al., 2008). It is now 

possible to monitor large-scale events in real time, and sensors or data sources are pervasive 

(smart badges for accessing public transport, gps tags on vehicles, social network content, 

online orders, etc). 

While computational sociology brings new opportunities to study urban mobility, there are 

also pitfalls to avoid and obstacles to overcome. The pitfalls mainly concern the 

incompleteness of data, in a sense that the population may be biased (e.g., only users who 

have a smart card for public transit, or a mobile plan from a certain operator). It is also 

common practice to turn a data into a proxy for explaining a social phenomenon (e.g., 

deduce locational behavior and mobility diary from cell-phone network activity). On the 

data side, another challenge is the access to data, and data privacy, as most of the data 

involved is sensitive (de Montjoye et al., 2013). 

3.1.8. Synthesis: different logics of action 

In conclusion, the formulation of these different paradigmatic spaces revealed overlaps, but 

also conflicting conceptual points, in particular about determinism and rationalities. The 

multiplicity of disciplinary fields to study a research object requires the use of different 

languages, peculiar to each discipline. The definition given to the “logics of action” (L) in 

each of these different fields contribute to the disciplinary divide that prevails today. As 

developed by Kaufmann (2002:79) the study of the logics of action (L) is an important 

theoretical issue. The social action follows a combination of logics or rationalities (Elster, 

1986), that are more or less deterministic. 

Determinism 

Before any further development about the different meaning of “rationality” in the different 

disciplinary fields, the notion of “determinism” needs to be clarified. 

The Dictionnaire critique de la sociologie (Boudon & Bourricaud, 2011:160-7) recalls that 

historically the Laplacian conception of determinism indicated that if the state of a system 

at a time t is known, then it is possible for an omniscient observer to predict the state at t +
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1,   … ,  t + k. In econometrics, determinism is reflected in the structure of the model. For 

example, a model that is free of a stochastic component is said to be deterministic. Each set 

of variables is uniquely determined by the parameters of the model, which remain invariant, 

without any random component. 

Determinism in sociology is a widely discussed concept. It takes roots in the holist 

paradigm, i.e., all behavior is the result of the unconscious social constraint that is exerted 

on individuals. The individual would not choose their action, nor are they really free to act 

as they wish, and is constrained by social structures. 

Thus, contemporary sociology surrogates the Laplacian vision by a more complex vision, 

where the determination of systems is variable and certain social systems are subject to 

different degrees of determination, and where the more or less determined character of a 

system would be the result of the structure of the system itself (ibid.). Each sphere of activity 

in daily life has a dominant logic of action imposed by the social structure. Individual 

latitude also offers degrees of freedom in the logics of action (L), alternating between logics 

of performance and logics of values (V. Kaufmann, 2000:80). 

In both mathematics and sociology, determinism is often considered as a pitfall to be 

avoided, but it can be a source of misunderstanding when it comes to communication 

between the two disciplines. 

Rationalities 

In behavioral sciences, the notion of rationality is used in several ways (Boudon & 

Bourricaud, 2011:479-487). 

Simon (1959) developed the distinction between "perfect" and "bounded" rationality. The 

classical concept of perfect rationality assumes an omniscient individual who can gather and 

store large quantities of information, perform very complex computations, and make 

consistent decisions based on those computations. Bounded rationality recognizes the 

constraints on the decision process that arise from limitations of human beings as problem 

solvers with limited information-processing capabilities. 

In the tradition of economic science (Pareto, 1968), an action is said to be rational when the 

means are objectively well adapted to the purpose of the action (bounded rationality). In the 
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scientific literature of modern economy (Ben-Akiva & Lerman, 1985:38), the concept of 

rational behavior is used to describe the decision process itself. In general, it means a 

consistent and calculated decision process in which the individual follows their own 

objectives, whatever they may be. It stands in contrast to impulsiveness (individuals respond 

to choose situations in different ways depending on their variable psychological state) and 

irrationality (individuals pursue contradictory goals or inconsistent preferences). In the 

model of the homo-economicus, it is assumed interchangeable individuals with identical 

rationality, regardless of particular psychology, attitudes or incorporations. The logics of 

action (L) underlying the rational choice model implies for example that a commuter, under 

identical circumstances, will repeat the same choice of mode, and if mode one is preferred 

to mode two and mode two is preferred to mode three, then mode one is also preferred to 

mode three (ibid.). 

In sociology, the Weberian approach (Weber, 1922) suggests that multiple logics of 

action (L) can be combined (tradition, affective, purpose, values). The logic of tradition is 

driven by conformity to past habits and customs, as well as the experience and life history 

of the individual. The affective idealtypus of action are driven by feelings, passions, 

emotions, or families. Furthermore, a distinction is made between rational action with 

respect to purposes (Zweckrationell), and rational action with respect to values 

(Wertrationell). We can therefore qualify an action adapted not to purposes but to values, 

and vice versa. In the model of the homo-sociologicus (L), rationality depends on the social 

characteristics of the actor, as well as the values in which they believe. 

Going further, Kaufmann (2000:80-7) contends that these distinct logics are essential to 

comprehend why resistance to change in car-use persists. Translating the Weberian theory 

on mobility-related choices, and considering economic science intakes too, Kaufmann 

defines four rationalities. These are the “economic rationality” (utilitarian approach), and 

the “axiological rationality” (or rationality in values, which refers to the values and beliefs 

of the person). Economic rationality would be a particular case of axiological rationality: 

the case in which the user bases their choice on the two objective values of time and money. 

The “perceptive rationality” depends on the perception of the situation, thus on the 

experience and life history of the person. It echoes with the idea of the bounded rationality 

aforementioned. Lastly, the “rationality in habits” (ibid.:85). Making choices implies effort: 

searching for information about the alternatives and the effort of comparative 
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experimentation. It can therefore be rational to make a choice once and for all, because the 

automatism of habits is a comfort. Habits being constitutive of ways of living (L), they 

would constitute an important obstacle to shift in modal practices (L). When combined, the 

four rationalities (economic, axiological, perceptive, and habits) therefore constitute the 

logic of action. 

Research posture 

Finally, the field of socio-psychology (in which reasoned action and planned behavior 

originate) nuances the dichotomy between rational and irrational. As stressed by Ajzen 

(2011), one must make the difference between the rational and the reasoned. Even though 

people do not deliberate before engaging in any behavior, people's intentions are assumed 

to follow their beliefs about performing a behavior in a reasonable, consistent and often 

automated way. This echoes with other works from van Acker et al., who point out that 

some homogeneous groups (in socio-economic terms) behave differently, precisely because 

of heterogeneity in people's reasoning (van Acker et al., 2010). The literature designates this 

approach with the term “intentional actor”. 

 

Figure 3.1.5 Spectrum of behavioral paradigms in urban mobility (selected disciplines, paradigms, 
and hypotheses) 

Our epistemological posture is at the intersection of two main branches of contemporary 

behavioral sciences: the homo-sociologicus (L) and the homo-economicus. The posture is 

illustrated in Figure 3.1.5, which graphically opposes the homo-sociologicus and the homo-

economicus. In this thesis, we seek to bridge these traditionally opposed research paradigms. 
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On the left side of the diagram, we discussed that choices and behaviors are the result of a 

multitude of dimensions articulated in several levels of analysis. The depth sociology 

proposed by Gurvitch in 1963 aligns with system thinking proposed by Meadows in 2008 

to consider interdependency in the different levels of a social phenomenon. Pragmatic 

sociology, as conceptualized by Lahire in 1998 and Thévenot in 2006, considers the logics 

of action (L) and allows for a multi-scale consideration of action, ranging from mesosocial 

to microsocial phenomenon. The theory of planned behavior proposed by Azjen in 1991 

brings intentionality, attitudes, and perceptions into choice behaviors. Time-geography, as 

proposed by Hägerstrand in 1970, focuses on spatio-temporal constraints (L) in behavioral 

analysis. It echoes with rhythmanalysis, as proposed by Lefebrve in 1992, which allows for 

consideration of urban paces in the scheduling and locational choice behaviors. 

On the right side of the diagram stand more operational research fields. Rational choice 

modeling is dominant in the scientific literature and in the practice of transportation 

planning. We saw that the latent-based (L) approach allows for statistical considerations of 

phenomena that are not directly observable in the data. Recently, a few machine learning 

approaches have also tried to compete with mode choice modeling (Hagenauer & Helbich, 

2017). Computational sciences are very present in flow analysis and visualizations (e.g., 

Vazifeh et al., 2018). Thanks to the development of sophisticated integrated Land-Use and 

Transport models, it is now possible to analyze changes to the transportation networks, the 

land-use, and the population, as well as simulate scenarios with forecasting methods (Y. 

Han et al., 2017). Today, land-use and transport models are probably the most advanced 

formal tools to simulate millions of trips on large-scale areas, involving demographics and 

land information (Bierlaire et al., 2015). While these approaches are relevant and insightful, 

they open up a wide range of perspectives to improve traditional discrete choice modeling. 

However, we believe that utility-based approaches will continue to overlook a large part of 

the mobility behavior in order to remain computationally tractable. 

The development of data sensing, calculation, and storage capacities has recently led to the 

emergence of the field of computational social sciences, which has become popular among 

both practitioners (due to its operationality) and researchers (due to its interdisciplinary 

nature). It is based on a combination of advanced statistical, modeling, and visualization 

methods. It uses various types of data to make significant contributions to the research in 

city sciences, particularly in the analysis of activity-travel behaviors (L). It is theoretically 
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grounded in social sciences, humanities, and information science. From that perspective, 

this thesis mainly overlaps with the paradigm of computational sociology. It does not aim 

to make direct disciplinary contributions, but to deepen the understanding of behaviors by 

leveraging existing concepts, tools, and methods. 

3.2. ACTIVITY-TRAVEL BEHAVIOR DETERMINANTS 

Explaining activity-travel behaviors (L) requires a variety of determinants, such as 

sociodemographics, attitudes, intentions, social organizations and injunctions (L), norms, 

and urban pace. The literature on activity-travel behaviors is extensive, and largely focuses 

on how the built environment impacts mobility patterns. From a sociological perspective, 

social practices (L) and collective representations are just as important as morphologies 

(Gurvitch, 1963). Methods for exploring attitudes, motivation, and personalities are either 

qualitative and ad-hoc empirical experiences (Bamberg, Ajzen, et al., 2003), or based on 

latent (L) variable analysis (Bagley & Mokhtarian, 2002). A few works attempt to provide 

more holistic behavioral frameworks that integrate determinants of both reasoned and 

unreasoned actions (e.g., van Acker et al., 2010). 

Based on the Gurvitchean methodology of depth levels, Bassand et al. (2007) 

conceptualized the determinants of daily mobility through a three-dimensional approach. 

This approach encompassed the morphological surface, social practices (L), and collective 

representations. The morphological surface refers to urban forms, territorial densities, the 

transportation system, and other measurable and observable elements. The social 

practices (L) aspect includes the cultural background of individuals, the societal dynamics 

of the environment they interact with, household organization, life choices, and long-term 

individual and collective trade-offs between different spheres of life (professional, personal, 

family, leisure, etc.). Finally, collective representations refer to perceptions of the context 

and its opportunities, modes of action and routine, and social injunctions (L). 

Thomas Buhler establishes a causal relationship between modal practices (L) and habits, 

questioning the paradigm of the individual decision maker (Petit, 2003). He identifies three 

dimensions to explain the automobile habit (Buhler, 2012): territory, time, and 

representations. Territory refers to highly rational and optimizationist socio-spatial 

practices (L). Time, which was mainly utilitarian and an indicator of duration, or even an 
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invariant determinant (Crozet & Joly, 2004; V. Kaufmann et al., 2004), is put back to the 

research focus. This includes questions of synchronization (L) of the family sphere (V. 

Kaufmann & Flamm, 2002), or the rhythmanalysis (Antonioli et al., 2020; Lefebvre, 1992). 

These open up notions of recurrence, habituation, and learning (Rigal, 2018), as well as 

issues of social acceleration (L) (Rosa, 2014). The individual representations return to the 

theory of planned behavior (Ajzen, 1991), and the idea of perceived behavioral control. We 

also explained that the aptitude for mobility, or the potential for mobility, is conceptualized 

by motility. This is declined through access, competence, and aspiration. These capacities 

are characterized by an actualization between the actual and the virtual (Lévy & Lussault, 

2003:996). From then on, mobility capital (V. Kaufmann et al., 2004) is not fixed, and can 

be self-regulated. The notion of Motility provides a perspective on patterns of action, habits, 

strategies, and changes in usage (V. Kaufmann & Jemelin, 2004). 

 

 

Figure 3.2.1 Activity-travel behavior determinants 
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In the light of the paradigmatic spaces and the different logics of action discussed in the 

previous section, we propose an organization of activity-travel determinants into four 

pillars: the person, the collective, the morphologies, and the diachrony. The four pillars are 

summarized in Figure 3.2.1, and will be further described in the remainder of this chapter. 

Similarly to the Gurvitchean approach of a social phenomenon, the pillars are inter-

connected and not hierarchical. 

3.2.1. Person 

The first dimension of determinants in activity-travel behaviors (L) is centered on the 

individual. It relies on the four rationalities highlighted above, namely the utilitarian, the 

perception, the axiological, and the habits. 

Persons seek to travel in a fast, affordable, convenient, and comfortable way. These 

determinants are dominant in the tradition of transport and behavior analysis, and are based 

on the utility maximization approach. Going further, the idea of perception brought by the 

theory of planned behavior implies that an individual may not be objective nor exhaustive 

in its decision making. The decision making is also influenced by values and attitudes 

(axiologic determinants). “[…] the utility that any traveller maximises is not only 

mercantile. Pleasure, sensitivity, self-representation are an integral part of our being in the 

world” (Orfeuil, 2008). A simple illustration is the informal relationship people develop 

with their favorite means of transport (Belk, 1988) and the self-satisfaction resulting from 

materialism, or frugal lifestyles (L). It drives the pursuit of happiness, influences people’s 

choices and arbitrations (Richins & Dawson, 1992). These affect the way people consider 

their daily mobility. It may also create a cognitive dissonance between the individual values, 

the attitudes, and the actual behavior. Individuals may acknowledge that exclusive car use 

is incompatible with their ecological values, they keep using car every day. Such dissonance 

will be further explored in the rest of this thesis. 

3.2.2. Collective 

The second dimension is the collective determinants, which unfolds as the coupling 

constraints (L) existing in between the different spheres of life, the representations, the 

subjective norms, and the social organizations. 
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Also, from a traveler's perspective, mobility is a link between different spheres of life, such 

as the domestic or professional sphere (coupling constraints (L)). Mobility is a means to 

achieve an activity. Although travel, i.e. physical movement in space, is often individual, it 

is part of interpersonal strategies (e.g. within the household). Movement is also part of urban 

rhythms. This echoes with the work of Hägerstrand (1970), and illustrates the 

interdependency of the four pillars identified. Hägerstrand proposed to group the constraints 

affecting travel behavior in time-space terms. The authority constraints (overlaps with the 

morphology pillar) refer to morphologies and all location and schedules imposed by 

institutions (e.g. work, school, shops) that force a certain pace in society. These can be seen 

as static constraints for daily mobility, widely exploited by authorities to convey implicit 

injunctions (L) towards modal shift (e.g. reduce the volume of parking lots, urban tolls). The 

capability constraints (overlaps with the “individual” determinants), are the biological, 

physical, material, cognitive possibilities to move as well as the restrictions to movement. 

Temporal and financial resources for conducting activities and making trips also fall in 

capabilities (or motility). Lastly, the coupling constraints define when, where and for how 

long the traveler has to join other individuals, tools, and materials in order to produce, 

consume and transact. Coupling constraints are subject to different forms of social 

injunctions (L) – often unreasoned – to move faster, farther (Vincent-Geslin, & Kaufmann, 

2012). It reveals some dependencies to the social environment. In that sense, the structure 

of the traveler’s social network – such as network composition or physical distance between 

network members (van Acker et al., 2010) – plays a major role in travel behavior and form 

a set of predispositions to accessibility and mobility practices (L) (Munch & Proulhac, 

2019). 

Moreover, if the trip appears to be a simple step in a daily chain of trips (which begins and 

ends at home), it is also part of an organizational logic spanning several days, perhaps a 

week or two. Some activities not fully time-constrained can be done today, or postponed to 

tomorrow if necessary. All of this contributes to the implementation of a daily mobility 

project that takes on its full complexity in its spatial and social meaning. 

The dissonance aforementioned links the individual practices (L) to collective 

representations and the subjective norms. A former mayor of Bogotá explained that “an 

advanced city is not a place where the poor move around in cars, rather it’s where even the 

rich use public transportation” (Peñalosa, 2013).  From a psychosociological perspective, 
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car – as an object – may represent a social stature and an idea of freedom that reinforces the 

mobility capital (V. Kaufmann & Jemelin, 2004). For others, the car represents only 

constraints and embodies individualism, space inefficiency, and gas emissions. 

Lastly, social organizations are also determinant in activity-travel behaviors (L). Social 

organizations are the politics, industries and lobbies, media, or social networks. For 

example, individual emancipation happens earlier today through social networks, which 

impacts the need for being mobile and questions the necessity of the car as an emancipatory 

object. In addition, the financial pressure commonly exerted on motorists (tolls, fuel prices, 

parking difficulties, etc.) has pushed mobility to become a service. Many innovative 

solutions emerge on the market, encouraged by a strong media and advertisement coverage 

(e.g., on-demand shuttles, on-demand food-delivery, carpooling). 

The impacts of collective determinants originate in both a mesoscopic (social organization, 

subjective norms, and representations) and micro-social scale (coupling constraints and 

intra-household negotiations). 

3.2.3. Morphology 

In the field of urban design, it has been widely admitted that urban forms do play a role on 

human behavior (Ford & Appleyard, 1983) and are determinant in the understanding of how 

people move . It has also been stated that a convenient urban environment enables physical 

activity and makes the city more valuable, in addition to all the other social benefits 

generated (Bosselmann et al., 1999; Cervero & Kockelman, 1997; Leinberger & Lynch, 

2016). Therefore, actions are undertaken to revive city centers by designing and providing 

people-oriented spaces and services. Specifically, for urban mobility, authorities re-

encourage the use of public transportation by making it affordable, faster, and by densifying 

the network with higher linkage. Likewise, from a land-use perspective, offering a wider 

variety of services within a walk-access perimeter, and developing mixed-use 

neighborhoods and easy access to major facilities are other forms of incentive. 

Handy (2005) defines the built environment by the land-use pattern, transportation system 

and architectural design. She reviewed and assessed empirical evidence that supports the 

relationship between the built environment and travel behaviors. In parallel, Lynch (2005) 

proposed a method to evaluate cities’ forms. He describes how people perceive 
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morphologies in terms of paths, edges, districts, nodes and landmarks – also known as 

spatial cognition, often referred to as mental maps that highly depend on modal 

practices (L). Chorus and Timmermans (2010) showed in particular that traveling by active 

modes leads to mental maps closer to the spatial reality. The perception of morphologies 

also influences mobility behaviors: mixed-used neighborhoods tend to produce a higher 

walkability, and the forms of places and streets influence life between buildings (Appleyard 

& Lintell, 1969; Gehl, 2006). Another review of 50+ empirical studies (Ewing & Cervero, 

2010) support that changes in morphologies have the potential to moderate travel demand 

and to influence modal preferences in the long-term. Even though research has identified 

morphological dependencies for a long-time, practitioners have only recently adapted their 

design and planning methods. 

Ewing and Cervero (2010) reviewed works that measure to what extent the built 

environment – and land use variables – influence travel behaviors. The purpose of their 

meta-analysis is to measure the magnitude of such relationships. They found that not all the 

travel variables are sensitive to the same land use variables. In fact, urban forms are barely 

affecting averaged travel behaviors. But when decomposed: walking is more related to land 

use diversity, intersection density and the number of destinations within walking distance; 

distances traveled by car are related to measures of accessibility to destination; and public 

transit is rather related to the proximity to transit. The authors also stress that the existing 

literature on travel behaviors and the built environment is substantial. Measurements of the 

built environment have converged towards the five Ds: Density, Diversity, Design, 

Destination accessibility and Distance to transit. 

Crane (2000) proposes an interpretative review of the causalities between urban forms and 

travel behaviors. He introduces his argument by identifying two major facts for planners. 

The first one is related to the path dependency of cities (overlaps with the diachrony 

determinants). Planners have to deal with the existing forms, and with the historical 

development of the urban area. For example, the car-dominated urban landscape has 

anchored car-dependent travel habits, developed urban sprawling. It has also pushed the 

comfort and flexibility expectations at a high level. The second fact concerns the 

stakeholders participating in the making of the territory. Diverse stakeholders are actually 

involved, with competing goals and different scales of intervention. Building on this basis, 

the examination of the literature shows that travel behaviors can be measured through a 
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variety of proxies (e.g. traveled distance, car ownership, congestion, speed time), as well as 

urban forms and land-use (e.g. density, extent of land use mixing, traffic calming, street 

pattern). Additionally, several methods exist for analyzing the causalities between forms 

and travel (simulation, description or multivariate analyses), as well as several structures of 

data (origin-destination pairs versus trip routes, composition of trip chain and tours, and 

level of data aggregation). Such inconsistency and complexity in the relationships between 

forms and travel compromises the understanding of it. The author concludes the article by 

highlighting three lessons applicable to studies of urban forms and travel linkage. First, to 

link the neighborhood design characteristics to price and cost variables to create a systematic 

framework. Second, to carefully choose the geographic scale. Third, to integrate the 

residential strategies and residential location choice. 

Cao et al. (2009) propose an article about the attitudinal bias that exists in the observed 

associations between the built environment and travel behaviors. By putting in perspective 

38 empirical research, they question the extent to which residential self-selection and 

preferences in dwelling and traveling do impact the assessment of causalities between the 

built environment and travel behaviors (ibid.:360). Self-selection refers to “the tendency of 

people to choose locations based on their travel abilities, needs and preferences”. They 

identified nine methods and approaches in the literature that address these built environment 

and travel behavior causalities. 

3.2.4. Diachrony 

Understanding why the dominant household model remains motorized imply a diachronic 

consideration of the different systems and choices. We think here of the ways of living (L), 

biographic events, the path dependency, and the prospective (L) (Dupuy, 1991). 

As previously discussed, individual capacities are indeed predefined by the ability of 

individuals to travel. But disposing of a car in favor of public transport or active modes 

implies above all a consistency with long-term decisions that come before the 

implementation of a daily mobility routine. In fact, travel patterns are the result of a 

hierarchical decision process, ranging from long- to short-term decisions (Ben-Akiva, 

1973:69). Van Acker et al. (2010:220) explain this process as a hierarchy of “reasoned” 

choices. 
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In the long-term, people adopt a way of living and compose various forms of capital (L) to 

being mobile (Bourdieu, 1984), with respect to their beliefs and motivations. The medium-

term choices are biographic event, such as buying a car, extending family, choosing a place 

to live, or a place of work. These biographic events influence travel practices (L) because, 

for example, residential settlement determines different levels of accessibility (available 

mean of transport in the vicinity of home or work, and modal captivity (L)), or varying travel 

distances or proximity (L) to relevant others or to amenities (see Beige & Axhausen, 2008’s 

experience). The household structure induces different levels of coupling constraints (L). In 

the short-term, when it comes to actually being mobile to perform activities, we fall within 

the domain of “individual” determinants, and the four associated rationalities. 

Van Acker et al. (2010) highlight the importance of unreasoned decisions that also influence 

activity-travel behaviors (L) decision making. This echoes with the intentional and 

axiological actor aforementioned, but goes slightly further by considering the effects of past 

behaviors and personal experience. Kahneman et al. (1997) propose the concept of 

remembered utility and instant utility. Future choices are influenced by experienced utility 

which can be reported in real-time (instant) or in retrospective evaluations of past episodes 

(remembered). This idea is also found in the sociology literature, with the incorporated 

experiences and engagement regimes that influence behaviors depending on the situational 

context (Lahire, 1998; Thévenot, 2006). These unreasoned influences were tested by 

Bamberg et al. (2003), who investigated the role of changes in mode choice when 

introducing prepaid bus tickets. Their findings showed that past travel choice contributes 

indeed to better predictions of later behavior, under stable circumstances. 

Lastly, the path dependency and prospective-related (L) determinants will be further 

developed in the paper Uncertainties 2050 (Schultheiss & Kaufmann, 2023b). The path 

dependency refers to processes where past events or decisions constrain later events or 

decisions (Puffert, 2008). A good example of path dependency is the network of highways 

or railways, that determine territorial accessibility on a long-term basis. Prospects (L) refers 

to an interpretational process, a collective imaginary about how the future will be like. 

Prospects is a determinant of activity-travel behaviors (L) in a sense that the perspective of 

a certain future influences innovation and technology developments, but also values (and 

therefore intentions, and therefore behavior) such as the awareness about the environmental 

crisis. 



3. Backgrounds 

 68 

The literature on activity-travel behavior (L) is extensive and complex, with entwined 

systems, varying temporal scales, and meso- to micro-social scales. This complexity raises 

questions about the "quest for finer and finer representations of travel behaviors and 

sophisticated micro-behavioral explanations" (Boyce & Williams, 2015:489). "To what 

extent is it really possible to identify real underlying behavior? Even with the most 

sophisticated models, it is practically impossible to disentangle all the various effects that 

could be underpinning a given set of choices by individuals" (Ortúzar et al., 2012:4; Train, 

2009:141). Therefore, the suggestion of the four pillars (person, collective, morphology, and 

diachrony, see Figure 3.2.1) is not meant to be exhaustive, but rather a superficial overview. 

It allows for consideration of a wide range of determinants, grounded in different 

paradigmatic spaces divided by discipline. These determinants form a grid of analysis for 

the rest of this doctoral thesis. 

3.3. RESISTANCES TO CHANGE 

3.3.1. Macro-resistances 

In the introduction, we identified a clear and long-lasting dissonance between what experts 

and leaders say about climate change and what action is taken. The literature uses the term 

"climate delay" (Lamb et al., 2020) to describe the phenomenon of institutional and top-

down non-action. We interpret this as a set of top-down resistances to change and take 

action. Different "delay" mechanisms are pointed out (ibid.): redirecting responsibility, 

pushing non-transformative solutions, emphasizing the downsides of climate policies, and 

surrendering to climate change. The authors summarize: "Discourses of climate delay 

pervade current debates on climate action. These discourses accept the existence of climate 

change, but justify inaction or inadequate efforts. In contemporary discussions on what 

actions should be taken, by whom and how fast, proponents of climate delay would argue 

for minimal action or action taken by others. They focus attention on the negative social 

effects of climate policies and raise doubt that mitigation is possible." (ibid.:1). 

The literature on climate delay echoes the research conducted by Robert Brulle about 

environmental countermovements (Brulle, 2022; Brulle & Aronczyk, 2019). He explains 

that "ever since climate change became a political issue in the late 1980s, a number of 

industry coalitions have formed to oppose mandatory carbon emissions reductions. One key 
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coalition was the Global Climate Coalition [... which] engaged in four distinct activities to 

obstruct climate action: 1) monitoring and contesting climate science, 2) commissioning and 

utilizing economic studies to amplify and legitimate their arguments, 3) shifting the cultural 

understanding of climate change through public relations campaigns, and 4) conducting 

aggressive lobbying of political elites". Brulle argues that these activities play an important 

role in obstructing climate action. 

Dunlap and McCright (2015:309) describe an "organized climate change denial" that 

exemplifies the "active" resistance to change. This denial stems from the remarkable success 

of modern capitalist (L) societies and the belief in anthropocentric (L) neoliberal politico-

economic conditions that produce abundant resources, economic growth, and infinite 

progress (ibid.:302). We briefly touched on this matter in the introduction with the concept 

of "exceptionalist paradigm" (Catton & Dunlap, 1978). McKie (2019) analyzed 805 

statements made by climate change counter-movement organizations and showed that denial 

strategies mainly rely on neutralization techniques (Sykes & Matza, 1957), such as denial 

of responsibility and denial of injury. 

Dunlap and McCright (2015) and Begley (2007) depict the "denial machine" as driven by 

fossil fuel industries, conservative media, conservative politicians, conservative think tanks 

and foundations, contrarian scientists, and the denial blogosphere. The latter has recently 

gained a lot of interest in social sciences. The digital space (L) raises issues of alienation (L), 

cognitive manipulation, informational cacophony, communicational entropy, panoptical 

surveillance, and captology, which leverages persuasive technologies to influence, 

manipulate, and change people's attitudes or behaviors (e.g., Bauman & Lyon, 2013; 

Bronner, 2021; Fogg, 2002; B.-C. Han, 2015; Lainae & Alep, 2020). Research shows that 

social media tends to favor conservatism and right-wing discourses, using repetitions of 

short and simple arguments that are easier to spread online (de la Porte, n.d.). 

Thus, the literature on macro-resistances largely focuses on climate change but does not 

directly address urban mobility. The only relevant application we found is an analysis of the 

climate change actions that the UK government took in the transport sector, conducted by 

Bache and colleagues (2015). They reveal a "symbolic meta-policy" that explains the lack 

of substantive action on the ground. 
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We will expand on micro-resistance to change below, based on Brulle and 

Aronczyk's (2019) argument that efforts to act on climate change encounter significant 

social inertia, as well as cultural and individual resistance. 

3.3.2. Micro-resistances 

In her book Living in Denial: Climate Change, Emotions, and Everyday Life, Kari 

Norgaard (2011) argues that individual climate denial strategies are not due to ignorance. 

People "have access to the facts about climate change and regularly express concern about 

its effects". As we mentioned earlier, people are increasingly feeling morally obligated to 

change their behavior, and a growing portion of the population is recognizing the 

environmental crisis (ADEME, 2021). However, Norgaard questions why this awareness 

does not lead to action. She identifies "implicatory denial" as a form of denial where people 

do not deny the facts, but rather minimize the psychological, political, or moral implications 

of climate change. By cross-referencing Norgaard's research with top-down climate delay 

mechanisms, such as those mentioned by Lamb et al. (2020), we can identify individual 

(bottom-up) mechanisms of climate delay. From this perspective, climate delay is a 

cognitive process of ignoring climate change and the pace of global warming. Climate delay 

tends to slow down the rise of ecological awareness and disorient or discourage climate 

action. It includes individual and collective emotions, as well as cultural self-perception. 

Nilsson and Küller (2000) demonstrated empirically that the intention to behave in an 

environmentally responsible way, such as through environmentally sound travel behavior, 

depends mostly on attitudes related to the environment or to the car as an object, rather than 

factual knowledge about the climate crisis. 

The concept of "resistance to change" has its roots in (Social) Psychology, with the dominant 

empirical literature coming from the fields of Professional Management and Human 

Resource Theory. Resistance to change is widely recognized as the main reason for failure 

in workplace change initiatives (Amarantou et al., 2018:426; Waddell & Sohal, 1998:543). 

According to Piderit (2000) and Oreg (2006:76), resistance to change can be categorized 

into three types: affective, cognitive, and behavioral. The affective component concerns how 

one feels about the change, such as feeling angry or anxious. The cognitive component 

involves what one thinks about the change, such as whether it is necessary or beneficial. 

The behavioral component involves actions or intentions to act in response to the 
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change, such as complaining about it or trying to convince others that it is a bad idea. 

Similar components have been associated with "change readiness" (e.g., Rafferty et al., 

2013:Table 1) and the level of "dispositional resistance" (Oreg, 2003). In these Ajzenian 

definitions (1991), resistance is considered an attitude, and specifically, employees' attitudes 

toward organizational change. Most of the applied research in Professional Management 

literature uses the planned behavior approach, typically combined with latent-analysis (L) 

techniques such as sequence equation modeling (e.g., see previous reviews by Amarantou 

et al., 2018; Bouckenooghe, 2010). Lastly, Oreg (2003) developed the Resistance to Change 

Scale to measure an individual's inclination to resist changes, using factor analysis. The 

scale integrates routine seeking (negatively perceiving change and unexpected events), 

emotional reaction to imposed change (such as feeling uncomfortable or stressed), short-

term focus (sticking to the plan), and cognitive rigidity (how easily and frequently 

individuals change their minds). It is used to predict reactions to specific changes. 

Although some works attempt to incorporate sociological and anthropological disciplines to 

"rethink resistances" (Waddell & Sohal, 1998), we argue that the Professional Management 

literature can be misleading when applied to activity-travel behaviors (L). It is too reductive 

in the framework of urban mobility, as it focuses mainly on the individual's personality and 

overlooks the variety of determinants we identified, such as the collective, morphology, and 

diachrony (see Figure 3.2.1 or van Acker and colleagues' framework in Figure 3.1.3). 

However, the field offers some interesting parallels and applications. Below, we further 

develop on the applications of resistance to change in the field of activity-travel 

behaviors (L). 

3.3.3. Resistances and mobility practices 

A similar measure of "readiness to change" or "dispositional resistance" can be found in the 

work of Vij et al. (2013). They conducted a six-week travel diary experiment to explore the 

repetitive nature of mode choice and taste variability. They measured "openness" to mode 

alternatives and identified latent (L) modal preferences, which could lead to less effective 

modal shift policies. Therefore, the level of "openness" to mode alternatives and latent (L) 

modal preferences can indicate resistance to changing modal practices (L). 
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Thomas Buhler (Buhler, 2015:144) studied psycho-social (or axiological) resistances to 

change in relation to coercive or restrictive modal shift policies. These resistances include 

the social dilemma, psychological reactance, and cognitive dissonance (Tertoolen et al., 

1998). The social dilemma describes the imbalance between the short-term individual 

benefit of an action and the long-term detriment to society. Psychological reactance occurs 

when a person perceives coercion of their liberties. In reaction to this deprivation of liberty, 

the individual will act to make the coercive injunction (L) to change absurd. For example, 

the "polluter pays" principle, which some road users translate as "since I pay, I have the 

right to pollute" (Tertoolen et al., 1998). Finally, cognitive dissonance consists of placing 

the individual in a situation of inconsistency between attitude and behavior. The individual 

will tend to want to reduce the resulting cognitive load from this dissonance at all costs 

(Festinger, 1957) and to reduce the gap as quickly as possible. 

Another area of research is Travel Demand Management and how it can influence attitudes 

towards modal practices (L). It consists typically in experimenting a temporary change in 

travel conditions (an “intervention”) to observe how automotive demand would convert into 

alternative mode demand. Fujii and Kitamura (2003) conducted an experiment in which 

habitual drivers were given a one-month free bus ticket. The results showed that attitudes 

toward the bus became more positive, the frequency of bus use increased, and the habit of 

using automobiles decreased in the long-term. Bamberg and colleagues (2003) examined an 

experiment in which habitual car drivers were provided with more information and free 

public transport tickets. The intervention influenced attitudes independently of past 

behavior. Nordfjærn et al. (2014) confirmed that car habit is not the sole factor against modal 

shift. They pointed to "social influence" as being instrumental in overcoming resistance to 

change, referring to coupling constraints (L) and relevant others. Tertoolen et al. (1998) 

conducted a similar experiment and observed little behavioral shift and strong resistance to 

change linked to the feeling of independence and convenience associated with cars. 

Lastly, Lee et al. (2017) investigated some triggers for behavioral change and found that 

changes in travel conditions and attitudes towards mobility practices primarily occur due to 

changes in biographies. Therefore, changes in household composition, such as the birth of 

a child, a child leaving the household, or a household member entering the labor force, 

greatly affect travel behaviors. Goulias and Pendyala (2014) describe various processes and 

events that can modify an individual's behavior, including physiological changes (e.g., 
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hormonal changes that affect physical and social selves), transitions (e.g., movement into 

and out of age-related social roles like school grades or loss of a parent), and turning points 

(e.g., events that cause a reorientation of priorities and lasting changes in a person's 

developmental trajectory). 

3.3.4. Gap in the literature about resistances to change in mobility practices 

To the best of our knowledge, there is limited evidence on how macro and micro resistances 

are interconnected, and what happens in between. Michael Maniates (2001), in his book 

"Individualization: Plant a Tree, Buy a Bike, Save the World?", emphasizes that 

individualizing responsibility "requires individuals to see themselves not primarily as 

consumers, but rather as citizens in a participatory democracy, working together to change 

broader policy and larger social institutions." People must recognize that they belong to 

something bigger, as Bruno Latour said (2021). The ecologist and activist Camille Etienne 

explains that small gestures of the everyday life are not only necessary for reducing the 

individual carbon footprint, but also to have a social impact and an influence on others 

(Etienne, 2023). Individual ecological gesture can therefore have a more collective impact. 

In addition, as mentioned in the introduction (Carbone 4, 2019), a 60% reduction in carbon 

footprint (to reach the Paris Agreement goal by 2050) must be achieved through a political 

and collective effort, such as decarbonizing industry, the agricultural system, freight, public 

services, etc. Individual commitment can reduce the carbon footprint by 25-45%. Therefore, 

research acknowledges that resistances originate in different spheres, origins, and at 

different levels, and that the efforts must be systemic. Based on this premise, we assume in 

the rest of this work that both systemic and axiological resistances exist, such as emotional 

reactions to imposed change and cognitive rigidity; as well as more latent (L) resistances 

resulting from the interconnection of different spheres, systems, or levels in depth. 



 

 



 

 

4. RESEARCH QUESTION AND HYPOTHESES 

Given the raising awareness about car-induced externalities, given the raising 

environmentalism in transport policies, and given the raising individual sustainable 

concerns, it seems reasonable to expect a shift towards more ecological mobility 

practices (L); and it seems reasonable to expect a decrease in automobile dependence.  

The normative context of (auto-)mobility is changing (V. Kaufmann et al., 2010). 

Incentives, policies, and investments in alternative transport systems have provided viable 

alternatives to the urban modal-scape. Driving in cities is more expensive and time-

consuming than transit or cycling (Buhler, 2015:34) with increasing restrictions on car use 

(e.g., parking space shortage, speed limits, road capacity). Statistics show that people are 

increasingly feeling morally obligated to change their modal behavior; and a growing 

portion of the population is recognizing the environmental crisis (ADEME, 2021).  

In other words, ecological awareness is growing in both civil society and institutions; and 

we observe a convergence between urban and transport policies, social discourses, and 

collective representations. 

However, there are resistances hindering the change in mobility practices. There is a 

noticeable persistence in the daily use of the automobile in urban areas; a persistence in the 

automotive system domination (Urry, 2004). 

On a rhetorical level, this dissonant context raises a series of naive questions. Why is the 

context not enough to change modal habits? Why don't motorists take into account the cost 

of their environmental impacts? Why are we still only pursuing individual interests? Why 

aren't public policies more assertive? Why do cars remain a coveted and desired object, even 

though it is widely known that mobility is one of the biggest sources of gas emissions; even 

though individual cars are one of the biggest expenditure items of a household; even though 

cars are parked most of the time, take ownership of most of the street space, and are 

dangerous for kids, cyclists, and pedestrians? 
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To approach these open questions in a scientific manner, we assume that there are latent, 

axiological (micro-social), and broader (meso- and macro-social) resistances to change that 

stand against the sustainable mobility transition. 

This short but pivotal chapter develops the main research question and associated 

hypotheses. The topics covered in this thesis primarily refer to mobility and activity-travel 

patterns, but also include more peripheral topics such as home-making, ways of living, 

public policies, and public transit. This chapter serves as a transition between theoretical 

positioning and the rest of the work, that is more empirical. 

4.1. MAIN RESEARCH QUESTION 

The main research question in this thesis is the following:  

What are the resistances to change in urban mobility practices? 

Modal shares have remained unchanged in the past fifteen years despite institutional, 

political, and operational efforts to provide decent and affordable alternatives to 

automobiles, and despite a growing ecological awareness. Meanwhile, vehicles are getting 

bigger, heavier, and newer, and cars maintain their dominant status in most Western cities 

(Urry, 2004). There are obvious resistances to change in mobility practices, that we will 

seek to outline through this thesis. 

“What” 

In the question "What are the resistances to change urban modal practices?", the "what" 

encompasses the identification and characterization of not only the different types of 

resistances, but also investigating where they come from and how they were formed. It is 

essential to understand these resistances if we want to attempt overcoming them. To do so, 

we seek to investigate the determinants and constraints (L) that contribute to the formation 

of the resistances. 
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“Resistances” 

The term "resistances" refers to cognitive, behavioral, or social mechanisms, conscious or 

unconscious, user-centered or broader, that prevent people from changing their habits. The 

research question also assumes a priori that there are multiple resistances to change. 

“Change” 

The word "change" (interchangeable with "shift") implies that we need to transition from a 

state of intensive car use to one of alternative, cleaner modes of transportation. This 

formulation focuses on a population that has the potentials and capitals for change (V. 

Kaufmann et al., 2004). Instead of asking why alternative users are not using a car, we seek 

to understand why car users do not shift. 

“Urban” 

The adjective "urban" refers to the territorial focus of the research. The lifeworlds of rural 

populations are not comparable to those of urban populations. The resistances in question 

here mainly concern urban dwellers who have access to modal alternatives (such as a 

reasonably good public transit level-of-service) and shorter geographic distances between 

destinations and activities. Furthermore, the urban areas in question refer exclusively to 

Western (progressive) cities, i.e. cities where most poverty, sanitary issues, physiological 

challenges, or more generally the lowest levels of Maslow's hierarchy of needs, are 

addressed and resolved, and where sustainability (L) can be considered an issue. This is 

typically the case for most European cities. 

“Practices” 

The “change of state” aforementioned more accurately concerns a “modal practice”. The 

term practice (L) implies to not only focus on a “snapshot behavior” or motorization.; but 

foremost to focus on the repetitive planning, organizing and scheduling of activities and 

trips for oneself or for a whole family based on an unrestricted access to the car. Generally 

speaking, practices refer to behaviors, strategies, and ways of doing that form daily life. 

These modal practices not only involve using a specific mode of transport, but also imply 

that these behaviors are subject to rules and social norms, and are part of a social context. 
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4.2. HYPOTHESES 

The main research question echoes earlier work by Newman et al. (1995), or Dupuy (1999) 

about the automobile dependence. The concept of automobile dependence referred in the 

90s to the increasing hold that automobiles were having on large cities. Automobile 

dependence takes into consideration both individual and societal factors. Dupuy and Gallez 

(2018) describe it as a "sort of general conditioning." Newman makes the amalgam between 

car dependence and motorization i.e., the number of vehicles per households. Dupuy goes 

further saying that car dependence is related to “automobilization” (i.e., a motorization 

system) which includes the effects of club (shares of driver's licenses), fleet (car ownership), 

and network (road traffic and traveled distance). 

The concept of resistance that we propose is similar to dependence in that it is visible at 

both an individual and a collective level. However, it differs from the approaches of 

Newman and Dupuy in several ways. First, it cannot be quantified or completely observed. 

Second, it is a complex phenomenon that cannot be reduced to club, fleet, and network 

effects, but rather to a systemic, multi-scalar, dominant, and alienating automobile system, 

as Urry (2004) suggests. Third, Dupuy defines car dependence not in terms of those who 

already have a vehicle, but in terms of the prejudice endured by non-motorized travelers. In 

contrast, the idea of resistance focuses on car users. It implies that the agent legitimizes car 

use despite transport policies, social discourses, or collective representations, and against 

the evolving normative context of automobility. The agent would thus not only be 

dominated by the automobile system, but also actively resisting, in a more or less 

submissive, indirect, unconscious, subjective, or rational way. 

Therefore, three hypotheses emerge to address the research question: 

A. Micro-resistances: there exist resistances to change at a micro-social 

and axiological level 

Axiological and micro-social resistances emerge in confrontation to the system of 

constraints that make up everyday life, including authority, coupling, and capacity 

constraints, as stated by time-geography. Other resistances appear in individual and micro-

social action mechanisms, as well as in the legitimation processes of modal practices. 
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In this sense, the question of resistance is closely linked to the question of choice, 

particularly rational choice. From the perspective of urban sociology and the theory of 

planned behavior, the notion of choice is questionable when individuals are predisposed, 

constrained, or influenced by morphologies, attitudes, subjective norms, cognitive biases, 

collective imaginaries, or social discourses. 

Thus, micro-social resistances are characterized by an ambivalence between the choice to 

resist (search for convenience, fast life, flexibility; search for social fulfillment) and the 

social subservience to the automobile system (strong social dispositions and socialization to 

car use in Western cities). 

This idea of social subservience implies that there are broader resistances too. 

B. Systemic resistances: there exist resistances to change at a meso-social 

and macro-social level 

This hypothesis identifies the resistances to change that arise from collective 

representations, social structures collective values, and social discourse promoted by denial 

strategies and climate delay discourses. It also identifies the institutional-level systems of 

influence, power, and domination that contribute to the hegemony of the automobile system 

and the alienation of car users. Systemic resistances are symptomatic of the modern 

complexity of urban systems, which consist of multiple layers including transport systems, 

technical systems, household systems, and other spheres of life, as well as the systems of 

politics and law. These systems are intertwined and mutually dependent, influencing one 

another. According to depth sociology, there should be no hierarchy among these systems. 

C. Latent resistances: there exist resistances to change that are not directly 

observable in micro-social to macro-social practices 

Latent resistances to change in mobility practices refer to the indirect effects of axiological, 

social, territorial, political, or institutional dynamics that affect travel behaviors. These 

dynamics are considered latent because they indirectly constrain mobility project. There is 

again an ambivalence between choice and subservience, which comes from other spheres of 

life such as residential choice, ways of living, and family projects, and operates on several 

social levels including individual, collective, and institutional.
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5. METHODS AND DATA 

One last step is necessary to facilitate entry to the remaining parts of the thesis research: 

introducing the methods and the data. This section will not go into too much methodological 

detail, as paper-specific methods will be further developed and exemplified in the peer-

reviewed papers disseminated in the rest of this manuscript. However, it is relevant to 

understand why so many different methodological approaches are necessary to navigate 

City Sciences, and what major methodological challenges need to be addressed. 

In the remainder of this chapter, we briefly introduce the territorial approach and the 

research data. Then, we propose to review the methodological diversity of the thesis, and 

we will develop the identified challenges. Finally, we introduce briefly the main methods 

leveraged, including data manipulations, statistical pattern recognition, and spatial data 

science. 

5.1. TERRITORIAL APPROACH 

In Switzerland, urban centers such as Zurich, Basel, Geneva, Lausanne, and Bern and their 

suburbs have experienced rapid population growth in recent years. Thanks to the vitality of 

their economies and proactive policies aimed at improving quality of life, these large cities 

have become increasingly attractive over the last two decades. In particular, the 

development of public transit and rail networks has provided viable alternatives to car use. 

Car dependency remains a reality in the outskirts of major metropolitan areas, where 

distances are large and public transit level-of-service is very low. As displayed on Figure 

5.1.1, four distinct types of territory are generally recognized in Switzerland: urban centers, 

which comprise the country's major cities and metropolitan areas; and rural areas, including 

smaller municipalities, the Alps, the Jura, and the pre-Alps. In these rural areas, we assume 

that no valid alternative to cars exists. Therefore, we focus our research on the major 

metropolitan areas of Switzerland, including Zurich, Basel, Geneva, Lausanne, and Bern.  
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Border effects are expected, particularly in terms of distinguishing between metropolitan 

and rural areas. No unified rule has been adopted in this thesis to define the rural-urban 

divide. The aim is to remain in a territorial context where urbanization is strong enough to 

provide viable alternatives to car use. 

Switzerland is divided into 26 cantons. Some of these cantons, such as the canton of Geneva 

(where the main city is Geneva), are largely urbanized. In this case, it is appropriate to 

consider the whole canton in the analyses of urban mobility, as the main city of Geneva 

radiates out to the more rural areas of the canton. 

 

Figure 5.1.1 Map of the case study, urban areas of Switzerland 

Switzerland also borders European countries. Because of its high economic level, the 

country is very attractive, and many cross-border workers travel every day to reach the Swiss 

job areas. Thus, the administrative limit of the national border does not make sense from a 

territorial and urban mobility perspective. To overcome the border effects, we will often 
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refer to the division of the territory into agglomerations, as shown in Figure 5.1.1. These 

agglomerations are cross-border and are centered on the main metropolitan areas. 

5.2. DATA 

5.2.1. Data For Human Mobility Research 

Traditional approaches 

Sensing the movement of people and vehicles in cities has been of long-standing interest to 

researchers and practitioners, as it originated in the Chicago schools of Economy and 

Sociology (V. Kaufmann, 2021). Understanding human movements can help transportation 

engineering to understand travel demand, calibrate prediction models to design a better 

transportation network, forecast traffic, and plan transport. 

The traditional methods for collecting most of the data used to analyze or model urban 

systems are based on surveys or censuses. These approaches provide a lot of information 

about urban behaviors, but also have many limitations: they are costly, non-continuous, hard 

to update, and limit results to “snapshots in time” (Reades et al., 2007). Despite this, they 

remain the working standard for urban and transportation planners today, and most cities 

around the world renew national censuses and surveys regularly (e.g., every five years in 

Switzerland). 

With rapidly evolving societies and accelerating ways of living (L), people’s mobility 

diaries and activity-travel chaining are becoming increasingly complex. As a result, 

traditional planning practices tend to be outdated by new behavioral practices (e.g., use of 

multiple modes of transport, higher consumption of space); technological progress (e.g., 

Mobility-as-a-Service, information, and communication); and recent research advances 

(mostly machine learning techniques, but also human-centered approaches from Social 

Sciences and Humanities). These recent changes in human behavior necessitate more 

accurate datasets. 
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Characterizing mobility data 

Defining the accuracy of a dataset is not straightforward, as it depends on the level of detail 

required for the analytics. Researchers often seek the most complete datasets possible, even 

if it is not necessary. This tendency is due to the struggle of accessing data in terms of cost, 

time, and completeness. However, this is not a good practice when considering privacy 

preservation and the environmental cost of heavy data storage. To draw the contours of 

“accuracy” in mobility data, we propose characterizing data in terms of granularity, 

completeness, and continuity. 

The granularity of mobility data includes its spatial coverage and resolution. Spatial 

coverage defines the geographic limits of the data, such as the Swiss Mobility Microcensus 

which is limited to Swiss borders. The geographic aggregation of the data also matters; in 

most traffic models, the territory is divided into traffic analysis zones (TAZs). In the Swiss 

National Travel Model, there are on average 1600 residents per zone. The greater the 

diversity of these people, the more approximative and inaccurate the statistics become. To 

reach representativity, the number of respondents per Canton must be proportional to its 

population relative to the Swiss population. Correction weight methods exist when it is not 

possible to survey a representative population. Temporal granularity refers to how often the 

respondents report their activities. In a seamless geotracking, movement reports are almost 

continuous (e.g., every minute a tag is sensed) and need to be aggregated to make sense 

from a mobility and transport perspective. 

The completeness of mobility data includes the amount of information collected or known 

about respondents and their trips and activities. This includes socio-economic profiles such 

as gender, income, age, level of study, marital status, etc. Details about the equipment or 

mobility tool and travel cards are also relevant. On another level, survey data often comes 

with a clear description of trips and activities, while GPS data is unlabeled. It consists of a 

series of geo-referenced time stamps, i.e., a longitude, a latitude, and a time stamp. As 

discussed in the previous chapter, there is a substantial pre-processing work to transform 

raw GPS data into mobility data, and there are well-established methods to infer mode of 

transport from GPS traces. However, socio-demographic information is rarely available 

with such data. Finally, the completeness can characterize multi-person information, i.e., 
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information about the relevant others who have a significant influence on the respondent's 

mobility project. 

The continuity of the mobility data refers to the multi-day dimension of the data. Under the 

hypothesis that the mobility project is not daily but spread over several days, it appears 

relevant to have access to consecutive days of travel. Thus, it is possible to study the spatial 

and temporal habits. Besides, most big data systems are “always on” and therefore 

constantly collecting data (Salganik, 2017). On a larger temporal scale, the panel data allow 

to study mobility biographies and to connect life course events to mobility practices (L). 

Lastly, observing behaviors in the era of big data also leads to novel data characteristics, 

such as openness and dirtiness. The openness is directly related to the sensitivity of the data, 

that may be personal or intrusive. This may imply fearful reactions to data collection from 

the population – even for research purposes –, restricted data manipulation, and the 

compliance with ethic rules and data regulations like the GDPR in Europe or the Digital Act 

in Switzerland. The dirtiness is another burden of big data, that can come with noise and 

other false information that mislead the analytics. Any data processing now requires data 

cleaning prior to any other manipulation. 

Sources of data in travel studies 

Today, the range of granularities and completeness of new big data sources offer promising 

opportunities to gain a better understanding of activity-travel behaviors (L) and to balance 

transport efficiency, sustainability (L), and social inclusivity. There are numerous sources 

of data to observe behaviors in travel studies, and these do not necessarily require space-

time data to understand people's movement. 

The first source that comes to mind is individual mobility data, which is likely the most 

sensitive information one can collect. This data is collected through a variety of passive 

(e.g., GPS and social sport tracking mobile apps) and active (e.g., phone-, paper- or web-

based questionnaires, interviews, etc.) methods. National or regional surveys are generally 

populated enough to be representative of the population. 

The second source of travel data that is becoming popular is relative location data with an 

access point. This includes derived mobility data from other networks, such as mobile phone 
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data connections to cellular towers (generally Call Detail Records, or CDRs), Wi-Fi or 

Bluetooth connections. For example, Reades et al. (2007) show how to leverage a measure 

of the telecom network bandwidth (the Erlang) to analyse urban dynamics at a metropolitan 

scale. It also includes bank or metro card data, which provide higher-grained information 

and can reveal co-presence hotspots and points of affluence in urban areas, thus aggregating 

mobility patterns. 

Therefore, the means of collection and sources of data to capture human behaviors vary 

greatly. In his book “Bit by Bit: Social Research in the Digital Age”, Princeton University 

Professor Matthew Salganik explains that these sources can be segregated as “the data that 

we ask, and data that we observe” (2017). Additionally, we can now add the data that we 

create, with the generation of synthetic data. 

From the perspective of travel studies, data collected through phone- or computer-assisted 

surveys are subject to respondents' bias or fatigue. However, they can provide a greater 

variety of information than passively recorded activities or trips. For example, multi-tasking 

(e.g., working while traveling by train) and the people with whom we travel (e.g., passengers 

in the car the respondent drives) can only be measured by asking directly the respondent. 

Passively recorded activities or trips, such as those recorded by smartphones, are prone to 

biases and often lack representativeness. This is because respondents are not chosen based 

on their sociodemographics or residency, but rather on the brand of their device or their 

telecommunications provider. To overcome this lack of representativeness, a sufficiently 

large dataset (e.g., millions of users) is needed to reach a state of statistical representativity. 

An example of such a dataset is the UTD19 dataset, which provides 170 million data rows 

for 4.9 billion detected vehicles at a 3-5 minute interval over 3.8 years of data and across 40 

cities (Loder et al., 2019). 

Depending on the use case or the nature of the analytics, there is a clear trade-off to find 

between the data resolution, completeness, and continuity. As an alternative, data that is 

"created" can be used to overcome representativeness or completeness limitations. This data 

is mainly synthetic demographic data generated from measured and representative, but 

partial, data. Generally, "creating" data involves scaling up existing datasets like 

demographic statistics about households and individuals with proportional fitting 

approaches (e.g., Arentze et al., 2007 for synthetic households; Beckman et al., 1996 for 
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synthetic individuals), simulation techniques like Markov-Chain Monte-Carlo (Farooq et 

al., 2013), or machine learning techniques for generative models (Badu-Marfo et al., 2020; 

Lederrey et al., 2022). 

Building on large-scale and representative data like the mobility microcensus or travel 

surveys, travel forecasting models can then be applied to the synthetic population to yield 

synthetic activity-travel behaviors (L). In Switzerland, the synthetic population (OFS / ARE, 

2017) is mainly generated using simulation techniques. It feeds the Swiss model for 

transport demand, providing a resourceful base for infrastructure and urban planning. 

Lastly, the data that we ask, observe, or create need to be contextualized within urban 

systems. This raises another source of data, mainly operator and network data. This includes 

mostly open data (e.g. opendata.swiss for Switzerland) and contains information about 

public transport schedules (theoretical and/or actual), contextual characteristics and 

morphologies, and network properties (e.g. road capacity). Many operators also provide 

APIs allowing them to work with real-time data streams (e.g. getting on/egressing counts at 

each bus stop, seat capacity, delays, drop-off/pick-up locations of taxis). 

The sources of mobility data are rapidly evolving and the research field is quickly changing 

along with information and communication technologies. Currently, there is an abundance 

of data available for research, and both public and private institutions are increasingly 

willing to share data with research laboratories. As the data will continue to grow in both 

volume and value in the coming years, new challenges will arise, primarily related to data 

management, data fusion, and data privacy. In their renowned research "Unique in the 

Crowd" (de Montjoye et al., 2013), it is explained that "mobility data is among the most 

sensitive data currently being collected. Mobility data contains the approximate 

whereabouts of individuals and can be used to reconstruct individuals' movements across 

space and time". The following section describes the data used in this thesis research. 

5.2.2. Data used in this doctoral work 

This research mainly focuses on the Swiss territory and its main metropolitan areas of 

Zurich, Basel, Bern, Lausanne, and Geneva. It uses three main datasets complemented by 

contextual data. This includes data to explore immobility and stillness in a fast-changing 

society (see the questionnaire Data Domotopia in Pattaroni et al., 2021), as well as activity-
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travel behavior (L) data (see the Swiss mobility microcensus MTMC and the gps data 

collection study MOBIS). As it is common in the field of Urban Sciences, a wide range of 

open data and official statistics were also leveraged. These different datasets are described 

below. Some details and characteristics are presented in Table 5.2.1. 

Table 5.2.1 Research data 
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21 

Home-
making, 
immobility 
and stillness 

Questionnaire Canton of 
Geneva, 

Switzerland 

Infra-
communal 

sector 

N/A respondents Restricted 
Available 
for research 
purposes 

MOBIS 20
19 

Geolocation 
data 

Survey and 
GPS 

collection 

Switzerland Longitude 
Latitude 

8 
weeks 

respondents Restricted – 
Available 
for research 
purposes 

MTMC 20
15 

Travel diary 
survey 

Survey Switzerland Longitude 
Latitude 

Diary respondents Restricted – 
Available 
for research 
purposes 

GTFS 20
22 

Transit 
schedule 

Structured 
data 

(published and 
maintained by 

railway 
operator) 

Switzerland Longitude 
Latitude 

Conti-
nuous 

Exhaustive Open data 

OSM 20
22 

Urban 
morphologies 

Geographic 
data 

(published and 
maintained by 

people) 

Switzerland Longitude 
Latitude 

Conti-
nuous 

Exhaustive Open data 

 

Data Domotopia 2021 

The Data Domotopia is a dataset that was created as part of this PhD thesis by mean of a 

100+ question survey. It is a unique and original source of data, at the intersection of time 

use surveys, travel diaries surveys, surveys on living conditions, and household panels and 

family surveys. To the best of our knowledge, no prior examples of similar surveys exist. 

Yet, the overlaps with existing materials will ease the dissemination and interpretation of 
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the data. A data paper describes the data (Schultheiss, Puppo, et al., 2023), and will be 

introduced in the next chapter. In short, the data paper shows why and how immobility and 

stillness foster forms of resilience for the transport system itself, and more broadly forms of 

resilience in the orchestration of the different spheres of life. Immobility is seen as a source 

of resilience to cope with the pathologies of liquid (L) and fast-changing society. We 

suppose that home-making can reveal coping strategies and resilience practices (L) to make 

everyday life work – as home is a central location in people’s activity-travel diaries. 

Therefore, home-making constitutes the main prism of the questionnaire. The Data 

Domotopia collects a wide range of topics providing both objective and subjective look at 

the multidimensional aspects of home-making and immobility. The Data Domotopia is 

available on request for research purposes and the questionnaire itself is freely accessible 

(Pattaroni et al., 2021; Schultheiss et al., 2021). It is a 2300+ respondent web-based survey, 

with 100+ multi-purpose items. All respondents are resident in the Canton of Geneva, 

Switzerland. 

MOBIS study 2019 

The MOBIS (MObility Behavior in Switzerland) study is originally a large-scale mobility 

experiment conducted in Switzerland (Molloy et al., 2022). A total of approximately 3700 

respondents shared their gps records by means of a mobile application during fall/winter 

2019. The duration of the tracking was scheduled to be eight weeks. The collected location 

records were sent to a web-based platform, and several treatments were performed there 

(e.g., trip segmentation, travel mode detection). Thus, the data comes in different state of 

aggregation: raw geolocation data segmented in legs and stay-points, and labeled mobility 

data with inferred mode of travel and activity purpose. The project began in September 

2019, and more than 3,000 persons completed the tracking for eight weeks. The participants 

were able to keep using the tracking application after finishing the survey. Thus, the duration 

of location records differs from one respondent to another. 

The location data collected in the MOBIS study consists of two datasets that are described 

in Table 5.2.2 and Table 5.2.3 The “waypoint” dataset is raw GPS records collected with a 

mobile application. Each record contains a user-id, location coordinates, and a timestamp. 

The “leg” dataset is preprocessed location data, and gps records are segmented. Each 

segment is categorized as a trip or a stay. The MOBIS data is one of the few databases that 
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allows a longitudinal study of mobility behavior and goes beyond the mobility diaries that 

most travel surveys typically provide. 

Table 5.2.2 Attributes of the “waypoint” dataset 

Waypoint attributes dtype description 

user id string Unique pseudonym with 5 random characters 

tracked_at timestamp Time stamp when the user was at the location 

latitude double - 

longitude double - 

created_at timestamp The timestamp when this record is sent and stored in the server. 

accuracy double [m] 

speed double [m/s] 

altitude double [m] 

 

Table 5.2.3 Attributes of the “leg” dataset 

Leg attributes dtype description 

user_id string Unique pseudonym with 5 random characters 

leg_id integer Unique id for this leg 

started_at timestamp When the user started the trip at timezone of the start point 

finished_at timestamp When the user finished the trip at timezone of the finish point 

validated_mode string Validated travel mode by the user 

detected_mode string Detected travel mode 

purpose string Trip purpose 

type string Track or Stay (track means movement, stay means stay at a point) 

confrimed_at timestamp When the user confirmed the trip, activity, or mode 

geometry wkb Series of coordinates if type = Track. Coordinates of a point if type = 
Stay. 

In addition, the dataset also comes with surveyed socio-demographic, equipment and 

household information (home and job postcodes, gender, education level, employment 

status, income, household size, vehicle ownership and mode use frequency for car, train, 
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transit, and bike). This combination of quantitative and more qualitative approach allows 

for a comprehensive exploration of behaviors (as shown in Bergman, 2008; Johnson et al., 

2007; Tashakkori & Teddlie, 2009; You et al., 2018). Out of the 8-week collection 

campaign, 90% of the respondents have at least 21 days of consecutive observations in 

similar conditions. 

Over the eight-week period, a two-phase experiment was conducted half-way on the 

respondents (see Figure 5.2.1). After the first 4-week control phase, participants were split 

into three treatment groups. The first continued as a control, the second received information 

on their external costs, and the third received a real monetary budget, from which their 

external costs were deducted. 

 

Figure 5.2.1 MOBIS Study data collection timeline 

MTMC 2015 

The MTMC2015 is the Swiss Mobility and Transport Microcensus. It is conducted every 

five years in a joint effort between two Federal Office (Spatial Development and Statistics). 

The MTMC is a nation-wide statistical survey of the travel behavior of Swiss residents. 

Primarily, the dataset contains a very detailed and geolocated activity-travel diary. This 

diary is considered as a “reference” day, which corresponds to the day before the call. In 

addition, the dataset contains information about the socioeconomic characteristics of 

households and individuals, their mobility tools, and attitudes towards transport policy. As 

explained on the official webpage (ARE, 2015) this is the largest national-level survey about 

travel behavior, with a sample of more than 57000 and a long list of questions. Its findings 

help to determine transport and spatial development policies. They are also used in public 

and private research. Because of the covid pandemic, the MTMC 2020 was suspended and 

adapted to the situation. It was not released on time to be employed in this research. 
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GTFS 

In recent years, a collective effort has been made to harmonize public transport data. This 

resulted in the General Transit Feed Specifications (GTFS), a standard that transit agencies 

use globally to maintain their transit offer specification feed. Real-time feeds allow third 

parties, in particular, to develop services on top of the operators’ schedule, such as seamless 

ticketing, multi-modal routing or simply real-time and personalized information. The GTFS 

data are structured in several files containing both timetable and network geometry 

information about stops, stop times, trips and routes that are all connected via a certain ID 

(Google Transit API, 2022). All the specificities of the public transport network and 

operation are referenced, such as the different agencies, the fare attributes, the specific 

calendar days, etc. 

OSM 

OpenStreetMap (OSM) is a community-driven project to create a free geographic database 

of the world based on mappers local knowledge. “OpenStreetMap is built by a community 

of mappers that contribute and maintain data about roads, trails, cafés, railway stations, and 

much more, all over the world” (OpenStreetMap, 2022). The project is based on the 

principle that everyone knows their neighborhood best, and that each individual can 

contribute to mapping it. The data collected by OpenStreetMap is open data. It is licensed 

under ODbL (Open Database Licence), and anyone can copy, distribute, forward, and adapt 

the data as long as they give credit to OpenStreetMap and its contributors. In the 2010s, 

Google launched a similar product (My Maps, 2022) in which people can contribute to make 

maps, but the data become the property of Google and are therefore subject to pricing for 

commercial use. OSM is searchable with Nominatim (Nominatim, 2022) that allows 

geocoding (forward search of any OSM object with a name or an address) and reverse 

geocoding (backward search with coordinates). Additionally, some third-party products 

leverage OSM to propose free routing service (e.g., opentripplanner.org, routing.osm.ch). 

For accessing the database, OSM has editing or read-only APIs for fetching and/or saving 

raw geodata from/to the database. 
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Other data material 

High quality geodata is available in Switzerland. The country is divided into 26 cantons that 

form the Swiss Confederation. The cantons are quite autonomous when it comes to 

territorial development and urban development. However, major infrastructures still rely on 

Confederation-level authorities. For example, the railway infrastructures are developed and 

maintained at a confederation-level, but local operators operate at the canton-level. 

Therefore, most cantons propose a geoportal (see a list of cantonal geoportal at kgk-cgc.ch), 

and the confederation proposes a national portal in which any statistics are projected on a 

map (see map.geo.admin.ch). Most of the data is downloadable. Additionally, the 

opendata.swiss portal makes open government data available to the general public in a 

central catalog.. It is a joint project of the Confederation, cantons, communes and other 

organizations with a mandate from the state. These sources represent valuable resources for 

any research in Urban Science. 

5.3. METHODS 

5.3.1. Methodological Diversity 

The fields of travel behaviors and urban mobility are at the intersection of Human and Social 

Sciences and Engineering Sciences (van Acker et al., 2010) which requires a certain 

diversity in the methods employed, as we will develop throughout this section.  

Furthermore, urban mobility is becoming more complex due to the increasing number of 

actors and service providers, diversifying ways of living (L), spatial saturation of the 

territory, global and technology-enabled mobility, access to real-time information and on-

demand mobility, and the role of mobility in global warming. Transport engineering firms, 

public transit operators, collectivities, and institutions are undergoing deep transformations 

and mutations. They need to become more digital, more human-centered, more sustainable, 

and more reactive to fast-changing mobility tools, uses, and practices (L). They also need 

to make finer interventions.  

While disciplinary approaches are still effective and relevant, urban mobility is particularly 

subject to the transformations of its time (Lyons, 2018). We argue that traditional methods 

are no longer adequate to understand and predict mobility patterns due to these complexities. 
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Computational Social Sciences require skills in both qualitative and quantitative methods, 

as well as the ability to combine statistical pattern recognition methods and advanced spatial 

analysis to make sense of new types of geo-data, that are big, noisy, messy, and sensitive. 

This implies important data treatments before any data processing, such as cleaning, 

structuring, compatibility adjustments to contextual data, and transformation.  

In Table 5.3.1, we cross-reference the various methods employed with each of the scientific 

contributions produced throughout the PhD. These methods are further developed in the 

remainder of this section. 

Table 5.3.1 Cross-reference of methods and scientific productions 

 Gaps in public 
transit* 

Repeatable 
behaviors* 

Urban 
proximities* 

Data 
Domotopia* 

Uncertainties 
2050* 

Surveying    x  

Interview     x 

Data cleaning x x    

Data 
compatibility x x x   

Mixed-methods    x  

Latent-based 
approach  x x   

Pattern 
recognition  x x   

Graph and 
networks  x    

Distance-based 
approach x x    

Regressions 
and models   x   

Cartography x  x x  

Big data 
processing  x    

To gain a comprehensive understanding of travel behavior, we need to combine methods 

from different disciplines. Sociology can analyze mobility practices, Geography can map 

travel patterns, Socio-psychology can identify cognitive biases in modal choice and reveal 
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attitudes or representations, and Data Science and Statistics can process geo-referenced data. 

A holistic approach that combines multiple perspectives is necessary to explore the 

complexities underlying travel behavior. 

5.3.2. Data Manipulations and Workflow 

The convergence of mature technologies, digital services, regulations, and strategies has 

recently unlocked unprecedented potential in the field of City Sciences, bringing new 

perspectives and momentum to urban mobilities and computational social sciences. 

However, spatial data is large, multi-sourced, often noisy, and comes in various formats, 

standards, and level of restriction. Thus, the manipulation of spatial and mobility data is 

increasingly demanding. 

Data ingestion, management, and enrichment 

Preprocessing of spatial data is a necessary step before performing Spatial Data Science. 

This process typically consists of four core steps: data ingestion and management, data 

enrichment, data analysis, and data visualization. 

Data ingestion and management includes tasks such as data cleaning, data compatibility, 

privacy measurements, and data transformation to convert raw geolocation data into 

mobility data. Raw geolocation data is valuable because it can be collected seamlessly and 

widely. However, geolocation data is far from being usable in behavioral analyses as it only 

contains noisy georeferenced timestamps (longitude, latitude, and timestamp). 

Data enrichment is the last step to transform raw data into actual mobility data (e.g., trips, 

modes, points-of-interest). It consists of, for example, labeling the data with mode of 

transport or activity type, and integrating contextual data (often open data). 

Data analysis uses spatial data science and statistical pattern recognition to draw meaningful 

insights from the data. Data visualization uses cartography and graphs to present the data in 

an understandable format, making it easier to interpret the results and draw conclusions. 

Figure 5.3.1 illustrates the workflow used in this thesis.  
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Figure 5.3.1 Data ingestion, management, and enrichment workflow 

The main input data was geolocation data, such as GPS data or cellular data, supplemented 

with Open Street Map (OSM) data and official statistics in the form of shapefiles to provide 

contextual knowledge (e.g., public transit networks, population density). The preprocessing 

step (see Part 1 on Figure 5.3.1) included geotagging, georeferencing, and aggregation. This 

resulted in a unified data structure, with clean mobility data aggregated at different levels 

and contextualized with open data. This output was used as the input for the second part of 

the workflow, which involved data analysis using statistical pattern recognition and spatial 

data science approaches. These are further described in the following sections. 

Big data processing 

Python and R are the two most widely used programming languages in the coding 

community. Python's data science libraries are popular for their centralized and organized 

structure, as well as their compatibility with third-party platforms for creating dashboards 

and visualizations. However, some suggest that R still offers a more comprehensive 

selection of geospatial libraries compared to the libraries available for data science in 

general, giving it an edge for specific geospatial tasks. 

Whether R or Python is the better language for a particular task depends on the project's 

specifics. For this research, Python was the primary language used for coding due to its 

compatibility with third-party platforms for drawing dashboards or visualizing data. 
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In addition to the two main languages, there are a number of essential tools available for 

geospatial data analysis and manipulation. Figure 5.3.2 shows a non-exhaustive list of 

existing tools that can be used to manipulate, transform, and analyze spatial data. These 

tools may include libraries for R, libraries for Python, and platforms for storage, 

visualization, dashboarding, or Geographic Information System (GIS) processing. 

Additionally, spatial data can be quite large and complex, often requiring specific storage 

standards and resources to manage them (e.g. PostGIS and Postgres). 

 

 

Figure 5.3.2 Tools for big data processing 

Over the last few years, the transportation-related Open Research community has converged 

and shared their work. The awesome-transit community (Center for Urban Transportation 
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Research, 2021), the Urban Data Lab (Boeing, 2020), and the MATSim community (2022) 

have collectively attracted more than a hundred contributors in the field. 

Surveying 

Lastly, the more traditional approach of surveying was used to collect data for this doctoral 

research. Surveys are a staple of data collection, providing an effective way to gain micro-

social insights from large groups of people by asking them specific questions. The survey 

designed in this research will be further developed in the paper Data Domotopia 

(Schultheiss, Puppo, et al., 2023). This paper will provide a detailed analysis of the various 

survey methods used and discuss the advantages of each. 

5.3.3. Statistical Pattern Recognition 

The approaches used for statistical pattern recognition can be categorized into four main 

categories: the latent-based approach, the regression models, the distance-based approach 

and the variability measurement. Each of these approaches are largely used in the fields of 

city sciences and mobility analysis. A combination of the approaches is generally the most 

effective way to perform statistical pattern recognition. 

Latent-based approach  

The latent-based (L) approach uses hidden variables, such as features, to describe the 

characteristics of the data. This is done to better understand the underlying structure of the 

data. Structural Equation Modeling and Factor Analysis, such as Principal Component 

Analysis (PCA), are often used in this approach. 

Regression models  

Regression models, on the other hand, are used to model the relationship between input and 

output variables. This type of approach is especially useful in computational social sciences, 

where regressions are used for spatial regressions or modeling (e.g., MNL, Logit models). 

Distance-based approach  

The distance-based approach employs distance metrics to measure the similarity between 

data points. It can be used to measure the discrepancy between two metrics, such as travel 
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demand and transit supply (L) with the least square method. It can also be used to clean GPS 

data with the Gaussian smoothing algorithm (i.e., remove outliers) or to perform clustering 

algorithms such as DBSCAN (density-based spatial clustering of applications with noise). 

Variability measurement  

Lastly, variability measurement uses statistical techniques to measure the range of values a 

particular variable can take. It is suitable for analyzing scores and indexes in a stochastic 

manner. This type of approach has a wide range of applications, such as in economics, 

finance and sales. 

In addition to the four main approaches mentioned above, Machine Learning techniques are 

increasingly applied to urban dynamics, particularly with the application of visual 

recognition algorithms leveraging images from social networks or Google Maps. 

5.3.4. Spatial Data Science 

Spatial data science is a subset of Data Science that focuses on the unique characteristics of 

spatial data, moving beyond simply looking at “where things happen to understand why they 

happen there” (CARTO, 2023). The Center for Spatial Data Science at the University of 

Chicago is a leading institute. It develops state-of-the-art methods for geospatial analysis, 

spatial econometrics, and geo-visualization, and implements them through open-source 

software tools. More broadly, Spatial data science has become increasingly important in 

recent years, as the need to analyze large amounts of data has grown substantially. As such, 

there are now numerous ways in which spatial data science can be used to better understand 

the spatial dimension of activity-travel behaviors (L). Spatial data science is used to 

manipulate graphs and networks, cartography, and action space analysis. 

Graphs and networks are typically used to abstract the transit network into edges and 

vertices. In Python, the library Networkx allows for the manipulation and analysis of 

complex networks, providing data structures for graphs, digraphs, and multigraphs, and 

implementing many standard graph algorithms and network structure and analysis 

measures. Action space analysis employs point pattern analysis, which is a method of 

examining and describing the patterns of points over space, and then constructing inferences 

about the recognized patterns, or clusters. The primary focus of this form of analysis is on 
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the information that can be revealed by the positioning of the points. Point pattern analysis 

is also frequently used in conjunction with other methods such as network analysis and 

cluster analysis, to offer a more comprehensive understanding of the pattern formation. In 

Figure 5.3.3, we provide an example of the spatial data science performed in the framework 

of this thesis. The first part of spatial analysis consists of organizing the spatial (and/or 

temporal) information held by the data, and the second part consists of performing analysis. 

 

Figure 5.3.3 Illustration of the spatial data science performed in the research 

The same information (here a sequence of activities and trips over several days) is 

represented in three different ways. The first way is to draw a timeline of the sequence, 

labeling each station with the activity purpose. This allows us to analyze time allocation and 

activity chaining. The second way is to abstract the daily chain of trips and activities as a 

“mobility motif”, i.e. as edges and vertices that represent the structure and complexity of 

mobility project. This allows us to analyze entropy-based complexity and the graph 

characteristics. The third way is to project the points of interest in space, and to compute 

metrics such as the frequency of visits to each location, or the standard deviation ellipse as 

an indicator of the action space. From there, we can analyze the distance from the habitual 

action space, the innovation rate in locational behaviors, or the extent of the spatial 

consumption. 

Spatial data science, when combined with modal practices (L), offers a wide range of 

applications for understanding activity-travel behaviors (L) over time and space. 
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6. EXPLORING SYSTEMIC, LATENT, AND MICRO RESISTANCES 

This chapter compiles four scientific productions that contribute to the understanding of 

micro-social, latent, and broader resistances to change. 

Gaps in Public Transit Supply: A Perspective from the Daily Activity-Travel Organization 

of Travelers (2022) 

Through the prism of public transport in the Canton of Geneva, a first paper examines a 

form of systemic resistances. The work questions the uniqueness of transit supply (L), with 

respect to the diversity of travel needs. It reveals how the dominant class of travelers (the 

commuters), shape the transit supply, and how other population segments with more 

complex activity-travel rhythms tend to have a lower level-of-service. 

Repeatable Behaviors: Repeatable Behaviors: Time-Space Regularity in a Mobility 

Experiment (2023) 

Investigating repeatable behaviors can give us insight into a variety of resistances. We will 

explore these in both a spatial and temporal perspective. Regularity is an important property 

of individual activity-travel behaviors (L) and intrapersonal dynamics. It is closely tied to 

predictability and allows people to cope with unexpected events and coupling constraints 

(L). Most travel patterns are stable, and people tend to stick to scheduling strategies that 

work for them. 

Urban Proximities? An Empirical Analysis of Residential Preferences and Residential 

Practices (2023) 

This work contributes to the controversial debate around recent injunctions (L) to urban 

proximity (L) planning. While urban proximities mean shorter or fewer trips, the question 

of residential preferences and aspirations is empirically investigated. For decades, the 

residential ideals have been driven by single-family homes, a private backyard, and a front-

alley to park cars. Residential location-choice is a long-term decision that can have a 
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decisive impact on mobility practices (L). We explore axiological and latent resistances to 

change, as the social structure of the neighborhood must change to accommodate new 

residential lifeworlds. 

Data Domotopia: Introduction to the Quantitative Survey (2023) 

Mobility is often associated with physical movement, but it is also interspersed with 

moments of immobility that can act as a source of resilience. The home and domestic 

behaviors are seen as ways to cope with socio-temporal pressures. The resources found in 

stillness are integral to the daily organization of activities and travels. This paper presents a 

survey design and data collection about home-making in a fast-paced world. The data 

gathered allows for the exploration of both microsocial and systemic resistances, providing 

views into the different spheres of life. 

Uncertainties 2050: trends, governance, urban smartness and urban economy 

This document discusses the uncertainties surrounding the sustainable transition towards 

2050, particularly in the domains of spatial mobility and digital technology. The variety of 

actors involved in this transition, with competing goals and different striking forces, creates 

confusion among local stakeholders and produces socio-technical uncertainties. The 

document examines these uncertainties through interviews, observations, and reviews of 

literature and reports, and categorizes them into "systematic", "informational", "social", and 

"functional" uncertainties. 

Each paper is introduced with a complete list of authors, a detailed description of my 

contributions to the papers, a bibliographic reference, and information about the journal in 

which papers are published or under review. 
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(6.1) GAPS IN THE BUS TRANSIT NETWORK: A PERSPECTIVE FROM THE 

DAILY ACTIVITY-TRAVEL ORGANIZATION OF TRAVELERS 

Marc-Edouard Schultheiss 

Keywords: Public Transport, Demand-Supply Gaps, Temporal Analysis, Spatial Analysis, 

Activity-Travel Pattern 

(6.1) 1. ABSTRACT 

In a context where daily car use is a spontaneous and habitual choice for a wide majority of 

the population, the quality of the alternatives to individual motorized vehicles is a major 

factor in encouraging modal shift. The ease of access to public transport can influence the 

mode choice decision process. However, the diversity of activity-travel patterns questions 

the definition of a unique and homogeneous accessibility and level-of-service to all 

travelers. The aim of this paper is to identify, with the help of standard data (micro-census 

and open data), for whom, when and where the transit supply is adequate or not. The 

approach is based on a twofold methodology. First, we aim to identify differentiated typical 

activity-travel patterns among the population. Second, to decompose them in transit supply 

in time and space. Combined, these two elements synthesize a spatially- and temporally-

based demand-supply gap index. The results show for which territories, time slots and 

population groups the supply is defective or excessive with respect to the demand. Generally 

speaking, the supply is particularly well dimensioned for the dominant groups, such as 

commuters, including long-distance travelers, who are mainly men. The imbalances in 

supply over time and space reveal a differentiated accessibility but also significant socio-

spatial inequalities. 

(6.1) 2. INTRODUCTION 

This project proposes pragmatic avenues for better understanding where, when and for 

whom the public transport network is or is not accommodating. The National Association 

of City Transportation Officials (NACTO, 2016) explains that "much of the transit street 

design challenge lies in aligning the priorities and demands of city departments with those 

of transit operators, and in demonstrating the value of investments and dedicated street space 

to city residents and leaders". This quote helps setting the context of urban transit, that 
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involves multiple stakeholders, politics, tax-payers’ money, private operators and public 

space. In the context of Europe, despite a clear commitment to promote a modal shift in 

cities—and, in particular, the use of public transport—modal shares have remained stable 

overall for the past fifteen years. Cities remain predominantly occupied by cars. Public 

transport remains largely overlooked. While cars have great qualities for individuals 

(flexibility, safety, comfort), they remain incredibly inefficient in terms of the use of urban 

space (low passenger volume per hour at road capacity, dedicated parking space, 

congestion). At the same time, the transit system is designed primarily to get people to work 

(Higashide, 2019:10), and the system’s capacity is generally sized based on aggregated daily 

passenger volumes. This trip-based planning approach exacerbates the peak hour effect, by 

concentrating the transit supply (L) in narrow time slots, and by connecting the major points 

of interest in a city. Yet, activity-chaining is barely considered, and insufficient effort is 

made to allow people to build their lives around the public transit system, and in particular 

regarding bus transit (ibid.:24). 

The transit network connects places to live, work and play (e.g., amenities, services, jobs), 

and the impact of the public transport system is manifold. It influences the economic context 

(e.g., housing market, job accessibility), can cause new forms of residential appropriation 

(e.g., gentrification, social housing) and can transform the social-scape of entire 

neighborhoods (as suggested in the research about Janes Jacob's urban vitality and transit 

ridership by Sulis et al. (2018). Mezoued and colleagues (Mezoued, 2016; Mezoued et al., 

2021) – in their work about city dynamics, new proximities (L) and the slow metropolis—

discuss the importance of permeability and walkability in the sustainable developments of 

mobility infrastructures, often driven by functional, political or economic logics. To 

synthesize his idea of a qualitative transit network, the authors develop the "transit 

adherence". Adherence encompasses a spatial component, questioning how porous the 

infrastructures are with respect to the neighborhoods, how walkable are the first and last 

miles to connect the service to the departure or arrival location. It encompasses a governance 

component, questioning how committed are deciders to engage with the population, what 

place is given to public transit on the streets, how subsidized it is, but also what are the 

ridership and coverage strategies to provide a fast and frequent supply (L). Lastly, transit 

adherence encompasses the diversity of travelers: integrating the practices (L), usage and 

attitudes of the communities also appears critical for transit attractiveness. 
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Are we all equal when it comes to the quality of the public transport supply? Do we all have 

the same freedom of choice and opportunity of accessibility? What happens on the fringe of 

the main places of interest, and around the peak hours that structure the rhythm of cities? 

And who is left out? 

If public transit is allegedly very good at connecting amenities, employment areas and 

recreation sites, this research questions whether public transit remains qualitative with 

respect to the diversity of activity-travel patterns. This research aims to dig beneath what a 

daily picture of human activity and movement can show, in terms of major points of interest 

and peak hours. It compares the needs of the population (activity-travel demand) with the 

capacity of the public transport network (public transport offer). The objective is to propose 

a method to evaluate how accommodating the public transit network is in its spatial and 

temporal dimensions with respect to people's organization. This method is purposely based 

on standard data formats. The approach aims at segmenting the population into six typical 

activity-travel behaviors (L), the territory into four types, and the day into five time slots. 

These three dimensions are then cross-referenced and analyzed to assess the performance 

of the public transit network with respect to the demand. The results indicate time slots, 

territories and populations for which the public transport supply (L) is overestimated or 

underestimated. 

The rest of the paper is organized as follows. Section 3 reviews what makes the quality of 

transit supply, and how the activity-travel demand is characterized in the field. Section 4 

presents the general framework, material and use case of the research. This includes the 

description of the data (mainly travel surveys and public transport schedule open-data), and 

the different data sources are processed, matched and combined to yield a public transport 

capacity index. Section 5 presents the results that differentiate temporal, spatial and 

organizational layers in the public transport capacity assessment. Lastly, Section 6 and 7 

discuss the results, suggest an avenue for rebalancing the public transport supply across 

temporalities, territories and typical activity-travel patterns, and provide the concluding 

remarks. 

(6.1) 3. LITERATURE REVIEW 

Public transit assessment traditionally belongs to the practice of transportation engineers, 

which results in very functional criteria. In this section, the factors for assessing the quality 
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of the public transit supply are reviewed from a wider perspective, including urban 

sociology and, broadly, city sciences. Similarly, the demand for movement is introduced as 

heterogeneous in terms of activity-travel needs. The diversity of patterns allows us to move 

beyond the socio-economic approach that gives prime importance to income, gender or 

education to understand mobility practices (L). Lastly, existing works that contrast travel 

demand and public transport supply are described. 

(6.1) 3.1 Factors for Assessing the Quality of the Public Transport Offer 

Generally focused on commercial speed and operating costs, the assessment (mostly 

engineer-driven) of the quality of the public transit is undervalued. In practice, the transit 

network is often designed to get transit-dependent people to their job. Since very recently, 

however, cities around Western Europe (and probably beyond) are shifting their transit 

development strategies to integrate discretionary travelers (people who have a viable modal 

alternative) and multiple trip purposes. On public transit encouragement, the Transportation 

Demand Management Online Encyclopedia (TDM, 2019) explains that discretionary transit 

riders find transit travels less stressful than with a car, and more convenient for some trips. 

They want to be able to access transit service within a walkable distance and a reliable, well-

connected and fast service. Understanding what car users like or expect from the public 

transit service is key to developing strategies to increase ridership. In this direction, Hale 

(2011) stresses that "transport is changing, so assessment must change", and identifies seven 

categories of metrics to guide public transit assessment. These metrics are established on 

various scales (from metropolitan to neighborhood) and range from land-use, to system-

related or accessibility indicators. Geurs and ven Wee (2004) provide an in-depth review of 

accessibility and stress that a typical evaluation of transport strategies do not satisfy theories, 

which call for a feedback mechanism between the land-use, the transport system, the 

temporal and the individual components. Below, this four-component approach is used to 

report and classify what the extensive literature says about the quality of public transit 

(including works of Bhat et al., 2005; X. Chen, 2018; Litman, 2021; Marsden & Bonsall, 

2006; Stradling et al., 2007; J. Walker, 2008 and many others): 

• Land-use component traditionally refers to the job areas, population densities and major 

amenities and services of a city. More generally, it refers to the locations and 

characteristics of opportunities in a city to live, work and play. Yet, it should not only 
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be about connecting major points of interest. It must also enable compact or quarter 

cities, geographic equity, complete streets, transit-oriented developments, walkability 

and mixed-use in the vicinity of the transit infrastructures. 

• Transport system component refers to the ease of using the transit service and obtaining 

information. It refers to the comfort, affordability and overall effectiveness and 

convenience (availability, reliability, frequency, commercial speed and headways). 

Some experts also mention the aesthetics of vehicles, stops, transfer areas or even the 

subscription documents or cards. 

• Temporal component reflects the coupling and authority constraints (L) as described in 

Time-Geography, that shape people's activity-travel schedule and organization. More 

broadly, considering the temporal component allows one to account for activity 

chaining and time-allocation; and to let travelers build their lives around transit. 

• Individual component refers to the needs, abilities and opportunities of individuals, as 

well as the individual's time-space constraints (L). In practice, individuals are 

considered from a socio-economic perspective, including income, gender, education. 

Moreover, the field of psychosociology refers to the social constructs related to transit 

and the low social status easily associated with transit riders. 

Without being necessarily exhaustive, the assessment of the transit network must therefore 

encompass social, spatial and temporal components in addition to the transport system 

characteristics. 

(6.1) 3.2 A Heterogeneous Demand in Time and Space with Differentiated Activity-

Travel Patterns 

The conceptual model of travel behavior proposed by van Acker et al. (2010:219) "considers 

travel behavior as derived from locational behavior and activity behavior". People develop 

activity and locational preferences or habits, and tend to stick with them for some time, as 

this is the result of a long, iterative and hierarchical decision-making process. Consequently, 

this framework suggests that certain patterns of activity and travel could be used to 

characterize an individual's mobility behavior. Besides, as argued by the authors (van Acker 

et al., 2010:227), socioeconomically homogeneous population segments behave differently, 

as attitudes and preferences lead to rather unreasoned behaviors. This questions the 

traditional socioeconomic and utilitarian approach to plan and forecast travel behaviors. 
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Recent research proposes promising alternatives. For example, the application of activity- 

or location-based mobility motifs to travel behaviors (Schneider et al., 2013) unveiled a 

limited set of a very distinctive activity-travel graph. Depending on the nature of the data 

(call detail records, GPS, travel surveys) and the definition of the motif (location- or activity-

based), motif-related research shows between 10 and 17 motifs that can capture 90% of the 

population activity-travels. These motifs also show spatio-temporal regularity and stability 

over several months (Jiang et al., 2017; Lei et al., 2020; Liu et al., 2016; Schneider et al., 

2013; Su et al., 2021). This tends to confirm that typical locational and activity patterns exist 

and can be leveraged to capture a greater diversity of activity-travel behaviors (L). 

Another approach worth mentioning is the data-driven classification of the activity-travel 

behaviors (L). Reades et al. (2007) focus on territories and propose a spatial typology based 

on volumes of visitors at different times of the day. The idea is to classify locations with 

respect to their temporal occupation profile. This has a clear application for transit planning, 

but lacks a "social" component, as it is solely based on volumes of visitors. Ahas et al. (2010) 

focus on time and were interested in understanding the locational and temporal diurnal 

rhythms of suburban travelers. Their results display clear locational patterns and scheduling 

strategies, which served to define a temporal typology of suburban travel demand. The same 

approach could be used for urban and exurban populations to better fit the transit supply 

(L), or any public service opening hours. 

Lastly, other researches propose a method to cluster individuals based on their activity diary, 

characterized in terms of location, time and duration of activities. Shen and Cheng (2016) 

extracted and classified individual space-time activity profiles based on the detection of 

time-stamped points-of-interests. They obtained four clusters with similar time-space 

patterns. Drevon and Gumy (2020) developed a similar idea, while giving due importance 

to the dwelling in the activity-travel patterns, including variables such as the maximum 

distance from home or the count of home-loops. They came up with 10 profiles that account 

for the complexity of activity-travel organization, the temporal constraint (L) and the time-

space dispersion over a typical day. 

(6.1) 3.3 Existing Works That Contrast Travel Demand and Public Transport Supply 

A cursory analysis of the transit ridership at the metropolitan scale reveals a fairly 

capacitated network. The bimodal curves characteristic of supply (number of vehicles or 



6.1. Paper 1: Gaps in public transport 
 

 113 

seat capacity in operation) and demand (number of travelers departing) show very similar 

trends, with two peaks (morning and evening) connected by a plateau. However, some 

research studying supply-demand gaps shows different results when supply and/or demand 

are decomposed. An introductory work by Jiao and Dillivan (2013) aims precisely at 

identifying discrepancies “between level of transit service (supply) and needs of a particular 

population (demand)” (Jiao & Dillivan, 2013:24). In its definition, the concept refers to 

areas where the transit-dependent population is not adequately served, which leads to social 

exclusion and transport poverty (Stanley & Lucas, 2008). 

The literature counts many different ways to build an indicator of supply (L). Most of them 

are accessibility-based (Ambarwati et al., 2017 about Transport Performance Index focused 

on residents’ satisfactions and expectations; Benenson et al., 2017 about fine-grained 

accessibility; Wu & Hine, 2003 about public Transport Accessibility Level; Yang et al., 

2019 about a Public Transport Service Accessibility Index). In fact, considering 

accessibility allows one to account for urban forms (distribution of jobs, population density, 

etc.) and transportation system characteristics (network density, headways, etc.). 

Indicators of demand remain straightforward and are usually measures of trip volumes 

observed in travel surveys and extended or synthetically generated with job distributions 

and population densities. 

The demand-supply gaps result from the difference between a supply index and a demand 

index. The wide majority of demand-supply gap analyses are space-based and therefore do 

not integrate the temporal variations of supply and demand. For example, Peungnumsai and 

colleagues (2020) propose a gap analysis between the daily capacity of various public transit 

modes and daily trip volumes. The results demonstrate great disparities between high- and 

low-income populations, with a network overly concentrated inward and spatially 

unbalanced. Similar space-based studies exist and allow for the identification of areas where 

sociodemographic segments show a discrepancy between demand and supply (e.g., Y. Chen 

et al., 2018; Currie, 2010; Fransen et al., 2015). Kaeoruean et al. (2020) introduced the 

concept of hourly gaps. This gives a temporal depth to the usual space-based gap analyses. 

Despite the partial results due to data unavailability (only morning travels), they 

demonstrate that supply-demand gaps are dynamic. The same area can be undersupplied at 

time t and oversupplied at time t+1. Beyond capacity, and from a supply perspective, the 
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transit system is also dynamic in its commercial speed or comfort. At peak hours, for 

example, networks reach capacity, people stand while traveling and the average travel time 

decreases (Liao et al., 2020). The urban systems are also dynamic from a demand 

perspective, as major points-of-interest gain more or less urban vitality at different times of 

the day (Sulis et al., 2018). 

Integrating time in supply-demand assessment is very promising for improving the transit 

system’s efficiency. In practice, lowering the demand at peak hours by altering urban 

rhythms (e.g., by shifting working schedules) seems to be an effective way to reduce transit 

congestion. However, research shows that relaxing solely the fixed working schedules does 

not affect the peak hours travel demand dramatically (He, 2013), as other non-work 

commitments are also a vector of activity-travel fixity (Saleh & Farrell, 2005). These 

findings demonstrate a certain urban hegemony of peak hours that needs to be treated with 

attention. 

The literature is quite unanimous on what makes the quality of a public transit system. The 

spatial dimension and transport characteristics have been extensively documented. In 

contrast, the temporal and individual components are still poorly studied. The state-of-the-

art calls for a space-time-based assessment of supply-demand gaps. Additionally, the needs, 

abilities and opportunities of individuals, as well as the individuals’ time-space constraints 

(L), still need to be accounted for. 

(6.1) 4. MATERIALS AND USE CASE 

As a first intention, this section describes the data used in the project to establish public 

transport supply (L) and travel demand. Standard travel survey data and open data were 

purposely chosen for reasons of replicability. Next, the methodological framework describes 

how supply and demand data were combined to assess the socio-spatial and temporal gaps 

between supply and demand in the public transportation system. The research case study is 

the Greater Geneva Area, a cross-border agglomeration of 212 towns. The city of Geneva 

(Switzerland) constitutes a very attractive center. More than one out of two working people 

living in the bordering communes (on the French side) actually work in Geneva (on the 

Swiss side). This economic attraction drains thousands of cross-border workers every day, 

and the city of Geneva is the most congested city in Switzerland. Workers often come from 

remote, rural areas barely connected to the public transport network. The stakes for 
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developing an adequate network, in terms of connections to peripheral territories but also 

adapted schedules, are therefore critical for the city of Geneva. 

(6.1) 4.1 Data Describing the Public Transport Supply 

In recent years, a collective effort has been made to harmonize public transport data. This 

resulted in the General Transit Feed Specifications (GTFS), a standard that transit agencies 

use globally to maintain their transit offer specification feed. Real-time feeds allow third 

parties, in particular, to develop services on top of the operators' schedule, such as seamless 

ticketing, multi-modal routing or simply real-time and personalized information. The GTFS 

data are structured in several files containing both timetable and network geometry 

information about stops, stop times, trips and routes that are all connected via a certain ID 

(Google Transit API, 2022). All the specificities of the public transport network and 

operation are referenced, such as the different agencies, the fare attributes, the specific 

calendar days, etc. Several libraries flourish online to ease the processing of frequent GTFS 

spatial analysis and to unlock the potential of such global and open data. For example, the 

GTFS function library (Toso, 2020) groups a series of basic functions to calculate stop or 

line frequencies, segment speeds as well as geometry operations. The gtfspy library 

(CxAalto, 2020) allows spatial and temporal filtering to focus on a given time slot and a 

given territory. The peartree library (Butts, 2021) converts the data into a directed network 

graph that allows for the combination with other network, such as OpenStreetMap. It also 

allows for centrality analyses, or routing and shortest path analyses. 

As detailed in Section 3.2, the travel demand data were collected in 2015–2016. At that 

time, the Swiss GTFS data were still incomplete. As of 2018, the data were evaluated to be 

sufficiently well maintained to objectively appraise the supply (L). Thus, in order to get as 

close as possible to the travel demand data, the GTFS data from April 25, 2018 

(opentransportdata.swiss, 2020) are employed. Apart from some schedule and bus line 

adjustments, no major network changes have been undertaken in the meantime. The time 

discrepancy is assumed to barely affect the results. The data count 1221 public transport 

stops, mainly composed of buses for the road network, and trains and trams for the rail 

network. Three categories of public transport are distinguished, namely the bus, tramway or 

regional train, and train. The network is rather dense because of the Swiss Guaranteed Ride 

Home policy, that obliges any town to be connected to the public transit network. 
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From the Swiss GTFS data, the stops in the Greater Geneva area were extracted. It was also 

necessary to merge different GTFS databases (merge Python script available upon request), 

as the research focuses on a cross-border area (France-Switzerland). This preliminary 

procedure resulted in a consolidated cross-border supply matrix, mapped in Figure 6.1.1. 

 

Figure 6.1.1 Spatial structure of the public transport offer across the Greater Geneva Area 

Finally, the data are arranged to be consistent with travel survey data. That is, for each 

minute of a “typical day” (t = 0 to t = 1440), all vehicle movements are identified in a single 

data frame, labeled by a mode (bus, transit or train) and contextualized by a route id, an 

origin and a destination. Moreover, each vehicle movement is associated to a time period 

(morning peak, off-peak, etc.; further described in Section 4.3); and a territorial typology 

(spatial join operation based on the typology described in 4.3) according to the geo-

referencing information of the stops and stations of origin of the trip. The volumes of 

vehicles are presented in Figure 6.1.2. 
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Figure 6.1.2 Cumulative sum of the bus, transit and train vehicle count per territory 

(6.1) 4.2 Data Describing the Activity-Travel Demand 

The second part of this work focuses on travel demand. The data on travel demand is drawn 

from the Mobility and Transport Microcensus (ARE, 2015) on the Swiss side, and the Travel 

Survey Greater Territory (EDGT, 2016) on the French side. Both databases are built on 

similar methodological principles and allow for the identification of: (a) the place of 

departure and arrival of each trip; (b) the time of departure and arrival of each trip; (c) the 

mode of transport used for each trip; and (d) the activity for which the trip is made. Socio-

economic characteristics of the individual (gender, age, etc.) are also available. The 

combined database contains 7427 representative observations, which allow us to work with 

actual and observed demand. In the literature, demand is usually synthesized from socio-

spatial and accessibility information. For example, Peungnumsai and colleagues (2020) 

propose an estimate of travel need with a demand index that combines household travel 

demand survey, population density and income per Traffic Analysis Zones. 

One of the main research questions of this paper is to differentiate mobility needs to capture 

a greater diversity in activity-travel patterns. Different methods have been reviewed to 

capture this diversity (see Section 3.2). This research relies on a hierarchical classification, 

similar to that developed by Drevon and Gumy (Drevon & Gumy, 2020). This methodology 

is applied for the first time in a cross-border context. The classification yielded six typical 

activity-travel patterns. Figure 6.1.3 presents the descriptive statistics of some of the 

explanatory variables used in the determination of the three latent (L) variables that were 
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used as classification inputs. These latent variables are (a) the complexity of the daily 

activity schedule; (b) the temporal constraints; and (c) the time-space dispersion. 

 

Figure 6.1.3 Descriptive statistics of travel demand, the explanatory variables used to determine 
the activity-travel patterns 

These patterns are purposely established independently of the geographic context, 

socioeconomic categories and modal preferences. In-depth analyses have shown the 

emergence of trends – or preferences. For example, the highly mobile pattern concerns 

mostly men with high incomes, who predominantly use the train for daily travel. 

(6.1) 4.3 Methodological Framework 

With the combination of different datasets and the comparison of quantities in different units 

(supply is the count vehicle visits at each bus station, and demand is a volume of travelers), 

the method is an important development in this work. Figure 6.1.4 summarizes the different 

steps undertaken from the raw travel data and GTFS data to the assessment of the public 

transport network. The upper part of the flow diagram focuses on the demand. After 

matching the two travel surveys and extracting typical activity-travel patterns as described 

before, the travel volumes are segmented per time slots and territorial typology. Similar data 

transformation is done for the transit supply, as described in the lower part of the flow 
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diagram. Thus, the day is decomposed into 1440 minutes that fall within 5 time slots, and 

the territory is split into 5 parts. The rest of the Section describes these territorial and 

temporal splits. 

 

Figure 6.1.4 Flow diagram, depicting the general framework from raw data gathering to the 
assessment of the public transport network capacity 

Table 6.1.1 summarizes the five time slots selected for this research: morning peak hour 

(07:00–09:10), off-peak hours, noon, evening peak hours (15:55 - 19:25) and night. These 

time slots are determined on the basis of the bus supply (L), i.e., the number of vehicles in 

circulation in the network. Namely, the peak hours begin and end when the network passes 

the threshold of 80% of its maximum offer in the whole of Greater Geneva (in absolute 

values, 120 buses in circulation out of a maximum of 150). 

Table 6.1.1 Supply-based peak hours in the Greater Geneva Area 

Time slots Start End 
Day 00:00:01 23:59:59 
Morning Peak Hour (MPH) 07:00:00 09:10:00 
Off Peak Hour (OPH) 09:10:00 15:55:00 
Noon 12:00:00 14:00:00 
Evening Peak Hour (EPH) 15:55:00 19:25:00 
Night 19:25:00 23:59:59 
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The adoption of this temporal distribution is supported by additional analyses. The relative 

vehicle frequency at stop i and time t is used to offset the invariants of daily vehicle 

frequency during the time slot t: 

𝐹𝑟𝑒𝑞!,$%&' = 𝐹𝑟𝑒𝑞!,$()*/𝐹𝑟𝑒𝑞!,+(,()*  (6.1.1) 

The relative ridership thus highlights which areas are reinforced by public transport supply 

during different times of the day. Overall, asymmetries related to the reinforcement of 

supply appear. At night, there is a significant concentration of supply towards the center of 

the city, but there are also major reinforcement axes between the suburbs and the city center. 

The supply is more diffuse during the peak periods and gradually converges towards the 

center of the urban area between the midday, evening and night periods. Note that the peak 

time slots are long and asymmetrical: 2 hours 10 minutes for the morning peak period and 

3 hours 30 minutes for the evening peak period. It remains to be seen to what extent these 

different reinforcements and asymmetries follow the spatial distribution of demand during 

the different time slots. 

To give this work resonance with practitioners, it seems important to divide the territory 

according to usual practices. The territorial typology is based on the official division of the 

local authorities (OCSTAT) on the Swiss territory, then extended to the rest of the Greater 

Geneva area following intuitive appraisals (see Figure 6.1.5). It is split into four types: urban 

center, inner suburbs, outer suburbs and periurban. Figure 6.1.2 displays how the supply 

evolves during the day according to the territories. It validates the relevance of the typology, 

as it reveals differentiated supply curves, which indicate the number of vehicles in 

circulation on the network at each minute of the day. The further away from the center, the 

more pronounced the bus supply peaks. These fluctuations in the number of buses nbus per 

time slot t were quantitatively evaluated by a dispersion coefficient (with 𝜎 as the standard 

deviation and 𝜇 as the mean number of buses over the period of time t): 

𝑐+ =  σ$-).*/µ$-).* (6.1.2) 
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The higher the coefficient of dispersion, the more the number of vehicles varies and 

fluctuates around the mean. Outwards, the relative variations between the two peak periods 

and the off-peak period become more pronounced. While a −2% variation is calculated in 

the urban center between 08:00 and 12:00, the same calculation gives, respectively, −10%, 

−15% and −24% for the inner suburb, outer suburb and the periurban area. The supply (L) 

is almost constant in the center throughout the day, which can satisfy any activity-travel 

pattern. In contrast, the supply outside the urban center fluctuates and does not seem to be 

able to accommodate the different activity-travel patterns identified in the previous Section 

3.3. 

 

Figure 6.1.5 Spatial distribution of home locations associated with typical activity travel patterns 

The higher the coefficient of dispersion, the more the number of vehicles varies and 

fluctuates around the mean. Outwards, the relative variations between the two peak periods 

and the off-peak period become more pronounced. While a −2% variation is calculated in 

the urban center between 08:00 and 12:00, the same calculation gives, respectively, −10%, 

−15% and −24% for the inner suburb, outer suburb and the periurban area. The supply (L) 
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is almost constant in the center throughout the day, which can satisfy any activity-travel 

pattern. In contrast, the supply outside the urban center fluctuates and does not seem to be 

able to accommodate the different activity-travel patterns identified in the previous Section 

3.3. 

(6.1) 4.4 Assessment of the Public Transport Supply 

The calculation of demand is based on a partial sample of all trips, which cannot be easily 

weighted because of the different sampling methods used in each survey. On the other hand, 

the GTFS data provide a comprehensive view of the vehicles on the road. A series of 

assumptions must therefore be made: 

The public transport supply (L) is characterized by the bus transit only. Firstly, the rail transit 

supply is stable over the day (streetcars, metro and trains) and therefore has no impact on a 

normalized supply. Secondly, rail transit is designed for moving masses of people to major 

points of interests and does not tell much about how it can accommodate diverse activity-

travel behaviors (L). Thirdly, bus coverage and ridership can be improved quickly if the 

ridership-coverage tradeoff is appropriate (J. Walker, 2008). 

For travel demand, all trips collected in travel surveys are considered, including active 

modes, public transport passengers and car drivers. The objective is not to assess solely how 

public transport users are served by the current supply, but also how any traveler is 

accommodated. Therefore, unlike the seminal work about transit desert, the research 

purposely put together the "choice riders" (travelers who own a car but choose to use public 

transport), the "captive riders" (travelers who have no other choice than using public transit) 

and the "potential riders" (who are not using public transit but may shift their behavior if the 

supply meet their needs). 

Demand and supply volumes are min-max scaled in order to be properly compared (see 

Equations 6.1.3 and 6.1.4, and Figure 6.1.6). This implies that the maximum bus supply is 

set to one. Reciprocally, the maximum class-specific demand is also set to 1. In other words, 

although the demand is segmented into six classes, it is always compared to the total 

standardized supply. Therefore, if standardized supply and demand reach the score of 1 

during the same time slot, this does not mean that every traveler has an available seat, but 

that class-specific demand and supply peaks are in phase. 
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𝑥A$
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𝑥A$+&0(-+ =
𝑥$+&0(-+ − 𝑥0!-+&0(-+

𝑥0(1+&0(-+ − 𝑥0!-+&0(-+ (6.1.4) 

 

 

Figure 6.1.6 Standardized amplitude variations between travel demand (EDGT 2016 and MTMC 
2015 and bus transit supply (GTFS 2018) 

In this work, it is proposed to study the phase shifts and differences in amplitude between 

supply and demand (see Figure 6.1.7). With no accurate data regarding the total travel 

demand (the travel data are representative but would require a synthetic population-based 

extension) and bus-specific seat capacity of the public transit supply (the bus fleet is 

composed of simple buses but also one- and two- articulation buses), there is no question of 

comparing the total supply with the total demand.  
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Figure 6.1.7 Two-dimension supply-demand assessment principle 

Therefore, the supply-demand coefficient of variation C𝑉$ is computed as the normalized 

distance between the reduced curves of supply and demand C𝑉$2 at time t (see Equation 

6.1.5). This method is often used in the literature to evaluate the error between measured 

and predicted data. A positive coefficient means an oversupply with respect to demand, and 

a negative one means an undersupply. 

C𝑉$ =
𝐶𝑉$2 − 𝐶𝑉2

σ34!
 (6.1.5) 

with 𝐶𝑉2 the mean of the coefficient of variation, and σ34! the standard deviation. The 

Coefficient of Variation interpretation is as follows: 

● The threshold C𝑉$ = 0 is equivalent to a supply perfectly adjusted to the demand; 

● For values of C𝑉$ > 1, there is an oversupply; 

● For values of C𝑉$ < 1, there is an undersupply; 

● For values −1  <  𝐶𝑉$   <  1, the supply-demand gap is considered satisfactory, with 

CV𝑡5 a very good supply, and C𝑉$6 a good supply. 

In the context of this research, the coefficient of variation 𝐶𝑉$  is averaged over the identified 

time slots introduced in Table 6.1.1. Note that because of how the coefficient of variation is 

defined, an “oversupply” may be a rather low demand, and conversely. 
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(6.1) 5. RESULTS 

This section first discusses the dynamics of demand and the dynamics of supply (L) over 

the course of the day. Then, the amplitude differences and phase shifts between the demand 

and supply curves are qualitatively examined. Finally, the public transit network is 

quantitatively assessed through the mapping of the supply-demand gaps with respect to time 

(diurnal/nocturnal, peak/off-peak), space (center, suburbs and periurban) and typical 

activity-travel patterns. 

(6.1) 5.1 Demand-Side Dynamics 

Figure 6.1.6 illustrates and maps the home locations of these typical activity-travel patterns. 

The vignettes on the left of the Figure show the typical, i.e., average time-space diagrams 

as well as their distribution in the sample. It reflects the diversity of activity programs in the 

Greater Geneva Area. Interestingly, if peak hours bring the network to capacity, one-third 

of the population build their activity-travel journey off-peak (33.5% with the Twilighter and 

the Proxi-traveler classes), in particular after the MPH. In addition, nearly 40% extend their 

activity-travels beyond the traditional EPH (including Highly Mobile, Twilighter and 

Ultracomplex classes). 

The mapping of the home locations associated to the six typical activity-travel patterns 

reveals home-location preferences (qualitative assessment). Highly Mobile journeys tend to 

start near mass transit stations, concentrated in the urban center, along the tramway and 

regional train lines or near train stations. The ultracomplex journeys (activities within the 

proximity (L) of home and with several home loops) tend to originate outside the urban 

center. The Complex and the Proxi-traveler's home location seem to be rather spread, with 

no specific territorial pattern. This suggests that travelers inclined to adopt different typical 

activity-travel patterns can be more or less impacted by transit coverage or other 

morphological and functional developments (see Figure 6.1.5). Home-location preferences 

call for further quantitative investigation regarding the residential strategies and contextual 

dependencies. In this direction, Figure 6.1.8 reveals the macro flow dynamics of car users 
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Figure 6.1.8 Share of car trips in the travel demand flows from one territory (origin) to another 
(destination). 

In general, all flows inwards are either equivalent to or less than the aggregated car trip share 

(53%). From all origins to the center, only 28% of trips are made by car. This is not only 

the result of a higher network density in the center, but also of a lower car accessibility, 

which leads to more congestion and poor parking conditions. The more the origin of the 

trips is distanced from the center, the more likely travelers are to use the car, and the inner 

suburb delimits a clear frontier for transit users. This result is coherent with Figure 6.1.1, 

that maps the network and shows that rail transit, i.e., mass transit only covers the center 

and inner suburbs. Although the bus network remains quite dense in the outer suburbs, the 

demand drops significantly, in particular for outer to inner suburbs trips. 

(6.1) 5.2 Supply-Side Dynamics 

A diurnal analysis of the bus supply (07:00 - 19:25) shows that the inner/outer suburbs 

concentrate most vehicles in absolute terms. However, the bus supply (L) remains largely 

denser in the urban center with respect to the size of the territory. During the evening peak 

hour, the urban center reaches on average 43 buses spread over 16 km2 (2.7 buses/km2), 

compared with 131 buses spread over 187 km2 in the outer suburbs (0.7 buses/km2). During 

the same period, 43% of the EPH activity occurred in the periurban area, 38% in the 

inner/outer suburbs and 18% in the urban center. Thus, while most of the demand is directed 

outward, the supply tends to remain inward. A nocturnal analysis (19:25 - 23:59) shows that 

the overall evening bus supply drops by 32% in the span of two hours (140 vehicles at 19:25 

versus 95 at 21:25). Again, this drop is mainly driven by the suburbs and the periurban 

supply. The urban center only shows a supply decrease of −3%. This reflects a clear strategy 
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of high center-center accessibility for nighttime travels, which are mainly leisure-oriented. 

Moreover, as previously noted, the morning and evening peak periods are asymmetrical in 

their duration, i.e., the MPH lasts two hours ten minutes and the EPH lasts three hours thirty 

minutes. This creates a significant discrepancy in terms of the volume of vehicle-hours 

deployed. The overall hourly capacity deployed at MPH (324 vh.hr) is significantly lower 

than in the EPH (535 vh.hr). This represents a differential of −40%, particularly marked 

outwards. 

These time-space discrepancies confirm that demand-supply gaps do exist with respect to 

different activity-travel patterns. The network is actually unbalanced in time, space and 

volume. The rest of the section aims at understanding the extent to which the bus transit 

supply can accommodate the variety of activity and travel schedules and daily organizations.  

(6.1) 5.3 Amplitude Differences and Phase Shifts 

The existing literature introduced above stresses that transit demand does not rely on the 

seat capacity (i.e., available seats when onboarding buses), but rather on travelers feeling 

that the journey will be easy, fast and open to flexibility (i.e., number of bus vehicles serving 

a bus stop). In Figure 6.1.6, the demand is segmented according to the six TAT patterns. 

The "supply" curve corresponds the whole bus transit supply (L) of the Greater Geneva area. 

Note that the patterns are clearly distinguishable on the demand curves. While in the overall 

demand analysis, the supply and demand curves are relatively close in shape, with 

characteristic peak periods, this is no longer the case for the demand segmented with typical 

activity-travels. Transit supply is not in phase with all activity-travel needs. 

Two categories of patterns are identified. The first one travels in two to three "peaks". This 

is the case for the Complex, Commuter and Highly Mobile patterns, that are clearly the 

winners, those for whom the transit supply seems accommodating time-wise. They represent 

nearly 60% of the population. In sociodemographic terms, these groups are over-represented 

by men, who are professionally active, with a high income and a higher education degree. 

This means that people traveling with such patterns have the resources (in time, money, 

equipment) and capacities to settle where they have choices, i.e., where they maximize their 

accessibility conditions. Another two-peak pattern is the Proxi-traveler, who squeezes 

travels in between the two peak hours. When the Proxi-traveler demand is the highest, the 

transit supply hardly exceeds 80% of its capacity. This means that they do not benefit from 
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the best ridership and coverage that the network can deploy. Proxi-travelers tend to walk 

more than average. They are over-represented by women, nonprofessionally active, with a 

lower income and a lower degree. 

The second category of patterns travels quasi-continuously. This is the case of the Twilighter 

and Ultracomplex patterns, that solicit the network throughout their travel period. Their 

needs are slightly different, as they seek further flexibility and all-day travel accessibility. 

The ultracomplex group is over-represented by families, which implies more coupling 

constraints (L) in the activity-travel scheduling, and therefore more flexibility. It raises the 

question of whether the "minimum service" deployed off-peak is sufficient to absorb their 

demand, which represents approximatively 40% of the population (including the Proxi-

travelers). 

Interestingly, except for Complex and Commuter patterns, most people travel right before 

or after the bus transit peaks. For example, the peak of affluence of Highly Mobile and 

Twilighter journeys is 7:00 p.m., when the supply is already in its downward curve. This 

analysis reveals some anomalies in the distribution of supply capacity, which could be easily 

rebalanced to more closely match the constraints of each TAT pattern. 

(6.1) 5.4 Public Transport Assessment 

The gap analysis now focuses on the relative variations in supply (L) and demand across 

different territories (urban center, inner/outer suburbs and periurban). This allows us to 

identify which territories, which time slots and which TAT pattern are advantaged or 

disadvantaged by the spatio-temporal distribution of the supply. In Figure 6.1.9, the supply-

demand coefficient of variation curves has been smoothed by 30-minute increments, 

centered and reduced. With the mapping, it is possible to highlight where and when there is 

a surplus and a respective shortage of supply. 
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Figure 6.1.9 Representations of the indicator of supply-demand variation by territory and activity-
travel patterns 

The general trends of the curves are pattern-specific. They oscillate between –1 and +1, 

which indicates, respectively, an undersupply and an oversupply. For the two patterns 

depicted in Figure 6.1.9, the bus transit is clearly oversupplied in between peak hours 

whatever the territory. However, the evening peak hour shows a different result. For both 

patterns, the periurban area is oversupplied and the center is undersupplied. In the morning 

peak hour, the highly mobile coefficient of variation indicates an oversupply around 6 a.m. 

and drops to an undersupply before 9 a.m. This is particularly noticeable in the inner 

suburbs. To simplify the results, such variation will be flattened in the rest of this section, 

solely based on specific time slots that were introduced in Table 1, namely, the morning 

peak hour, the off-peak hour, the noon period, the evening peak hour and the night period. 

Figure 6.1.10 summarizes the time periods, territories and typical activity-travel patterns for 

which, on average, supply is too abundant (green) or insufficient (red) with respect to 

demand. The matrix appears as a tool for a more inclusive planning of public transport.  
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Figure 6.1.10 Matrix of demand-supply gaps in the public transport system of the Greater Geneva 
Area, per time slots, territories and activity-travel patterns 

For example, it appears that Proxi-travelers are already relatively well served by the 

network. This is not the case for complex patterns in the evening, which are particularly 

affected by a lack of supply to the center, even though the demand is concentrated there. 

The Highly Mobile have a well-supplied network from morning to evening, because 

morning departures are mainly close to the center. On the other hand, their return home at 

night exposes them to a generalized lack of supply across the entire territory after 19:30. 
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Note that during the morning peak hour, not all traveler groups are represented. The Proxi-

traveler patterns and the Twilighters only start their travel after 9 o'clock. This leaves more 

room for the remaining travelers, who suffer, however, especially in the inner suburbs, from 

a general lack of supply. This phenomenon tends to extend outwards for Commuters and 

Complex travelers. On average, off-peak and noon time slots are considered to be efficient 

in the sense that all indicators are green, i.e., with a coefficient of variation between −1 and 

+1. The evening peak period is often unbalanced with respect to the territories. It is 

considered over-supplied in the suburbs for all travelers, but also, to a lesser extent, in the 

inner suburbs for the Proxi-traveler type, and in the outer suburbs for the Complex type. 

Some negative values appear in the urban center for the Complex and Commuter types. 

During the night hours, the phenomenon tends to be reversed. It seems quite obvious that a 

transfer can be made between the excess supply in the evening peak period and the lack of 

supply at night. For example, by spreading out the evening peak even further in favor of 

night-time mobility. 

(6.1) 6. DISCUSSION 

As highlighted in the literature review (see Section 2), several components have a direct 

implication on the quality of the public transit, including the land use, the transport system 

and the temporal and individual components. This paper introduces a theoretically-informed 

framework to further explore the temporal, territorial and individual aspects of transit, that 

are often overlooked in practice. 

The temporal component is traditionally reduced to the comparison between off-peak and 

peak hours. The results presented in this paper show that the hegemony of peak hours must 

be treated with attention, and that one third of the population travels off-peak. This shows 

the need to redefine the indicators of public transport supply in a dynamic way. For example, 

the findings presented above show that supply is reinforced outwards during MPH and EPH, 

with asymmetries between morning and evening. The supply is reinforced inwards (center 

and suburbs) around the peak hours. This reveals the strong entanglement between temporal 

and territorial dimensions in travel demand. The main take-away (as highlighted on Figure 

6.1.10) is that the network can be oversupplied and undersupplied at the same time in 

different parts of the territory. These findings suggest that a rebalancing of supply in the 

urban area could more effectively meet travel demand without additional financial support. 
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The individual component shows that the demand is heterogeneous in terms of activity-

travel patterns. The classification of typical activity-travel patterns is particularly suitable 

for analyzing demand-supply gaps. When aggregated, the demand is driven by commuters 

and highly mobile persons, who are overrepresented (almost 40% of the population) and 

travel almost exclusively during the peak hours. The six activity-travel schemes are 

characterized by the complexity of the daily activity schedule, the travelers' temporal 

constraints and the time-space dispersion of the activity space (L). The typical activity-travel 

patterns are purposely established independently of the geographic context, socioeconomic 

categories and modal preferences. The higher the complexity, the more the routing of the 

public transport journey is critical (in terms of public transport chaining and transferring). 

The temporal constraints (L) participate in the effect induced by peak-hour, and the more 

dispersed the activity-travel patterns, the more flexible the supply (L) must be (i.e., moving 

toward a cadenced schedule). When clustering demand into these six groups (Complex, 

Twilighter, Highly Mobile, Commuter, Proxi-traveler, Ultracomplex), the class-specific 

demand-supply gap analysis shows winners and losers. Furthermore, the socio-

demographics show an uneven distribution of gender, and a familial composition or modal 

practices (L). Future work may add the additional layer of “transit captivity” (L) to the 

individual component for differentiating discretionary riders, potential riders and transit 

dependents. Nevertheless, even for those profiles that do not follow mass travel schedules 

(i.e., peak hours), the network certainly offers sufficient capacity to absorb all demand in 

practical terms. Indeed, a minimum service is provided throughout the day. The 

characterization of this “minimum service” is an interesting subject for further work to feed 

the ridership and coverage debate. 

Beyond a functional assessment of supply, and a fortiori, of accessibility, this research 

reveals that populations with complex activity patterns as well as populations out of phase 

with rush hours are disadvantaged. This implies issues of inclusiveness, and in particular 

gender issues. In fact, the benefits induced by public transport to the city and to the society 

are manifold. Yet, many of the benefits tend to be overlooked, while transit costs are 

marginal when the transit service is fairly used (Litman, 2021). Public transit may even 

constitute the only durable alternative to tackle urban space saturation, global urbanization, 

population aging and population growth. In this work, the demand-supply gap evaluation is 

twofold. Firstly, a qualitative analysis of the standardized curves of supply and demand 
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allow us to identify the temporal shifts and differences in amplitudes. In traffic engineering, 

the transit network is traditionally designed for peak-hours, when the network reaches 

capacity. It appears important, however, to maintain a fairly capacitated network for others, 

who travel off-peak. Secondly, a quantitative assessment of the transit adequacy per territory 

and time slots allows for the identification of where, when and for whom the supply and 

demand mismatch, i.e., where, when and for whom the public transport is oversupplied or 

undersupplied. 

(6.1) 7. CONCLUSION 

Focusing on bus transit rather than the entire public transit network means focusing on what 

is flexible and adaptable in the system. On the one hand, bus transit can easily evolve with 

travel demand, with the development of the city and with the transformations brought about 

by mobility-as-a-service. On the other hand, rail transport (subways, streetcars, regional 

trains, etc.) is comparatively static, as it remains unchanged for decades. With high 

ridership, rail transit implies an oversupply in the network. This induces a high potential for 

passenger appropriation (trains and streetcars passing at fixed times and/or with small 

headways), but also a very limited coverage. The idea that "buses can be improved quickly" 

(Higashide, 2019:9), both in terms of coverage and ridership, supports the research principle 

of focusing exclusively on bus transit supply (L) when it comes to assessing the demand-

supply gaps. 

As argued and supported throughout this paper, the approach to public transport planning 

today is based primarily on land-use and transport system components; and the system 

capacity is generally sized on aggregated daily passenger volumes. However, the current 

state of the art calls for further integration of temporal and individual components, since 

fast, frequent and porous transit networks are driving the attractiveness of public transport 

from a functional and practical perspective. Activity-chaining is barely considered, and 

insufficient efforts are made to allow people to build their lives around the public transit 

system, and in particular bus transit (ibid.:24) 

Without being necessarily exhaustive, the assessment of the transit network must therefore 

encompass social, spatial and temporal components in addition to the transport system 

characteristics. The approach presented in this paper allows for a finer appreciation of the 

gaps between transit supply and travel demand, and a more refined approach to the quality 



6. Exploring systemic, latent, and micro resistances 

 134 

of public transport services in order to take into account the possibilities of the linkages that 

individuals face in their daily lives. This goes beyond the current practice, where most of 

the indicators of supply are accessibility-based, and where indicators of demand remain 

straightforward (e.g., volume of trips). The spatial dimension and transportation 

characteristics have been widely studied. However, the temporal component and individual 

component were barely investigated. 

While cities need to address the competing challenges of population growth, sustainability 

(L) and inclusivity, public transports are inevitably part of the solution. This paper is a 

contribution for a better harmonization of demand and supply. 
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(6.2.1) REPEATABLE BEHAVIORS: TIME-SPACE REGULARITY IN A 

MOBILITY EXPERIMENT 

Marc-Edouard Schultheiss, Vincent Kaufmann 

Keywords:  Travel behavior, Variability, Predictability, Multi-day, Mobility experiment, 

Mobility motifs, Graph-based approach 

(6.2.1) 1. ABSTRACT 

The dominant practice of quasi-exclusive car use for daily mobility is often legitimated by 

the need for flexibility in the organization of daily activities and travels. This study explores 

whether exclusive car users display more irregularity in their activity-travel behaviors than 

others. Regularity is assessed in terms of both location choices and organizational degrees 

of freedom. The study seeks to answer the following questions: Is there evidence of greater 

unpredictability in car users’ behavior? How robust are locational practices with respect to 

a change in mobility conditions? And How irregular are the locational practices with respect 

to modal habits? This research uses a graph-based approach to explore regularities in the 

spatial and scheduling patterns of a threefold activity-travel travel habit typology, namely 

the “exclusive car users”, “moderate car users” and “mixed users”. Additionally, we study 

a mobility experiment with nudging and pricing to identify resistances to changing 

locational practices. We finally derive the most common mobility motifs from the graphs 

and analyze their predictability in relation to the modal habit clusters. The results show that 

no matter how often people use their car, and how inclined they are to mixed-use, regular 

users remain regular, and irregular users remain irregular. Intensive car users are not more 

innovative in terms of visited location than others; but mixed-users tend to have a more 

habitual locational behavior than exclusive and moderate car users. 
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(6.2.1) 2. INTRODUCTION 

A recent sociological survey about modal habits and modal shift potentials (Bernier et al., 

2023; V. Kaufmann et al., 2019) reveals that the perception of automobiles remains driven 

by values of convenience, comfort and practicality. The automobile system (Urry, 2004) has 

socially incorporated an aspiration to spatial overconsumption and speed that cancel 

distances (Virilio, 2007). This time-space compression had significant territorial effects 

such as sprawling and established a lasting car dependency (Dupuy, 1999).  

Today, numerous arguments stand against the values and incorporations carried by the 

automobile system (Urry, 2004). Transit conditions and accessibility are always-improving 

in favor of travelers (Lanzini & Stocchetti, 2021). Environmental awareness and concerns 

are raising (ADEME, 2021). Information and Communication Technologies make 

multimodal trip planning easier (Lopez-Carreiro et al., 2020). And the externalities of 

transport including climate change, air pollution, noise, congestion, habitat damage, 

landscape, accidents, and abusive spatial appropriation are well-known (European 

Commission, 2019). 

Yet, the automobile remains the dominant mode of transportation, and exclusive car-use 

remains a daily choice for most people and households accounting for the majority of trips 

in both urban and rural areas (see Bigo, 2020; LITRA, 2022 for examples in Western 

Europe). Car use is often considered the only alternative to the growing complexity of 

everyday life, and people tend to use it as a “just in case” scenario, allowing them to be 

unpredictable in activity scheduling and location choice (V. Kaufmann et al., 2019). 

In this work, we question the incorporated value of car-use “flexibility” when it comes to 

planning their activities and travels in terms of spatial consumption (locational behaviors), 

and organizational degrees of freedom (scheduling behaviors). The research questions 

unfold as follows: Can we observe greater unpredictability in car-users’ behavior? How 

irregular are the locational practices (L) with respect to modal habits? 

Specifically, this research explores both spatial and scheduling pattern regularities of three 

modal habits archetypes with a graph-based approach. First, we leverage longitudinal gps 

data with mobility semantic and demographic information to build a multi-day directed 

graph loaded with node and edges attributes. The data allows us to analyze a before / after 

situation based on a mobility experiment with nudging and pricing. We leverage this change 
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in the mobility conditions to reveal resistances to change mobility practices (L). Second, we 

derive the most recurrent mobility motifs from complete directed graphs. The motifs 

abstract the daily mobility diaries as a simple and easily manipulable object (Schneider et 

al., 2013). In this research, we will focus on the chaining of these motifs in a discrete 

sequence to reveal the level of predictability with respect to different modal practices (L). 

We seek to bring contribution to the multi-day activity-travel research effort (e.g., 

Deschaintres et al., 2022; Kitamura et al., 2006; Schönfelder & Axhausen, 2010; 

Verplanken et al., 2008) by exploring habitual practices in activity-travel behaviors (L)  as 

new ways to encourage or self-activate effective modal shift. 

The rest of the paper is structured as follows. Section 3 reviews diverse approaches and 

methods to evaluate within-person variability in activity-travel behaviors (L). We also shed 

light on a lack of consensus in the literature about sequence analysis. Section 4 introduces 

the data, and in particular the mobility experiment that was conducted. Section 5 develops 

on the methods employed to build the graphs, the mobility motifs, the modal habit clusters, 

and the predictability measure. Section 6 and Section 7 reveal and discuss the findings, and 

propose future works and research applications. 

(6.2.1) 3. BACKGROUND 

The dominant literature in transportation research relies on one-day typical mobility diaries. 

Studying the complexity of activity-travel behaviors (L) and repeatability require 

exploratory (or non-standard) methods to work with longitudinal data (Jara-Díaz & Rosales-

Salas, 2015; Kang & Scott, 2010; Verreault & Morency, 2011). This section introduces and 

discusses approaches to study repeatability in activity-travel behaviors. Firstly, we review 

literature on sequencing analysis. Second, we present how temporal and spatial variability 

are usually taken into account, and what metrics are commonly used to capture the 

variability. Third, we review how to abstract the architecture of daily activity-travel patterns 

into a single object while keeping track of the arrangements and organizational complexity 

of behaviors. And lastly, in prevision of the analysis of a mobility experiment, we review 

the literature on triggers of behavioral change. 
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(6.2.1) 3.1 Sequence analysis 

Conceptually, studying variations in human movement mainly relies on the time-geography 

paradigm (Golledge & Stimson, 1997:268; Hägerstrand, 1970). It formulates constraints (L) 

on travel and activities in terms of physical paths (constrained by action space and locations, 

duration and sequence of events), and activity projects (capability, coupling, and authority 

constraints). This enables the extraction of temporal and spatial patterns without 

consideration of individual socio-economics. This is particularly relevant with new kinds of 

low-semantic geolocation data. Fundamentally, these patterns form an unilinear sequence 

of events (trips and activities) that seek to characterize below. 

In Abbot’s terms (1995), an activity-travel sequence is made up of events that can be unique 

(nonrecurrent) or repeat (recurrent). This applies to both spatial and temporal events. In the 

literature mentioned above, an event can be stochastic i.e., there exists dependence between 

events (Markovian sequence); and have various degrees of inter-sequence dependence 

(e.g. high sequence dependence within households). Previous research has used sequence 

analysis methods to explore human mobility, such as Raux et al. (2016), Shoval and 

Isaacson (2007), and Joh et al. (2001). Schlich and Axhausen (2003) highlighted the lack of 

consensus on methods to measure similarity or variability in travel behavior. To examine 

this, they tested different similarity indices and found that the measured variability depended 

on the chosen indicator. Table 6.2.1 will emphasize this lack of consensus to capture 

sequence variability or periodicity. 

(6.2.1) 3.2 Temporal variability and periodicity in activity-travel behaviors 

Deschaintres, Morency, and Trépanier (2022) identified in the literature diverse approaches 

to evaluate within-person variability in activity-travel behaviors. Most of these approaches 

are time-based, leveraging “travel habits”, “time allocation”, “activity-scheduling”, or 

“time-use patterns”. Minnen et al. (2015) study transportation habits from a temporal 

perspective with time-use surveys. They differentiate the regularities in terms of recurrence 

of activities (e.g., every Monday I go to the swimming pool) and timing regularity (e.g., 

always at 4 p.m.), and propose a quantification of how “habitual” an activity-travel pattern 

can be. They show that transportation habits display large variation in the population 

(e.g. men and earning families have higher transportation habits), that travel purposes are 

habitual at different degrees (e.g. more habitual practices with constrained activities), and 
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that different moments of the day are habitual at different degrees (e.g. more habitual 

practices during peak-hours). Kitamura et al. (2006) conducted a similar work by 

investigating how “routinized” a routine can be. They also conclude that large degrees of 

flexibility are associated with trip making, and must be related to unobserved population 

heterogeneity (sociodemographic, household structure, etc.). Additionally, Lee & McNally 

(2003) show that activities of varying duration are habitual at different degrees. Short 

activities are more likely to be opportunistically inserted in a provisional schedule. 

The metrics commonly used to capture the temporal variability and periodicity are 

summarized in Table 6.2.1 below. For more elements, Su et al. (2020) wrote a very complete 

literature review describing the determinants of a person daily schedules. 

Table 6.2.1 Main metrics commonly used to capture sequence variability and periodicity 

Metric to be captured Method Source 

Periodicity Fourier transform Deschaintres et al. (2022) 

Repetition index Entropy Huff and Hanson (1986) 

Regularity Entropy rate Goulet-Langlois et al. (2018) 

Predictability Entropy rate Song et al. (2010) 

Variability Ratio, Pairwise similarity Deschaintres et al. (2022) 

Variability index Variance Pas and Koppleman (1987) 

Similarity Index Ratio Huff and Hanson (1986) 

Similarity Multi- and uni-dimensional 
sequence alignment 

Joh et al. (2001) 

Similarity Sequence alignment Shoval and Isaacson (2007) 

Pairwise similarity Jaccard similarity index Cui et al. (2018) 

Variety Entropy McBribe (2019) 

Complexity Turbulence formula McBribe (2019) 

 

Beside analyzing time-allocation and activity occurrence, we are interested in the 

architecture of activity schedules to better understand daily dynamics and travel 

arrangements. McBride et al. (2019) describe the fragmentation of daily activity-travel 

chains with two indicators: entropy (showing variety in schedules) and turbulence (showing 
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complexity in schedules). Multivariate analysis that considers sociodemographics (e.g., 

gender, income level, and household structure) and residential locations (urban, suburban, 

and exurban) reveals strong inequalities in activity schedule fragmentation. Also, depending 

on the day of the week, people do not have the same scheduling behaviors (e.g., Fridays are 

the most varied and mixed days, on the contrary of Thursdays). This raises the question of 

whether the flexibility and stress caused by tight scheduling structures are evenly distributed 

among all segments of the population. Understanding how people schedule their day has 

direct implications for more inclusive planning. 

(6.2.1) 3.3 Architecture of daily activity-travel patterns 

The literature provides frameworks to study one-day activity-travel diaries as a whole, as 

time and space are intertwined in activity-travel arrangements. These frameworks often rely 

on factor analysis and/or agglomerative clustering to introduce typologies of travelers (Shen 

& Cheng, 2016), typologies of activity diaries and diurnal rhythms (Ahas et al., 2010; 

Drevon & Gumy, 2020), and even typologies of place with respect to its travel volume and 

variations (Reades et al., 2007; Zandvliet & Dijst, 2006). 

In recent years, a growing research stream has been focusing on “human mobility motifs” 

by leveraging network theory’s pattern identification methods (Schneider et al., 2013). 

Mobility motifs are the most frequent individual activity-travel diary structures over several 

days of observations. This approach has the advantage of operationalizing activity chaining 

into a single object – a graph – without losing any information in the data (unlike factor 

analysis, for example). Schneider, Rudloff, et al. (2013) argue that using mobility motifs 

can significantly improve the generation of synthetic populations, providing a viable 

alternative to costly travel diary surveys used to feed multi-agent models. Additionally, they 

investigated locations where mode switching occurs to better characterize multimodal 

behaviors and found clear patterns in the choice of motifs over several days. Jiang et al. 

(2017) designed a pipeline to translate raw weekday call detail records into meaningful 

human mobility patterns, leveraging mobility motifs. Su et al. (2020) proposed a joint 

pattern recognition method which combines network motif-based analysis and activity 

sequence-based analysis to identify distinct patterns of daily time allocation to activities and 

travel. Research based on mobility motif analysis shows that a very limited set of typical 
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motifs can explain most activity-travel behavior (L) structures. However, there is no 

research yet on a joint analysis between mobility motifs and activity space (L). 

(6.2.1) 3.4 Spatial variability in activity-travel behaviors 

Spatial variability is less often discussed in the literature, but can be addressed through the 

characteristics of individuals’ action and activity spaces (L). The action space is the 

geographic area where individual or group spatial interaction happens, consisting of both 

places actually visited and those potentially visited. An activity space (L), meanwhile, is the 

subset of all locations within which an individual has direct contact. Activity spaces (L)  are 

largely defined by (a) movement in the vicinity of home, (b) interactions with regular 

activity locations, and (c) movement between the centers of daily life travel (Golledge & 

Stimson, 1997:277; King, 1978). In operational terms, activity spaces (L) are geometric (or 

topological) indicators of daily travel patterns which facilitate big data processing by 

leveraging centrography and spatial point-pattern analyses (Baddeley et al., 2015; Schlich 

et al., 2004; Schönfelder & Axhausen, 2010). Similarly to the temporal “habitual degree”, 

the extension of action space is influenced by the orientation and commitment of out-of-

home activities. Constrained activities on weekdays result in a more stable spatial behavior. 

In contrast, weekends are dominantly influenced by unobserved factors (Susilo and 

Kitamura, 2005). Studies of action space over multiple days show low spatial variability 

and low place variety seeking. Schönfelder and Axhausen (2010: Part III) found that “there 

are usually 2-4 locations which cover about 70% of all locations within 6 weeks. Although 

the maximum number of visited locations can reach 60, about 90% of all trips are made to 

the same 8 locations.” Isaacman et al. (2011) refer to these places as “important places'', 

while Dubois and Schmitz (2011) refer to “spatial familiarity”. The traditional transportation 

engineering approach often rely on objective metrics such as “frequency of visit” or “radius 

of gyration” to characterize the action space. However, this approach is arguably too 

functional and reductive, considering the literature on place attachment and sense of place 

(Altman & Low, 1992; Felder, 2021). It recalls that “home” is the epicenter of the sensible 

action space, as it is where social spheres, support networks (L), and constraints (L) 

intersect. 
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(6.2.1) 3.5 Triggers of behavioral change 

Residential relocation is one of the key events researched for travel behavior change over 

the life course (Bamberg, Rölle, et al., 2003; Prillwitz et al., 2007; Zarabi et al., 2019). More 

generally, the mobility biography approach puts in relation the major events of a life course 

with mobility rearrangement. The related literature show evidence of the important role of 

life events in disruption of habits and increasing individuals’ tendency to re-evaluate their 

travel behavior (e.g., B. Clark et al., 2016; Scheiner, 2007). 

Generalizing the mobility biographies approach, many different types of processes and 

events that can alter the individual and the choice context (Beige & Axhausen, 2008; 

Scheiner, 2007; Tudela et al., 2013). From an individualistic perspective, Lee et al. (2017) 

and Goulias and Pendyala (2014) studied that all types of events can create barriers or offer 

new opportunities in behavioral change. The triggers can originate in physiological 

alterations, transitions in social roles, and turning point events that cause reorientation of 

priorities or lifestyles (L). From a more structural and collective perspective, change can be 

triggered by the spatial context (Fujii & Gärling, 2003) or neighborhood characteristics (X. 

Cao et al., 2007), and can happen in the absence of key life course event (Scheiner & Holz-

Rau, 2013). In this direction, investigating how temporary interventions can break activity-

travel habits opens up ways to explore inertia in travel choices (Chorus & Dellaert, 2009); 

ways to better integrate attitude-directed policies and interventions (Verplanken & Orbell, 

2022); and ways to target the population groups that are less resistant to change. 

Interventions rely typically upon informational and economic strategies to accomplish 

behavior change. Among informational strategies, awareness raising concepts consist in 

displaying the carbon footprint of a trip, or in displaying viable mode choice alternatives 

with equivalent travel time and comfort (Bucher et al., 2019; Kenyon & Lyons, 2003; 

Tertoolen & Verstraten, 1995; You et al., 2019). Economic strategies consist for example 

in the provision of free public transport tickets to drivers (Bamberg, Rölle, et al., 2003; 

Busch-Geertsema et al., 2021; Fujii & Kitamura, 2003); or mobility pricing (Eliasson et al., 

2009; Vrtic et al., 2010). The long-term results of such interventions are controversial and 

challenging to monitor. Some experiment demonstrated a positive change in attitudes 

toward public transport (e.g., Bamberg, Rölle, et al., 2003; Fujii & Kitamura, 2003), while 

others observed little behavioral shift and strong resistance to change linked to the feeling 
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of independence, the convenience, and the social influences associated with cars (Nordfjærn 

et al., 2014; Tertoolen et al., 1998). 

(6.2.1) 4. DATA USED 

The research is based on the MOBIS study that is a Swiss-wide randomized controlled trial 

of transport pricing (Molloy et al., 2022). The data comprises an 8-week and 3680-

respondent geolocation dataset (see Figure 6.2.1). After the first 4-week control phase 

(during which participants were tracked under habitual conditions), participants were split 

into three treatment groups. The first continued as a control. The second received 

information on their external costs (nudging), and the third received a real monetary budget 

(pricing), from which their external costs were deducted. The MOBIS data also comes with 

surveyed socio-demographic, equipment and household information. This includes (non-

exhaustive) home and job zip code, gender, education, employment status, income, 

household size, vehicle ownership, and mode use frequency (for car, train, transit, bike). We 

found in the data that, out of the 8-week collection campaign, 90% of the respondents have 

at least 21 days of consecutive observations in similar conditions. The respondents were 

barely subject to response fatigue (Molloy et al., 2020) since the tracking was seamless most 

of the time. 

The sample carries several biases. First, a transport mode bias as the campaign mainly 

targeted car users. Second, a demographic bias, with an overrepresentation of employed, 

young, educated, and wealthy individuals. Lastly, a territorial bias with a tendency to focus 

on residents of major urban areas in Switzerland, namely Zurich, Basel, Bern, Lausanne, 

Geneva. 

 

Figure 6.2.1 MOBIS data collection timeline 

Lastly, the travel data comes in different states of aggregation and with different levels of 

semantic details. The raw geolocation data is segmented in legs and stay-points. And the 
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labeled mobility data comes with inferred modes of travel and activity purposes. In this 

research, the raw form of the data is used for the analysis, because the research framework 

purposely aims at using low semantic and high granularity data for reproducibility reasons. 

The labelled data is used for interpreting the results. 

The MOBIS data is resourceful as very few datasets offer both activity-travel information 

and demographic attributes. However, the size of the dataset is questionable given that 

respondents are spread throughout the country. Therefore, the assumption is made here that 

all the urban areas in Switzerland offer similar opportunities to its residents and that inter-

city travelers can be compared on a common ground. 

(6.2.1) 5. METHODS 

The objective of the method is twofold. First, it is to capture locational and temporal metrics 

to characterize daily variations in the activity space (L) and schedules. Second, it is to 

capture the day-to-day periodicity and entropy using a sequence-based approach. 

(6.2.1) 5.1 Multi-day directed graphs 

In a first intention, we use legs and stay-points of the MOBIS geolocation data to build a 

complete directed graph for each of the 3600+ users of the dataset. We use the python library 

networkx (Hagberg et al., 2008) to encode the graph objects. Each graph, node, and edge 

can hold value attribute pairs in an associated attribute dictionary (e.g. the travel mode or 

the activity purpose), and the edges are directed to keep track of the travel sequence. This 

method allows the manipulation of hundreds of thousands of data points in an effective 

manner. After data cleaning, the data unfolds as 195’135 rows containing information for 

each day of observation and for each user. Figure 6.2.2 (a) shows a representation of an 

example graph that we obtain with this method. The complete directed graph contains the 

geographic coordinates of each node. 

(6.2.1) 5.2 Daily graphs and mobility motifs 

The multi-day graphs can be segmented into daily graphs, which can be further abstracted 

as directed graphs by removing geographic information. In these graphs, vertices represent 

legs between visited places, and nodes represent stay-points, such as stations or events. They 

are represented as flattened adjacency matrices to enable fast calculations and easy storage. 
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Previous research (e.g. Schneider et al. 2013; Su et al. 2020) has shown that 10 to 20 daily 

graphs can capture most of the mobility diary structures. The most common graphs are 

called “mobility motifs”, which are shown in Figure 6.2.2 (b) as the MOBIS mobility motifs.  

 

Figure 6.2.2 Graph representation and manipulations 

To capture the set of mobility motifs, the following steps are computed under the assumption 

of day-to-day independence: 

● We initially used segmented (and labeled) data into legs and stay-points according to 

activity purpose (work, leisure, home, duties). Then, we filtered mobility diaries in 

three steps: (i) removing those that began and ended at a different location than the 

main home, (ii) eliminating those with a total trip distance greater than 300 km, and 

(iii) labeling all-day-home-stays for later consideration. 

● Compute the unique stay-sequence 𝑆783
(!,:) = Lo𝑐<

(!,:), Lo𝑐(!,:)2,⋯ , Lo𝑐(!,:)Nloc  for all 

diaries k and all travelers i; 

● Compute the size n of the network, that is the length of the sequence of unique stays; 

● Populate a square binary tensor of size n with “1” if trip(s) exist between indexed (in 

rows and columns) unique locations; 

● Isomorphic graphs are treated on a case-basis. 

This algorithm yields location-based motifs (LBM). Similarly, replacing the sequence of 

stay-point locations with the activity-chain 𝑆=3>
(!,:) = Ac𝑡<

(!,:), Ac𝑡(!,:)2,⋯ , Ac𝑡(!,:)Nact 

yields activity-based motifs (ABM). Nodes are not weighted according to the number of 
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visits, nor are they marked with location or activity information. However, following filter 

(i) as explained before, the first row and column of each binary-tensor always correspond 

to home. Variations of the motif construction process have been recently discussed in other 

studies (see Jiang et al., 2017:210-5; Su et al., 2020). 

After extracting motifs from the MOBIS data, we found 2,521 distinct location-based motifs 

and 363 activity-based motifs from the 195,135 collected diaries. The cumulative 

distribution of unique motif count confirms that a small number of motifs can capture most 

of the information. Therefore, we only retained 10 mobility motifs. These include the 9 most 

frequent motifs (see Figure 6.2.2) and a 10th motif labeled “99,” which was defined as an 

aggregation of all other forms of daily graphs. In this research, we consider activity-

location-based motifs, i.e., networks are composed of nodes representing unique tuples of 

location and activity purpose. Two-thirds of all collected daily activity diaries were very 

simple: single home-based activities were the most represented (motif 1, 39.3%), followed 

by two-activity home-based loops (motif 2, 13.1%) and stay-at-home-all-day diaries (motif 

3, 11.5%). Motif 99 holds approximately 15% of all observations. Note that motifs 7, 8, and 

9 are isomorphic from a network perspective. However, we argue that the position of homes 

in the sequence of activities is significant, particularly in terms of the number of home-

loops. In future research, motifs 8 and 9 may be combined. 

(6.2.1) 5.3 Predictability 

Departing from the motif extraction, each user has a sequence of mobility motifs over phase 

1 and phase 2 of the mobility experiment. This represents approximately 3600 ordered 

sequences of 56 discrete variables i.e., the daily mobility motif labels. We aim at measuring 

the predictability of these sequences by leveraging the entropy rate approach (e.g., Song et 

al., 2010; Goulet-Langlois et al., 2018). Goulet-Langlois and colleagues (2018) provide an 

in-depth description of this method that they use to measure travel behavior regularity, based 

on the order in which trips or activities are organized. “Entropy rate” is the average measure 

of new information associated with each additional event generated in a sequence of events. 

Thus, it accounts for the order of events in a travel sequence, unlike “entropy” that is 

memoryless. Indeed, the authors argue that although “entropy is a good measure of 

repetition of isolated events in a travel sequence, it does not capture the extent to which 

ordered sub-sequences of events repeat over time.” They suggest that the conditional 
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distribution of an event should be considered instead, such as 𝑋! depends on the outcome of 

events 𝑋!6<, 𝑋!6", … preceding it and therefore p(𝑋!|𝑋!6<, 𝑋!6", … ) ≠ 𝑝(𝑋!). 

Although python packages exist for computing the entropy rate (e.g., Moore et al., 2019), 

the naive approach quickly becomes computationally intractable and requires an estimation 

method (Cai et al., 2004). Similar to Goulet-Langlois and colleagues (2018), we use the 

Burrow-Wheeler Transform to circumvent this issue. 

(6.2.1) 5.4 Modal habit clusters 

Lastly, the modal habits clustering aims to classify the population according to their multi-

day travel and modal practices (L). The MOBIS data includes both declared practices and 

inferred practices. For example, the MOBIS survey asked participants about their frequency 

of mode use, with available responses being “3 or more times per week,” “2 days per week,” 

“1 day per week,” “1-3 days per month,” “less than 1 day per month,” or “never.” The modes 

considered were car, train, local public transport, or bicycle. These are declarations from the 

respondents, and the inference of modal practices was based on tracking data. All variables 

used in the modal habits clustering are described in Table 6.2.2. 

Several clustering approaches were tested. In a first attempt, the categorical data was 

discarded to perform a factor analysis followed by an agglomerative clustering. This 

approach was rejected as the hierarchical clustering yielded unbalanced clusters. 

Additionally, it appears relevant to keep both the declarative and actual modal practices (L) 

since habits and routines are particularly subject to attitudes which can lead to reporting 

bias. The selected clustering approach is the mixed data clustering algorithm K-prototypes 

(Berdat, 2020; Huang, 1998). As further explained by Ahmad and Khan (2019), cluster 

centers are represented by mean values for numeric features, and by mode values for 

categorical features. 

The clustering of multi-day modal practices yielded three modal habit profiles: exclusive 

car users (37%), moderate car users (43%), and multi-modal, or mixed users (20%). These 

profiles are a combination of averaged distance, duration and occurrence of each mode of 

transport, but also dummy and categorical variables, as described in Table 6.2.2. Only data 

from phase 1 i.e. the control phase was used to derive the clusters. 
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Table 6.2.2 Explanatory variables of the modal habit clustering 

Explanatory 
variable 

Unit Description 

Own car categorical Yes / No /  No, but I can arrange to borrow one 

GA pass categorical True / False 

Regional pass categorical _________ 

½ fare pass categorical _________ 

No PT pass categorical _________ 

Frequency car 
driver (own car) 

categorical 3+ per week / 2 days per week / 1 day per week / 1-3 days per month / 
less than 1 day per month / never 

Frequency train categorical _______________________________________________________ 

Frequency local PT categorical _______________________________________________________ 

Frequency bike categorical _______________________________________________________ 

Occurrence car [#trips/week] average number of car trip recorded per week 

Occurrence intra pt [#trips/week] average number of local public transport trip recorded per week 

Occurrence inter pt [#trips/week] average number of inter city public transport trip recorded per week 

Occurrence walk [#trips/week] average number of walking trip recorded per week 

Occurrence cycle [#trips/week] average number of cycling trip recorded per week 

Distance car [km/day] average distance of driving trip recorded per day 

Distance intra pt [km/day] average distance of local public transport trip recorded per day 

Distance inter pt [km/day] average distance of inter city public transport trip recorded per day 

Distance walk [km/day] average distance of walking trip recorded per day 

Distance cycle [km/day] average distance of cycling trip recorded per day 

Duration car [min/day] average duration of driving trip recorded per day 

Duration intra pt [min/day] average duration of local public transport trip recorded per day 

Duration inter pt [min/day] average duration of inter city public transport trip recorded per day 

Duration walk [min/day] average duration of walking trip recorded per day 

Duration cycle [min/day] average duration of cycling trip recorded per day 
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On Figure 6.2.3 the average traveled distances (a) and the average occurrence of modes (b) 

show that the approach performs well at differentiating the modal habits. Exclusive car users 

are largely dominated by car use, and they generally do not use the public transport system. 

A rapid sociodemographic analyses showed that they are characterized by small households 

(less than three-head households) and mainly constituted of males. Moderated car users 

occasionally use public transport, in particular of intercity travels. As the modal split gets 

diverse, the size of the household tends to get bigger too. Lastly, the mixed users largely 

prefer public transit (inter and intra) on a daily basis, which is combined with a lot of (short) 

walking trips. Car is still used but not every day. In this profile, females are more present. 

 

Figure 6.2.3 Modal practices per modal habit cluster 

(6.2.1) 6. RESULTS 

In this section, we seek to question the supposed predictability and flexibility of car users 

when it comes to planning their activities and travels in terms of spatial consumption 

(locational behaviors), and organizational degrees of freedom (scheduling behaviors). On 

the one hand, we use the entropy rate approach on the discrete and ordered sequences of 

mobility motifs to assess the predictability in daily activity-travel structures with respect to 

differentiated modal habits. On the other hand, we conduct a day-to-day comparison of the 

multi-day graph topology (nodes and edges) to reveal the multi-day locational regularities. 

We leverage the MOBIS mobility experiment (nudging and pricing) to approach the 

locational resistances to change. 
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(6.2.1) 6.1 Predictability in daily activity-travel structures 

To study the predictability in daily activity-travel structures, we account for the ordered 

sequence of mobility motifs m over 28 days with m ∈ 𝑀 = 1,2,3,4,5,6,7,8,9,10,99 in a 

travel sequence. For each 4-week sequence of motifs m of both phase p = 1,2 of the 

mobility experiment, we compute the entropy rate 𝐻b/:(𝑋) of user k. The “event” considered 

in 𝐻b/(𝑋) are motifs m, that we encode as a discrete variable. The entropy rate analyses are 

illustrated on Figure 6.2.4. 

The entropy maps (a) and (b) of Figure 6.2.4 compares the “regular” users with the 

“irregular” users, namely the users with a low entropy rate, and the users with a high entropy 

rate. This first approach only considers phase 1 of the experiment. 

The regular users have similar mobility diaries from one day to the other. They can have the 

same mobility motifs several days in a row. Interestingly, some “regular” users may display 

consecutive m = 99, i.e., the discrete variable referring to “all other” motifs. Therefore, 

even though they appear as regular, some portion of their sequence remain diverse as m =

99 can take any structure. The irregular users display a noisier entropy map than the regular 

users, meaning that they have very irregular activity-travel structures on a day-to-day basis. 

Considering only phase 1 of the experiment, no correlation has been found in relation to the 

modal habit clusters. This suggests travelers have either very simple or very complex 

activity-travel structures independently of their modal practices (L). 

To further explore this result, we computed 𝐻b<(𝑋) − 𝐻b"(𝑋) i.e. we compared the entropy 

rates before and during the mobility experiment. The entropy rate densities are displayed in 

Figure 6.2.4 (c), that reveals two main results. First, comparing the control group with the 

nudging and pricing groups, we reveal that the multi-day organization of activity-travels are 

insensitive to different mobility conditions. More formally, the distance from the control 

group entropy rate distribution and the nudging / pricing groups is marginal. 

Second, each of the experiment groups are clustered with respect to the modal habit clusters. 

We also conclude insensitivity across these clusters in the case of a change in mobility 

conditions. In other words, no matter how often people use their car, and how inclined they 

are to mixed-use, regular users remain regular, and irregular users remain irregular. 
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Figure 6.2.4 Entropy rate analysis. Comparison of entropy maps for the lower (a) and upper (b) 
10th percentile of entropy rate; and before/during evolution of entropy rate w.r.t the mobility 

experiment 

(6.2.1) 6.2 Multi-day locational patterns 

For studying the locational consumption and locational innovation of users, we leverage and 

manipulate the complete location-travel graphs of users over several days. Similarly to the 

previous analyses, we distinguish phase 1 and 2 of the mobility experiment. Thus, each 

traveler navigates a set of nodes n ∈ 𝑁<, 𝑁" and a set of edges e ∈ 𝐸<, 𝐸", constitutive of 

graphs 𝐺< and 𝐺" over the course of the mobility experiment. We manipulate these sets to 

reveal the locational flexibility of users. 

In Figure 6.2.5, we investigate the overlap in the sets of nodes and edges of the complete 

location-travel graph before and during the experiment. We illustrate the two phases of 

experiment and highlight the intersects 𝑁< ∩ 𝑁" and 𝐸< ∩ 𝐸". This forms the habitual graph 

of each user 𝐺?()!$ i.e., the user-specific nominal activity space (L). 



6. Exploring systemic, latent, and micro resistances 

 160 

 

Figure 6.2.5 Overlap in the sets of nodes and edges of the complete location-travel graph before 
and during the experiment. 

By computing the relative number of shared nodes and shared edges that fall within the 

habitual activity space (L), we show how large the habitual activity space is with respect to 

the whole observed action space. A user with a high percentage of shared nodes and edges 

is a user that has a large overlap between 𝐺< and 𝐺", meaning that 𝐺?()!$ explains most of 

the spatial consumption. Hence the user has very regular locational patterns. 

 

Figure 6.2.6 Distribution of the percentages of shared nodes and edges before and during the 
experiment 
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The box-plots in Figure 6.2.6 (a) and (b) show the distribution of shared nodes and shared 

edges with respect to the experiment group and the modal cluster. Focusing on the control 

group, the analysis reveals that exclusive and moderate car users have very similar 

distributions in their habitual locational patterns, with approximatively 27% of shared nodes 

and 18% of shared edges. The mixed-user cluster generally displays a wider habitual activity 

space (L)  with 30% of shared nodes and 22% of shared edges. Thus, mixed-users tend to 

have a more habitual locational behavior than exclusive and moderate car users. 

 

Figure 6.2.7 Innovation rate across modal habits and mobility experiments 
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The same result is observed for the pricing group, and no significant change can be observed 

relatively to the control group, except in the variance that slightly increase. Similarly, the 

impacts of nudging remain marginal. It tends to slightly impact the spatial consumption of 

exclusive car users and mixed-users, who have the same percentage of shared nodes under 

the effects of the nudging experiment.  

This means that the pricing experiment had no impact on the extent or diversity of the 

habitual activity space (L), and that the nudging tend to have a marginal effect of the visited 

locations. The modal habit clusters globally exhibit the same response to the mobility 

experiment in their location patterns.  

Similar results also appear on Figure 6.2.7, on which we plot the innovation rate across 

modal habits and mobility experiments. An intersect operation on the daily graphs makes it 

extremely easy to compute the innovation rate, that is the number of new locations visited 

each day per user. The modal clusters all display a similar locational innovation rate, 

meaning that intensive car users are not more innovative in terms of visited location than 

others. After the first day of observation, the innovation rate drops down to a plateau 

centered around a rate of 0.8. The innovation rates display similar trends before and during 

the experiment. Thus, a change in mobility conditions does not affect the locational 

innovation of travelers. 

(6.2.1) 7. DISCUSSION 

In this paper, we sought to question the regularity and flexibility of car users with respect to 

other users. We discuss below the initial research questions introduced above. 

Can we observe greater unpredictability in car-users’ behavior? 

We can conclude that we did not observe greater nor lower unpredictability in exclusive car-

users’ behavior, even under a change in mobility conditions. This result raises the question 

of automobile dependence and its justification. Dupuy (1999) explains that automobile 

dependence unfolds as effects of club (shares of driver's licenses), effects of fleet (car 

ownership), and of effects network (road traffic and traveled distance). The need for 

flexibility and convenience put forward by car users (V. Kaufmann et al., 2019) is therefore 

affected by a more global conditioning (Dupuy & Gallez, 2018) that could explain our first 

result. 
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We found that the entropy rate approach works well at differentiating the users based on 

their sequence of daily activity-structure. This confirms the previous results found in 

Goulet-Langlois et al. (2018). In this work, we define regularity as the ordered sequence 

entropy rate. In other words, how often does the traveler switch motifs, and whether this 

motif switch is predictable. Our case study suggests that (1) travelers have either very simple 

or very complex activity-travel structures independently of their modal practices (L); (2) the 

multi-day organization of activity-travels are insensitive to different mobility conditions; 

and (3) no matter how often people use their car, and how inclined they are to mixed-use, 

regular users remain regular, and irregular users remain irregular. The field of psycho-

sociology conducted a similar mobility experiment to study the effect of a change in 

mobility conditions. For example, Tertoolen (1998) investigated the effects of information, 

feedback and commitment on car use and attitudes related to car use; and also concluded 

that the effect on travel behavior turned out to be absent. He argues that the measures of 

nudging proved insufficient to stimulate drivers to leave their cars. The car is too strongly 

linked to feelings of independence and convenience. 

Furthermore, regularity in the structure of mobility diaries makes a useful metric for user 

segmentation, and open many research opportunities to understand who are the regulars and 

who are the regulars, or exploring the determinants of regularity. Lastly, we identified the 

corner case of motif 99 that requires specific attention. For example, future works may 

account for the mobility motif complexity in the sequence analysis. 

How irregular are the locational practices with respect to modal habits? 

We conclude that intensive car use does not imply more innovation in terms of visited 

location that others. However, we found that mixed-users tend to have a more habitual 

locational behavior than exclusive and moderate car users. We quantified that the habitual 

action space corresponds approximately from 27 to 30% of all the locations recorded over 

the 8-week gps tracking. These results contribute to the literature on habitual or multi-day 

travel analysis. For example, a similar approach is used in Deschaintres et al. (2019) to 

quantify intrapersonal (temporal) regularity, in which the authors study the differentiated 

regularity among annual transit pass owner, monthly pass owners, or daily ticket users. 

Another important contribution of our work lies in the integration of “spatial” variability, as 

most of intrapersonal travel variation analyses rely on “temporal” variability. Schlich et al. 

(2004), and Morency et al. (2007) provide innovative measures of locational practices (L) 
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and spatial consumption patterns, but no consensus emerged in the literature. We argue that 

a graph-based approached, when the georeferenced data is available, constitute a 

computationally efficient means to manipulate large-scale geolocation data. 

(6.2.1) 8. CONCLUSION 

This paper provides a detailed analysis of the locational and organizational regularity of 

intensive car users compared to other users. We used the MOBIS mobility experiment to 

approach the locational resistances to change, and investigate the predictability in daily 

activity-travel structures. We found that travelers have either very simple or very complex 

activity-travel structures independently of their modal practices (L). Additionally, the multi-

day organization of activity-travels is insensitive to different mobility conditions. Regular 

users remain regular, while irregular users remain irregular, regardless of how often they 

use their car or how inclined they are to mixed-use. Our findings suggest that regularity in 

the structure of mobility diaries is a useful metric for user segmentation and that mixed-

users tend to have more habitual locational behavior than exclusive and moderate car users. 

We also suggest that a graph-based approach is a computationally efficient means to 

manipulate large-scale geolocation data. Our study’s findings contribute to the literature on 

habitual or multi-day travel analysis and provide novel approaches to measure locational 

practices (L) and spatial consumption patterns. The regularity of activity-travel behaviors 

(L) being closely tied with predictability, we argue that the integration of both spatial and 

temporal variability is essential for user-centric, inclusive, transport planning and policies. 

Overall, our study provides valuable insights into the regularity of car users compared to 

other users. Our findings could help policymakers better understand the behavior of car 

users and design more effective policies to encourage sustainable transportation practices 

(L) while considering the individual time-space constraints (L). 
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(6.2.2) REPEATABLE BEHAVIORS: FUTURE WORKS 

Marc-Edouard Schultheiss, Janody Pougala, Marija Kukic 
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(6.2.2) 1. ABSTRACT 

This technical report is a complement to the paper “Repeatable behaviors: time-space 

regularity in a mobility experiment” (Schultheiss & Kaufmann, 2023a). We aim at 

providing several methodological elements and approaches for future developments in the 

study area of multi-day activity-travel behaviors. As mobility is often repetitive and regular; 

and the automobile bears values of convenience, practicality, freedom, and flexibility that 

are incorporated in individual activity-travel decision-making, we argue that better 

understanding the repeatable behaviors can unveil new avenues for modal shift strategies 

and policies. This technical report proposes both spatial and temporal approaches to further 

explore regularities in travel arrangements and activity diaries on a longitudinal perspective. 

We illustrate our methods on the MOBIS study, an eight-week travel-diary collected in 

Switzerland in 2019. 

(6.2.2) 2. INTRODUCTION 

This technical report presents an extensive proposal for future work based on the paper 

“Repeatable Behaviors: Time-Space Regularity in a Mobility Experiment” (Schultheiss & 

Kaufmann, 2023a), which will be referred to as “part 1” throughout this report. It is based 

on the assumption that a better understanding of the microscopic dependencies in habitual 

travels can unveil new modal shift policies and strategies; and that repeatability in activity-

travel behaviors (L) induce resistances to change in modal practices (L). 

Indeed, regularity in activity-travel behaviors makes it difficult for people to break their 

mobility routine, even with intentions to change (Verplanken et al., 1998). From a travel 

policy perspective, habits make it harder to incentivize modal shift strategies (Buhler, 2015). 

Moreover, mobility practices (L) are based on longer-term life choices, such as car 
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ownership or residential settlement, which can lead to accessibility constraints (L) and 

various forms of modal captivity (L) (Ben-Akiva, 1973). 

We seek to bring contribution to the multi-day activity-travel research effort by exploring 

habitual practices (L) in activity-travel behaviors. It follows to a line of research (as 

conducted by Axhausen, Kitamura, Morency, Verplanken, and others) in which habitual and 

repetitive activity-travel behaviors (also known as variability, predictability, regularity, etc.) 

holds new ways to encourage or self-activate effective modal shift. In support to such 

research objective, movement data is becoming increasingly granular and continuous 

(Lovelace et al., 2016; Salganik, 2017). 

The objective of this exploratory research effort is to describe how GPS data can be leverage 

to study mulit-day travel behaviors, to propose a set of metrics and measures of the action 

space and daily organization of the mobility project and to propose innovative intakes on 

how to reorganize and reindex the mobility data to unveil regularities. 

(6.2.2) 3. BACKGROUND 

Daily travel activities often repeat due to individuals relying on regular scheduling strategies 

that work for them. This allows them to manage unexpected events and constraints (L) of 

daily life, and to easily navigate their familiar activity space (L). Thus, regularity is an 

integral part of individual activity-travel behaviors (L) and intra-personal dynamics in 

mobility practices (L). 

For example, the universal laws governing human movement on aggregated and multi-day 

scales investigated by González et al. (2008) or Schläpfer et al. (2021) revealed a high 

degree of temporal and spatial regularity, and a significant probability of returning to a few 

highly frequented locations. This was also demonstrated at a more microscopic level, as 

there are usually 2-4 locations which cover about 70% of all locations within 6 weeks 

(Schönfelder & Axhausen, 2010). Furthermore, the visitation law recently uncovered, states 

that the number of visitors to any location scales as the inverse square of both travel distance 

and visitation frequency. We also studied the innovation rate in Schultheiss and Kaufmann 

(Schultheiss & Kaufmann, 2023a), that shows particularly robust and steady rate of newly 

visited places each day. 
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Studying the complexity of activity-travel behaviors and repeatability require exploratory 

(or non-standard) methods to work with longitudinal data (Jara-Díaz & Rosales-Salas, 2015; 

Kang & Scott, 2010; Verreault & Morency, 2011). Indeed, the dominant literature in 

transportation research relies on one-day typical mobility diaries. Furthermore, capturing 

the predictability and evaluating the variability in activity-travel behaviors remain a 

debatable topic in the literature, subject to various approaches (e.g. more or less aggregated), 

methods (e.g. focusing on time dimension, or space dimension), and with various shape or 

kind of data (e.g. cross-sectional or longitudinal). 

In Schultheiss and Kaufmann (2023), we studied or reviewed that evaluating activity-travel 

variability on an individual or household level is necessary to uncover varying levels of 

habit. We studied tools and methods that can characterize temporal and locational patterns. 

From a spatial perspective, geographical topology of the action space can provide measures 

such as proximity (L) between dwelling and other key places, visit frequency, and locational 

innovation. Temporally, the scheduling structure and mobility motifs give insight into the 

architecture of activity patterns, including home-loops, stations, time-allocation and travel 

arrangement. These studies generally agree that temporal variability is greater than spatial 

variability and both depend on the nature of the activity, as well as unobservable factors 

such as population heterogeneity or place attachment. Mobile sensing technologies have 

made operational and collective data accessible in transportation, offering new perspectives 

for further analyzing temporal and locational repeatability. 

Finally, the literature mostly considers space as static. However, the same space can be used 

and occupied by different people at different times—hours, days, or seasons—creating 

variations in its uses and functions. This concept of dynamics in the use of places is referred 

to as “temporal specialization” of spaces by Goodchild & Janelle (1984), “chronotypes” by 

Bonfiglioli (1997), and space-time typologies by Zandvliet and Dijst (2006). Evidence for 

this idea has been empirically provided by Reades and colleagues (2007). 

(6.2.2) 4. DATA PREPARATION 

Studying repeatability and regularity in activity-travel behaviors require multi-day, 

longitudinal data. In Schultheiss and Kaufmann (2023), we used the MOBIS mobility 

experiment (control, nudging, pricing), that is a Swiss-based 8-week and 3600-respondent 
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sociodemographic-informed geolocation dataset. A data paper describing the data has 

recently been released (Molloy et al., 2022). 

We are interested in the data preparation required to be able to conveniently develop the 

novel methods presented in the remaining of this work. A significant preprocessing step is 

necessary to transform the raw geolocation data into mobility data. On Figure 6.2.8, we 

illustrate the different state of aggregation and the different levels of semantic details we 

leveraged in the travel data. 

 

Figure 6.2.8 Data preprocessing pipeline, describing the different states of the mobility data 

The “data state A” is the raw geolocation data, that is segmented into legs and stay-points. 

It si basically a time series of coordinate tuples. From there, segmentation techniques and 

inference approaches are used to provide the best guess of whether the traveler is moving 

(leg) or still (waypoint), and what is their mode of transport or activity type. This yields the 

“data state B”, labeled with inferred modes of travel and activity purposes. While using low 

semantic and high granularity data display advantages such as maximizing the 

reproducibility, the amount of data requires heavy calculations that are resource-consuming. 
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Thus, we also processed a “data state C”, which is a spatial and temporal aggregation of the 

mobility data. 

 

Figure 6.2.9 MOBIS study data insights 

Last but not least, it happens to be relevant from many applications to connect the mobility 

data to contextual data such as the Open Street Map (OSM) data. To do so, we leveraged 

the waypoints of “data state B” that we first needed to link to the OSM map grid. We used 

the “nearest node” approach to perform the OSM network connection. We can also leverage 

public authorities’ data such as official territorial segmentations of degree of urbanization. 

A data insight is displayed in Figure 6.2.9, on which 100’000 multi-day activity location are 

scattered on a 3-class urban typology (Federal Office of Statistics). Each dot corresponds a 

to location visited at least once, and is labelled with the count of visits. To avoid duplicated 

locations due to the collection device inaccuracy, a density-base clustering is performed 

before integrating OSM data (see some snapshots of this clustering on the right side of 

Figure 6.2.9). 
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(6.2.2) 5. EXPLORATORY METHODS: ORGANIZING THE INFORMATION 

DIFFERENTLY 

Exploring the variabilities in “mobility time series” opens a vast range of possibilities in 

terms of indexing and information organization. On Figure 6.2.10, we illustrate how the 

same mobility time series can be interpreted differently according to its indexation. First, 

we can represent the data in a timeline in which “events” are activities and trips. This allows 

us to study time allocation, or activity purpose or mode use sequencing. The timeline can 

be fragmented into different time bin units (e.g., minutes, hours); and a trade-off must be 

found between the level of aggregation required and the computational expenses. Second, 

events can be mobility motifs i.e., daily graphs representing typical activity-travel diaries 

(Schultheiss & Kaufmann, 2023a). This allows us to analyze the characteristics of the graph 

(e.g., its entropy-based complexity) and the chaining of these graphs or complexities over 

several days. 

 

Figure 6.2.10 Different indexing of the same information 

Third, events can be an object representing the action space, or daily activity space (L) of a 

user. This object can be a matrix or vector of variables characterizing the individual 

locational behavior. It is illustrated in Figure 6.2.10 as a space characterized by a standard 

deviation ellipse, and labeled with node visit frequencies. It allows to study for example the 

distances between the habitual activity space (L) and the daily activity space, the innovation 

rate, or the spatial consumption. 
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(6.2.2) 5.1 Graph analysis 

As we saw on the data preprocessing pipeline in Figure 6.2.8, the typical way of representing 

mobility data is a large table in which each row represents a leg or a stay-point, identified 

with a user id. We argue that structuring the data as a directed graph is a fast, 

computationally tractable, privacy conscious approach to study multi-day geolocation data. 

We leveraged this approach in Part 1 of this research, for computing the innovation rate as 

well as the shared nodes and edges before and during the MOBIS mobility experiment. 

 

 

Figure 6.2.11 Daily mobility graphs and complete mobility graphs of 9 random users of the 
MOBIS study 
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We suggest that these premises are promising for studying large-scale micro-level multi-

day mobility behaviors. Python libraries such as NetworkX provide efficient tools for 

exploring the network structure, dynamics and functions (Hagberg et al., 2008), as well as 

for geospatial analysis. 

Figure 6.2.11 displays the daily mobility graphs and complete mobility graphs of 9 random 

users of the MOBIS study. 

(6.2.2) 5.2 Activity space topologies and locational regularity 

We propose in this section an interpretation of the graph topology (or shape) by exploring 

activity space and locational regularity. 

In terms of existing tools, much progress has recently been made in the development of 

spatial data science (Anselin & Rey, 2022). The maturation of libraries such as PySAL (Rey 

et al., 2015) or R Spatial (Bivand, 2022), that make spatial analysis more accessible. 

In terms of methods, several approaches coexist. Dubois and Schmitz (C. Dubois & 

Schmitz, 2011) mainly use the frequency of visits to a place to capture locational patterns 

and familiarities. Baddeley, Rubak, and Turner (2015) leverage point-patterns centrography 

to study measures of individuals’ action space, such as location history, spatial innovation 

and neighboring analysis. The operationalization of locational markers requires significant 

data transformation to interpret raw geolocation logs as marked points (e.g. labelled location 

in terms of purpose and visit counts). 

The implementation of centrography on the MOBIS data yielded “points”, “centers”, 

“distances” and “shapes” that characterize the activity space. Points are marked visited 

places with count of visits, purpose (home, work, leisure, duties), unique location id and 

intensity (mean number of event points per unit of the all-points convex hull area). Centers 

are the mean center, and weighted mean centers (weighted by the count of visits). Distances 

are standard distance that provides a one-dimensional measure of how dispersed visited 

locations are around their mean center, and the sum of distances from home. Shapes are 

standard deviational ellipse, that provides a two-dimensional measure of how dispersed 

visited locations can be, and minimum convex hull of the frequently visited places. 

Examples of activity space geometries are displayed on Figure 6.2.12, on which one frame 
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corresponds to one traveler, over eight weeks of observation, sampled from the use case. 

The ellipses (SD ellipses) show the area in which travelers are likely to perform activities 

given their location history. The polygons (convex hulls) delineate the most frequently 

visited places. Points are at least separated by 300 meters. 

 

Figure 6.2.12 Examples of activity space geometries 

Joint metrics of the points, centers, distances and shapes aforementioned are proposed, 

including regularity, frequency of visits, proximity, and home shift; and described as 

follows: 

(Eq. 6.2.2.1)  𝑅𝑒𝑔𝑢𝑙𝑎𝑟𝑖𝑡𝑦 = "!#$

"
 ; 

(Eq. 6.2.2.2)  𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦		

=

⎩
⎨

⎧
’most visited’, for	argmax(𝑓%)
’frequent visits’, for	𝑓% > 0.5 ⋅ argmax(𝑓%)
’occasional visits’, for	𝑓% ≤ 0.5 ⋅ argmax(𝑓%)
’visited once’, if	𝑓% = 1

with 𝑓% the count of visits at location 𝑖 

(Eq. 6.2.2.3)  𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦

=
𝑆𝐷&'()
𝑆𝐷*++

 is N
> 1 for dispersed habitual activity space and close innovative activity space
≈ 1 for homogeneous activity spaces
< 1 for dispersed innovative activity space and close habitual activity space 

 

(Eq. 6.2.2.4)  Home shift = R(𝑥,-.( − 𝑥/.0)1 + (𝑦,-.( − 𝑦/.0)1 
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Note that studying the action space is subject to sampling bias and requires enough days of 

observations. The literature suggests that 7 to 14 days may be sufficient to capture all the 

frequently visited places and recurrent activity-travels (Schönfelder & Axhausen, 2010). 

Different sampling strategies of temporal networks exist and must be tested, including 

temporal sampling or event sampling (Rocha et al., 2017). 

Regularity is the fraction of the number of frequently visited places over all places, 

including places visited once. A small regularity implies high locational innovation. 

Locational innovation refers to the variety seeking of new activity-locations. Here, the 

multiplicity of places visited once is interpreted as high variety seeking/innovation (for more 

details, see Schönfelder & Axhausen, 2010:153). A regularity that tends to 1 implies that 

the traveler mostly visits well-known locations.  

with 𝑛@ the number of frequently visited locations and n the total number of locations 

Frequency of visits is categorical variable made of four categories. It differentiates the most 

visited places over several days of observation, but also the frequently visited places as well 

as the occasionally visited points, and finally the places visited once (outlying locations). 

Proximity is the relative dispersion of habitual action space. Interestingly, Figure 6.2.12 

displays significant differences between the overlaps of the habitual action space (delineated 

by the hull) and the global action space (delineated by the ellipse). Proximity somehow is a 

measure of this overlap. For example, a proximity greater than one implies a dispersed 

habitual activity space (L) (i.e. places frequently visited over a 8-week period are spread on 

territory) and a close innovation activity space (i.e. places visited once or occasionally are 

closer to the main home location). Note that proximity is a ratio of standard distances rather 

than a ratio of surfaces of hulls over ellipses. This, in order to avoid corner cases where 

frequent locations would be geographically aligned and therefore have a very small area yet 

very elongated. Such corner case is illustrated in Figure 6.2.12 (b) and (i), where the hull 

surfaces are close to zero while such a location topology is characteristic of long-distance 

travelers. Empirically, the proximity is generally between 0 and 3. 

Lastly, Home shift is the Euclidean distance between home and the weighted mean center 

(see Figure 6.2.12), which provides a measure of residential isolation. A small home shift 
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means that most activities are done locally, in an area relatively close to the home; and a 

high home shift implies a remote activity space (L). 

(6.2.2) 5.3 Mobility motifs complexity 

Pushing further the graph-based approached, we showed in part 1 that daily mobility diaries 

can be abstracted as mobility motifs (as in Schneider et al., 2013). Here we propose to 

characterized these motifs with a complexity score based on their characteristic structure. 

For example, the count of home loops or non-home loops, the number of trips, the number 

of events, and the time allocated to those events all contribute to the complexity of one’s 

schedule. 

A complexity metric is computed using Eq. 1 and 2 in order to objectively measure the 

variations of a sequence of events. This metric is an adaptation of the entropy-based score 

proposed by Gabadinho et al. (2010), which was originally used to measure the complexity 

of biographical trajectories. 

(Eq.  6.2.2.5)} Entropy ℎ2"#$
(%,5) = −

1
ℎ.*7

Y(
8*09

:;$

𝜋:log]𝜋:^) and 𝜋: =
𝑇]𝐴𝑐𝑡:

(%,5)^
𝑇9-9

 

(Eq. 6.2.2.6)  Complexity 𝐶2"#$
(%,5) = b

8<'%"#$
=%"#$

ℎ2"#$
(%,5)  

The motif complexity is a twofold composite index ranging from 0 to 1. It takes into account 

the distribution of events (considered in terms of relative time allocation Tj𝐴𝑐𝑡(!,:)l/𝑇$A$ 

to each activity performed i.e., the entropy); and the number of transitions NTr between 

distinct events, relatively to the total length of the sequence L. Thus, the greater the 

complexity, the more trips and the more irregular the out-of-home schedules. Su et 

al. (2020) provides a sensitivity analysis of the complexity score in relation to different 

event sequences (see Table 2 for specific examples). Accounting for the complexity of the 

motif could circumvent one of the limitations we identified in Part 1 when computing the 

entropy rate maps; namely that the identified “regular users” can have several motifs 99 in 

a row, meaning a diversity in their irregularity more than an actual regularity. 
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(6.2.2) 5.4 Data mining 

We propose to a brief intake on how the action space metrics and complexity index could 

be used to better understand the temporal, organizational, and locational behaviors of 

travelers on a longitudinal perspective. 

In Figure 6.2.13, we cross-reference the complexity index and the action space metrics with 

sociodemographics, accessibility, and level of urbanity.  

 

 

Figure 6.2.13 Interpretation of complexity index (coefficient of variation and mean values) and 
action space metrics (proximity, regularity, home shift) 
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We show for example that women and men tend to display opposite levels of complexity, 

proximity, regularity, and home shift. In particular, even though females hold a lower mean 

complexity, the variation of complexity is higher which implies irregular schedules and a 

need for high temporal adaptability. From a spatial perspective though, women tend to more 

regularity, a dispersed innovation activity space (L) and a close habitual action space. 

The variation in complexity of the activity schedules also grows with the household size, up 

to 3-person households. So, a 3-head family (mostly 2 parents 1 kid) is less stable in terms 

of out-of-home schedules and travel more than 2 or 4-person households. Spatially, 3-head 

households live close to their home and seek for less variety in activity-locations. When the 

family gets bigger, people tend to recover a taste for travels and tighter schedules. In terms 

of transport mode practices (L), regular car drivers have higher regularity in schedules but 

have a dispersed habitual action space and a propensity to visit new places. Lastly, the 

general accessibility also shows accessibility-specific spatio-temporal behaviors, in a sense 

that a high accessibility implies small variations in schedule yet higher complexity, close 

habitual activity space (L) and spatial regularity. 

(6.2.2) 5.5 Image recognition and unsupervised learning 

Lastly, the most exploratory approach we propose study the variabilities in “mobility time 

series” is to index information according to the distance to home and to project a whole 

month of observation on a mobility vignette, as presented in Figure 6.2.14. 

The methods unfold as follows. For each user and each minute of the day, we compute the 

distance (Euclidean or network distance) from home. The distances are normalized per day, 

and color-scaled accordingly. Thus, the maximum distance from home takes the value 1, 

and home activities takes the value 0. In formal terms, the vignettes are 1660x37 pixels 

images. Each pixel takes the value of “distance from home”, but could take anything from 

a scalar to a vector (e.g., vector of regularity measures or motif complexity). 

The distance-based vignettes on Figure 6.2.14 clearly reveal some characteristic rhythms in 

activity-travel behaviors (L), that call for image classification. As a first attempt, we tried-

and-failed a few convolutional neural networks architectures for supervised clustering based 

on the modal habit typology developed in Part 1 (exclusive-, moderate-, and mixed car-
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users.) For future works, we suggest focusing on unsupervised techniques to classify the 

population with respect to their distance-based vignettes. 

 

Figure 6.2.14 Multi-day mobility vignettes displaying the distance from home (normalized per day) 

We argue that the main advantages of this representation is to be able to use image 

recognition machine learning techniques to classify car users using a whole month of 

observation (or more) at once. It is fully privacy-conscious as it discards the geolocation 

coordinates while still accounting for traveled distances; and it enables large-scale 

computations as one vignette holds all the information of one traveler avec several weeks 

of observation. 

(6.2.2) 6. CONCLUSION 

This technical report presents an operationalization of locational and temporal regularity 

through four novel approaches that represent mobility time series in different ways. First, 

we insist on the handiness of the complete directed graph proposed in Part 1 (Schultheiss & 

Kaufmann, 2023a), and argue that it is a convenient, privacy preserving way of studying 

large-scale micro-level multi-day mobility behaviors. Second, we introduce a centrographic 

approach to operationalize measures of the action space, including the proximity, regularity, 

and home shift. Third, we propose a measure of the entropy-based complexity of the typical 

mobility motifs introduced in Part 1, taking into account the the distribution of events and 

the relative number of transitions between distinct events. Using this complexity metric, 
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together with the action space metrics, we conducted a short socio-territorial data mining 

analysis. We showed for example that women tend to have more irregular schedules and a 

need for high temporal adaptability. In terms of locational behaviors, they tend to more 

spatial regularity, a dispersed innovation activity space (L) and a close habitual action space. 

Lastly, we introduce the distance-based mobility vignettes as a promising object to study 

regularities leveraging the efficiency of image recognition techniques. 

From a purely scheduling and space consumption perspective, the relation to the dwelling 

seems to play an important role in the proximity (L) of the activity space (L) and the 

complexity of the daily activity structure, regardless of the territorial typology, and therefore 

the accessibility and available amenities. Further consideration of home range analysis and 

housing attachment regimes, in their functional, social and sensitive dimensions, are also 

interesting tracks to explore. In this direction, motifs and regularity metrics can serve as 

explanatory variables in the construction of a typology of travelers according to their multi-

day spatial and temporal habits and routines. 

Lastly, it must be questioned whether observed regularity and repeatability in activity-travel 

behaviors (L) captures the sociological or sociopsychological depth of the mobility project. 

For example, if regular behaviors are also subject to habits, then change in behavior becomes 

even more difficult according to sociopsychological literature. Furthermore, gaining 

experience in the everyday life spaces of activities contributes to spatial familiarity as a 

cognitive and affective component (Altman & Low, 1992). This spatial knowledge allows 

travelers to confidently follow their temporal and locational routines. This includes their 

favorite places for recreational purposes and exact time windows to leave the office to avoid 

traffic. Such triggers can shape the travel arrangements and related choices, such as mode 

choice. 
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(6.3) URBAN PROXIMITIES? AN EMPIRICAL ANALYSIS OF RESIDENTIAL 

PREFERENCES AND RESIDENTIAL PRACTICES  
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1. ABSTRACT 

Urban proximity planning is foreseen as a solution to foster a sustainable and inclusive city. 

But are urban proximities a desirable way of living? This paper explores the gaps between 

individual residential preferences, residential location choice and practices, and the planning 

ideals of urban proximities. Based on functional, social, and sensitive attributes, five latent 

residential preferences have been identified: spatial proximity, tranquility, elitism, social 

proximity, and conviviality. These aspirations form the basis for a longitudinal, spatial, and 

clustering analysis. The results of the analysis, conducted on 2200+ respondents in Geneva, 

reveal characteristics in residential preferences. Firstly, preferences are stable over time, but 

malleable to changing circumstances. Secondly, some preferences show clear spatial 

distribution patterns when regressed with residential location choice. Thirdly, the gap 

between preferences and actual residential practices varies across morphological attributes. 

As a main result, the clustering analysis shows that 43% of the population aspire more to 

tranquility than to functional proximity; and those aspiring for proximities (32%) are the 

youngest and wealthiest. This questions the relevance of planning urban proximities as a 

“sustainable” solution, bringing spatial and demographic perspectives, and raising issues of 

generational divide, socio-territorial polarization, and inclusivity. 

(6.3) 2. INTRODUCTION 

Contemporary and progressive cities face ecological, social, temporal, and spatial 

challenges (Ascher, 1997; Rosa, 2010). To address these issues, "urban proximities" (L) 

have emerged as a solution among decision-makers. Cities such as Portland (1995), 

Melbourne (2017), Barcelona (2022), and Paris (2022) have committed to incorporating the 

“proximities” into their local development plans. The main idea is to enable people to live 

locally in city centers and meet their daily needs within a short walking distance from home. 
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The feasibility of urban proximities such as the 15-minute city is a contentious issue in 

political agendas and among experts. Pierre Veltz (2022) argues that this vision of a “new” 

residential, green, tranquil and quiet Arcadia has become the primary focus of urban 

policies.  

However, previous attempts at proximity planning have been made. Experience has shown 

that people keep finding ways around to keep using cars, such as in the "Villes Nouvelles" 

built in the 1970s in the outskirts of Paris in an effort to prevent sprawl and car dominance 

(Dupuy, 1999). Transit-Oriented Development also found its limits in unexpected 

segregational effects. Similarly, Veltz (2022) stresses that new urban proximities may foster 

neighborhood inwardness and inequities; therefore negatively impacting urban hospitality 

while improving the living conditions of the wealthiest downtown dwellers. Veltz argues 

that (re)transforming the "inherited city" into a city of proximities is not only about 

densifying neighborhoods and providing the right morphological attributes to people's 

action space; it is also about changing the inherited cultures, institutions, aspirations, and 

the ways of consuming, playing, and living. 

This raises the question of how far planning for urban proximities (L) will conflict with 

individual preferences and practices (L), particularly when it comes to choosing a place to 

live. Are urban proximities desirable from an individual perspective? 

One way to find answers is to examine mobility practices. Statistics show that car-use still 

largely dominates mobility practices (L) and that living on the outskirts of city centers 

remains attractive (Booi & Boterman, 2020). For decades, the incorporation of car-centered 

practices has had a lasting impact on the residential aspirations and how space is consumed. 

Past urban developments entrenched a liberal logic of maximizing individual accessibility 

and comfort (Sassen, 1996), whereby mobility is seen as a tool for economic development 

and individual emancipation, rather than encouraging more compact, walkable cities (CCE, 

1990; Speck, 2013). Automobiles caused a rupture from pedestrian-oriented cities, which 

were dense and local, to motorized cities (Colville-Andersen, 2018; Wiel, 1999). With this 

“facilitated mobility” came suburbanization and periurbanization prominent until the 2000s. 

Since then, car-use remained dominant (Fiorello et al., 2016) and suburbs remained 

attractive (Collectif, 2013). In recent years, Switzerland and Canada have seen stronger 

demographic growth in suburbs than in city centers (FSO, 2023; Statistics Canada, 2022). 
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In France, city centers concentrate the strongest socioeconomic inequalities, and the median 

standard of living is generally higher in the suburbs of large urban centers (Aerts et al., 

2015). The "desirability of peri-urbanity" (Collectif, 2013) – along with a "rural idyll" of 

beautiful landscapes, closeness to nature, larger and more affordable houses, easier 

socialization, and easier access to socio-cultural facilities (Bacqué et al., 2016; Wiel, 1999) 

– conflicts with current ideals of proximity planning. 

Departing from these premises, we seek to better understand the gap between individual 

residential preferences, residential location-choice, and proximity planning ideals. Our 

objective is to identify, characterize, and quantify how people value various attributes of the 

built or social environment in their ideal place of living. Exploring the relationship between 

lifestyles (L) and urban environments is a way to broaden discussions on sustainable urban 

transition, often focused on modal shift. 

We will address several sub-questions.  What are the salient residential preferences? How 

did they evolve in the last decade? Where are these preferences spatially distributed? How 

large is the gap between preferences, location-choice, and morphological attributes? What 

are the archetypical residential ways of living (L)? Who aspires to what?  

The remaining text is organized as follows. After the introductory section, Section 3 

provides a theoretical background to conceptually differentiate the residential choices, 

preferences, and ways of living (L); and how one may influence the other in the social 

structure of the neighborhood. Section 4 focuses on data, use case, and method. It is based 

on a longitudinal analysis of residential preferences (using two cross-sectional surveys 

conducted 10 years apart), spatial regressions, and hierarchical clustering. Section 5 presents 

the results, addressing the subquestions introduced before. Section 6 discusses the results 

from a broader perspective and summarizes the findings. Section 7 provides the conclusions. 

(6.3) 3. THEORETICAL BACKGROUND 

Operational research has long investigated the connection between urban forms and 

behavioral shifts (e.g. X. (Jason) Cao et al., 2009; Ewing & Cervero, 2010; Handy, 2005). 

However, per Veltz's argument (2022), we must also take into account preferences, desires, 

and attitudes (TRB, 2005; van Acker et al., 2007).  
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(6.3) 3.1 Residential choices 

Residential choices are the result of complex arbitrations that involve various dimensions 

of existence (Authier et al., 2010). Residential choice is hence considered a social 

construction. It is socially influenced by tradition, culture, way of living, or social position; 

and subject to strong economic, axiologic, and contextual constraints (L). Yet there are still 

important academic debates around the extent to which a choice is socially constructed. For 

example, what is the weight of rental price or household’s income (objective determinants) 

compared to the neighborhood’s reputation. It is therefore important to explore 

symmetrically the many ways residential characteristics are accounted for and taken into 

consideration in the making of a residential “choice”.   

A disciplinary divide between economics and sociology leads to confusion on the matter. In 

the dominant tradition of economic science (Ben-Akiva & Lerman, 1985; Pareto, 1968), the 

logics of action (L) underlying a rational choice imply optimization of objective attributes 

in the "housing package" e.g., size, price, ownership, number of rooms, and location (Lucy, 

2019; Schelling, 1971), a “place utility” (Wolpert, 1965), a willingness to pay, and 

homogeneous preferences across the population. 

To complement the qualities of a housing package, theories of social action consider the 

"neighborhood quality", which includes the social environment and the social distinction 

between the social position of the agent and the valuation of the social characteristics, 

aesthetic, and other sensitive judgements of the environment (Bourdieu, 1984; W. Clark et 

al., 2006). It also includes the proximity of the support network (L) (family, friends), the 

familiarity and sense of place (Bonvalet & Gotman, 1999; Felder, 2021; Hipp et al., 2012); 

as well as quality of schools, crime rates, representation of safety, or ethnic diversity 

(Schwanen & Mokhtarian, 2007; Van Ham & Feijten, 2008). The introductory work of 

Böhme (1993) and more broadly the pragmatist approaches suggest that the individual's 

physical and emotional experience of space is constitutive of a sensitive evaluation of the 

built environment which cannot be reduced either to a rational or purely social logic 

(Gaudin, 2018). Concepts such as ambiance or atmosphere (Bille et al., 2015; Gandy, 2020) 

have opened up a renewed "sensory urbanism" (Schivelbusch et al., 2005). 

The Weberian approach (Weber, 1922) suggests that multiple logics of action (L) can be 

combined, such as tradition, affective, purpose, and values. This echoes the principles of 
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housing disequilibrium models (e.g. Hanushek & Quigley, 1978), which involve trade-offs 

and complex compromises and conflicts between preferences (W. Clark & Dieleman, 1996). 

When translating the Weberian approach to residential location choice, it appears that not 

all arbitrations at work can be observed, as they involve subjectivity and representations. 

Lastly, the ability to control one's living space is unequally distributed among social groups, 

and the notion of residential choice is itself debatable (Authier et al., 2010). The choice is 

in particular dictated by the social qualities of the projected locations, and can lead to 

unintentional residential location processes (Schelling, 1969). 

(6.3) 3.2 Residential preference 

Residential choices have therefore to be distinguished from residential preferences, also 

termed “attitudes” in the literature. A discrepancy between “preference” and practice (L) is 

generally observed because the residential choice implies a combination of competing 

preferences within a constrained context. Vasanen (2012) emphasizes the latent (L) nature 

of residential preferences: the preferred residential environment does not necessarily 

correspond with the chosen housing. The author argues that understanding subjective values 

associated with housing is key to understanding the influence of residential preferences on 

housing choices. A similar argument appears in other empirical works (Thomas & Pattaroni, 

2012; J. L. Walker & Li, 2007). Thus, it is commonplace to identify preferences using a 

latent-based (L) approach. 

(6.3) 3.3 Residential aspiration 

The residential aspiration is a motivational process by which an individual or a social group, 

such as a household, is driven towards a goal and assigns objectives to it (Boudon, 1985). 

There are "levels of aspiration" (Lewin et al., 1944), ranging from ideal expectations (the 

ideal dwelling) to realistic expectations (what one can currently afford), and these are driven 

by individual motivation and capital (L). The concept of "housing hierarchy" illustrates well 

the long-standing pursuit of the perfect home. Household members typically move up the 

housing hierarchy step-by-step over their life course (W. Clark & Dieleman, 1996). 

Interestingly, Boudon (Boudon, 2012) suggests that aspirations can evolve when social 

structures change, which could support the injunctive urban interventionism in the social 
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structure of the neighborhood. Conversely, aspirations can also be the vector for changes in 

social structures and everyday urbanism (Hilbrandt, 2019). 

(6.3) 3.4 Ways of living 

The literature often conflates the lexes of aspirations, lifestyles (L), and ways of living (L).  

Pattaroni (2013) defines ways of living as a person's aspirations, capacities, past experience, 

resources, and learning, as well as environmental influences. In contrast to “lifestyle”, ways 

of living are shared collectively, and do not solely refer to individual differences. In contrast 

to “values'', ways of living make sense in a specific context.  

The literature often leverages the concept of ways of living (L) to explore residential 

practices (L) (Hilbrandt, 2019; S. J. T. Jansen, 2020; Thomas & Pattaroni, 2012; Vasanen, 

2012; J. L. Walker & Li, 2007). It provides degrees of freedom in individuals' actions, 

opinions, and values (V. Kaufmann, 2000:38). It allows combining functional factors with 

more non-rational, culture-based factors; and accounting for variations in preferences and 

arbitrations across the population (Aereo, 2006). 

The residential way of living approach unifies three major ways people test and evaluate 

their environment, which make up the quality of life of a household. These are the 

functional, social, and sensitive logics of valuations (Breviglieri, 2006; Thévenot, 2006). 

The practical or functional logic of valuation refers to a household's ability to organize its 

daily activities in a practical and satisfactory manner. The social logic of valuation involves 

situations in which the relationship with the urban environment is mediated by social 

mechanisms (such as social representation of reputation, logics of distinction, and 

consideration of social networks). It is about the household's ability to position itself in the 

social space and develop their social and kin networks. Lastly, the sensitive logic of 

valuation concerns affective and cognitive processes of the residents when experiencing past 

and current urban places (Grêt-Regamey et al., 2019). The issue here is the household's 

ability to anchor itself in a specific context and feel at ease. 

(6.3) 3.5 Attributes of urban proximities 

Munafò (2015) recalls that cities historical development is closely linked to the increasing 

need to facilitate exchanges between actors that have become interdependent due to the 
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development of the division of labor. In this perspective, the city can be described as  the 

most efficient spatial form for linking urban functions (Lévy & Lussault, 2003), and for 

providing easy access to facilities, infrastructures, and services. Proximity (L) is a 

fundamental characteristic of the urban fabric, mainly due to its density. Density is one of 

the several D-words commonly used in planning as having an impact on travel distances 

(Ewing & Cervero, 2010; UN Habitat, 2013), together with destination accessibility, 

diversity, design, distance to transit, and demand management. 

The contemporary vision of urban proximities do not only rely on a dense and polycentric 

fabric, and highly connected public transit network. Such an approach  was already 

attempted by the Transit-Oriented Development (TOD) aiming to maximize the amount of 

residential, business, and leisure space within walking distance of public transportation 

(Calthorpe, 1997; Robert Cervero & TRB members, 2004). From a sustainable perspective, 

the success of this type of urban development is controversial due to associated effects such 

as rising real estate prices, gentrification (Paul & Taylor, 2021); or urban heat islands in 

TOD neighborhoods (Kamruzzaman et al., 2018). In the new urban planning eutopia of 

proximities, attributes typically fall under the umbrella of inclusivity (e.g., access to services 

through housing policies, local employment opportunities), health (e.g. health 

infrastructure, recreational facilities, or fresh and affordable food), and safety of the urban 

environments (Pozoukidou & Chatziyiannaki, 2021:Table 1).  

In the following part, we will address those different dimensions while reorganizing them 

around the three major logics of valuation we identified (functional, social and sensitive).  

(6.3) 4. DATA AND METHODS 

The empirical part of this paper is based on a series of residential attributes retrieved from 

Data Domotopia (2023). Table 6.3.1 lists each attribute, which falls into one of the three 

logics of valuation identified in the literature (functional, social, sensitive). They were 

introduced in the questionnaire as follows: “Here are some reasons to live in a neighborhood. 

Generally speaking, can you indicate the level of importance of these criteria in choosing 

your ideal residential location?” Respondents were asked to rate each attribute on a one-to-

five Likert scale. Mentioning "ideal residential location" specifically helps us focus on 

preferences, and taking distance from other constraints (L) related to context or capital (L) 

that may interfere with the residential location-choice arbitration. 



6. Exploring systemic, latent, and micro resistances 

 204 

Figure 6.3.1 summarizes the method, which aims at producing material to discuss the 

research question about the discrepancy between individual residential preferences, 

residential location-choice, and planning ideals imposed by decision-makers. 

 
Figure 6.3.1 Analytical device 

The remainder of the section provides further details about the survey data, statistical 

transformations, and approaches to spatial analysis. 

(6.3) 4.1. Survey data 

The results are based on a 2021 self-reported web survey (n = 2159) in the Canton of Geneva 

(Switzerland) that focuses on the impact of social acceleration (L) on the residential 

lifeworlds. An extensive description of the survey and the data is provided in the data paper 

Data Domotopia (2023), which provides a representativity validation of the data. 

This research is based on the analysis of a series of 16 residential attributes, scored on a one-

to-five Likert scale (see Table 6.3.1). The items are grouped according to their functional, 

social, or more sensitive characteristics. The distribution of the scores is normally 

distributed (µ = 3.4, σ = 0.61) and unimodal, which validates the quality of the answers in 

statistical terms. 

The descriptive statistics reveal that some criteria are unanimously "important" and receive 

an average score greater than 4/5 with low variance. Examples include calmness, proximity 
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to nature, and public transport accessibility. Other criteria, such as access to cultural life, 

proximity to the train station, social diversity, and associative life, were scored below 3/5. 

These "less important" criteria were also more divisive, as the variance among the 

population was larger. The average scores given to residential criteria ranged from 2.6/5 to 

4.3/5 for the entire population. Notably, the sensitive criteria tended to be unanimously more 

important, while the social criteria were more divisive and less important (low average, high 

variance). These 16 attributes overlap the most often utilized dwelling and environment 

features in housing preference research (Boumeester, 2011:30, Table 2.1). 

Table 6.3.1 Descriptive statistics of the 16 residential attributes obtained from the Data 
Domotopia (2023) 

Functional µ σ Social µ σ Sensitive µ σ 

Proximity to train station 2.6 1.35 School proximity or 
reputation 2.9 1.59 Calm and 

Nature 4.3 0.95 

Accessibility by public 
transport 4.1 1.13 Proximity to friends/family 3.3 1.25 Charm 3.9 1.01 

Accessibility by car 3.5 1.38 Cultural life 2.8 1.27 Feeling of 
safety 4.0 1.10 

Proximity to work 3.3 1.32 Social diversity and 
associative life 2.8 1.28    

Proximity to shops 3.9 1.05 Neighborhood reputation 3.6 1.19    

Proximity to city center 3.2 1.27       

Taxation 2.9 1.34       

Optical fiber 3.1 1.27       

Average per characteristic :  3.33 1.26  3.08 1.32  4.07 1.02 

n=2159 

(6.3) 4.2. Latent-factor analysis 

The first data transformation consists in yielding latent (L) residential preferences (stated 

preferences), that are statistical combinations of the weighted residential attributes. A factor 

analysis (principal component analysis) was used to reveal the salient residential preferences 

(i.e., principal components). The number of principal components to keep was chosen by 

observing the scree plot and elbow method and retaining eigenvalues greater than one.  

These latent (L) factors are referred to as “residential preferences” in the rest of the paper, 

and are a linear combination of the “residential attributes,” which can be interpreted as 
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standardized regression coefficients. The method employed is "principal factors" using the 

varimax rotation. The p-value (0.00 < 0.05) and KMO tests (0.86 > 0.60) validated the 

statistics. 

(6.3) 4.3. Longitudinal analysis 

A survey of similar residential attributes in the metropolitan area of Geneva was already 

conducted in 2010 (Pattaroni & Kaufmann, 2010). The sample size was smaller (n=1266), 

but it was still sufficient to replicate the same method as described in the latent-factor 

analysis subsection for comparison purposes. Studies in Health often use a longitudinal 

analysis based on replicating a factor analysis approach at multiple points in time and 

different cohorts (e.g. Newby et al., 2006; Northstone & Emmett, 2008). This approach is 

preferred to the "applied" approach, which applies loadings from t to t+1 survey data. On 

these grounds, we can confidently compare residential preferences from 2021 with those 

obtained through a latent (L) analysis of the 2010 residential criteria. Although the cohorts 

in the two datasets differ, the general trends can be compared since both samples are 

representative of the population. The p-value (0.00 < 0.05) and KMO tests (0.83 > 0.60) 

also validate the use of a factor analysis. 

(6.3) 4.4. Spatial analysis 

The Canton of Geneva is composed of 45 municipalities and a population of 510000 spread 

over 245km2, making it the 2nd densest area in Switzerland. The territory offers rural and 

urban diversity in residence opportunities. Data Domotopia (2023) is statistically 

representative with relative respondents per municipality close to the actual population 

distribution. The city of Geneva is very dense (12880 persons/km2) and hosts 40% of the 

population, with 816 respondents (38%) for the survey. The territory is aggregated into 475 

subsectors, with 128 in the city of Geneva. The territory has experienced an atypical 

population growth since the 2000s, with a rate of around +20%. Consequently, the vacancy 

rate is very low. 

The spatial analyses have three objectives: reveal the spatial distribution of residential 

preferences; measure the gap between residential practices (L) and preferences, and quantify 

how much preferences match or mismatch environment morphologies; reveal neighborhood 

effects. 
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A series of spatial regressions are performed, using residential preferences as explanatory 

features. An Ordinary Least Squares routine is used to identify trends between residential 

preferences and space-dependent variables. Space can be introduced exogenously by 

lagging a selection or all of the explanatory features, or endogenously by lagging the 

dependent variable and incorporating it as an additional explanatory feature. We adapted 

the estimation method to address the endogeneity issue, which violates some of the 

assumptions of a simple ordinary least squares routine. Mathematically, the spatially lagged 

exogenous regressors can be expressed as in equation (6.3.1): 

 𝑌! = α + β𝑋! + δqω!B
B

𝑋!C + ϵ! (6.3.1) 

with 𝑋!C a subset of 𝑋! the vector of explanatory features for subsector i; and ω!B the ij-th 

cell of a spatial weights matrix W that can be calculated using different methods (Arribas-

Bel, 2019). Here, the binary Queen contiguity approach is used to define the weight matrix, 

which requires a shared edge with another subsector. Lastly, α is the constant, β;  δ are the 

parameters to be estimated and ϵ! the error term. Interpretatively, including an exogenous 

regressors suggests that the residential aspirations in the neighboring subsectors j = 1 …  n 

also influence the dependent variable considered at the subsector i. 

Figure 6.3.2 displays maps of two of the three dependent variables used in this work, namely 

the network distance to the fifth amenity and the network distance to the fifth transit station. 

These distances are retrieved from OpenStreetMap. The transit stations include the bus stop 

and the train or tram platforms. The amenities include the coffee shops, post offices, schools, 

pharmacies and bars. The third dependent variable included in the analysis is the average 

annual square meter rental price per town (RealAdvisor, 2022). 

Note that, by selecting rent, transit, and amenities, we focus on the "inclusive" evaluation 

pillar of proximity planning. Health and safety should be addressed in future works. 

Additionally, the distance to the closest "five" amenities or stations was arbitrarily chosen 

to account for density, proximity, and diversity of locations. A sensitivity analysis should 

be conducted in future works to operationalize "diversity". 
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Figure 6.3.2 Dependent variables retrieved from OpenStreetMap: network distance to reach (a) 

the 5th amenity and (b) the 5th transit station (aggregated at the subsector level) 

The spatial compactness or centrality of the residential preferences are visually remarkable. 

To quantify how dispersed, random or centered a feature can be, two indicators are used. 

The first one is the Moran’s Index to assess the spatial randomness of a feature i.e., whether 

distribution patterns are discernible over space (spatial auto-correlation). The Moran’s index 

calculation includes the same weight matrix as introduced previously to account for 

neighboring areas. It must be interpreted as follows: a Moran’s I equal to -1 indicates a 

perfect dispersion (like a chess board); a null Moran’s I indicates no autocorrelation i.e., 

randomness; and a Moran’s I equal to +1 indicates perfect clustering of similar values. The 

second indicator is derived from the Standard Distance typically used in spatial analysis to 

measure the compactness of a distribution. Equation (6.3.2) and (6.3.3) shows the centrality 

index 𝐶: for feature k, and min-max scaled weighted standard distance 𝑆𝐷D:u for feature k. 

 

 𝐶: = 1 − 𝑆𝐷D:u (6.3.2) 

 

S𝐷E: = w
∑ ω!

:(𝑥! − 𝑥F&-$&%)"-
!G<

∑ ω!
:-

!G<
+
∑ ω!

:(𝑦! − 𝑦F&-$&%)"-
!G<

∑ ω!
:-

!G<
 (6.3.3) 

 

with ω!,: the ij-th Queen-based weight, 𝑥! , 𝑦! the geolocation of respondent i, 

𝑥F&-$&% , 𝑦F&-$&% the geolocation of the center of reference, here the Geneva train station. 
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(6.3) 4.5. Hierarchical clustering 

The last methodological point concerns the archetypal residential ways of living (L). The 

objective is to identify groups of respondents who share similar residential preferences, in 

order to yield salient residential ways of living. To achieve this, the approach of hierarchical 

clustering is used. The Ward's linkage criterion is used to minimize the variance of the 

clusters being merged. The decision rule for choosing the number of clusters to consider is 

based on the homogeneity of cluster size and the dendrogram's vertical distance. 

(6.3) 5. RESULTS 

In this section, we will address several questions. What are the salient residential 

preferences? Where are these preferences spatially distributed? How did they evolve in the 

last decade? How large is the gap between preferences, practices (L), and morphological 

attributes? How important is proximity in this set of preferences? What are the archetypical 

residential ways of living? Who aspires to what? 

(6.3) 5.1. Residential preferences 

The latent-factor analysis of 16 residential attributes revealed five axes that explain 57% of 

the variance. This rate is satisfactory, considering the complexity of residential preferences 

and unobserved arbitrations. The axes can be interpreted as salient residential preferences 

that help us better understand the main drivers of residential choices, what people value in 

a potential residential location, and how to characterize people's residential preferences. The 

loadings of the factor analysis are presented in Table 6.3.2. These preferences include: 

tranquility, proximity, elitism, social proximity, and conviviality. 

Tranquility reflects a preference for sensitive characteristics, such as green spaces and a 

tranquil atmosphere. It shows how much families appreciate the sensitive qualities of their 

surroundings, regardless of its social or functional properties. The Spatial Proximity axis 

indicates a preference for a dense and connected urban fabric, where people have easy access 

to shops and urban centers. This spatial proximity is mainly related to functional dimensions 

that can be associated with a pedestrian metric, distinguishing families that wish to build 

their daily life around pedestrian activities (walking and public transportation). Elitism is 

the pursuit of social distinction (Bourdieu, 1984). The four variables that make up this axis 
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– accessibility by car, income tax rates, optical fiber, and neighborhood reputation – all favor 

an upscale lifestyle (L) and environment. The preference for a district with a good reputation 

can be seen as a sign of social distinction. Social proximity refers to those who prioritize 

traditional values such as work, family, friends, and children's education. This concept 

encompasses the ideals of social success.  

Table 6.3.2 Loadings of the 2021 residential criteria factor analysis 

 

2021 
Preference 1 
Tranquility 

14% 

Preference 2 
Spatial 

proximity 
12% 

Preference 3 
Elitism 

11% 

Preference 4 
Social 

proximity 
10% 

Preference 5 
Conviviality 

10% 

FU
NC

TI
O

NA
L  

Proximity to train station -0.026 0.408 0.043 0.033 0.463 

Accessibility by public transport 0.134 0.747 0.040 0.099 0.119 

Proximity to shops 0.149 0.739 0.199 0.114 0.021 

Proximity to city center -0.031 0.692 -0.009 0.059 0.239 

Accessibility by car 0.337 -0.105 0.530 0.222 -0.158 

Taxation 0.173 0.010 0.708 0.071 0.196 

Optical fiber -0.027 0.281 0.737 0.015 0.114 

Proximity to work -0.009 0.148 0.000 0.781 0.079 

SO
CI

AL
 

School proximity or reputation 0.138 0.038 0.179 0.718 0.012 

Proximity to friends/family 0.221 0.094 0.049 0.431 0.294 

Cultural life 0.108 0.178 0.017 0.081 0.767 

Social diversity and associative life 0.118 0.078 0.134 0.103 0.735 

Neighborhood reputation 0.631 0.177 0.388 0.094 -0.049 

SE
NS

IT
IV

E  Calm and Nature 0.769 -0.020 -0.012 0.074 0.101 

Charm 0.779 0.069 0.015 0.018 0.233 

Feeling of safety 0.641 0.149 0.330 0.208 -0.004 

 Moran’s I (Queen contiguity weights) 0.15*** 0.23*** 0.02° 0.07* 0.09* 

 Centrality 0.52 0.77 0.72 0.73 0.84 

 ***: p<0.001; *: p<0.05; °: p>0.1.  
 

n = 2159 
p-value: 0.00 < 0.05 

KMO test: 0.86 > 0.60 
Rotation: varimax 

Method: principal factor 
Explained variance: 57% 
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Lastly, the concept of conviviality refers to a preference for an environment with a vibrant 

and diverse social life, where public life is valued. It can also be associated with a desire for 

entertainment, with a rich cultural life, as well as the convenience of being close to a train 

station. 

These five preferences demonstrate a wide range of residential preferences, particularly with 

respect to the social quality of the environment (reputation, security, involvement in the 

local community, and the importance of the family network).  

They also indicate the main levers of user-centric urban planning projects. For instance, the 

emphasis on proximity relates to land-use and urban development paradigms, such as urban 

compactness, distribution of amenities and urban functions, the role of individual mobility, 

etc. 

(6.3) 5.2 Stability of residential preferences over time 

As described in the methods, the factor analysis was replicated on a similar dataset from 

2010 with 19 residential criteria. The resulting residential preferences obtained in 2010 are 

presented in Table 6.3.3. 

Table 6.3.3 Evolution in the residential aspirations between 2010 and 2021 

Rotation: varimax 
Method: principal factor 
Explained variance: 50% 

n = 1266 
p-value: 0.00 < 0.05 

KMO test: 0.83 > 0.60 

fu
nc

tio
na

l  
so

ci
al

 
se

ns
iti

ve
 

Preferences  
(in 2010) 

Explained  
variance 

Significant residential 
criteria in 2010 
(loadings> 0.50) 

Transfers in attributes between 2010/2021 

Elitism 13% Car access., taxation, 
neighborhood and school 
reputation, safety 

 
x x  

Spatial 
proximity 

12% Proximity to train station, 
transit, shops, city center, 
cultural and associative life 

 
x x  

Tranquility 10% Calm, nature and charm (+) Feeling of safety   x 

Conviviality 9% Cultural, associative life, 
social diversity and proximity 
to friends and family 

(+) Train station, cultural and associative life 
 x  

Work 6% Work (+) School reputation and proximity to family x   
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Interestingly, the residential preferences in 2010 are found to be very similar to those from 

2021. The elitism, the proximity, the tranquility, and the conviviality are driven by the same 

residential attributes that slightly evolve in their attribute composition. In particular, Elitism 

used to include the school reputation and the feeling of safety in 2010, which constituted a 

strong social dimension. People would not only seek for a functionally upscaled 

environment, but also elite social characteristics. In 2021, only the functional elitism 

remains, since school reputation was transferred to the Social Proximity, and the feeling of 

safety to the Tranquility. Similarly, while the access to culture and associative life would go 

along functional proximity features in 2010, they were transferred to Conviviality in 2021. 

The preference for Work proximity has changed significantly over the past decade. In 2010, 

it was a standalone preference, while in 2021 it became a composite preference, including 

Social Proximity with family, friends, and child education. This shift reflects a desire to 

prioritize family and work proximity, which allows for complex activity-travel patterns. 

This change can be attributed to two major global crises that occurred during the data 

collection period. 

In 2010, the global economic impact of the subprime mortgage crisis was felt. This led to 

people placing greater importance on their professional lives. In contrast, the 2020 covid-

19 pandemic has resulted in a return to traditional values – work, family, friends, and 

children's education – as well as increased localism. Thus, preferences appear to remain 

stable over time, yet flexible enough to adjust to the current social, political, ecological, 

epidemiological, economic, and technological situation. This validates the conceptual 

premise that social structures and aspirations are mutually influential. 

(6.3) 5.3 Spatial distribution of the residential preferences 

The residential preferences are spatially-dependent, based on the respondent's address. It is 

therefore relevant to characterize their spatial distributions. Figure 6.3.3 maps the average 

scores given to each of the 2021 residential preferences per subsector.  

The Moran's Index and Centrality Index are also indicated on Figure 6.3.3 to assess the 

autocorrelation, compactness and inwardness of the features. As a result, the preference for 

Spatial Proximity and Conviviality are univocally oriented inwards with Centrality Indices 

equal to 77% and 84%, respectively. 
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Figure 6.3.3 Mapping of the principal components i.e., residential aspirations per subsector 

Conversely, Tranquility is oriented outwards with a Centrality Index of 53%. These three 

preferences have significant autocorrelations, meaning that the spatial randomness 

hypothesis can be rejected with high confidence. In other words, there exist spatial patterns 

underlying Tranquility, Spatial Proximity and Conviviality. This is not the case for Elitism 

and Social Proximity, which are randomly distributed across the territory. 

The inwardness of Spatial Proximity and Conviviality calls for further analysis, as it seems 

strongly correlated with the density of the urban fabric. As introduced in the Method section, 

this unveils an opportunity to explore the self-selection effect between the actual residential 

context and the aspirational residential preferences. 

(6.3) 5.4 Discrepancy in preferences, practices, and morphologies 

Are people living in the city centers aspiring for dense and convivial neighborhoods? 

Conversely, are people living in peripheral areas aspiring for calm and remoteness? Table 
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6.3.4 displays the estimation results of three spatial regressions that take the actual 

residential preferences and the lagged residential preferences as explanatory features 

(spatially lagged exogenous regressors). 

The three dependent variables are the distance to the fifth amenity (Y1), the distance to the 

fifth transit station or bus stop (Y2), and the annual rental price of a square meter (Y3). All 

three are continuous variables, and the explanatory features are normalized. The primary 

interest of this analysis is to assess which preferences, and to what extent, effectively 

influence the dependent variables (F-statistic and t-statistic). The goodness-of-fit of the 

model is of secondary importance (R-squared) as it doesn't make sense to model 

accessibility or real estate market prices solely with residential preferences. Additionally, 

the dataset is not large enough for a test-train set split, and therefore to assess overfitting, 

which is likely to occur here (adding the lagged variables increases the R-squared by 

approximately 20%). Nevertheless, the relative comparison of R-squared between 

regressions remains relevant. 

In the “distance to fifth amenity” (Y1) model, most variables are significant. Estimates show 

that the more importance given to Spatial proximity and Conviviality, the shorter the 

distance to the fifth amenity. Spatial proximity and lagged Spatial proximity have the 

highest marginal effect and are the most significant features. Conversely, preferring 

Tranquility significantly keeps people away from easy access to amenities. This suggests 

that people who prefer dense and convivial neighborhoods already live in neighborhoods 

with easy access to services. People who desire tranquility live in more remote areas. This 

model suggests a strong self-selection effect and some form of preferences segregation. This 

could explain the high levels of residential satisfaction observed in the survey, and shows a 

small gap between preferences and practice (L).  

The results also imply that with amenity accessibility comes conviviality, which is an 

important vector in the urban proximity evaluation pillar of "inclusivity". 

Lastly, elitism and Social proximity do not have much effect on the dependent variable, as 

seen in the randomness of the features and distance to fifth amenity (Figure 6.3.3). But the 

lagged Elitism and Social proximity show differently, with t-stats above significance 

thresholds (-2.77 and -2.02). Both preferences appear to be more valued near amenities. 
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Table 6.3.4 Summary of three spatial regressions of the residential preferences 

 Y1 : Dist. to 5th amenity Y2 : Dist. to 5th station Y3 : Annual rental m2 

   F-stat 40.27   F-stat 17.28   F-stat 11.12 

 N 340 p(Fstat) 0.000 N 340 p(Fstat) 0.000 N 340 p(Fstat) 0.000 

 meanY 965 R2 : 0.55 meanY 484 R2 0.34 meanY 390 R2 0.25 

 SD Y 672 Adj-R2  0.54 SD Y 264 Adj-R2 0.32 SD Y 53 Adj-R2 0.23 

Variable     Coef.  t-stat      p-val Coef.  t-stat      p-val Coef.  t-stat      p-val 

Constant 850.17 *** 32.42 0.000 445.71 *** 35.88 0.000 395.24 *** 147.63 0.000 

Tranquility 164.96 *** 3.92 0.000 90.53 *** 4.54 0.000 -8.59 * -2.00 0.046 

Lagged 
Tranquility 341.63 *** 4.55 0.000 18.12 - 0.51 0.611 2.40 - 0.31 0.754 

Spatial 
proximity -201.11 *** -5.27 0.000 -76.43 *** -4.22 0.000 15.92 *** 4.08 0.000 

Lagged 
Spatial 
proximity 

-516.95 *** -8.00 0.000 -151.53 *** -4.95 0.000 31.37 *** 4.76 0.000 

Elitism -7.01 - -0.17 0.865 -48.11 * -2.46 0.014 2.44 - 0.58 0.562 

Lagged 
Elitism -203.43 ** -2.77 0.006 -88.43 * -2.55 0.011 13.69 ° 1.83 0.068 

Social 
proximity -48.12 - -1.18 0.238 -21.89 - -1.13 0.258 -0.20 - -0.05 0.961 

Lagged 
Social 
proximity  

-150.07 * -2.02 0.045 -16.46 - -0.47 0.641 -0.27 - -0.04 0.972 

Conviviality -103.12 * -2.41 0.017 -28.81 - -1.42 0.157 6.56 - 1.50 0.135 

Lagged 
Conviviality -258.00 *** -3.42 0.001 -81.25 * -2.27 0.024 15.59 * 2.02 0.044 

Significance thresholds: ***: p<0.001; **: p<0.01; *: p<0.05; °: p<0.1. t-stat: -2; 2. 
 

The "distance to the fifth transit station" model (Y2) yields similar trends among the 

significant variables: tranquility is negatively correlated with the dependent variable, while 

spatial proximity, lagged conviviality, and lagged elitism are positively correlated. Overall, 

the interpretation of Y2 suggests that residential preferences are weakly linked to access to 

the transit network, indicating that the self-selection effect is much lower than that of Y1, 

and that the gap between preferences and practice (L) is larger. 

Lastly, the “square meter annual rental price” model (Y3) mostly shows non-significant 

estimates and only two results seem to be relevant here. First, people who value Spatial 

proximity tend to pay more than others. If it is coherent with the demand-supply logic in the 
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real estate market, it also means that dense and vibrant neighborhoods are reserved for 

wealthier people. This poses a fundamental issue of inclusivity. Second, the fact that Y3 

estimate is mainly inconsistent confirms that the willingness-to-pay and residential 

preferences are not significantly correlated, in particular with the preferences that are more 

sensitive or social in nature. 

(6.3) 5.5 Residential ways of living 

The results presented above highlighted three intrinsic characteristics. First, there is a 

stability in the composition of residential preferences over time. Second, residential 

preferences show different degrees of spatial centrality or distribution randomness. Third, 

some preferences seem to work together, or against one another, when contextualized. In 

this last portion of the results, we consider the combination of residential preferences to 

yield residential ways of living (L). As introduced in the method, this is achieved by means 

of a hierarchical clustering approach. The results are presented in Table 6.3.5, in which five 

clusters are defined. 

These five clusters are assimilated as five residential ways of living that describe how people 

value and arbitrate the set of residential preferences: the Quiet, the Demanding, the 

Individualist, the Proxitarian and the Communitarian. 

The rest of this section describes the ways of living in demographic terms, but foremost in 

terms of residential preferences and aspirations. The Quiet cluster (25%) attaches little 

importance to the social or functional aspects of quality of life. All dimensions have a 

negative score, except for tranquility. This lifestyle (L) implies a passive attitude towards 

residential location, and thus, low expectations. Demographic analysis of this group reveals 

that their exclusive preference for quietness is likely linked to life course, as retired people 

are overrepresented. This also implies less educated people, older age, and a majority of 

one- to two-head households. This lack of strong requirements for residential location is 

associated with fewer symptoms of stress. 
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Table 6.3.5 Residential ways of living 

 Quiet  
(25%) 

Demanding  
(25%) 

Individualist  
(20%) 

Proxitarian  
(18%) 

Communitarian  
(12%) 

Preferences      
Tranquility 0.5 0.1 -1.2 0.6 -0.1 
Spatial proximity -0.1 -0.3 0.4 0.0 0.2 
Elitism -0.2 0.7 0.1 -0.1 -1.3 
Social proximity -1.0 0.3 0.0 0.8 0.5 
Conviviality -0.1 0.6 -0.4 -0.6 0.7 
Town*      
Geneva 0.08 0.09 0.09 0.05 0.05 
Other 0.92 0.91 0.91 0.95 0.95 

Gender*      
female 0.53 0.50 0.49 0.59 0.60 
male 0.47 0.50 0.51 0.41 0.40 
other 0.00 0.00 0.00 0.00 0.00 
Education*      

Higher education 0.38 0.33 0.38 0.36 0.60 

High school or below 0.62 0.67 0.61 0.64 0.40 

Professional status*      

active 0.51 0.61 0.61 0.73 0.79 
retired 0.34 0.17 0.17 0.11 0.08 
other 0.15 0.22 0.22 0.16 0.14 

Familial status*      

couple 0.28 0.20 0.19 0.16 0.14 
couple+kids 0.18 0.28 0.24 0.45 0.42 
single parent 0.06 0.08 0.06 0.07 0.07 
single 0.32 0.19 0.26 0.14 0.19 
other 0.16 0.25 0.26 0.18 0.18 

Financial status*      

very wealthy 0.11 0.08 0.13 0.08 0.11 
wealthy 0.48 0.42 0.40 0.51 0.52 
just enough 0.30 0.34 0.33 0.29 0.27 
in need 0.10 0.15 0.11 0.11 0.09 
no reply 0.01 0.01 0.03 0.01 N/A 

Stress symptom°*      

At least one 0.87 0.88 0.92 0.93 0.96 
None 0.13 0.12 0.08 0.07 0.04 
Age      

Median year of birth 1964 1974 1975 1976 1979 

Standard deviation 17 16 18 14 14 

*Expressed as percentages 
°Declared pathology at home: overworked, fatigue, frustrations, oppression, guilt and/or insecurity 
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In contrast, the Demanding cluster (25%) scores positively on most of the residential 

preferences. They desire elitism and conviviality in particular, while also valuing tranquility 

and devaluing proximity. This makes them even more demanding, as such a configuration 

is hard to find. People living in close proximity to cultural or associative life tend to live in 

densely populated areas and are often more financially precarious than others. Half of the 

population reported having "just enough to live" or less, and 25% reported having a familial 

status other than the mainstream ones. 

For the Individualist cluster (20%), the main contextual aspect of quality of life is a dense, 

well-connected environment. The scores indicate a preference for an urban environment, 

along with an individualistic lifestyle (L) with no particularly strong social ties (social 

characteristics such as community life or proximity of the family do not factor into their 

choices). They are characterized by average demographics, except for their financial status, 

as very wealthy people are overrepresented.  

Almost half of the Proxitarians (18%) are couples with kids, and very few are single. This 

cluster is also overrepresented with women. The most important contextual aspect of quality 

of life for them is a calm, green environment, together with traditional values such as work, 

family, and education. These families seem to be more individualistic and structuralist, 

seeking above all a place where they will not be disturbed, with comfortable living 

conditions from which they can pursue their activities mainly by car. 

The Communitarian cluster, the “petite bourgeoisie”, is the smallest (12%). It is the most 

characteristic group in terms of demographics, composed mainly of young, wealthy, highly 

educated people, and active women with kids. In terms of residential preferences, they value 

tradition and conviviality, giving prime importance to work, kid's education, proximity to 

transit, to family and friends, as well as to cultural and associative life. This comes along 

with stress symptoms, as 96% of the group declare having at least one of the pathologies 

(overworked, fatigue, frustration, oppression, guilt, and/or insecurity). A way to designate 

this cluster could be people who try to find forms of local support that make their high-

paced lives bearable. 

The analysis revealed five distinct clusters of residential preferences. The Quiet and 

Communitarian clusters show distinct demographics, with retirees on one side and young, 

educated families on the other. The results showed that 43% of the population preferred 
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tranquility over functional proximity (Quiet and Proxitarian). When functional proximity 

was desired (Individualist and Communitarian, by 32% of the population), it was often 

accompanied by a desire for a social quality of life. This population segment was mainly 

young and wealthy. 

(6.3) 6. DISCUSSION 

What are the salient residential preferences? 

Departing from 16 ideal residential attributes, we revealed a set of five latent preferences: 

tranquility, spatial proximity, elitism, social proximity, and conviviality. Coolen (2008), 

Meesters (2017), and Jansen (2020) refer to similar “residential motivations”, or “residential 

meaning”. The advantage of using a latent-based (L) approach is to leverage objective 

attributes to yield partly unobservable preferences that are more complex (Authier et al., 

2010). We specifically surveyed the "ideal” residential attributes to focus on the preferences 

and take distance from other components of the residential arbitration process, such as the 

contextual constraints (L) or the economic capital (L).  

Conceptually, addressing residential preferences remains exploratory and debatable as 

residential choices are considered a social construction (ibid.; Fijalkow, 2011). Vasanen 

(2012) shows that there is a clear congruence between stated and revealed preferences and 

questions whether people choose their residence according to their residential preference or 

adjust their preference according to their residential environment.  

How did they evolve in the last decade? 

The longitudinal analysis revealed that the residential preferences remain mostly stable 

between 2010 and 2021. Preferences for elitism and spatial proximity are particularly stable. 

The preference for “work proximity” revealed in 2010 evolved into a preference for “social 

proximity” in 2021, that values working together with family, friends and education. This 

evolution clearly demonstrates the adaptation of preferences to the conjecture, from a 

financial crisis (subprimes) to an epidemiological crisis (covid). In 2010 the financial crisis 

created precarious situations and pushed people refocusing their logics of value on the 

economical capital (L). Authier and colleagues (2010) argue that being uncertain about one's 

professional situation leads to not really having a residential project; and that a professional 
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change often implies a change in residential aspirations (Authier et al., 2010). In 2021, the 

epidemiological crisis pushed people refocusing on the relevant others, the support network 

(L), and the youngest generations.  

Thus, the slight evolution in preferences shows that they are malleable and influenced by 

the social context, yet they remain consistent. Change in preferences over the life-course is 

a phenomenon clearly identified in the literature (e.g. de Groot, 2011). Some works propose 

forecasts of future residential demand (Myers & Gearin, 2001). However, we did not find 

other works assessing the evolution of residential preference from a sociological 

perspective, on a meso-social scale. In this direction, future works could leverage the 

surveys on housing demand. For example, the Housing Research Netherlands survey has 

taken place every four or three years since 1977 (Boumeester, 2011). 

Where are these preferences spatially distributed? 

Spatial Proximity and Conviviality are oriented inward, and Tranquility is oriented outward, 

displaying distinct spatial patterns. Elitism and Social Proximity, however, are spread across 

the territory. We demonstrated that this method is effective for identifying residential 

pockets or specific neighborhoods where preferences differ from the actual morphologies. 

It brings new readings of spatial differentiation, dominated by urban relegation, 

suburbanisation, gentrification (Donzelot, 2004). In addition, the observed dispersion of 

elitism and social proximity confirms that periurbanisation entails complex and plural 

residential aspirations (Bacqué et al., 2016).  

One of the main risks of urban proximity planning is reinforcing the urban-rural divide 

(Davoudi & Stead, 2002) by focusing interventions on central areas. We argue that our 

method can be used to guide policies adapting morphologies to people’s expectations; or 

help the population adjust their practices (L). Alternative planning approaches, such as the 

"coherent city" (Korsu et al., 2012) or "concentrated decentralization" (E. Winkler, 1967), 

should be considered. This planning principle involves urbanization spread over localities 

of 5,000 to 10,000 inhabitants, aiming to avoid urban sprawl while providing a critical mass 

of inhabitants to support the profitability of commercial activities and services related to 

daily life. Care must be taken to avoid an excessive multiplication of amenities and 

infrastructures, but such planning principles could accommodate a variety of residential 
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preferences. While a larger population would be needed to zoom in on the territory, this 

constitutes a promising direction for applied research and user-centric planning. 

How large is the gap between preferences, location-choice, and morphological 

attributes? 

The discrepancy between preferences, practices (L), and morphologies is spatially 

dependent and subject to self-selection effects. Amenities attract people aspiring for spatial 

proximity and conviviality. In the vicinity of amenity-rich neighborhoods, elitism and social 

proximity are valued, as well as the tranquility found in more remote areas. Other works 

show that the "neighborhood effect" (Durlauf, 2004) plays a primary role in overall 

residency satisfaction. The "sense of place" and "sense of living" are not only found inside 

the home, but also outside it, alongside other spheres of life (Hashemnezhad et al., 2013). 

This validates the use of lagged explanatory variables in spatial regression models. The self-

selection effect is critical from an operational perspective (Guan et al., 2020; Litman & 

Steele, 2017; Lovejoy et al., 2010), as offering new urban proximities should not only be 

about transforming the built environment for those already living in proximity (L), but also 

about accommodating and bringing proximity to others. 

Conceptually, we consider residential practices (L) a trade-off of preferences, meaning that 

preferences conflict with one another (Myers & Gearin, 2001). Thus, we argue that we 

cannot identify a complete mismatch between preferences and practices. Some research has 

attempted to quantify the mismatch – or "residential dissonance" (S. J. T. Jansen, 2020) – 

by narrowing down the set of preferences to a single one, such as density and land-use 

pattern (De Vos et al., 2012; Schwanen & Mokhtarian, 2004; Vasanen, 2012). Research also 

points to the "rural idyll" (Heins, 2004) as a source of dissonance. The overly positive 

picture of rurality can result in a desire for tranquility, even if this is not realistic given other 

constraints (L) (Jansen, 2020). 

What are the archetypical residential ways of living? 

Jansen (2011:196-199) provides a review of the lifestyle (L) typologies related to housing 

that exist in the literature, such as villager, yuppie, anarchist, traditional, idealist, 

culturelover, altruist, nest-builder, superurban households, economically urban households, 

and more (Bagley & Mokhtarian, 2002; van Diepen & Musterd, 2009). This shows that 
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ways of living are context-dependent and that there is no consensus in the literature to 

characterize them. However, our clustering analysis is consistent with previous results by 

providing five meta-categories of residential ways of living (L) in addition to structural axes: 

the Quiet, the Demanding, the Individualist, the Proxitarian, and the Communitarian that are 

described in the results. 

How important is proximity? 

We find that 43% of the population prefers tranquility over functional proximity (Quiet and 

Proxitarian). When functional proximity is desired (Individualist and Communitarian, by 

32% of the population), it is often accompanied by a desire for a social quality of life. These 

aspirational segments were also identified by Walker and Li (2006), who used a similar 

approach to yield suburban dwellers, urban dwellers, and transit-riders. In the Netherlands, 

the city-edge and smaller municipalities’ residential environment is also most frequently 

preferred (Jansen, 2020). Similar results were reported in North America (e.g. Luckey et al., 

2018; Myers & Gearin, 2001). Therefore, we can confidently confirm that proximity seeking 

is not dominant in residential aspirations. 

Who aspires to what? 

While the ways of living are exclusively based on residential preference arbitration patterns, 

the analysis shows clear segmentations in socio-demographics. Generally, our results are 

consistent with other works, such as McDowell (1997), Bagley and Mokharian (2002), and 

Jansen (2020). The retirees, on the one hand, and young, educated families, on the other 

hand, tend to fall into two very distinctive residential ways of living: the Quiet and the 

Communitarian. The population aspiring for quietness and tranquility is older, less stressed, 

and overly represented by single, retired household members. This share of “Quiet” ways 

of living is expected to grow due to the aging population. These results contrast with those 

of Jansen, who showed that respondents with a preference to live in the city centre are 

generally older. This indicates again that ways of living (L) are context-dependent. The 

Communitarian cluster is composed mainly of young, wealthy, highly educated, stressed, 

and active women with kids. A way to designate this cluster could be people who try to find 

forms of local support that make their high-paced lives bearable, mainly in secondary 

centers, outside the city of Geneva. This actuates the results of McDowell (1997), whose 

work on the increased participation of women in the labor market show that dual-income 
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households prefer to live in centers to make their life more convenient. Lastly, the cluster 

that is the most compatible with urban proximities (L) is the individualist one, in which very 

wealthy people are overrepresented. 

These results show that according to residential preferences and ways of living, the planning 

of urban proximities are likely to reinforce the generational divide, and make the quality of 

life of the wealthiest even better. That being said, it could also attract ways of living such as 

the Communitarian if social proximity and conviviality are well integrated; and new ways 

of living could emerge. 

(6.3) 7. CONCLUSION 

Starting from residential scores, a latent-based (L) approach was used to identify five 

residential preferences. These preferences were analyzed both longitudinally and spatially 

to show how they have evolved over the past decade. Additionally, the analysis discussed 

neighborhood effects, the gap between preferences and practices (L), and the territorial 

distributions of the different preferences. Finally, a clustering analysis yielded five 

archetypical residential ways of living (L). 

This paper reveals and analyzes residential preferences and brings empirical evidence that 

a non-marginal portion of the population aspires to remoteness and tranquility; and that 

residential preferences induce socio-territorial polarizations. Also, proximity (L) planning 

is challenged by territorial dynamics such as gentrification, pauperization, social 

polarization (Fijalkow, 2011; Veltz, 2022). Functional proximity is mainly desirable for the 

youngest and the wealthiest, who represent only a third of the population. Thus, results 

suggest that urban proximity planning principles barely meet individual residential 

preferences. There must be accompanying measures to limit the resistances to adopt new 

(and more sustainable) ways of living; as individuals may resist when coerced (Foucault, 

1983). In addition, the statistics and literature about residential preferences and practices 

show that suburbs remain attractive. Our results go in this direction too. This phenomenon 

is expected to be amplified, as information and technologies are making it easier to work 

and consume remotely. In parallel, from a planning perspective, the peri-urban area and 

sprawling city are now commonly associated with negative assumptions such as car 

dependence, pollution, and excessive resource consumption (Munafò, 2016). Replicating 

similar research to other countries or metropolitan areas could help in further generalizing 
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these results, or assessing how much the cultural beliefs interfere with the desires of 

proximity, tranquility or conviviality. 

Generalizing our results, we found that residential practices (L) and ways of living (L) vary 

depending on the context. The Canton of Geneva is an especially interesting case study, due 

to its diverse landscape, ranging from densely populated urban areas to more rural, remote 

areas. Despite Geneva having a higher average standard of living than other European cities, 

economic capital (L) is not the only factor influencing residential choices. For instance, the 

low vacancy rate leads to pressure and precarity in Geneva's residential practices. Moreover, 

as Authier, Bonvalet, and Lévy (2010) point out, even the poorest individuals have some 

freedom to choose, while the wealthiest may be limited in their choices to maintain their 

social status. 

As a concluding remark, there remains ample scope for policy development to make housing 

affordable and ensure it is a "right of the city". Housing has become a commodity (Fijalkow, 

2011). Yet, it still carries important values that must be taken into account when planning 

sustainable cities. 
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(6.4) 1. ABSTRACT 

This paper describes the Data Domotopia a 2300+ respondent self-administered web-based 

survey. It includes 100+ multi-purpose items about home-making and stillness in a moving 

world. We suppose that home-making can reveal coping strategies and resilience practices 

to make everyday life work – as home is a central location in people’s activity-travel 

patterns. To describe this phenomenon, the concept of Domotopia is introduced, defining 

how people arrange, use, and experience their homes to cope with the pathologies of 

accelerated and liquid modernity (L) (Bauman, 2005). While the Data Domotopia is based 

on a mixed-method combining qualitative and quantitative material, this paper focuses 

mainly on the description of the questionnaire – which is organized into three interrelated 

layers: the dwelling, the dwellers, and the neighborhood. Each of these layers unfolds in 

functional, social, emotional and sensory components. The survey covers most of the 

contemporary issues related to home-making. This includes the domestic space and gender 

issues; the socio-spatial resources (mobility, action space, core, and wider social network); 

lifestyles (L), ideals, and residential aspiration; time pressures, time use, organization and 

stress; equipment, rules and arrangements; interpersonal relations, cohabitation and 

negotiation, dominance and power. Intakes on the Data Domotopia is given by two concrete 

cases about the time-space coverage of the habitual action space, and about inter-personal 

task allocation. These examples show the potential of the data to study domocentric stillness 

and resilience to urban pathologies. The data – aggregated to the infra-communal level – is 

available for research purposes. 
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(6.4) 2. INTRODUCTION 

With the prevalence of technological optimism (Morozov, 2014) in the development of 

sustainable cities; and in a context of high mobility as a commonplace and widespread social 

phenomenon (V. Kaufmann & Viry, 2015), the modern ways of living (L) are confined to 

man-made, anthropocentric (L) and increasingly uncontrollable system of systems (Latour, 

2021; Morin, 2021). A recent line of research highlights the relevance of immobility as a 

source of resilience to cope with this system dependence (Ferreira et al., 2017). Different 

concepts of resilience exist (e.g., Dovers & Handmer, 1992; B. Walker et al., 2004). Here, 

the term resilience is understood as a capacity of resistance to uncertainties, adaptability, 

and transformability to disruptions or alterations. Most of the literature about immobility 

relies on the rationale that mobility dependence cannot be ignored anymore from future 

scenarios (Larsen et al., 2006; Sheller & Urry, 2006). Thus, transport policies and research 

must consider immobility seriously (as defended in the first chapter of “Stillness unbound” 

by Fuller & Bissell, 2013). In travel diaries or time-use surveys, a high number of people 

usually do not declare any trips or activities, yielding shares up to 24% in recent European 

time-use surveys (Madre et al., 2007). The trustworthiness of these results can be discussed 

as a significant part – varying across surveys – may originate in the survey protocol itself 

that led respondents not to declare their travels as a strategy to lower the response burden 

(Hubert et al., 2008). Further analysis suggests that only a range of 8-12% of people are 

immobile in a working day period, while on the other hand, a growing portion of the 

population has become captive to high mobility patterns in everyday life. The diversification 

of ways of living (L) makes society more dependent on urban systems (Urry, 2014). This 

can easily introduce friction in people’s lives (Cresswell, 2010) – as mobility involves a 

fragile entanglement of physical movement, collective representations, and social practices 

(L) (V. Kaufmann et al., 2004).  

In this sense, immobility can foster a form of resilience for the transport system itself – as 

described by Ferreira et al. (Ferreira et al., 2017:17) – but also, and more broadly, a form of 

resilience in the orchestration of the different spheres of life: Immobility as a source of 

resilience to cope with the pathologies of a liquid (L) and fast-changing society (Bauman, 

2005).  

From this perspective, it has become a privilege to be able to pursue slowness, stability, or 

stillness. Permanent movement and incessant change lead to undesirable time pressures and 
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stress. From a territorial perspective, immobility translates into new forms of localism and 

proximities (L), such as the compact city, the slow city, the vital city, the 15-minute city, 

and so on. However, despite these promising developments, immobility remains largely 

overlooked in the literature. Firstly, because of data availability. Immobility is generally 

considered as the absence of mobility; immobility is rarely the main focus in data collection 

campaigns (Lucas & Madre, 2018). It creates measurement issues in travel surveys or time-

use surveys (Hubert et al., 2008; Madre et al., 2007). The second reason why immobility 

happens to be overlooked in the literature is the common assertion that immobility has a 

negative connotation, that it is something endured, often correlated with financial poverty 

or illness, and synonymous with idleness and stagnancy. These conceptions disregard 

immobility as a deliberate choice. Individuals are in a perpetual cycle of mobility and 

immobility (Cresswell, 2010). Immobility is not a marginal phenomenon (Madre et al., 

2007). Moments of immobility offer a breathing space in activity-travel chains, and “a day 

without travel does not mean a day cut off from the world” (Motte-Baumvol et al., 2022). 

This is particularly relevant in our modernity, in which working from home is more and 

more common, and access to services and culture from home is more and more facilitated. 

Going further, “immobility may just as easily reflect a situation in which individuals are 

free to use their time as they wish as it may reflect an inability” (ibid., p. 4). Leveraging two 

waves of the United Kingdom National Travel Survey, recent empirical research showed 

that the level of time and space constraints (L) is a major vector of immobility (ibid.). Thus, 

relaxing the time and space constraints (L) offers more flexibility that people use being 

immobile. Yet, we have to slacken the idea that being immobile reflects a situation in which 

individuals are free to use their time as they wish. Such a priori would render invisible all 

the tasks performed in the domestic sphere, and all the stress and pressures related to home-

making, or interpersonal organization with relevant others. 

In this paper, we describe the dataset Data Domotopia, a 2300+ respondent, a self-

administered web-based survey consisting of 100+ multi-purpose items about “home-

making in a moving world”. We assume that home is a central location of immobility in 

people’s activity-travel schedules and that home-making can reveal coping strategies and 

resilience practices (L) in terms of resistance, adaptability, or transformability to make 

everyday life work, in particular, to cope with exhaustion, burn-out, stress, anxiety, the 

pathologies identified as related with accelerated life rhythms and liquid modernity (L) 

(Antonioli et al., 2020). 
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A home is a place where household members cohabit and synchronize (L). Where time is 

slower, or sometimes faster. A home reflects dwellers’ aspirations, and ideals in terms of 

ways of living (L) or organizational strategies. A home is a life world, a place of emotions, 

a place where letting go is allowed. A home is a sanctuary or a hyper-place where people, 

information, and communications converge. Besides, in the context of social acceleration 

(L) and liquid modernity (L), the home must now accommodate new functions rooted in 

different spheres of life (Lussault, 2017). The use of private spaces, resting time, or leisure 

time tends to diversify. A home is a place to work, play, consume, to socialize beyond close 

family and friends. A home is also a place where domination and power issues play out. 

  

What does "home" mean and how is the home used in an ever-fast-paced world  

How are the inequalities in domestic life transformed by time pressures?  

What role do the home play in daily life and activity-travel chain? 

  

Given all the intricacies of the pathologies and the resilience previously introduced, this data 

paper describes a questionnaire that was designed to understand how people make use of, 

experience, and relate to home-making given the pace of their daily activities. Consider that 

three main standpoints are considered. The dwelling, as the architectural object (with various 

forms and morphologies but also economical weight and characteristics), where the dwellers 

develop a sense of place in its sensitivity and intimacy (Rodaway, 1994); and which is part 

of a broader context including the spatial, social, and the temporal dimensions of the 

extended habitat. The Data Domotopia focuses on the residents of the Canton of Geneva, 

Switzerland, and was administered in 2021. A translated version of the questionnaire is 

available online (Pattaroni et al., 2021). 

The remaining text is structured as follows. Section 3 motivates the questionnaire by its 

theoretical background and depicts other quantitative surveys addressing related topics. To 

the best of our knowledge, no prior examples of similar surveys exist. Section 4 develops 

the research methods, introducing the analytical grid used to build the questionnaire. Also, 

insights on a series of qualitative interviews conducted in parallel with the questionnaire are 

provided. Section 5 outlines the main themes of the questionnaire. Section 6 provides 

insights into the available data, developing two concrete use cases on time-space coverage 

of the habitual action space on the one hand, and the inter-personal task allocation problem 
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on the other hand. Lastly, section 7 briefly concludes the data paper and calls for further 

contributions – as Data Domotopia is made available upon request and will be archived by 

the end of 2023. 

(6.4) 3. BACKGROUND 

The dataset described in this paper – the Data Domotopia – contributes to the emerging 

interest in urban rhythms, time use studies, and rhythms of social life (e.g., from a social 

science perspective with Drevon et al., 2019; or a transport engineering perspective with 

Schönfelder & Axhausen, 2010). As developed in the literature of Zygmunt Baumann, 

Michel Lussault or Hartmut Rosa, Paul Virilio (2005; 2017; 2013; 2007), speed, 

acceleration  (L) and liquidity (L) appear in the shortening, fast-changing and densification 

of experiences. In this context, we assume that the home is one of the last space-time 

locations where immobility is possible and allowed. Home – or housing, or home-making – 

constitutes a promising prism to study immobility, together with its forms of resilience to 

cope with modern pathologies such as the hybridization of activities, and the 

complexification of work-life balance.  

While the temporal dimension is of long-lasting interest for the analysis of modern societies 

(e.g., Nowotny, 1996; Pentland et al., 2002; Wajcman, 2014), it seems important not to 

disregard the spatial dimension of social rhythms, and in particular the resources of stillness 

and immobility in a mobile world (Fuller & Bissell, 2013). The concept of Domotopia 

considers the intimate constitution of home-making together with its increasing connection 

to satellite spheres of life. Domotopia was forged as an analogy to what Michel Foucault 

(2009) defined as heterotopia: an “other space” with both isolation and openness 

characteristics, reaffirming the importance of space in social dynamics (Soja, 1989). In the 

continuity of this approach, the philosophy of the Data Domotopia is to focus on the socio-

spatio-temporal state of modern society emerging and made visible in home-making through 

the triptych “dwellers, dwelling, and context.”  

(6.4) 3.1. Dwelling 

The attribution of specific uses to different rooms in a dwelling establishes a direct 

equivalence between time and space (Amphoux & Mondada, 1989). From this perspective, 

the dwelling layout can be read as the spatialization of located temporalities. In the 19th 



6. Exploring systemic, latent, and micro resistances 

 240 

century, the bourgeoisie considered housing as a privileged space for intimate and family 

life. This ideal has encouraged an architectural specialization of the dwelling spaces. It 

resulted in residential / apartment plans with strong separation between spaces for social 

demonstrations on the one hand, and spaces dedicated to privacy and withdrawal on the 

other hand. The moral order based on the nuclear family and supported by this bourgeois 

domestic architectural ideal was later spread to more popular homes and households (Eleb, 

1990). Conversely, the contemporary habitat has blurred these separations, to the point 

where even the most intimate spaces – such as the bed – are connected to the outside world 

(Tapie, 2014). The limits of private spaces are not only blurred by means of screens and 

media but also by the return of cleaning, care, and domesticity professionals – who had 

progressively disappeared from most home interiors since the beginning of the 20th century 

–, the possibility to consume from home, and the adoption of smart devices (de Maat, 2015). 

We assume that these new home-related liquidities (L) go along with new housing 

appropriations and equipment, new ways of living (L), inhabiting, and cohabiting. The 

transformations of domestic life must therefore be questioned, using both spatial and social 

factors to understand how emancipation and resilience now occur in the dwelling.  

(6.4) 3.2. Dwellers 

Beyond its functionality and spatiality, the dwelling is a complex social space. It holds a 

statutory role (e.g., as simple as a postal address, see Fijalkow, 2022), constitutes and shapes 

the class, gender, and lifestyles (L) of the dwellers (e.g., more about gender in Gilbert, 2016; 

bourgeoisie in Pinçon-Charlot & Pinçon, 2018; workers in O. Schwartz, 2012). The social 

process of home-making also implies an “active” dimension, as it implies the self-

construction of a lifeworld and appropriations. The latter is key in the pursuit of resilience 

in the capacity of adaptability and transformability (Serfaty-Garzon, 2003). Inhabiting also 

implies cohabitation, which raises various forms of political issues, inequalities, and 

domination (Barthes, 2012). The dwelling is also a complex social space because there is a 

discrepancy between the socialization of the dwellers, their resources, and the pace of 

societal evolutions and changes in the temporalities of contemporary society. More women 

get to work full-time, there is a noticeable increase in single-parent households, and the 

youngest household members spend more time in higher education which postpones 

emancipation. As a consequence, the roles within the domestic sphere are changing, maybe 

faster than the roles in the professional sphere. Or the other way around. This phenomenon 
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creates important inequalities regarding the ability to enjoy free time, often limited for those 

who cover most of the domestic tasks of caring, cleaning, or maintaining (Devetter & 

Rousseau, 2011). In particular, the assignment of those tasks heavily relies on gendered 

assigned roles (Molinier, 2012). The destandardization of the workday complexifies the 

synchronization (L) of individual, familial and social activities within the home (Lesnard, 

2015), and brings in the home the time pressures originating from the professional sphere 

(Aubert, 2006). 

(6.4) 3.3. Neighborhood, context 

Housing is part of a broader action space, characterized by temporal and locational habits. 

The organization and time management directly relies on the geographical size of the action 

space, the morphological opportunities (e.g., quality of the transport network), and the 

proximity to urban functions (e.g., facilities, services, transit network). Housing is also part 

of a social fabric, a sense of place (Felder, 2021), a system of “milieux”, and a support 

network (L) such as friends, family, or neighbors. More recently, home-making has also 

become part of a digital fabric, equipped with connected devices and remote services. 

Transportation and communication systems are transforming the ways of living (L) by 

altering the perception of proximity (L) and residential opportunities (V. Kaufmann, 2014). 

For example, new residential practices (L) emerge because of the new possibilities of doing 

things remotely (e.g. multi-tasking while commuting, or bi-residentiality). Thus, the action 

space and the social support network (L) are a third key resource of resilience in home-

making. However, it must be stressed that the urban, social, and digital fabrics are also 

sources of injunctions (L) to mobility, social pressures and inequalities, or forms of 

segregation (e.g., Bonvalet & Dureau, 2000). 

(6.4) 3.4. Related surveys 

The next section reviews selected data sources where one can get information about the 

different themes and topics identified above. For the context, we searched for datasets 

describing the action space, the organization and time management, the social and support 

network (L), and the equipment and functional resources. For the dwelling, we searched for 

information about the housing architectural features, and housing conditions, uses, 

appropriations and aspirations, residential mobility, and housing career. For the dwellers, 

we searched for household structures, repartition of domestic and care tasks within those 
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households, coupling constraints (L), interpersonal plays of power, and time pressure 

pathologies. This review is synthesized in Table 6.4.1, which cross-references the 

aforementioned topics with what is available in open data, time-use surveys, travel diary 

surveys, household panels and family surveys, and living conditions surveys. A few 

methodological elements are also specified as to whether the data source presents 

longitudinal or cross-sectional data, single- or multi-person data, and whether the 

respondents are sourced from a panel. 

Open data include freely accessible information about the urban forms (e.g., 

OpenStreetMap, 2022) as well as official statistics like the building and dwelling statistics 

(e.g., FSO, 2019b). In the past few years, a large effort has been made to increase the quality 

of open data, push the threshold of what can be open, and maintain the data up to date (see 

for example in Switzerland the actions of the Open data association, 2022; and the data 

platform of SBB, 2022). Open data can complement the survey data and open up vast 

analytical possibilities. In particular, open geospatial data describing urban morphologies 

are now readily available with numerous attributes – see the web platform of SITG (2022b) 

for a comprehensive open data collection and the doctoral thesis by Schirmer (2015) for 

intakes about the classification of the urban morphologies. 

Time use surveys are generally conducted to “quantify how much time people spend on 

various activities, including paid work, household chores, and family care, personal care, 

voluntary work, social life, travel and leisure” (eurostat, 2020). Time-use surveys often ask 

for declared time pressure pathologies, like the feeling of stress, or the feeling of lack of 

time. If one example had to be cited, the Harmonised European Time Use Survey (HETUS) 

is based on a household questionnaire, an individual questionnaire, and a time-use diary. It 

is conducted only once a decade (in 2000, 2010, and 2020), but across 18 European 

countries. Additionally, novel survey methods and tools for obtaining rich longitudinal 

accounts of individuals’ travel and time use are emerging. For example, the TimeUse+ diary 

mobile app (see C. Winkler et al., 2022) collects GPS tracks passively over several weeks 

and has users actively enrich tracked events with activity information. This longitudinal 

approach is useful to capture the variability and habits in travel and time use behavior, as 

well as more accurately capture activity space (L) sizes. 
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Table 6.4.1 Review of topics covered by overlapping surveys (non-exhaustive) 
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Action space x - x   x 

Organization and time 
management  x x   x 

Social / support network   -   x 

Equipment and 
functional resources -  x - x x 

D
w

el
lin

g  

Housing forms, layout 
and conditions    - x x 

Housing uses, 
appropriation, aspiration    - x x 

Residential mobility / 
housing career    x x x 

Domestic tasks and care  x  x  x 

D
w

el
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r(
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Respondent profile x x x x x x 

Household structure x x -  x x 

Interpersonal constraints 
and powers  - - x  x 

Time pressure 
pathologies  x   - x 

M
et

ho
d  

Longitudinal / 
retrospective data  -  x x  

Cross-sectional  x x  - x 

Multi-person  -  x x - 

Panel    x -  

x: included  -: sometimes included with exceptions, or can be derived 
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Travel diary surveys are designed to collect information on how, why, when, and where 

people travel as well as factors affecting travel. They provide mostly self-reported 

information about the available mobility tools, trip purpose, mode of transport, and time of 

travel. Information is usually collected over a single day of observation, for a single person 

in the household, and is mainly leveraged for transport planning. Rarely, do some surveys 

provide multi-day or multi-person information (e.g., Axhausen et al., 2002). Activity-travel 

data generally allows to derive details about the action space, scheduling, and organization, 

and often household structure can be derived. However, it remains complicated to explore 

the coupling constraints (L) with relevant others in-depth, and moments of immobility are 

difficult to interpret (Madre et al., 2007). Mainly, travel diary surveys overlap with the Data 

Domotopia in the description of the action space, system of milieux, scheduling and activity 

organization, and sometimes information about the social support network. Among the most 

used datasets in Europe, the United Kingdom National Travel Survey (i.e. multi-person and 

multi-day) that is conducted each year (GOV.UK, 2022) as well as the German mobility 

panel (MOP), are based on 7-day travel diaries household surveys, with an extra longitudinal 

dimension provided by 3 consecutive years of answers for each participating household in 

the MOP case (mobilitaetspanel.ifv.kit.edu, 2022). 

Surveys on living conditions are very similar to the Data Domotopia in the sense that they 

collect a wide variety of topics providing both an objective and subjective look at the 

multidimensional aspects of living conditions. They are designed to collect information 

about the social and economic conditions of life and allow a better understanding of what 

influences them. It includes in particular information about social exclusion, housing (type 

of dwelling, housing conditions, cost), values and satisfaction with living conditions, sense 

of security, social relations, and childcare. Surveys on living conditions are part of a 

European effort since very similar surveys are conducted in several European countries 

(e.g., eurostat, 2021; FSO, 2021).  

Lastly, Household panel and Family surveys cover a broad range of fields and a variety 

of topics including information on sociodemographic, economic, psychosocial, life courses 

and perceptions. Household panels can present as one-time surveys, such as the ones 

recently conducted in Germany (2021) and France (insee, 2009). These protocols can 

provide extensive information about children, powers and negotiations of couples, domestic 

tasks, and care. These surveys overlap the Data Domotopia mainly in the intra-household 
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structure, conditions and negotiations. Several other household panel surveys are 

longitudinal and multi-person: they can make visible the mutual influence of household 

members’ attitudes and behavior over time. This type of longitudinal household panel has 

been conducted nationwide in Germany (SOEP, 37 times between 1984 and 2020) and 

Switzerland (every other couple of years for the past three decades (e.g., EUI, 2022; FORS, 

2022; ISER, 2022). 

 

To conclude, data domotopia brings a unique contribution by standing in the middle of these 

existing surveys (time-use, travel diary, living condition, and household surveys). This 

mixture provides an original look at the multidimensional aspects of home-making and 

domocentric immobility while preserving overlaps with existing data to ease the 

dissemination and interpretation of the data. This includes travel, action space and support 

network (L), conditions of the dwelling, family and domestic configurations, the pace of 

life, and time pressure pathologies. In addition to the new links created between the related 

surveys, the overlap analysis (Table 6.4.1) reveals that the Data Domotopia brings not-so-

common contributions regarding time pressure pathologies, social network (friends, family, 

or paid resources), and interpersonal constraints (L), powers, and negotiations. 

(6.4) 4. METHOD 

This section provides details on the methodology of the study.  It summarizes the logic of 

the questionnaire – as presented in more detail in Section 2 – and elaborates on the details 

of data acquisition and collection. It also provides insights into the mixed-method approach. 

Indeed, Data Domotopia is part of a larger project based on a quantitative-qualitative mixed-

method analysis to explore home-making in its plurality. The quantitative part remains the 

main focus of this paper. However, the qualitative approach complements the questionnaire 

and it appeared relevant to highlight the importance of such mixed approach. 

(6.4) 4.1. Questionnaire rationales 

Based on a synthesis of the theoretical background, a threefold methodological device is 

proposed in Figure 6.4.1 to describe the Data Domotopia. First, home-making is seen 

through the dwelling, ranging from its morphologies (e.g. composition, layout, forms, 

equipment) to its various forms of appropriations (e.g. uses, spatial organization, temporal 
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mixing, emotional attachments). The objective is to verify to what extent the dwelling can 

be a place of sanctuary i.e. where people seek calm or isolation; or a hyper-place i.e. where 

people over-communicate and over-socialize. Second, home-making is seen through the 

dwellers. The dwellers are traditionally characterized by demographics and socio-

economics, or by a familial configuration. Here, it is to study the interpersonal relations 

within the household and to reveal dominances and powers, gender effects, inequalities, or 

other forms of constraints (L) and pressures happening in the everyday life of households. 

Third, the dwellers and the dwelling are put in the perspective of their social and 

geographical contexts – the familiar public spaces, the temporal and locational habits, the 

social life of the neighborhood, the support network (L), the activity space (L), and other 

spheres of life. 

 

Figure 6.4.1 Methodology of the Data Domotopia 

The way respondents organize these elements in their everyday life is also a recurrent theme 

of the questionnaire. The research device displayed in Figure 6.4.1 provides an analytical 

grid for the Data Domotopia, which always returns to the central issues of home-making 

and the resilience revealed by domocentric stillness. 

(6.4) 4.2. Mixed-methods 

From a broader perspective, the method underpinning the Data Domotopia is mixed. The 

main focus of this data paper is to describe the quantitative survey data since the qualitative 

information is not easily transmissible. However, we find it relevant to describe the mixed 

methodological approach. Indeed, with the diversification of life trajectories and pace of 
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life, family structures, living arrangements, residential aspirations, or ways of working, it 

appears important to describe the added value of sociological and ethnographic data 

acquisition methods. Mixed methods are commonplace in social science. It consists in 

intersecting different perspectives on the same research object, i.e. to use of a diversity of 

methods for consolidating an explanation and strengthening the results (Aguilera & 

Chevalier, 2021). In the current trend of research – that is interdisciplinary, pluridisciplinary 

– mixed-methods have gained popularity and can be used in several ways: initiation, 

triangulation, complementarity, development and expansion (Greene et al., 1989). Three 

different materials compose the Data Domotopia: the questionnaire data, interview 

transcriptions, and drawings and photographs.  

The questionnaire emphasizes the dominant trends in home-making. Although precise and 

thorough, the collection method (web-based survey) and the mass of data implies 

overlooking certain subtleties such as arbitrations, housing arrangement and material 

adjustments, intrapersonal tensions, negotiations and conflicts of synchronicity within the 

household, or subtle coping strategies. The questionnaire of the Data Domotopia was co-

designed by a transdisciplinary team of researchers (sociologists, geographer, architect, and 

transportation engineer). An English version of the questionnaire is available online 

(Pattaroni et al., 2021). 

Interview transcriptions produce data without much statistical value, but yet with a high 

degree of detail. They are a good way to feel the situation and are leveraged in two ways. 

First, to fine-tune the design of the questionnaire – through a series of exploratory one-on-

one interviews. The guidelines of these semi-directed preliminary interviews are available 

on request and are generally based on the “dwelling-dweller-context” approach described 

in Figure 6.4.1. Second, for complementarity and enrichment purposes. The qualitative 

survey consists of face-to-face socio-ethnographic semi-directed interviews (n=55) 

intentionally diverse in terms of age, professional and social positions, and residential 

situations. The interview guideline relies on theoretical premises ranging from action 

planning for spaces and objects in home-making (Breviglieri, 2002; Conein, 1993), to 

regimes of engagement (Thévenot, as described in English in Knorr Cetina et al., 2005). The 

interviews were preferably conducted in the dwelling of the interviewee to spatially index 

their comments. As shown in Figure 6.4.2, architectural drawings are used to systematically 
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document the spatial features of the dwellings but also the uses and appropriations observed 

as part of the process of domestic adaptation and transformation. 

 

Figure 6.4.2 Example of cross-section on the left; and fragmented drawing of the interior on the 
right (interview with a 59-year-old man, 30/10/2020) 

The first group of interviewees was selected among the research team’s acquaintances 

(n=9). A second group was constituted from among the questionnaire respondents, focusing 

on individuals working from home and therefore subject to concomitant pressures related to 

the professional, social, or familial spheres (n=14). Lastly, the third group of interviewees 

(n=16) all share the same neighborhood, which was picked for its social and architectural 

diversity. The rest of the interviewees are respondents to the questionnaire who willingly 

shared their contact information. These were selected based on their declared time pressures. 

The interviews are all recorded and documented. 

(6.4) 4.3 Data acquisition and collection details 

A market research firm was hired for administering the questionnaire. To get approximately 

2500 respondents, the market research firm randomly reached out to 4500 households in the 

Canton of Geneva, Switzerland. Unsolicited letters were mailed, in which respondents 

received an invitation and an unconditional incentive of 10 SFr. Based on the experience of 

the market research firm, the unconditional incentive produces the highest response rate and 

is cheaper than phone-based surveys when conducted in Switzerland. Being able to infer an 

estimated response rate of a survey is of prime importance to meet the expected number of 

respondents with a limited time and a limited budget. If incentives have proven their 

efficiency in increasing the response rate (Schmidt et al., 2019), the number of pages or 

questions, the complexity of the posed questions, or the saliency of the survey also are 
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determinants. Schmid and Axhausen (2019) reviewed these determinants and propose an 

objective way of rating the response burden with a scoring approach. 

With 108 questions, 9 transitions, and answering actions of multiple types (from simple 

yes/no actions to more complex tables to fill in), the response burden estimate reaches a 

score of 929 points for the Domotopia questionnaire. This score is high compared to the 65 

self-administered reported surveys employed in the operationalization of the response rate 

estimate (ibid.:7). 

According to the AAPOR standards (2015), the questionnaire falls under the “mail surveys 

of specifically named persons” in which the eligibility of all the addressees is assumed. 

Thus, eligible cases for which no questionnaire is filled in consist of four types of non-response: 

refusals and break-offs (R = 109); non-contacts (NC = 219) for which researchers receive 

notification that a respondent was unavailable to complete the questionnaire; others (O = 51) for 

which no interview is obtainable because of illness of the respondent, language barrier, or other 

miscellaneous reason; and unknown (U = 1859) in which nothing is known about whether the 

mailed questionnaire ever reached the address and thus the person to which it was mailed. 

Eligible cases for which the questionnaire is received fall under complete interviews (I) or partial 

interviews (P). Using the second AAPOR response rate formula RR2 = (I + P) / (I + P + R + 

O + NC + U), the response rate of the questionnaire Domotopia is 50.4%. As no prior 

recruitment was done and given the high response burden, the response rate obtained is very 

satisfactory. 

The return by day is displayed in Figure 6.4.3. Approximately 25% of the questionnaires 

were taken in the first week, and the remaining half took 40 extra days at a slowly decreasing 

rate. One reminder letter was mailed three weeks after the first invitation letter. About 40% 

of the respondents gave consent to being contacted again for further data collection (mainly 

through interviews). The invitation to survey was sent with cover letters on the EPFL 

letterhead and included the details to access the web-based survey, and offered the 

opportunity to call a hotline for getting more information or a printed version of the 

questionnaire. Only 6.5% of the final respondents asked for a printed questionnaire, 

including mainly elderly respondents. The name and contact details of the person in charge 

of the survey were given. The addresses were aggregated at the smallest statistical sector 

possible, to keep as much granularity as possible, and the respondents were pseudonymized. 

This was done with the approval of the EPFL Ethics committee which validated the 

approach and the information collected. 
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Figure 6.4.3 Day-by-day return of questionnaires 

 

Finally, it appears important to mention that the questionnaire was administered in the 

winter of 2021, when the COVID-19 pandemic temporarily transformed people’s way of 

living, working, and playing. In Switzerland, despite a relatively smooth management of the 

COVID-19 epidemiological crisis compared to neighboring countries, the winter of 2021 

was quite tense. Restaurants, non-essential shops, cultural places, sports and leisure facilities 

were closed, and working from home was mandatory at the time. This context has to be 

taken into account in the interpretation of the results as the pandemic experience had 

consequences on home-making (e.g., see Clément et al., 2021 about housing plasticity 

during the pandemic). Indeed, even though it was repeatedly mentioned in the questionnaire 

to relate to a "normal" situation and to remain within the context of “usual” daily life, some 

questions relating to aspirations, ideals, projections, or feelings may have been influenced 

by the confinement situation. The unanswered question is whether the situation is 

irreversible. 
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(6.4) 5. CONTENT AND STATISTICS 

This section describes the data in two ways. Firstly, the topics of the questionnaire are 

exhaustively listed. Each topic refers to one or several questions in the questionnaire. 

Secondly, some descriptive statistics are provided relative to official statistics to assess the 

representativity of the sample.  

The population in the Data Domotopia was sampled in the Canton of Geneva, Switzerland. 

It is different from the municipality of Geneva, which is only one of the 45 municipalities 

of the canton. Switzerland is composed of 26 cantons. The municipality of Geneva 

accommodates 40% of the population of the Canton of Geneva – which is one of the densest 

in Switzerland (approximately 500000+ inhabitants) and one of the smallest too (OCSTAT, 

2021). Geneva is a geographical area surrounded by French territory. With a significant 

difference in the living standards between the two countries, Geneva is an attractive territory 

with a high rate of daily worker immigration from France. This poses particular challenges 

in terms of traffic congestion. Additionally, Geneva holds an important position on the 

international scene with global headquarters settled in the area and a very active banking 

industry. As a result, 41% of the population is made of foreigners. This causes one of the 

biases of the Data Domotopia in which only 19% of foreigners among the respondents are 

Swiss. Moreover, 95% of the respondents live in Switzerland for more than 10 years. This 

bias is due to the address collection strategy i.e., random pick in a database maintained by 

the market research firm that was unlikely to capture new residents or residents with high 

residential mobility. Also, the questionnaire was only made available in French at the time 

it was administered. 

(6.4) 5.1 Topics of the questionnaire 

The three layers of the Data Domotopia – as conceptualized before with the dwelling, the 

dweller(s), and the context – translate into some basic information, but also information 

about the social and residential practices (L). Table 6.4.2 sorts out the different topics 

addressed in the questionnaire with respect to the three layers. 

The “basics” provide information about the demographics, the respondent’s biography, the 

household composition, the basic information on architectural features and form of the 

dwelling, the house typology, the equipment, the monthly expenses related to housing (rent 
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or mortgage), and lastly the morphology, accessibility, and geography in the vicinity of the 

dwelling. 

Table 6.4.2 Exhaustive list of topics addressed in the questionnaire 

 Basics Social practices Inhabiting practices 

D
w

el
le

rs
 sociodemographics –  

backgrounds – household 
composition – mobility tools 

professional and leisure 
activities – cohabitation – 
support network – relevant 
others – interpersonal  
tensions – domestic task 
allocation – time-use 

time pressure – fatigue and burn  
out – oppression – inequalities 
– involvement in domestic 
work – lifestyle intentions 

D
w

el
lin

g  

architectural basic information – 
house typology – housing 
expenses – equipment – 
residential status 

social space – private space 
– sanctuary versus hyper-
place* – spare rooms 
– house rules – equipment 
sharing – 
smartphone/computer/tech. 
alienation 

appropriation – declared 
appreciation – attachment –  
ideals – satisfaction –  
sanctuarization / activation 

C
on

te
xt

 services and amenities –  
action space geography –  
public transit supply 

social network – scheduling –  
mix in social spheres – free 
time – mobility practices 

travel preferences – feel at ease  
– spatial familiarity – 
neighborhood 
and neighbors – sources of  
stress – residential aspiration 

*Hyper-place: “where people, information, and communications converge” (see in Introduction). We use this 
word as the opposition to a sanctuary, a place preserved from the public sphere. 

**Alienation to technologies refers to the growing and increasingly intense cognitive time and attention given 
(or taken by) digital platforms and technologies, significantly modifying lifestyles and social relationships 

The “social practices” refer to different spheres of life, the social relations inside and outside 

of the dwelling, the cohabitation rules, the scheduling of activity and trips, the space sharing 

and its appropriation, and more (see Table 6.4.2). 

The “inhabiting practices” are rather oriented toward aspirations, attachments, perceptions, 

and attitudes. For example, it provides information about the symptoms of time pressure, 

the inequalities in task allocation between the dwellers, the feeling of ease, or the sources of 

stress. 

Put together, these topics address several themes all closely related to the question of home-

making to cope with the accelerating urban pace and time pressure pathologies. We believe 

that this questionnaire allows us to study the decisions and strategies related to daily 

mobility. In fact, it is particularly strong to delve into the spells of “immobility” – i.e. the 

remaining time of the day which is spent at home – and trip avoidance phenomenon. 
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(6.4) 5.2. Descriptive statistics 

The sample of the population who responded to the questionnaire tends to be representative 

at a 5% accuracy level in terms of gender, number of rooms per dwelling, age, and 

occupational status – as displayed in Table 6.4.3. Some significant biases appear in the level 

of education (overrepresentation of primary level i.e., compulsory education) and individual 

income before tax (underrepresentation of the wealthiest individuals). Other socio-

demographic statistics are available in the Data Domotopia, such as the household financial 

resources, origins and nationality, occupation, etc. The spatial distribution of the population 

is well represented in terms of territorial typology in the outskirt of the city (outer suburbs 

and exurbs). Inwards, there is a noticeable imbalance between the inner suburbs 

(overrepresented) and the urban center (underrepresented). The distribution in household 

compositions is quite close to the official statistics, except for the “single” and the “other” 

situations. This illustrates the diversity of household compositions ranging from single- or 

multi-family households to non-family households. This includes for example households 

with several members of the same family but with no direct connection like cousins, 

nephews, or in-laws. Also, confusion may arise from divorced couples with children in 

alternating custody. 

The published official statistics do not have enough granularity to make a difference in this 

variety of cases among the 199’994 private households of the canton. In the Data 

Domotopia, the household composition presented in Table 6.4.3 is derived from question 

62 “for each person living with you, please [describe their relationship to you]”, and can be 

double-checked by question 103 “what is your personal situation?” (see the questionnaire 

by Pattaroni et al., 2021). 

Lastly, most of the infra-communal sectors hold at least one respondent, which provides 

satisfying territorial coverage. The data comes georeferenced at the official infra-communal 

level that covers an intermediate entity between the parcel and the municipality (SITG, 

2022b). This allows full compatibility with local official statistics available in open data 

(OCSTAT, 2021; SITG, 2022a) while decreasing the data sensitivity in terms of privacy. 

By reaching out to 4500 households in the Canton of Geneva, approximately 2300 

questionnaires were filled out. After data cleaning, most questions have more than 2000 

exploitable answers. 
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Table 6.4.3 Descriptive statistics and representativity of the dataset 

 Domotopia 2021 Official statistics 2018-2021* 
Gender  (2021) 

Female 54% 52% 
Male 46% 48% 

+ <1% - 
Age  (2021) 
0-19 N/A - 

20-64 76% 79% 
65+ 24% 21% 

Occupational status  (2020) 
Active 60% 60.1 
Retired / uncapacitated 22% 24.3 

Unemployed 10% 5.0 
Stay-at-home 2% 10.6 

Other 5% 

Missing 1% - 
Education  (2020) 

Primary 35% 27% 
Secondary 26% 33% 

Tertiary 39% 40% 
Missing 0% - 
Individual before tax income (CHF) (2018) 

< 30'000 19% 20.4 
- 69'999 31% 29.3 

- 99'999 22% 17.6 
- 149'999 14% 15.6 
150'000+ 8% 17.1 

Layout  (2019) 
1 room 2% 5% 
2 rooms 5% 11% 

3 rooms 16% 21% 
4 rooms 30% 27% 

5 rooms 28% 19% 
6+ rooms 20% 15% 
Household composition (2020) 

Single (1 person household) 24% 37.4 
Childless couple 21% 18.7 

Single-parent 7% 10.3 
Couple with child(ren) 28% 29.0 
Flatshare 1% 2.2 

Other 19% 2.4 
Population spatial distribution (2021) 

Urban center 38% 48% 
Inner suburbs 27% 20% 
Outer suburbs 23% 23% 

Exurbs 12% 9% 
* Official statistics from: Office cantonal de la statistique (OCSTAT, and Federal Office of Statistics (FSO, 2022). 
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(6.4) 6. ANALYTICAL POTENTIALS AND PRELIMINARY RESULTS 

This section develops two themes related to the domotopia, the activity- and/or the travel 

behaviors. The objectives are to illustrate the wide variety of data in the survey, to call for 

collaborations on multiple topics, and provide intakes on the data through different use 

cases. The first theme provides insights into the time-space coverage of the habitual action 

space. Putting in perspective residential criteria alongside principles of 15-minute urbanism 

(Kunzmann, 2022; Moreno et al., 2021), it makes visible the phenomena of residential self-

selection and attitude-induced choices. The second theme focuses on the inter-personal task 

allocation problem. Using a major change in people’s biography – being parent – together 

with exhaustion symptoms in the domestic and professional spheres, it unveils preliminary 

results about how parenting strategies operate, and what are the effects of time pressures on 

the dwellers’ well-being. These two themes are drawn from four questions of the survey and 

discussed with additional insights from the data and the literature. 

(6.4) 6.1 Time-space coverage of the habitual action space 

As developed in the introduction, the pursuit of stillness translates into new forms of 

localism in spatial development, building on the idea that proximities (L) can alleviate a 

variety of saturations and urban pathologies (Antonioli et al., 2020). A few cities have 

started to implement or to plan the implementation of new proximities, including the city of 

Paris with a series of 15-minute urban interventions, and Barcelona with the developments 

of superblocks. In reference to the vision of Jane Jacobs (Jacobs, 1961), these examples not 

only seek morphological or functional proximity, but also for social bounding, familiarity, 

and redeveloping a sense of neighborhood and interpersonal care. Theoretically, several 

urban concepts emerged. The compact cities, the neighborhood-oriented design such as the 

transit-oriented development, the slow-mode friendly design, or more recently the 15-

minute city (Kunzmann, 2022; Moreno et al., 2021), all designate a return to urban 

proximities (L). These “proximities” rapidly pose the question of what urban functions 

(amenities or services) should be found in the vicinity of people’s homes. And thinking 

further, will people be using the closest available amenity to their home, or will they be 

using the one that they desire even if it requires a longer trip? Therefore, there is a conceptual 

difference to make between the 15-minuteness of a place (morphological density and 

diversity) and the 15-minute lifestyle (L) (use and aspiration of proximity).  
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Some of the information contained in the Data Domotopia allowed us to compare the time-

space coverage of habitual action space with some key residential criteria rated on a Likert 

scale. On the one hand, a series of 6 questions (Q16A to Q16F, see Pattaroni et al., 2021) 

addresses the habitual action space. It describes the five places where respondents spend 

most of their time. As previous empirical research demonstrates that the action space 

displays a low degree of spatial variability, these 5 recurrent places are assumed to capture 

most of the locational behaviors (Isaacman et al., 2011; Schönfelder & Axhausen, 2010). 

On the other hand, question 15 asks the respondents to score a list of 16 residential criteria 

in the choice of their “ideal” place of living. The criteria include functional components (e.g. 

accessibility and proximity to the transport network), social components (e.g. proximity to 

family, social diversity), and subjective components (e.g. calm, charm). These criteria 

capture the diversity of urban ways of living (L) and unravel residential preferences and 

aspirations. 

Figure 6.4.4 maps the average reported travel time to the 5 most visited locations and 

compares it to some of the residential criteria (importance given to car accessibility, cultural 

life, calm and green, and proximity to the primary and secondary train stations).  

 

Figure 6.4.4 Comparison between the resident’s average travel time (i), and the average score of 4 
selected residential criteria (ii), (iii), (iv), (v) 

The map (i) displays different levels of spatial behaviors and shows that certain areas in the 

city are propitious to 15-minute ways of living (L). The expected correlation between a 
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small action space and the closeness to the city center is not as obvious. Dense urban areas 

tend on average to accommodate 20- to 30-minute lifestyles (L), while 15-minute lifestyles 

are spread across the territory. This effect might be explained by the fact that 20% of the 

population are long-distance commuters i.e., they have a train commute to work greater than 

60 minutes, which increases the average travel times near railway stations. Visually, some 

of the residential criteria tend to correlate with the spatial distribution of travel times. As 

displayed in Figure 6.4.4, car accessibility (i) and calm and green (iv) are rather important 

criteria for residents on the outskirts. This tends to correlate positively with a higher average 

travel time. Conversely, the appreciation of cultural life (iii) is oriented inwards, which 

demonstrates a certain level of self-selection effect in residential location choice. The 

appreciation for having easy access to the train station (v) is characterized by a clear 

territorial pattern along the waterfront and down to the center of the city. This criterion is 

visually barely correlated with the travel time map (i), but also shows some level of self-

selection as the pattern closely follows one of the most important railways of the country. 

This thread of research is deepened in another paper (Schultheiss, Pattaroni, et al., 2023). 

These descriptive preliminary results show that aspirations to different urban functions do 

not impact uniformly the 15-minuteness of the habitual action space. Further analyses are 

promising to better understand what underlies 15-minute lifestyles and stillness, be it from 

the perspective of residential aspirations, the perceived time pressures, or sources of 

adaptability. 

(6.4) 6.2 Task allocation problem: intra-household negotiations and change in 

biographies 

In practice (transport planning, travel forecasting), the multi-person intra-household 

dependencies are barely taken into consideration in individual travel behaviors. Yet, 

negotiations in the domestic sphere are key in activity-travel diaries. Household negotiations 

for task allocation are determinant in the constraints (L) and opportunities one might have 

in activity scheduling, time allocation, access – or more broadly “motility” (V. Kaufmann 

et al., 2004). As a corollary of Kaufmann and colleagues’ argument, spatial mobility is a 

structuring dimension of social life and permeates household negotiations. The organization 

of the domestic sphere is largely gendered, particularly when it comes to child care. These 

gender issues are rooted in the traditional schemes of masculinity and motherhood that raise 

questions about interpersonal relations, cohabitation, dominance and power. Previous works 
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on involved fatherhood (Doucet, 2004; Doucet & Merla, 2007) analyze the possible 

arrangements between family and work, and show how the intra-household negotiations and 

the changes in professional situations can cause pathologies, such as social pressure, loss of 

purpose, and identity disorientation.  

With the Data Domotopia, we can put the domestic daily task allocation in perspective with 

gender, with exhaustion symptoms felt in the domestic or professional sphere, and with a 

major change in biographies: being or becoming parents. Firstly, the respondents were asked 

(question 78, see Pattaroni et al., 2021) “in what areas of your life do you experience the 

following problems?”, including feeling overworked, fatigue, frustrations, oppression, guilt 

or insecurity. Note that several symptoms could be chosen for the same social sphere. 

Secondly, question 76 asks “who takes care of which daily task?”, including administrative 

tasks, cleaning, running errands, laundry making, house-related maintenance work, and 

cooking meals.   

 

Figure 6.4.5 Comparison of symptoms and task allocation for couples with or without kid(s) 

The respondents can indicate “who” within the household but also the support network (L) 

(e.g., family, friends, external services). Figure 6.4.5 displays the comparison of symptoms 

and task allocation for couples without kids (n=477), and couples with children (n=647). 

Same-sex couples and non-binary couples (representing 4.2% of the population) were 

excluded to focus on hetero-centered normative schemes in task sharing. The stacked bar 

charts (ii), (iii), (v), and (vi) show the distribution of exhaustion symptoms. The bar plots (i) 
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and (iv) display the daily tasks repartitions among the members. As shown in plots (ii), (iii), 

(v), and (vi), couples with no kids are less likely to declare exhaustion symptoms. At work 

and home, between 34 and 40% of the respondents declare having none of the mentioned 

symptoms. For the whole population, these shares drop to 22 and 29% respectively. 

Conversely, couples with kids are particularly exposed to exhaustion patterns with 

respectively 14 and 18% of population declaring having no symptoms. At work, the 

evolution of the shares of declared symptoms remains quite stable before and after kids. 

However, some symptoms become much more salient at home. While the feelings of 

fatigue, oppression and insecurity also remain quite stable before and after kids, the feelings 

of overwork, frustration and guilt almost double. Besides the fact that plots (i) and (iv) show 

a clear tendency for women to do more domestic tasks than men, the “before and after kids” 

comparison demonstrates that the roles of the parents in the household after the first child 

evolve in different manners. The division of administrative and cleaning tasks is the most 

stable before and after the first child is born. The cleaning also remains pretty stable, with a 

strong commitment from women. After the kids, the gap tends to be smaller in the equal 

division of cleaning (see bar “both” in Figure 6.4.5), and there are relatively fewer 

households where men take full responsibility for cleaning. For the meals and errands, clear 

solidarity appears as more couples tend to have an equal division after the kids. This can be 

translated into household strategies that have a direct impact on activity scheduling and 

travel patterns. In terms of child care, most of couples also develop some form of equal 

division. Lastly, laundry and maintenance are the most gendered tasks before the kids and 

become even more gendered after the kids. 

These first results show that exhaustion symptoms can be more or less prevalent depending 

on the familial configuration. Some solidarity and strategies clearly appear in the data, yet 

the division of housework remains highly gendered. Further analyses of the strategies within 

the dwelling such as the share of space and the equipment (e.g. the mobility tools, that can 

be obtained in question 16C) are promising to better understand the interpersonal 

organization to face the pace of daily lives. 

(6.4) 7. CONCLUSIONS 

The Data Domotopia opens up new avenues for research. It is a unique and original source 

of data, at the intersection of time use surveys, travel diaries surveys, surveys on living 

conditions, and household panels and family surveys. To the best of our knowledge, no prior 
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examples of a similar survey exist. However, the overlaps with existing materials – as 

identified in Table 1 – will ease the dissemination and interpretation of the data. By reaching 

out to 4500 households in the Canton of Geneva, approximately 2300 questionnaires were 

filled out. After data cleaning, most questions have more than 2000 exploitable answers. 

The geocodes are aggregated at the official infra-communal level that covers an intermediate 

entity between the parcel and the municipality (SITG, 2022b). This allows full compatibility 

with local official statistics available in open data. 

The Data Domotopia collects a wide range of topics providing both objective and subjective 

looks at the multidimensional aspects of home-making in a moving, liquid (L), fast-

changing world. The overlap analysis (Table 6.4.1) reveals that the Data Domotopia brings 

not-so-common contributions regarding time pressure pathologies, the social support 

network (friends, family, or paid resources), and interpersonal constraints (L), powers, and 

negotiations. The tests and analysis conducted so far on the Data Domotopia demonstrate 

the richness of the data, and the quality of the information it holds – see Table 6.4.3 for the 

assessment of the representativity in terms of socio-demographics, territorial coverage, and 

household characteristics; Section 5 for an introductory call for collaboration about urban 

localism and stillness, and housework sharing; the work of Drevon et al. (2023) about 

domestic time pressures, and the work of Schultheiss et al. (2023) about residential 

aspirations are both based on the Data Domotopia. 

By assuming that home is a central location of immobility in people’s activity-travel patterns 

and that home-making can reveal coping strategies and resilience practices (L) in terms of 

resistance, adaptability, or transformability to make everyday life work, the Data 

Domotopia widely calls for contributions in the field of urban pathologies. For example, we 

identified several hypotheses that can be tested with the information held by the dataset. 

First, the diversification and intensification of daily rhythms lead to relevant changes in the 

organization of the domestic sphere. Second, the capacity to adapt to rhythmic pressures in 

the dwelling is determined by the level of equipment, typological changes, and social 

resources. And lastly, unequal exposure to rhythmic pressures, when combined with other 

forms of structural inequality (class, gender, race, age, etc.), leads to greater inequalities 

within the domestic sphere.  

The themes of the Data Domotopia include domo-socio-spatial resources (mobility tools, 

habitual action space, social ease and support network (L)); lifestyles (L), ideals and 
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residential aspirations; temporal pressures, time use, organization, constraints (L) and stress; 

equipment, rules and arrangements of the dwelling; domestic space and gender issues; 

interpersonal relations, cohabitation, dominance and power. Table 6.4.2 provides an 

exhaustive list of the themes and topics of the questionnaire. 

Despite the epidemiological situation (COVID-19), the questionnaire was distributed in 

early 2021 and the first face-to-face interviews were conducted in the meantime. This 

context has to be kept in mind while dealing with the data, but precautions were taken in the 

formulation of the questions to project respondents as much as possible into a “normal” 

scenario. 

(6.4) 8. DATA ACCESS 

The data falls under the pseudonymized personal data category in the European General 

Data Protection Regulation (European Commission, 2022). Enough information about the 

respondents would allow a re-identification. Therefore, the data cannot be released as open 

data. However, the data will be available for research purposes, starting in 2023, in one of 

the SNSF-recommended data repositories. 
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(6.5) UNCERTAINTIES 2050: TRENDS, GOVERNANCE, URBAN SMARTNESS 

AND URBAN ECONOMY 

Marc-Edouard Schultheiss, Vincent Kaufmann 

Keywords: Uncertainties, Spatial mobility, Digital, Prospect, Public policy 

(6.5) 1. ABSTRACT 

The latest IPCC reports recognize that we need non-linearity in the sustainable transition to 

avoid an anthropocide future. Yet, the dominant scientific production searches for this non-

linearity in the “magic of technology”. This helps find efficiency, but it is not a remedy for 

limitless growth in a finite world. In accordance with the 2015 Paris Agreement, various 

discourses, promises, policies, strategies, projections, or technological innovations are 

emerging on different fronts of the transition, from radical activists to lobbyists of the 

petroleum society. This variety of actors, with competing goals and different striking forces, 

creates confusion among local stakeholders in their sustainable transition actions and 

produces a series of socio-technical uncertainties. This work aims to uncover some of these 

uncertainties by examining the prospects of two core domains of the sustainable transition: 

spatial mobility and the digital. To capture the complexity of these uncertainties, we rely on 

a series of interviews, observations, mandates with local stakeholders in the field of urban 

planning, gray literature, sci-fi literature, and reports that we conducted or reviewed over 

the past few years. Furthermore, we take distance from the traditional consideration of 

uncertainties through a “high, low, and baseline scenario”, by addressing jointly the themes 

of territories, techno-social trends, policies and governance, urban smartness, and the urban 

economy. As a result, we translate this into “systematic”, “informational”, “social”, and 

“functional” uncertainties. 

(6.5) 2. INTRODUCTION 

Context 

In 1972, the landmark report The Limits to Growth (Meadows et al., 1972) highlighted for 

the first time the dramatic consequences of exponential growth in a finite world, including 

resource depletion, oil crisis, and successive shortages. Half a century later, the similarities 
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of the report with current events are striking. Most of the scenarios about industrialization, 

population growth, food, natural resource depletion, and environmental degradation have 

been verified (Herrington, 2021). Though this example is famous for its accuracy, most of 

us are unable to accurately predict the outcomes of our choices. Psychologist Philip Tetlock 

(Tetlock & Gardner, 2016) argues that, generally, the accuracy of our everyday predictions 

is no better than chance – flipping a coin – and is just as good as our best guess in predicting 

traffic or weather. In his book Superforecasting (ibid.), he noted that scientists today know 

vastly more than their colleagues a century ago, and possess vastly more data. But they are 

much less confident in the prospects (L) for predictability. 

Looking ahead to sustainability (L) in 2050 requires consideration of multiple stakeholders 

with diverging objectives across a variety of fields without compromising social progress 

or individual liberties (United Nation, 2015). 

On one hand, the transition relies on well-administered and planned governance that 

complies with global policies. For example, the Paris Agreements (2015) sets a quantified 

objective to limit the temperature increase to 1.5°C above pre-industrial levels. As a result, 

most urban prospects and projection reports we quote in the work rely on a linear and 

deterministic continuation of the current trends. They develop "plausible scenarios" or 

"transition pathways" (Hof et al., 2020; Moradi & Vagnoni, 2018; Turnheim et al., 2015). 

On the other hand, these very same global policies are considered inefficient by smaller 

activist groups who, in a more anarchic manner, disobey and protest by chaining themselves 

to the Roland Garros tennis net to protest the lack of action (Dernière Rénovation, 2022). 

Lastly, conservative media, politicians, and the fossil fuel industries may prefer to maintain 

the status quo. Thus, governing the transition is polymorphic, multi-scalar, and multi-partite; 

and therefore uncertain. 

In this work, we aim to identify the various forms of uncertainty that challenge a sustainable 

urban transition. Uncertainties can confuse or mislead decision-makers (W. E. Walker et al., 

2010), but can also create the necessary "discontinuity" to initiate the required change 

(Steinberger & Ayoub, 2022). 
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Conceptualization of uncertainties 

Little work exists about the characterization of uncertainties in a social context. The 

dominant practice in uncertainty quantification is to consider different hypotheses that end 

up in a high, low, or baseline scenario. On a more conceptual level, Funtowicz and Ravetz 

(1990) associate uncertainty with “inadequate level information” (e.g., inexactness, 

unreliability, ignorance). This is contested since uncertainty can prevail in situations where 

a lot of information is available (van Asselt & Rotmans, 2002; W. E. Walker et al., 2003). 

Another approach is to consider uncertainties as multidimensional. The dimensionalities are 

the location of uncertainty, the nature of uncertainty, and the level or intensity of uncertainty 

(W. E. Walker et al., 2003, 2010). In particular, the levels of uncertainty range from 

deterministic knowledge to total ignorance, or deep uncertainties.  

Objectives 

This article examines some of the uncertainties that hinder the spatial mobility transition 

between now and 2050 from a techno-social (and qualitative) perspective. We aim to 

contribute to the growing interest in how planners can prepare for an increasingly uncertain 

future. Following Lyons and Davidson’s work (2016), we suggest that spatial mobility is 

facing a time of "deep uncertainty" regarding the future. 

We rely on a variety of sources, including interviews, observations, partnerships with local 

stakeholders, documents, and reports. This material has largely been produced by our 

research laboratory, which works closely with authorities, municipalities, transit operators, 

and other decision-makers who are seeking innovative development agendas on a short to 

medium-term horizon. The increase in demand for innovative agendas shows a political 

attitude for anticipation, but also a form of disorientation and fear of missing out.  

In addition to the use case of spatial mobility, we explore the uncertainties related to the 

evolution of digital technologies and their uses. The digital age has brought hopes and 

optimism, but also fear and mistrust. In a context of smartification of cities and fast-paced 

digitalization (L), we also suggest that the utopia behind technological solutionism 

represents yet another source of deep uncertainty. 



6. Exploring systemic, latent, and micro resistances 

 274 

Research questions and outlook 

What are the processes that create uncertainty in the projection of a city to 2050? To answer 

this question, we will use four “pillars” that we have identified as factors of uncertainty.  

1. Techno-social trends: How do different promises and imaginaries of a "better 

world and society" conflict with one another when envisioning the future?  

2. Policies and governance: How can local policies and governance take leadership 

in a sustainable turn influenced by global dynamics ?  

3. Urban smartness: How can we anticipate future practices and usage in a smart and 

fast-changing technological context? 

4. Urban economy and transition cost: How can we base our projections on 

economic values when the negative externalities of some major manufacturers (such 

as the car market) are invisibilized ? 

We will look at these four “pillars” in a transversal way through the prisms of spatial 

mobility and the development of digital tools by 2050. Figure 6.5.1 illustrates the analytical 

device that structure this article.  

 

Figure 6.5.1 Analytical device of technosocial uncertainties in spatial mobility and digital 
advancements 

In the remainder of this article, we briefly explain the methodological approach in Section 

3. Then, we will address the research questions aforementioned based on a series of 

interviews and observations that, together with inputs from the literature, frame the analyses 

(Section 4-7). This analysis unfolds in four types of uncertainties that we will discuss in 

Section 8, namely the systemic, informational, social, and functional uncertainties. 
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(6.5) 3. METHOD AND DATA 

(6.5) 3.1 Material 

We rely on three main sources of information to carry out the analysis about the techno-

social uncertainties.  

First, we reviewed and analyzed reports that set strategies and scenarios for 2030, 2040 or 

2050 in France, Switzerland, or Europe. The reports mainly focus on the themes of future 

territorial and transport policies, strategies for energy, digital, and infrastructure 

development, and positionings regarding climate change. We distinguish the reports 

published by : 

- Lobbyists (ATOS, 2016; Carbone 4, 2019; EDF, 2022; elementenergy, 2019; 

Forum of the Future, 2010; McKinsey&Company, 2012; SNCF, 2015; VÖV UTP, 

2009; WWF, 2021) 

- National or transnational decision-makers (ARE, 2018, 2019b; Auverlot et al., 

2022; DETEC, 2016, 2022; European Parliament, 2022; PIPAME, 2016; Tiegna & 

Piednoir, 2019) 

- Local authorities (Blatti et al., 2020; Canton de Vaud, 2016; État de Vaud, 2018; 

Mobility Nation, 2017) 

- Collectives or think-tanks (Collectif Cycliste 37, 2022; Cresswell et al., 2018; 

Ember, 2022; Forum de Vies Mobiles, 2020). 

Second, we interviewed four interviewees with strategic positions in energy policy 

(decision-maker and local authority), and the automotive market (lobbyist for the car 

industry), as well as a transport socio-economy expert (researcher). 

Third, we have conducted projection works in collaboration with local authorities in urban 

or mobility development of the Lausanne and Geneva geographical areas (Switzerland) 

between 2019 and 2022. In 2019, we studied motorization and vehicle fleets at a 2040 

horizon. In 2020, we partnered with a local transit operator to assess their network and 

timetables in light of the evolution of travel demand. In 2021, we explored strategies for 

carbon-free mobility in Geneva 2050. Finally, in 2022, we forecasted demography and 
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travel time isochrones around secondary schools in 2050 (Gumy et al., 2020; V. Kaufmann 

et al., 2021; Schultheiss et al., 2019). 

(6.5) 3.2 Use cases 

We argue that both spatial mobility and digitalization (L) are sources of deep techno-social 

uncertainties in the sustainable transition. Below, we briefly explain in what terms. 

Spatial mobility is a crucial issue in the sustainable transition (Berger et al., 2014; 

Manderscheid & Cass, 2022). It is linked to social mobility (Urry, 1999) and territory, and 

affects greenhouse gas emissions (LITRA, 2022). Addressing spatial mobility requires a 

long-term perspective, given the longevity of infrastructure and inertia in institutions and 

industries. It is heavily dependent on sectors such as energy, economy, digital, and 

territories, and is imbued with social values (Oliveira, 2015; Steg, 2005). Mobility 

contributes to the imaginaries of future cities (as seen in dystopian stories e.g., Besson, 1997; 

Lang, 1927). 

Digitalization (L) is a pressing, fast-changing, and drifting (Salganik, 2017:33) issue that 

poses both opportunities and challenges. In 25 years, digital technologies and data have 

become ubiquitous, organized, regulated. The number of digital natives is growing, and 

digital immigrants are becoming more comfortable with digital services. While some of the 

internet's promises, such as emancipatory movements and the rise of wokism, have been 

fulfilled (Barlow, 1996), other undesirable effects, such as surveillance and lack of control 

over artificial intelligence, sustain fear and mistrust of digital technologies (Bauman & 

Lyon, 2013; Bourg, 2018; Dutton & Blank, 2015; Ragnedda, 2018; Schradie, 2022). 

(6.5) 4. TRENDS 

In this section, we first propose to look back at our path dependence. In a territorial 

retrospect, we show how the economy, energy, territories, digital, and system of promises 

shaped and transformed our inherited cities and our practices (L). Then we look ahead, with 

selected megatrends related to the evolution of space mobility and technological advances. 
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(6.5) 4.1 (Territorial) retrospective – looking back 

The Atlas of the Anthropocene (L) (Gemenne et al., 2021) emphasizes the importance of 

developing "perspective" thinking in time, space, and social perspectives. It illustrates that 

the natural, built, social, and political environment is the result of successive events. Thus, 

we propose characterizing five major periods from 1950 to the present that have shaped the 

inherited mobility system and its impact on the territory, as well as the associated promises, 

dreams, and ideals. Most of the figures are drawn from the Statistical Atlas of Switzerland 

(FSO, 2023). 

1950-1980 

In the 1950s, there was a surge in car adoption (Bigo, 2020). This coincided with the 

Glorious Thirty, a time of economic and industrial growth in Europe. This period enabled 

people to aspire to better living conditions, including outdoor space and easy access to city 

centers. As a result, urban areas sprawled with households settling on the outskirts of cities 

(suburbanization). The car's popularity led to the abolition of tramways, and the 

development of international airports. The rail network was abandoned in favor of roads, 

and later, the national highway network. During this time, land-use development was mostly 

mono-functional, and space was not a problem. This led to 75% of new housing being 

constructed outside of city centers (FSO, 2023), causing strong urban and suburban growth 

and depopulation of rural areas. 

1980-2000 

In the 1980s, the economy and population growth slowed down, but the desire for the 

"glorious" domestic dreams remained. Concomitant events reinforced this phenomenon, 

starting with an increase in land prices, two energy crises that hurt the economy, and the 

densification of the national highway network, which facilitated more urban sprawl with 

single-family homes being built in rural areas where land was affordable. By 1980, half of 

all new buildings were single-family homes, compared to 28% in 1960. 

Transportation policies were hesitant to encourage people to use other modes of 

transportation (V. Kaufmann & Ravalet, 2016). At the time, the concept of modal choice 

was mostly utilitarian and functional: users chose their transport mode(s) based on travel 
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times and costs and opted for the most advantageous solution (e.g., Brög, 1993). Meanwhile, 

social, environmental, and anti-consumerism movements emerged throughout Europe (V. 

Kaufmann & Ravalet, 2016). In a strong political commitment, Switzerland launched the 

Rail 2000 program (BAV, 2007) with the initial motivation to develop an alternative as 

efficient as cars in terms of travel speed. This led Switzerland’s railway network ahead of 

its time (Salas, 2019) and makes it today a viable, and environmentally-sound alternative 

for most work and leisure trips. 

2000-2010 

Early 2000s, European cities had lost 20% of their inhabitants compared to 1970, and a 

decade of unemployment and impoverishment had just come to an end (Berend, 2016). 

Starting in 2002, there was a spectacular economic growth in Europe, a demographic boom 

due to strong immigration, and a strengthening of globalized economic sectors. This marked 

the beginning of a period of metropolization. Major public investments were made in cities, 

and urban life was socially revalued. Despite this, suburbs still attracted people (FSO, 2023), 

resulting in a coexistence of two systems: the continuation of territorial sprawl and the 

densification of the urban areas.  

In parallel, the digital era began with a massive growth in internet adoption, the dot-com 

bubble, and eventually the dot-com crash (Quinn & Turner, 2020). The first digital divide 

segregated the population between "those who have and those who do not have access to 

new forms of information technology", and all the promises it carries (Ghobadi & Ghobadi, 

2015:331). Meanwhile, modal shares of cars continued to increase (Bigo, 2020). 

2010-2020 

The subprime crisis of 2007-2008 caused many construction sites to stop (d’Arvisenet, 

2008). In Europe, city centers were being renovated and renewed, with the ambition of 

seeing fewer cars, more walkability, and a denser transit network (Colville-Andersen, 2018; 

Helbrecht & Dirksmeier, 2012). 

As we move forward in the 21st century, the first digital divide decreases as more people 

become connected. Economic factors or geographical isolation are no longer valid reasons 

for digital isolation. However, to engage with the digital space (L) and create digital content, 
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one still needs time, resources, and skills (Schradie, 2019, 2022; Van Deursen & Van Dijk, 

2015). This created a second (unexpected) digital divide, which refers to making use of 

digital technology to benefit from its opportunities.  

With Facebook, Twitter, and the first iPhone launched in 2006-2007, Silicon Valley was 

digitizing societies across the globe, changing our daily uses and practices (L), and creating 

a new way of social interaction. This decade marks the tries-and-fails of Mobility-as-a-

Service. Uber was established in Europe in 2012, and electric scooters in 2017. These digital 

services are accompanied by new (unexpected) urban and social disorders, as well as the 

growth of the gig economy and gig workers (e.g. taxi or food-delivery services). 

Meanwhile, modal shares of cars remained dominant (Bigo, 2020). 

2020-20XX 

The start of this period was marked by a major pandemic (covid-19) that brought urban 

systems to a halt for several months. This led to the development of new uses and practices, 

such as people becoming accustomed to (and equipped for) working from home. Ways of 

living (L) and residential aspiration re-centered on tranquility and values of family. 

The digital age has finally come to a first digital maturity. In 2020, local authorities are 

providing support, standards, and legislation to get mobility-as-a-service working (Butler et 

al., 2021). The experience of self-service bicycles, which has been both successful and 

unsuccessful (Mooney et al., 2019), is paving the way for functional and connected urban 

equipment. More broadly, the digitally-enabled society has opened up new perspectives that 

were unimaginable in the 1960s. 

Learnings 

In hindsight, we clearly observe the path dependency in territories. What is past shapes the 

present and future space and practices. We identified interconnected dependencies, such 

as evolving systems of values, aspirations, conjectures and energy or economic crises, 

technology development, governance and development strategies. It constitutes what Urry 

calls the system of automobility (2004) that dominates the transport system and the 

territories, but also the culture, the economy, or the use of fossil resources. The automobile 

domination has been socially incorporated since the 1960s, and remains valid today, as a 
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piece of equipment for the pursuit of the "fast life". Discourses that have been established 

and legitimized for decades are reinforced (e.g., that car provides greater freedom, speed, 

and independence), making it difficult for alternate discourses to emerge. In Angenot’s term 

(2006) it shows the weight of “discursive memory”. To counter this discourse, we need a 

strong enough change, a “discontinuity” (Steinberger & Ayoub, 2022), a “turning point” 

(Urry, 2004) to question the practices (L) that have been legitimized for years. 

Lastly, this retrospective analysis reveals a conflicting dialectic between current ecological 

discourses, which are relatively recent in the long history of territorial development and 

social incorporations, and inherited territories and values. We urgently need to adapt our 

way of life to ecological constraints (L) while continuing to evolve in a territory that has 

been developed for cars over several decades.  

(6.5) 4.2. (Selected) megatrends – looking ahead 

According to American futurist John Naisbitt (1982), megatrends are significant social, 

economic, political, natural, and technological trends that have a profound long-term impact 

on society, resulting in multiple and varied consequences. These global vectors of change 

and transformation can also lead to disruptive changes. 

Examples of megatrends include connectivity, neo-ecology, changes in the way knowledge 

is accessed, the aging population, the gender shift and new ways of working 

(Zukunftsinstitut, 2022). The Swiss Federal Office of Spatial Development's report on 

possible futures and predict megatrends of a globalized, digitalized (L), individualized 

future that will affect demography (e.g. changes in population size, age structure, sex ratio), 

migration, and climate (ARE, 2019b).  

We describe below the megatrends of individualization, digital in mobility, urban shareness, 

informational cacophony. We use the present tense to develop hypothetical situations. 

Individualization 

Individualization calls for the diversification of ways of living (L), needs and aspirations. It 

tends in the direction of the "multiple choice society". While individual opportunities are 

widening, individualization also exposes people to isolation. Globalization fosters 

hypermobility alongside social acceleration (L) (Rosa, 2010) and speed (Virilio, 2021), in 
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order to maximize networking opportunities and experiences. Following this megatrend, the 

car falls off its pedestal as people become aware of car-captivity (L) or car-dependence. The 

economy of liberty shifts from a spatial freedom to a digital, virtual freedom. Urban mobility 

is becoming a game, where the fun of alternatives places pragmatism above status.  

The techno-social uncertainties raised by individualization unfold in the following ways. 

What tools will we have to find virtual freedom? How can the urban policy of "living 

together" make sense in a society that emphasizes individualism? Will the pursuit of a fast-

life and the phenomenon of social acceleration (L) fade away and be replaced by a focus on 

slowness and stillness? 

Smartness, or leveraging the digital for a sustainable mobility  

E-mobility is becoming the predominant driver in the transport sector. All new cars and vans 

sold in Europe from 2035 onwards must be zero-emission vehicles (European Parliament, 

2022).They are quieter and less polluting, which reduces the local pollution (health impacts, 

noise, …). 

As a new mobility paradigm emerges, cars are expected to be one of many alternatives in a 

seamless, fully connected, post-fossil, networked, and partially autonomous system 

(Mobility Nation, 2017). The digital data makes it possible to streamline intermodality and 

multimodality, making public transport more attractive and easier to use. Mobility-as-a-

Service makes the traditional boundaries between providers obsolete, and enables a smooth 

user experience. Real-time data analysis eliminates unnecessary waiting times and transfers. 

Public transport providers are no longer in competition, but instead must provide a 

complementary offer.  

The techno-social uncertainties are manifold. How will the infrastructure be adapted to 

autonomous mobility? What effects on ways of living (L), or residential aspirations? What 

economic model for future mobility-as-a-service platforms? What decision power is given 

to the local authorities and planners in front of monopolistic tech giants?   

Shared cities  

The programs of "road diet" fostered by urban policies in cities such as Milan, Paris, 

London, Barcelona, and Brussels have transformed the way people experience the city. The 
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cities now feature shared streets and multi-modal public spaces that combine cycling, 

walking, nature, and social activities. In these progressive cities, street and parking space 

for cars is being reduced, while bike lanes and sidewalks are being extended and given 

priority over public transportation. As a result, the social structures of urban areas have 

evolved in a way that proximity (L) is desirable and effectively fulfills its promises of 

inclusivity, health, fresh food, and more. The range of shared mobility alternatives is vast 

and ever-growing, encompassing cars, cargo bikes, mopeds, and scooters. The era of 

designing streets solely for cars is over. Parents now let their kids play in the streets without 

fear, and the crosswalk - last symbol of car domination and appropriation - has disappeared. 

The techno-social uncertainties related to shared cites are mainly political. Sharing involves 

inequality. For example, shifting the paradigm of car-centered city reinforces the rural-urban 

divide as urban areas will not be accessible by car. It poses inclusive limits for those who 

do not have the physical capabilities to adopt active mobility. It exposes the city to more 

gentrification. Thus, will shared cities be inclusive and fair? How will local urban policies 

balance coercivity and accompaniment? 

Cacophony and informational disruption 

The informational cacophony in digital spaces (L) makes it harder to distinguish fake news 

from scientific or proper journalistic content. The filter bubble has become a social issue, 

segregating ideologies, and making the public debate impermeable and sterile. Yet, more 

and more individual activists and other institutions with symbolic power (like the IPCC 

comity) leverage social media to alert on the climate emergency. Wokism and 

deconstruction (Derrida, 2004) of social identities happen mostly virtually, creating both 

emancipation and loss of bearings. 

Disruptive scenarios are becoming increasingly common, making them hard to ignore. The 

theory of collapsology (Servigne, 2015) or survivalism are gaining traction. At the same 

time, stillness and emancipation from accelerated societies is becoming a privilege, and 6G 

networks are preparing for the bandwidth needed to connect autonomous cars. 

The techno-social uncertainties unfold mainly as social, and informational uncertainties. 

The functional and technical aspect of it will surely find its way, driven by the digital 

economy. 
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Learnings 

The megatrends make it possible to think ahead of what the “solarpunk” movement would 

call a pragmatic utopia (Steinberger & Ayoub, 2022); or what the “scenario thinking” 

technique would develop as speculative fictions (see how Hudson, 2022 fictionalized the 

IPCC Shared Socioeconomic Pathways).  

Megatrends make it possible to envision the future beyond economic growth and the 

becoming of the petroleum society.  The Zukunftsinstitut, a research center in futurology, 

places megatrends at the core of their projections. They explain that megatrends are 

ubiquitous, global, and complex. They are ubiquitous because they affect all areas of 

society, including the economy, consumption, values, social relationships, media, and 

politics. They are global because they will be observed sooner or later all over the world. 

They are complex because they are multi-layered and multi-dimensional.  

Unlike economic or demographic statistical projections, we argue that megatrends are 

necessary to reveal the techno-social uncertainties – no matter how quiet, silent, and 

unobtrusive they may currently be.  

Finally, if the realization and completion of these megatrends is uncertain, discontinuities 

such as the covid-19 pandemic have shown that these megatrends may happen sooner than 

we think. The pandemic “has rapidly led to some of the most revolutionary changes in 

private and professional life around the world” (Hiselius & Arnfalk, 2021), and have lasting 

effects on our territories and infrastructures (e.g., Rérat et al., 2022). 

(6.5) 5. POLICIES AND GOVERNANCE 

In this section, we leverage the interviews conducted with the decision-maker, local 

authorities, lobbyist, and researcher. We analyze the uncertainties related to national and 

urban planning, highlighting the importance of small-scale actors (town) to support 

structural, systemic, and multi-scalar changes in the transition towards sustainable 

urbanities. Then we use the example of energy supply to demonstrate the multi-scalar 

uncertainties in different scales of policies and governance, from global geopolitical issues 

to local infrastructure planning. 
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(6.5) 5.1. Fragmented leadership  

National leadership 

The National development strategies provides key guidance in policy development of 

smaller scale governance bodies (International Energy Agency, 2019). It provides the 

projection and quantification of energy needs, population growth, and modal split, and more. 

For example, by 2050, the Federal Government of Switzerland (DETEC, 2022) predicts 

with surprising accuracy strong population growth (+21%), strong economic expansion 

(+59% of GDP), and an increase in passenger transport demand by 11%. Yet, the 

assumption of this "base" scenario intertwines with other socio-technical systems. These 

system dependencies challenge the linearity of the urban system projections; and rely on 

the hypothetical congruence of political commitments, third-party investments, 

infrastructure developments, etc. Interviewee explains (translated from French): 

“The expected widespread use of public transport can only be achieved if trains 

and buses remain attractive in terms of their offer, level of service, and capacity; 

if efficient intermodal interfaces are developed; and if the quality of the 

pedestrian (and cyclist) experience is ensured through a continuous, integrated 

network” – car manufacturer lobbyist 

The national scenarios are therefore uncertain in a sense that they rely on trust in mobility 

operators, trust in local authorities, trust in the economy and the continuation of growth 

(Canton de Genève, 2017; Conseil Général des Ponts et Chaussées, 2006; OFS, 2015). Trust 

in a capitalist (L) context is questionable. 

Cities and smaller town leadership 

The role of cities and urban politics in achieving sustainable development is increasingly 

impactful (D. Kaufmann & Wittwer, 2022). Cities are at the forefront of social, ecological, 

and economic dimensions (e.g., Mairie de Paris, 2023) 

It is also noteworthy that small and medium-sized municipalities are resourceful in 

conducting the sustainable transition. They implement relevant policies related to 

hospitality, social justice, culture, well-being, localism, etc. (Knox & Mayer, 2009). 

Researchers argue that progressive urbanism (the political projects aimed at increasing 
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social justice, citizenship, and democracy) is also the domain of small towns. Small towns 

are key in transformative change (Beveridge & Naumann, 2023).  

Siloed leadership 

Structurally, despite a pro-environmental attitude in Europe, the coordination between 

different administrative departments and silos of competence remains a challenge. For 

example, in Switzerland, energy-related competences are spread among different Federal 

Offices including spatial development and housing, energy, and transport. Each of these 

nation-level "ministries" or federal offices must aim for the same ecological transition, but 

with distinct objectives.  

“Common conflicts arise between building energy and the architectural 

heritage, environment and rail or road, and collective and individual mobility 

(even electric). These conflicts are critical in decision-making processes and 

become more complex when there are overlapping areas between different 

departments” – local authority for energy  

Thus, major national policies can only succeed if local actors apply them jointly and 

consensually, and communicate transversely.  

Dissociated leadership 

Finally, the dissociation of political and economic powers, as described by Lavau (1953) 

and Bauman (2007), is increasing. The gig economy, e-commerce, and global tech 

companies are imposing new standards and opportunities at a pace that authorities can 

barely keep up with. 

(6.5) 5.2. Electrification 

In 2022, Europe's energy supply has been significantly weakened (McWilliams et al., 2022), 

in particular because of its geopolitical dimension, and because of transnational energy 

sovereignty subject to wars, economic sanctions, and other international developments 

(Correljé & van der Linde, 2006). It makes it subject to macroscopic and systemic 

uncertainties.  
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“Since 2017, fuel oil and coal plants have been closed to limit greenhouse gas 

emissions, which implies a greater demand for gas, nuclear, and renewable 

energy” – local authority for energy.  

But gas supply is contentious in Europe (Kuzemko et al., 2022), the development of 

renewable energies is delayed (Ember, 2022), and there is a deficit in nuclear power 

generation. In France, which is Europe's largest supplier of nuclear energy, 30 out of 56 

nuclear reactors are currently shut down for maintenance (EDF, 2022).  

Meanwhile, the electrification of (auto-)mobility is striking. In Europe, EVs represented 

1.9% of sales in 2019. In 2022, it is 12.1%, and expected to reach 100% in the next 15 years. 

This transition is based on the uncertain assumption that electrical energy supply will be 

abundant enough, and remain cheap enough. 

Another uncertain assumption is the rapid development of charging infrastructures. 

Uncertain, because the supply of energy is not structurally assured, and because the charging 

station infrastructure is already late compared to the fast penetration of electric vehicles 

(European Environment Agency, 2022).  

“In 2019, the canton had only 400 charging points for electric vehicles, with a 

significant gap between urban and rural areas. To ensure good coverage, we 

must deploy three types of charging infrastructure by 2030: substitution 

infrastructure, back-up infrastructure at destination, and back-up infrastructure 

in transit. This means that authorities at different administrative levels must 

coordinate with the various suppliers along the road, such as parking operators, 

malls, employers, electric distributors, and so on. This won’t be easy.” – local 

authority for energy 

A third uncertain assumption in the ability to make e-mobility sustainable, lies in the 

recycling and reuse of EVs components.  

“The total value-chain of electric vehicles does not exist yet. A sound financial 

model and a full value chain are needed, from metal extraction to battery 

recycling or reuse – for households for example. This needs to be impulsed by 

national or European policies. [...] As soon as the car manufacturer will find an 
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economic value in recycling or reuse, things will move fast.” – car manufacturer 

lobbyist 

“The aim is not to displace pollution, but to reduce it throughout the production 

chain, while keeping profitability and investor interest in mind.”– researcher in 

economy.  

A fourth uncertain assumption is the ability to make e-mobility inclusive across territories 

and sociodemographics. Access to energy has social repercussions on very local territories. 

Access to energy is considered a social achievement. In France, the social crisis of the "gilets 

jaunes" in 2018 was triggered by the announcement of an increase in the carbon tax, 

independently of the residential area of drivers, and independently of their socioprofessional 

category. The ecological problem suddenly became a social problem, highlighting the 

fragility of attitudes towards the climate crisis.  

To conclude on the policies and governance, we identified a polycentric, multi-scalar, and 

multi-stakeholder context that induces multiple uncertainties. Action and coordination on 

different fronts simultaneously is necessary, including policy, infrastructure, technology, 

and behavior to overcome conflicts of objectives. Furthermore, energy, and therefore 

mobility, is therefore subject to profound socio-political uncertainties. 

(6.5) 6. URBAN SMARTNESS  

As we move further into the 21st century, it is becoming increasingly difficult to work, play, 

and move without interacting with the digital space (L). Information, electrification, and 

communication technologies bring new forms of propulsion, connectivity, user-ship, ease, 

appropriations, and opportunities (Lyons, 2018). On a city level, the “smart” promise is to 

build a holistic decision-aid system, monitoring buildings, networks, nature, people, energy, 

goods, and waste. For users, app-based mobility services have transformed travel by 

allowing people to do everything from booking train tickets and checking schedules to 

renting bikes and ordering food, all from their smartphones.  

While smartness brings obvious convenience, benefits, and broad monitoring opportunities, 

it also comes with (less obvious) undesirable effects and uncertainties. 
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Technology-led urban utopia 

Recent literature on smart cities acknowledges the lack of clarity in interpreting what 

"smart" means (Albino et al., 2015). It has been described as a "phenomenon" deeply rooted 

in "seductive and normative visions of the future where digital technology stands as the 

primary driver for change" (Luque-Ayala & Marvin, 2019). The dominant discourse on 

smart urbanism is techno-centric and profit-driven (Papa & Lauwers, 2015). It is led by big 

technology corporations that aim to build a market for smart urbanism (Hollands, 2015). 

The smart city represents a new type of technology-led urban utopia (Townsend, 2013), 

following the liberal logic of Robert Moses who built cities around the 1930s newest 

technology: the automobile (J. Schwartz, 1993).  

Technicist solutionism 

Furthermore, the paradigm of "smart" is often associated with the paradigm of "sustainable" 

(e.g. Lyons, 2018). This reflects a technological optimism and a reliance on technicist 

solutionism. Instead of changing behavior, the strategy seeks to change the engine; rather 

than building an additional lane of highway, it seeks to double the speed of trains. 

“[The issue with such strategies is that] it often introduces technological 

innovations that do not replace existing systems, but rather add to them. This 

concept of addition is compatible with the economic growth model of capitalism, 

but it does not make ecological sense. For instance, cars may consume less fuel, 

but they are full of technology and rely on continuous data streams in the 5G 

network. While each emitting source may be more efficient, the multiplication of 

these sources will only postpone the ecological problem” – researcher in 

economy.   

Greenwash 

Technicist solutionism is coupled with informational confusion about the advantages and 

disadvantages of technological advances. For example, are electric vehicles a solution for 

green and clean mobility, or yet another ecological disaster?  

This confusion may lie between industrialists and state institutions, as demonstrated by the 

"dieselgate" of a car manufacturer (Schumacher, 2019), which has made the ecological crisis 
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an institutional problem. But informational confusion can also be located between state 

institutions and the population, as demonstrated by the massive protests in France (2018) 

following the implementation of ecological taxes on gas. These protests are anchored in a 

lack of information between politicians and the population on the ecological dimensions of 

transport modes. Meanwhile, hypermobility remains desirable and is idealized in the many 

images that circulate about people visiting Instagrammable places. Too much dissonant 

information circulates too quickly. In Bronner’s terms (Bronner, 2021:121) this "cognitive 

cacophony" can lead to stasis and action paralysis, and therefore makes coordinating climate 

change actions more uncertain. 

Psycho-social divides 

Smartness also implies new forms of social divide, characterized by the ability to transform 

the online experience into valuable and desirable outcomes in the offline social sphere, and 

get the most out of the digital space (L). People who lack ease and capacity to navigate the 

digital space (L) "lose noteworthy opportunities in the economic, political, cultural, 

personal, and social spheres" (Ragnedda, 2018:2373). Conversely, those who have easy 

access to the internet can potentially broaden their opportunities and improve their quality 

of life or social status (Dutton & Blank, 2015). According to Schradie (2022), "the great 

myth of our time is that the internet is for everyone and that everyone has the same access 

to it." The author shows that social classes continue to exist on the networks, and the digital 

world reproduces the power inequalities present in society. Although many emancipatory 

movements, like #MeToo or #BlackLivesMatter, still rely on these same networks, most of 

the visible content on the internet is often generated by marketers, reactionaries, or 

conspiracists (Bronner, 2021); and neoliberal monopolistic players lead the market 

(Beverungen et al., 2022). These players leverage smartness as “persuasive technologies”, 

used to influence, manipulate, and change people's attitudes or behaviors. This raises issues 

of cognitive manipulation, obsession with change, communicational entropy, panoptical 

surveillance, and captology (Bauman & Lyon, 2013; Bronner, 2021; Ellul, 2012:267-273; 

Fogg, 2002; B.-C. Han, 2015; Lainae & Alep, 2020). The way these issues will be managed 

by governance remains unclear and uncertain. 
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(Un)governance 

The governance and organization of this digital space (L), as well as the promised digital 

democracy, are highly questionable. Who has authority and control? Who benefits and is 

disadvantaged? What opportunities does this digital space offer? Should neutral authority 

regulate potential abuses? 

First, we observe a digital mistrust that stems from the unclear conditions of reusing and 

monetizing data, leading to fears of surveillance (Bauman & Lyon, 2013). This leaves the 

door open for large tech companies to capitalize on data for their own marketing purposes, 

dictating the terms of data ownership. Second, the smartness leadership is challenged by 

digital dilemmas: the tensions between data protection and availability, data sovereignty and 

sharing, data security and access, and data privacy and transparency (W.I.R.E, 2018). 

Institutions are ill-equipped to contain these tensions of tech-led urban utopia, mistrust, 

social divides, cacophony, or lack of leadership. Attempts to create urban data platforms to 

harmonize, combine, and transform data for public good are challenged by the fear of Big 

Brother (Orwell, 1972) and digital illiteracy in administrations. Furthermore, urban systems 

involve multiple and siloed stakeholders, making interoperability a challenge and creating 

a fragmented data landscape. 

(6.5) 7. URBAN ECONOMY 

The sustainable transition requires a transformation of the urban- and transport-related 

economy (McCormick et al., 2013) into a greener economy (United Nation, 2017). We 

identify a series of uncertainties linked to the fast growth of the sharing economy, to the 

cost of the green transition being difficult to estimate, to the hidden money flowing from 

the car market, and finally to the lobbyism of the car manufacturers who hold the economic 

power. 

Sharing economy 

In the past decades, the sharing economy including access economy, platform economy, and 

community-based economy (Acquier et al., 2017) permeated urban systems and created 

values out of a broad range of unexpected services and micro-mobility (L) solutions 

(Shaheen & Chan, 2016). We identify two main uncertainties surrounding the sharing 
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economy. The first concerns the ability of cities to govern and regulate the fast-changing 

and drifting products and services offered by sharing economy players. These companies 

have proven adept at taking advantage of regulatory gray areas (Cassell & Deutsch, 2020). 

The authors (ibid.) use Airbnb as an example, explaining that "[r]egulating a hotel is a 

relatively easy task, but how does a city regulate the daily economic activity of tens of 

thousands of citizens engaging in peer-to-peer exchanges?" The second uncertainty relates 

to the limits of the “economic speed”. Similarly to the cost of energy, experts agree that the 

speed is also too cheap for carbon expensive means of travel: 

“The increase in purchasing power is growing at a faster rate than the cost of 

mobility per kilometer. We use the concept of economic speed to measure the 

distance a person can travel with the current minimum hourly wage. This means 

that the cost of transportation – or really of distance – does not follow an 

environmental logic and is not indexed to the consumption of fossil fuels. For 

example, airplanes cost 5 cents/km, long-distance trains cost 10-15 cents/km, 

cars cost 25 cents/km, and micro-mobility solutions such as scooters cost 2 

CHF/km” – researcher in economy   

The sharing economy tends to make living in cities more expensive. Short-term rental 

platforms have caused housing prices to rise and have fostered gentrification. Additionally, 

e-micro-mobility (L) services, which are key in localism practices, are way more expensive 

and often evade regulations. 

Transition cost 

Furthermore, “cost of transition” to a carbon neutral society is uncertain. Conceptually,  the 

assessment of the social and economic costs-and-benefits of different transport systems 

show that the negative externalities of the automobility are barely considered (Becker et al., 

2012; Hutton, 2013), which amounts to considerable public expenditures (Meschik, 2012). 

“The cost of transition to a carbon neutral society is uncertain. In Lausanne, for 

instance, the Canton de Vaud [(2018)] announced that the cost of transitioning 

to clean energy would be 22% lower than the cost of maintaining the status quo. 

[...] A low-carbon society may be less expensive than one dependent on oil” –  

local authority for energy 
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The discrepancy in the mobility-related transition cost typically comes from the 

misconsideration of the reduction in negative externalities. These costs encompass the silent 

consequences of car-use that have detrimental effects on both the environment and human 

health, such as air pollution, land use, noise pollution, and greenhouse gas emissions.  

Advertising 

Most transport decarbonization plans communicated by motor manufacturers and central 

governments focus on low-emission vehicles as a way to move towards sustainability (L). 

Hickman (Hickman, 2021) argues that this message is a neoliberal, motor-manufacturer-led 

hijacking1 of the environmental agenda, subverting the policy solution into a consumer-led 

process.  

A large part of this narrative, as presented to the government and the public, is produced 

through car advertising (ibid.) trying to greenwash (L) the image of the car. But much of 

the advertising car ads heavily feature the SUVs, often associating them with ideals of 

freedom and environmental themes. Cars are projected as essential for navigating the 

challenges of daily life. Environmental discourses in these ads typically focus on access to 

the open landscape, vehicles as a solution to climate change, and the simplicity of electric 

vehicles (Hickman, 2021).  

In France, 4.6 billion euros were invested in automobile advertising in 2020. This represents 

about 1300 euros per vehicle sold. This figure has been increasing in recent years, with 4.3 

billion in 2019 and 3.5 billion in 2018 (WWF, 2021). These amounts are greater than the 

annual budget for regional express rail transport in all French regions (RDF, 2021). 

Advertising has a significant impact on current mobility behavior. How long can this 

deception last? 

To counter the positive connotations of cars, France has implemented a law in 2022 

requiring all land motor vehicle advertisements to include a promotional message 

encouraging the use of active or shared mobility, or public transport (Article L328-1 of the 

 
1 The concept of hijacking is crucial and is often associated with greenwashing, a 
communication strategy that presents ecological arguments in a misleading way to improve 
an image. This is a controversial yet powerful process that occurs at various levels of society, 
causing confusion and friction in ecological transition governance. 
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French Law n° 2019-1428). This law implicitly recognizes cars as a public health problem, 

similar to smoking and malnutrition. 

Car manufacturer lobbying 

Car ownership represents a major item of household expenditure, estimated at 11% of 

disposable income (example of France, INSEE, 2017), and is often underestimated by car 

owners (Andor et al., 2020). As a result of the sharing economy, shifting demand, 

environmental policies, and legislative pressure, the automotive market must evolve. 

Experts predict that the car market will continue to exist. However, this will not be based 

on the petroleum society: 

“Cars will remain a crucial part of mobility in 2030 and beyond. The typical 

lifespan of a car is 20 years, so by 2050, the energy mix on the roads is likely to 

be mostly hybrid or all-electric. By 2040, gasoline engines should only make up 

a small portion of motorization modes” – car manufacturer lobbyist 

As Urry (2013, 2014) noted, the implications of a decarbonized society for social futures 

are highly uncertain. What is clear, however, is that the automobile system dominates in 

various aspects, from the macro-economy to micro-social everyday travel demands. Despite 

this, the territories, economy, uses, and practices (L) of a post-car world remain highly 

uncertain (Cogato Lanza et al., 2021). 

(6.5) 8. UNCERTAINTIES 

In the previous sections, we identified a series of uncertainties derived from the techno-

social analysis of the evolution of urban mobility in the digital age. We firstly explored the 

trends backwards (retrospect) to reveal the intricacies and interconnections of the social and 

territorial path dependence. We then explored the trend forward (prospect) to shed light on 

the techno-social dynamics that results in uncertainties within pragmatic utopia and IPCC 

scenario-based speculative fiction. We argue that considering techno-social uncertainties is 

key to successfully conducting sustainable urban transition. Hereafter, we reveal 

uncertainties related to policies and governance. In particular, how fragmented is the 

leadership, and how contentious and fragile is the electrification of our ways of living (L). 

Through the analysis of urban smartness, we stress a series of digital pathologies that 
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underpin unobviously the digitalisation of cities and citizens. We conclude that institutions 

are ill-equipped to contain these tensions of tech-led urban utopia, mistrust, social divides, 

cacophony, or lack of leadership. Lastly, the analysis of the urban economy shows how the 

sharing economy, the sustainable transition costs, the deception of car ads, and the car 

manufacturer lobbying make the post-car world uncertain at macro- both micro-social 

scales.  

In the remainder of this section, we propose to classify the techno-social uncertainties 

identified in this work. This unfolds as systemic, informational, social, and functional 

uncertainties, as summarized in Table 6.5.1. These uncertainties were identified based on 

the cross-analysis of spatial mobility and digitalization (L) through trends, governance and 

policies, urban smartness, and urban economy. 

Table 6.5.1 Sources of the techno-social uncertainties identified in mobility and digitalization 

 Trends Governance and 
policies 

Urban smartness Urban economy 

Systemic 
uncertainties 

Path dependence 
discontinuity 

Siloed leadership – 
Dissociation of 

powers – Trust in 
third parties 

Tech. monopolies – 
Data platforms – 
Ungovernance 

Car manufacturer 
lobbying – 

Transition cost 

Informational 
uncertainties 

Conflicting 
discourses – 

long/short term 
injunctions 

Balance in 
coercive/accompani

ment measures 

Tech. solutionism – 
Greenwash – 
Cacophony 

Advertising 

Social 
uncertainties 

Individualization – 
Social 

incorporations – 
Fairness in 

restrictive measures 

E-mobility 
inclusivity – Socio-

political energy 
supply 

Psycho-social 
divides 

Sharing economy – 
Economic speed 

Functional 
uncertainties 

Tools for virtual 
freedom 

National strategies – 
Charging 

infrastructures 

Autonomous infra. – 
User interface – 
Tech. led utopia 

Public investments 

 

(6.5) 8.1 Systemic uncertainties - inertia 

The systemic uncertainties shed light on the polycentrism and multi-scalar dimensions of 

the transition. It questions the ability of the system to be transformed and adapted, and the 

differential inertia associated with it. 
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We showed how mobility is a system within a larger urban metabolism, consisting of 

smaller, interdependent systems. Urban projects involve multiple stakeholders, each of 

which defends its own interests. Coherence and coordination of different policies are 

essential to ensuring a sustainable transformation and reconciling conflicting objectives. 

Administration and public authorities are often organized in silos while ecological transition 

requires transversal transformations. Coordination between government and industry is also 

necessary. Effects of scale and encasement have been identified in governance 

temporalities, dissociation of powers, trust and commitment, and territories. The Western 

model of democracy involves politics that rely simultaneously on short-term electoral 

promises, local action, long-term outlooks, and international engagements. 

We revealed numerous techno-social uncertainties originating in path dependence 

discontinuity, siloed leadership, dissociation of powers, trust in third parties, technology 

companies monopolies, data platforms, ungovernance, car manufacturer lobbying, and the 

sustainable transition cost.  

(6.5) 8.2 Informational uncertainties - bluff and dissonance 

Considering access to and diffusion of information in spatial mobility and the digitalization 

(L), two main forms of uncertainties appeared. 

First, false information or false narratives serve the existing capitalist (L) system, promoting 

the idea of "further, farther", of technological addition, of technological solutionism, of 

greenwash (L), and advertisement attentional manipulation. We associated these 

mechanisms and dynamics with bluffing and hijacking the environmental agenda. Despite 

the apparent solution offered by, for example, electric vehicles, it is ultimately not valid 

from an ecological standpoint. Digital technology and other technologies are not going to 

save the world, but this is what we tend to believe. As Bauman (2007:137) states in Liquid 

Presents, mobility sophisms help to make uncertainty less intimidating and happiness more 

sustainable. Happiness is embodied in progress, the need for faster and further. 

Second, we revealed uncertainties yielded by conflicting discourses, informational 

cacophony, long- and short-term injunctions (L) dialectic, and the challenging balance in 

coercive and accompaniment measures. These uncertainties create a multi-level dissonance 

that stands against social change (Rabin, 1994). 
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(6.5) 8.3 Social uncertainties - liquidity  

We identified uncertainties in various phenomena such as the trend of individualization, 

long-lasting social incorporations and inherited territories, fairness in restrictive measures, 

e-mobility inclusivity, socio-political energy supply, psycho-social divides, sharing 

economy, and economic speed. Going further, we associate these social uncertainties with 

Bauman’s liquidity (L). 

Liquid modernity (L) causes ruptures that create uncertainties (2007:7-10). The search for 

meaning and stable reference points has been replaced by an obsession with change and 

flexibility. The cult of the ephemeral and short-term projects favor competition over 

solidarity. E-economic superpowers have emerged with the digital age and the globalization 

of the market, dissociating economic and political power. The various economic, 

geopolitical, climatic, populist, and sanitary crises are accelerating, leading to a slow 

disappearance of common guarantees. Structures that allowed households to project 

themselves in a sustainable way (e.g., real estate purchase) are weakening, and confidence 

in the future is collapsing (ADEME, 2021). Individuals are increasingly responsible for 

bearing the consequences of economic, epidemic, and climatic conditions. According to 

Bauman, the liquid present thus fosters the emergence of fearful individuals, haunted by the 

fear of insecurity. "Uncertainty is synonymous with fear. No wonder we so often dream of 

a world [...] that is predictable" (Bauman, 2007:124). 

(6.5) 8.4 Functional uncertainties - tech domination 

Functional uncertainties are more clearly identified by the experts. They entail 

transformation efforts on several levels to ensure the ecological transition. No electric or 

autonomous car will be able to run without a proper infrastructure. Public investments and 

national strategies must align to ensure growth and stability. 

Going further, we also revealed more subtle functional uncertainties, which are part of the 

new forms of freedom and emancipation enabled by technology, as well as the technology-

led utopia. We can hardly imagine what tools, objects, equipment, or services we will have 

access to in 2050. The technologization of our society has given birth to many objects in the 

last few years that have equipped our homes and our mobilities. However, while existence 
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has gotten more “comfortable” over time, the industry of happiness seems to be failing 

(Illouz et al., 2018). 

(6.5) 9. CONCLUSION 

For Latouche (Latouche, 2013:89) the “impossibility of predicting the future is total due to 

the complexity of the system”. Yet, projections and prospects (L) about the future of our 

cities flourish at different institutional levels. These projections are necessary to guide the 

sustainable transition in accordance with the Paris Agreements. Uncertainty triggers a deep 

human need for certainty in order to project oneself and thus initiate change. This can also 

lead to "prospective suffering", eco-anxiety, and an inability to plan for the future (Le 

Temps, 2021). According to Tobias Brosch, founder of the Laboratory of Decision and 

Sustainable Behavior at the University of Geneva, Switzerland, there are two main types of 

eco-anxiety. The first is "rational" eco-anxiety, which acknowledges the reality of the 

climate situation but does not paralyze or obstruct; instead, it can lead to actions with 

varying degrees of renunciation or ecological restrictions. The second type is pathological 

eco-anxiety, which is so paralyzing that it disrupts normal life. 

In this work, we considered uncertainties as a techno-social issue. For that, we reviewed or 

conducted a series of interviews, observations, mandates with local stakeholders in the field 

of urban planning, gray literature, sci-fi literature, and reports. The study of spatial mobility 

and digitalization (L), which are central themes in everyday life and governance, has given 

us insight into the techno-social dimensions of uncertainties. Digital and mobility are 

increasingly intertwined, and despite potential frictions induced by digital immaturity (such 

as fear, surveillance, and monopolies), technology is an enabler that will be part of the 

solution for decarbonized cities. In Urry's words (2004:36), technology constitutes one of 

the unpredictable "tipping points" that would allow for non-linearity in the sustainable 

transition. This nonlinearity is central to the latest IPCC reports (2023), which present 

alternative views of contemporary societies and distance themselves from traditional 

perspectives based on neoliberal criteria of growth and production. 

Territories, trends, policies, urban smartness, and urban economics were analyzed together 

to unravel the complexity of these uncertainties, which are systemic, informational, social, 

and functional. Systemic uncertainties refer to the effects of scale and imbrication of powers, 

temporalities, and institutions. They also point to the inertial, siloed, and interdependent 
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structure of administrations and the diverging objectives that must coexist in the process of 

transition. Informational uncertainties point out the bluff and sophism surrounding the 

transition, referring to the dissonance and confusion created by discordant narratives and 

social discourses. Lastly, social uncertainties point out how our obsession with change, the 

dissociation of power and politics, or the increasing responsibility put on individuals create 

eco-anxiety or denial strategies. 

The increasing techno-social uncertainties constitute a rupture with anthropocentric (L) 

modernity, as humans slowly realize that they cannot master, dominate, and anticipate 

everything. We argue, like Walker and colleagues (2010) before, that uncertainties are key 

to successful sustainable urban transition and long-term policymaking. They require most 

of our attention, as “ignoring uncertainty can result in poor policies, missed chances and 

opportunities” (ibid.). 
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7. CONCLUSION & DISCUSSION 

Throughout this doctoral thesis, we have delved into various topics related more or less 

closely to mobility practices (L) and urban travel behaviors. To approach the issue of 

resistances to change, we used data sources of different scope and types and adopted an 

interdisciplinary scientific approach, looking at mobility practices from various angles. We 

mainly studied the following five themes: home-making and the resources or constraints (L) 

one can find at home to cope with the pressures of ordinary life; ways of living (L) and 

residential aspirations for remoteness in a city that promotes the ideal of proximity (L) and 

density; modal practices in a longitudinal and multi-day perspective that reveal robustness 

in locational and temporal habits; policies for the sustainable transition of cities and the 

uncertainties attached to it; and lastly, public transit systems that are dominated by peak 

hours, in favor of very specific segments of the population. By analyzing these perspectives, 

we shed light (both empirically and theoretically) on micro-social, latent, and/or macro-

social mechanisms and dynamics that act as resistances against the sustainable mobility 

transition. 

In this concluding chapter, we firstly aim to synthesize the main learnings drawn from the 

scientific contributions compiled in this thesis, through a rereading of the results from the 

lens of resistances. Second, we propose to take distance from the microscopic and 

macroscopic dichotomy that we usually find in social discourse and transport studies. We 

argue for agent-based “resistance regimes”, that are dynamic, systemic, and situated; diverse 

and singular to each agent; and organized with respect to the dependencies underlying 

everyday mobility practices. With these regimes, we argue that social sciences are central 

to transport studies, and complementary to more operational approaches. Third, we 

generalize the resistances to change not only to the use case of urban mobility, but as a 

phenomenon hindering the sustainable transition in a more generic view. Finally, for 

opening the arguments of this thesis to future developments, we propose an interpretation 

of the resistances to change through the lens of urban pathologies, advocating for non-linear, 

preventive solutions to urban sustainability. 
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7.1. DECOMPOSITION OF THE RESISTANCES TO CHANGE 

In this section, we cross-reference our scientific contributions compiled in Chapter 6 with 

the hypotheses formulated in Chapter 4. The hypotheses suggested that resistances to change 

originate in micro-social, latent, and meso- or macro-social mechanisms and dynamics. 

As we argued in the theoretical background (see Chapter 3), mobility is a social phenomenon 

that is, however, mainly considered utilitarian and functional by urban policies and 

transportation engineering. The approach of urban sociology allowed us to take different 

views on the issue of everyday mobility. In Chapter 6, we mainly used five prisms to analyze 

the resistances to change in mobility practices: home, ways of living (L), modal practices 

(L), policies, and public transit. 

 

Figure 7.1.1 Cross-reference of the resistance regimes and the scientific contributions 

Figure 7.1.1 illustrates how our scientific contributions are distributed among the five 

analytical prisms aforementioned, and how these prisms contribute to explaining which type 

of resistance to change. We will verify the hypotheses and explain this synoptic further in 

the rest of this section. 

7.1.1. Reviewing the contributions in the lens of resistances 

Gaps in public transport (Schultheiss, 2022) focuses on the themes of modal practices, 

public policies and the public transport network. This article has allowed us to study how 

the public transport supply (L), based on a demand dominated by commuters, generates 

localized accessibility deficiencies in space and time, for segments of the population 

specifically characterized by complex and dispersed space-time prisms. The study of the 
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population's diverse spatio-temporal needs reveals singular demands for rhythmic 

minorities, unmet by the peak-hour-centered supply (L). This research thus highlights both 

micro-social (differentiated accessibility) and macro-social (failure to take into account the 

diversity of individual needs in the planning of transport systems) resistances. 

Repeatable behaviors (Schultheiss & Kaufmann, 2023a) studies spatial and organizational 

variability through a typology of modal habits. The originality of this work lies in the use 

of longitudinal data together with a mobility experiment (pricing and nudging). The data 

allows to directly test the resistance to change both space- and time-wise. The results show 

that, despite the representations of freedom (latent (L) dimension) and flexibility attached 

to the car (microsocial dimension), spatial and organizational irregularity is not correlated 

with exclusive car use. Moreover, the population shows a strong resistance to change in 

mobility practices (L) in the case of an alteration in mobility conditions. Axiological 

mechanisms of resistance are revealed, as practices appear insensitive to both implicit and 

explicit injunctions (L) to change. 

Urban proximities? (Schultheiss, Pattaroni, et al., 2023) addresses the themes of home, 

lifestyles and public policy through urban planning. We studied the discrepancies between 

the significant residential aspirations on the one hand, and the contemporary planning ideals 

based on socio-spatial proximity (L) on the other hand. The results show that residential 

practices (L) are still largely based on the automobile heritage and territorial dynamics 

incorporated since the 1950s (quasi-privatization of mobility, spatial overconsumption, 

urban sprawl), thus creating latent (L) and inertial inconsistencies with current 

environmental demands. Situated in a post-pandemic context, residential preferences are 

marked by a desire for tranquility and are at odds with urban density or functional proximity. 

Micro-social resistances appear in the threefold discrepancy between residential practices 

(L), residential aspirations, and urban planning. Changing residential lifestyles (L) is an 

inertial process that takes place over a long period of time and calls for support from public 

policies and a revaluation of proximity in a modern world where the paradigm of "always 

further, always faster" is still widely valued. 

Data Domotopia (Schultheiss, Puppo, et al., 2023) introduces a survey that puts the home 

at the center of the socio-spatial organization of travel, and that provides a closer look at the 

respondents' domestic sphere. It was designed to understand how people make use of, 
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experience, and relate to home-making given the pace of their daily activities. By assuming 

that home is a central location of immobility in people’s activity-travel schedules, home-

making can reveal coping strategies and resilience practices (L) to make everyday life work. 

In particular, how to cope with exhaustion, burn-out, stress, anxiety, time pressures, and 

other symptoms related to an accelerated and liquid context (L). Data Domotopia was 

designed to explore latent resistances to changes in modal practices (L); resistances that 

appear secondary to the constraints (L) of interpersonal coupling, strategies, and other 

internal organizational trade-offs in the domestic sphere.  

By providing this Data Paper, we aim at inviting the community to participate in the analysis 

of this dataset, and uncover more resistances to change originating in home-making. 

We illustrate, for example, how a significant biographical change (e.g., the arrival of a child) 

reallocates the domestic tasks between the household adults, and how exhaustion symptoms 

redistributed in a before/after situation. We expect to reveal micro- and meso-social 

resistances studying in more depth the adaptation to new (interpersonal) conditions of 

mobility and a new family equilibrium, put in perspective with explanatory variables such 

as the modal practices, the spatial consumption practices, or the mobilization of the support 

network (L). Other resistances could emerge exploring how household members cohabit 

and synchronize (L); what are the organizational strategies; what are the permeability 

between the domestic life and new functions rooted in other spheres of life; what are the 

impacts of home as a hyper-place where people, information, and communications converge 

on travel demand; and more. 

Uncertainties 2050 (Schultheiss & Kaufmann, 2023b) puts the mobility system in 

perspective with both its path dependency and its projection to a 2050 horizon. This paper 

develops in particular techno-social uncertainties. From these uncertainties arise macro-

social resistances localized in the megatrends and in the transition governance. The actors 

are numerous, the powers of action multi-scalar, the economic sectors liberal and the 

technological innovations uncontrolled and fast paced. The research also highlights how the 

phenomenon of the digitalization (L) of society creates both opportunities to accompany the 

transition, and other uncertainties that make the transition unpredictable and non-linear. 

Digitalization (L) thus leads us to reflect on latent resistances resulting from conflicts 
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between the great promises it holds, and the fears and mistrust it arouses. We reveal 

“systemic”, “informational”, “social”, and “functional” uncertainties. 

7.1.2. Verifying the hypotheses and defining the resistances 

Based on the rereading of the scientific contributions compiled in Chapter 6, we can 

conclude that the three hypotheses are verified. Namely, there exist latent, micro-social, and 

broader resistances to change standing against the sustainable mobility transition. These 

results are original because they provide a new perspective on modal practices (V. 

Kaufmann, 2000), automobile attachment (Fouillé, 2010), automobile habit (Buhler, 2012), 

and automobile dependence (Dupuy, 1999). Through both conceptual and empirical 

analyses, we have revealed various resistances to changes in mobility practices at different 

levels. This confirms that changes in mobility practices cannot be achieved by simply 

promoting alternative modes of transportation, but rather, a more comprehensive approach 

is needed. In this sense, it suggests that the social sciences are key to accompanying the 

sustainability transition. 

Based on the materials, arguments, and results presented in this thesis, we propose the 

following definition of the different levels of resistance to change. 

Micro-social resistances 

Resistance to change of a micro-social order arises in the legitimization of ordinary life, 

axiological systems of values, social norms, preferences, perceptions, routine socio-spatial 

practices (L), and plural incorporations. They are uncorrelated with the socio-economic, 

demographic, or family characteristics of the agent; and revealed by a capacity to operate 

resource transfers between cultural, economic, symbolic, social, and mobility capital (L). 

For example, at the center of micro-social resistance lies a tension between the agent's 

economic and social accomplishment on the one hand, and their ecological awareness or 

commitment on the other. They can be observed at the individual or nuclear household level, 

in the constraints (L) of intrapersonal and interpersonal coupling, and in the dialectic 

between short time (temporality of action) and long time (biographical temporality). 

Exploring micro-social resistance requires the mobilization of socio-psychology, the 

sociology of housing, the sociology of gender, or the study of mobility practices.  
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Latent resistances 

Latent resistances are not directly observable and do not correspond to a sphere of social 

reality. They take shape at axiological and micro-social levels, as well as at broader 

sociological levels. The latent resistances are the product of the conflicting relations 

between the different modes of legitimation of each of these levels. They are the result of 

derivative and systemic effects, and of a duality between action and structure as stated by 

Giddens (1986). 

For instance, when making residential and biographical choices, individuals face latent 

resistance because their modal practices (L) are indirectly predetermined. This phenomenon 

is well illustrated by the notion of modal captivity (L). In addition, latent resistances to 

change in modal practices are secondary to the constraints (L) of interpersonal coupling, 

strategies, and other internal organizational trade-offs in the domestic sphere. 

Meso- and macro-social resistances 

Meso-social and macro-social resistances appear on a socio-spatial scale larger than that of 

the household, namely the neighborhood, the support network (L), the city, the 

administration or the institution. They are revealed in the disorganization of socio-technical 

networks, power, and territories; or in the stability of collective representations. Meso-social 

and macro-social resistances are rooted in objective structures that are independent of the 

conscious will of the agents, capable of orienting and constraining their practices (L) or their 

representations (Bourdieu, 1987). 

They arise, for example, from the disjointed relationships between social facts, policies and 

territories, such as the injunction (L) to adopt sustainable mobility in a territory planned and 

optimized for car-use; or from the techno-political uncertainties in the governance of 

sustainable transition. 

7.1.3. Discussing the multi-scalar resistances 

The three levels of resistance that we define allow us to organize the different research that 

exists on the subject of resistance to change.  
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As we saw in Section 3.3.2, a literature on micro-social resistance exists, notably through 

the work of Piderit (2000) and Oreg (2006). On an axiological level, the resistance to change 

can be categorized into three types: affective, cognitive, and behavioral. This definition 

makes sense in the perspective of social psychology, and tends towards explaining the 

resistances through “denial strategies” (Norgaard, 2011), and disjointed “attitudes” (Nilsson 

& Küller, 2000). In this sense, people have a level of “dispositional resistances” to change 

(Oreg, 2003); and can be distinguished by a level of “change readiness” (Rafferty et al., 

2013). We argue that this conception of micro-social resistances tends to overlook (a) the 

social incorporations and memorization supports (Dodier, 1993); (b) the contingency of 

circumstances and variety of determinants (see Figure 3.2.1); and (c) the capacity to operate 

resource transfers between cultural, economic, symbolic, social, and mobility capital. 

A literature on macro-social resistance also exists (see Section 3.3.1). It largely focuses on 

climate change denials, and resistances to change in urban mobility practices appears as 

secondary. For example, Begley (2007) depicts the “denial machine”, and Dunlap and 

McCright (2015) describe an “organized climate change denial”, driven by conservative 

parties or fossil-fuel lobbyists. Our definition of macro-resistances also acknowledges the 

strength and importance of the social discourses. Furthermore, we bring an important 

contribution on the understanding of meso- to macro-social resistances by fostering a more 

interactionist perspective (Magnusson, 1999). Behavior is produced by the interaction 

between the individual and the situation, people, external supports, objects or institutions. 

In this way, we point not only to the "denial machine", but also to the disorganization of 

socio-technical networks, and the disjointed relationships between social facts, policies and 

territories. 

Lastly, the literature shows limited evidence on how macro and micro resistances are 

interconnected, and what happens in between. The latent resistances allow us to identify 

how several forms of coordination – or justification – combine (in a more or less conflictual 

way) with one another in the course of actions; and within several time horizons. The 

pragmatist Dodier (1993) talks about "internal heterogeneity of action". 

Testing the hypotheses and defining multi-scalar resistance allows us to clearly identify the 

social dynamics underlying resistance to change in mobility practices. However, from the 

travelers' perspective, the activity-travel behaviors of ordinary life require incessant 
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adjustments between these different levels, subject to the contingency of circumstances, and 

to momentary or fixed constraints or opportunities. Although the micro-, macro- and latent 

distinction makes sense from an analytical point of view, it loses its relevance in the 

legitimization of everyday life decisions and justifications of action. In this respect, we 

propose to mobilize the pragmatic sociology of Boltanski and Thévenot (1991), and Dodier 

(1993) in the following section. 

7.2. TOWARDS AGENT-BASED RESISTANCE REGIMES 

We propose in this section to move one step further in the representation of resistances to 

change, by introducing agent-based resistance regimes, and justification principles that 

hinder the sustainable mobility transition. 

7.2.1. Defining the regimes 

We identified above that micro-social resistances to change are decorrelated from the 

sociodemographics of the agent (i.e., the level of resistance is not explainable by the social 

class or the number of kids for example); and that logics of justification allow agents to 

legitimize their ordinary life. This suggests the relevance of thinking in terms of agent-based 

“regimes of resistance”. 

Indeed, agent-based resistance regimes make it possible to (a) take distance from the multi-

scalar differentiation of resistances (micro, latent, and broader) which are not in opposition, 

but interdependent in the everyday life of the homosociologicus (L); (b) to situate the agent 

within a socio-territorial context, a biography, and the contingency of circumstances; (c) to 

piece together the logics of justification – contradictory or not – mobilized by the agents in 

ordinary life to legitimate their mobility practices (L); and (d) to make sense of the reciprocal 

coordination and adjustments between agents (interpersonal dynamics), protagonists, social 

discourses, or institutions.  

In this sense, we get closer to the pragmatism current (Barthe et al., 2013; Boltanski & 

Thévenot, 1991; Dodier, 1993; Thévenot, 2006). The pragmatic perspective invites us to 

question why agents who share the same tradition, culture, rules, norms, principles, and 

customs, and who have access to the same information on climate change, may act 

differently. According to pragmatic sociology, agents mobilize distinct justification regimes 



7.2 Towards agent-based resistance regimes 

 317 

while sharing a set of common circumstantial resources. From then on, in the logics of 

action, we are less interested in explaining the patterns than in structuring them by a certain 

number of rules, principles (a "grammar" in Boltanski's terms, 1991), which make them 

acceptable and allow us to reach an agreement. It is then a question of seeing how the 

traveler justify their choices and behaviors, and how they make them valid and acceptable. 

The term "agent" is preferred over "actor" in an attempt to reconcile the concepts of structure 

and agency, as defined by Giddens (1986). Agency refers to the capacity of individuals to 

act independently of social structures and make their own choices freely. Structures, on the 

other hand, are sets of devices that influence or limit the available choices and opportunities. 

The question is whether a person's actions are mostly determined by structures or, 

conversely, are the result of free choices made by agents. The Bourdieusian definition of an 

agent (1972) is often contested due to the relative autonomy (and conflictual agencies) that 

social agents have in the social world. However, in the perspective of the domination of the 

automobile system, we argue that the person (i.e., the agent or traveler) is not entirely free 

to act and displays a certain passivity and a form of alienation in their mobility practices (L).  

On Figure 7.2.1, we propose a qualitative representation of the agent-based regimes of 

resistance and their associated dependencies. Each agent organizes their practices in their 

own system of dependencies, or justification. The five themes of home, ways of living (L), 

mobility practices (L), policies, and transit system are based on a circular system of 

justification (see Figure 7.2.1). This system of justification can be viewed as an adaptation 

of the justificatory narratives (the cités) originally proposed by Boltanski and Thévenot 

(1991), namely the market order, the industrial order, the civic order, the order of inspiration, 

the order of fame, and the domestic order. It is in the coordination of these narratives that 

the ”justified actions” emerge (Dodier, 1993). For example, a remote worker may choose to 

live in a rural area and have a spacious, well-equipped dwelling to be able to engage in 

various social activities in one location. This way of living and the preference for remote 

work and tranquility are circumstantial to the employment situation. It legitimates and 

justifies a particular mobility behavior. Another person with similar sociodemographic traits 

but different work or familial conditions may justify their actions and behaviors differently, 

while still drawing on the same narratives (such as housing conditions, residential choice, 

and accessibility). Lastly, the circularity in the system of justification helps us to 

schematically avoid any kind of hierarchy between narratives.  
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Figure 7.2.1 Qualitative representation of the agent-based regimes of resistance and their 
associated dependencies 

We then formulate three properties of the agent-based resistance regimes: systemic, 

dynamic, and situated. 

7.2.2. Property 1: Systemic  

The multi-scalar differentiation of resistances (micro, latent, and broader) are not in 

opposition in the agent’s ordinary life. Agents are confronted with microsocial to 

macrosocial dependencies, but will attribute a variable importance to legitimate their modal 

practices. 

Rather, it is about navigating an interconnected and organized social, mental, natural, built, 

institutionalized and political system (Guattari, 2014). Each agent defines what is important 

or unimportant in his or her justification system. What is big for one agent can be small for 

another. For example, agent A can give prime importance to the social discourse of ecology, 
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which will justify and legitimize adopting a certain way of living, modal practice, or spatial 

consumption. The same social discourse may have no effect on agent B. 

7.2.3. Property 2: Dynamic 

The agent-based resistance regime is evolutive in time. The interdependencies between the 

different poles of the system of justification are inertial, but can evolve on both a short- and 

a long-term; from both contingent events of everyday life, to major biographic changes. The 

resistance regimes are path dependent (Mahoney, 2000) with respect to residential choices, 

or ways of living (L) for example. They are also inertial because of modal captivity (L) or 

the strength of habits (Verplanken & Orbell, 2022). They are lastly malleable and adaptable 

to conjectures and changing circumstances. 

7.2.4. Property 3: Situated 

The resistance regime is situated in a social and physical space. It is situated in a 

combination of material, social and psychological circumstances (Goffman, 1964). Each 

regime is to be considered in a particular time-space that is constructed and limited by the 

subjective axiomatics, values, capitals (L), and representations of its agent. The regimes are 

also situated in a form of coordination between different protagonists. The principle of 

coordination leads to a reciprocal adjustment of choices and actions (Dodier, 1993). 

7.2.5. Discussing the resistance regimes 

Overcoming the resistance regimes 

The characteristics of the resistance regime mentioned above (dynamic, systemic, and 

situated) suggest that overcoming these resistances requires a collective effort, involving 

multiple actions in parallel and at different levels. 

Recent estimates show that most of the reduction in carbon emissions (roughly 60%) must 

be achieved through political and collective efforts, such as decarbonizing industry, the 

agricultural system, freight, or public services (Carbone 4, 2019). Individual commitments 

can reduce carbon footprint by between 25% and 45% through significant - or “heroic” - 

behavioral changes (e.g., vegetarianism, active modes, etc.) and broad economic investment 

(e.g., thermal renovation, electric vehicles, etc.). However, we argue that audacious public 
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policies at different scales must be the main driver of change toward a sustainable future. 

These policies should primarily be coercive with industry and supportive with households, 

not the other way around. They should emanate from both state or inter-state impulses to 

promote global transition policies, but also at the scale of small municipalities (D. 

Kaufmann & Sidney, 2020), which are the main actors of change on the territory, and the 

first interface between the individual and the collective; or the individual and the power. 

From this perspective, we emphasize the importance of climate delay mechanisms, which 

induce institutional and top-down non-action. "Discourses of climate delay accept the 

existence of climate change, but justify inadequate efforts or no action at all. In 

contemporary discussions on what actions should be taken, by whom, and how fast, 

proponents of climate delay argue for minimal action or action taken by others. They draw 

attention to the negative social effects of climate policies and raise doubts that mitigation is 

possible." (Lamb et al., 2020:1). Climate delays are sustained by a neoliberal denial machine 

(Begley, 2007) driven by fossil fuel industries, conservative media, conservative politicians, 

conservative think tanks and foundations, contrarian scientists, the denial blogosphere, or 

coalitions of environmental countermovement (Brulle, 2022). These actors are "active" in 

organizing climate change denial, and "active" in resisting (Dunlap & McCright, 2015). 

One way to impact, alter or reorient our resistance regimes is to consider the strength of 

social discourses (Angenot, 2006) and their appropriate use. These discourses help to create 

a common interpretation of a situation, establishing a consensus, a common sense, and a 

public opinion. Advocating for a unified discourse on climate change, decision-makers 

would tend to gain legitimacy. And a "legitimate discourse [...] contributes to legitimizing 

practices, status, and ensuring symbolic profits" (ibid.:28). 

Generalizing the resistance regimes 

Daily mobility in urban areas is a suitable case for studying resistance to the sustainable 

transition because mobility is a social phenomenon that is central to the everyday 

organization of individuals and households. Moreover, as the first sector of greenhouse gas 

emissions, mobility is of great importance. However, in order to transition to a more 

sustainable society, we must not only change people's activity-travel behaviors but also 

transition urban, housing, energy, and economic systems. Thinking of a more generic 
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interpretation of resistance regimes, it is therefore important to consider how sector-specific 

and agent-specific resistance regimes overlap and interact with one another.  

7.3. RESISTANCES, OR URBAN PATHOLOGIES? 

Throughout this doctoral work, we empirically revealed various micro, meso, macro and 

latent resistances to change in mobility practices (L). We eventually proposed regimes of 

resistance that are agent-based. We argued that deepening our understanding of the 

resistances to change is critical to accompany the sustainable transition. 

A linear continuation of this thesis would consist in an in-depth analysis of the regimes of 

resistances presented above. We would suggest using a qualitative approach to better 

understand "why do people resist", by conducting interviews based on the three properties 

of resistance we identified. Thus, to explore the resistances further, questions should be 

asked about the mobility biographies, pace of life, and long-term choices that shape the 

mobility conditions and values of the respondent (dynamism). The focus should be put not 

only on the individual as a self decision-maker but also on relevant others to integrate the 

coupling constraints (L) with other people and social spheres (situated). Lastly, it is 

important to put the respondent in perspective within a wider system of values, a political 

color, or ways of living (systemic). 

We saw that mobility can encompass and generate a range of social disorders and 

environmental anomalies, such as the accelerated, polluted, congested, gentrified city. These 

are the main symptoms of the liberal development of the automobile system. Thinking 

beyond the everyday life reasons of “why do people resist” and “what anomalies does it 

induce”, we propose to reflect on the social and societal causes and origins of resistances to 

change. Therefore, we find it particularly relevant in this final opening section to draw a 

parallel with “Pathology”, the science of the causes and effects of diseases. This is in line 

with the thinking of Urry, Han, Honneth, and others whom we introduce below. 

The sociologist John Urry explicitly considers the system of automobility (including cars, 

car-drivers, roads, petroleum supplies, technologies, signs, etc.) as a virus “emerging first 

in North America and then virulently spreading into, and taking over, most parts of the body 

social within pretty well all corners of the globe.” (2004:27). 
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According to sociologist Axel Honneth (2006:39-100, 2015b, 2015a), there are as many 

social pathologies as there are functions that ensure the stability of societies. The terms 

"pathology" and "disease" refer to the idea of constraint (L) or the reduction of freedom. 

Honneth suggests that social philosophy should attempt to diagnose those social processes 

that obstruct the emancipation of individuals; or leads the society to fail to achieve its 

normative or regulatory self-convictions – pro-environmental for example. To this extent, 

Hartmut Rosa considers there are social pathologies built into the social fabric of modern 

society (Schiermer & Rosa, 2020). Other researchers use the concept of pathologies to 

describe parts of the modern world. Milun (2007) develops on the social suffering related 

to the autonomization of the existence as a new social norm; urban anxiety related to the 

emergence of empty urban space, or non-places (Augé, 1992). We find the phenomenon of 

social acceleration  (L) (Rosa, 2010), ecstasy of communication (Baudrillard, 1988), 

unstable and violent anthropological differences of the modern subject (Balibar, 2012), or 

the tyranny of speed (Virilio, 1977, 2008, 2021). 

The philosopher Byung-Chul Han argues against the burnout society, the palliative society, 

and the palliative politics (B.-C. Han, 2014, 2022). He explains that we live in a society of 

positivity that seeks by any means to rid itself of all forms of negativity; that less and less 

space is given to painful discussions; and that policies are incapable of implementing radical 

reforms. By preserving anthropocentrism (L), positivity slows down pro-environmental 

action. Han draws the pathological landscape of today's society to which overwork, 

depression, attention deficit syndrome, borderline or burnout belong. It is not any infection 

conditioned not by the immunological negativity of the other, but by an excess of too much 

positivity in every social sphere. 

7.3.1. Resistance or uncertainties 

Urban interventions are rife with uncertainties. These uncertainties vary from unintentional 

and undesired effects, such as spatial segregation and gentrification, to the development of 

individual modal strategies (Dupuy, 1999) to circumvent implicit and explicit injunctions 

(L) to change (Buhler, 2015:104). Ascher (2001) highlights the uncertainties associated with 

the challenges of neo-urbanism, including diversity, continuity, temporariness, and velocity. 

Urry (2004:32) explains that small causes (“locked-ins”) can have large and unexpected 

system effects that may manifest decades or even centuries later. Using the argument of path 
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dependency against itself, Urry suggests exploring the possibility of "turning points" to 

break away from the current car system. “[S]mall changes […] might tip the car system into 

a different direction” (2004:27). While creating even more uncertainties, such turning points 

appear necessary to delinearize the path we are on. Lastly, we have also identified that urban 

mobility planning relies on many techno-social uncertainties, which become increasingly 

important as we move further into the 21st century and the digital age. 

Faced with these uncertainties, Morin (1990) explains that our natural reaction is often to 

reject them. We reject and resist elements of disorder, and we tend to select elements of 

certainty to stick to what we know. Resisting uncertain situations limits the range of 

adaptation of mobility behaviors to contemporary sustainability (L) imperatives and restricts 

the necessary non-linearity of the sustainable transition. 

7.3.2. Resistance or domination 

Despite the negative externalities of car use, cars still dominate street space and mobility 

practices (L). 

In this thesis, we identified the dominant status of the automobile as being maintained by 

incorporated values, imaginaries, and collective representations. In Slater’s (2002) words, 

the automobile is a stable system that crystallizes social progress in the form of a stable 

object and a stable need. "A car is not a car because of its physicality," but because of the 

values and promises that are blackboxed in it. 

A car materializes concepts such as "speed, security, safety, sexual desire, career success, 

freedom, family, masculinity" (Urry, 2004:26). The car even gives rise to 

anthropomorphism, such as jealousies, gender differences, fears, and moralities (Miller, 

2001). It is through these schemes of perception, appreciation, and incorporation that the 

symbolic domination of the car is exerted. This echoes the concept of symbolic violence, 

which allows a force to be fully exercised by making itself unrecognizable as a force, but 

approved and accepted under the appearance of universality, such as "reason" or "morality" 

(Bourdieu, 1987). "The effect of the symbolic domination [...] is exerted not in the pure 

logic, but in the obscurity of the dispositions of the habitus where are inscribed the schemes 

of perception, appreciation, and action" (Bourdieu, 2003:204). 
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Sheller and Urry (2006) argue that the domination of automobility is broad and techno-

social. For instance, the car as a manufactured object dominates the industry. Motor firms 

of the capitalist (L) 20th-century are iconic, and taught to kids in history books that explain 

how Fordism established the modern economy and transformed social systems by increasing 

productivity through the reorganization of work, mass production, and mass consumption. 

Automobility dominates intensive use of fossil resources and established a fossil-fuel 

society (Urry, 2014). It is the dominant culture that supports major discourses of what is 

necessary for a successful life (Bachmair, 1991). Cars subordinate other modes of transport, 

such as walking or cycling. 

Therefore, the automobile system holds symbolic, economic, energy, or cultural domination 

that exerts unrecognized power and perpetuates automobile dependence. And as Foucault 

(1976) said, "where there is power, there is resistance." 

7.3.3. Resistance or alienation 

Rosa argues that social, institutional and material structures change at a pace which has 

become too fast for understanding and planning. “[P]athologies of desynchronisation, but 

also of alienation (L), are intrinsic to the very fabric of modern society” (Schiermer & Rosa, 

2020). For the author, alienation is a form of connectionless relationship to the world. Our 

family, our work, our associative life, our religion exists but remain quiet (Rosa, 2018:211). 

Thus, alienation is the loss of resonance with the world. Rosa however considers that 

resonance is a solution to social acceleration (L) pathologies. 

Transposing this view to the automobility system, we argue that the car is alienating. For 

Dupuy (1999:8), the automobile is "a prosthesis which allows us to support the painful 

reality of our social space-time". It drives us unconsciously towards the always faster, 

always further. Most car journeys were never made by public transport, but the car created 

a new demand (Urry, 2004:28). “Automobility […] coerces people into an intense flexibility 

[…] constraining car ‘users’ to live their lives in spatially stretched and time-compressed 

ways.” Cars have enlarged commuting movements, increased distances to local places of 

supply and leisure activities, separated groups, and coerced individuals into unpleasant and 

unhealthy environments, such as traffic jams (Oliveira, 2015).  
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Alienation allows us to question the notion of rational choice, free-will, and self-

determination of the decision-maker. The alienated individual does not consciously resist 

change. Resistance is the result of the influence of social determinants, the burden of social 

incorporations, and the subordination of the social individual. 

7.3.4. Resistance or fear of losing something 

Drivers have incorporated many positive attitudes linked to immediate individual 

advantages of car use. However, there are only limited negative attitudes linked to its later 

collective disadvantages (Tertoolen et al., 1998). The car is collectively perceived as a 

symbol of independence, a convenient and comfortable way of moving (V. Kaufmann et al., 

2019). It is a source of freedom, it enables the “car driver to travel at speed, at any time in 

any direction, along the complex road systems of western societies which link together 

almost all houses, workplaces and leisure sites. Cars therefore extend where people can go 

to and hence what they as humans are able to do. Much social life could not be undertaken 

without the flexibilities of the car” (Urry, 1999:59). 

The resistance is materialized in the fear of losing the privilege of speed; the fear of losing 

social progress; the fear of missing opportunities. The fear of losing something is likely to 

be the attitude of an alienated, dominated car driver, uncertain about whether or not other 

modes of transport can provide the same feeling of social accomplishment. 

As a final thought, I argue that reflecting on both resistance regimes and urban pathologies 

is particularly relevant in the field of urban mobility. Resistance regimes suggest that despite 

systemic inertia, the justification system is contingent on circumstances and can therefore 

evolve. We suggest that focusing on alleviating urban pathologies is a promising and 

relevant way to rethink and reorient our urban and transport policies for a sustainable 

transition. Currently, many sustainable transition actions offer only palliative solutions, but 

we need preventive and curative solutions. We focus on changing the engine of the car (a 

palliative solution), while we need to change the practice of mobility. Preventive and 

curative solutions should aim to a discontinuity, a turning point to shift mobility from a 

"pathological" state to a neutral state, and to ensure an effective and inclusive transition 

towards a new sustainable equilibrium – even if it means relinquishing anthropocentric 

privileges and human exceptionalism.
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This appendix develops 30 selected lexes, ideas, and concepts. These are employed 

recurrently in the context of this research, as well as in the classic and recent scientific 

literature and in the practice of the mobility professions. Some terms are also taken from 

more engaged sources, or from activism, in order to produce a topical and inspiring 

lexicographic source for thinking about the urban mobility of tomorrow. 

Organized as an incomplete ABC, its scope demonstrates the richness of the field of 

everyday mobility as seen through the lens of urban sciences and in particular urban 

sociology. It also demonstrates a certain complexity. As the list is arranged alphabetically, 

the ordering does not follow any substantive logic. However, it does highlight the diversity 

of the subjects dealt with when it comes to analyzing and understanding how people move 

around in their daily lives. 

Thus, the challenge of this work of terminology is to gather, describe, and explain 

philosophical, sociological, psychological, or political phenomena; but also, to cite 

important and influential authors and actors, and finally to explain or exemplify lexes 

commonly used in the study of urban mobility and territories. 

This lexicography appeared as a necessary task of definition to better navigate the inter- and 

multidisciplinary nature of this thesis. 

ACCELERATION 

Acceleration is a key concept to understanding urban systems and in particular urban paces. 

Many authors believe that acceleration is at the origin of urban pathologies that appear in 

our territories and cities, such as urban sprawl, or the “throwaway society”. The term 

acceleration refers to the "great acceleration" on the one hand, and "social acceleration" on 

the other. 

The Great Acceleration is a period that started in the 18th century. It is characterized by a 

process of modernization and dynamization of the world and with the industrialization and 

the development of infrastructure to move people and goods faster, further. The process is 

relatively fast when put in perspective with the Anthropocene (L). The abundant society, 

the consumption habits, or the need for immediacy are some of the key markers of this 

period. At the end of the 20th century, the acceleration became even greater and took a 
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whole new perspective with the spread of the Internet, the information and communication 

technologies, and with the digitalization (L) of society. 

Social acceleration is a phenomenon brought by the philosopher Hartmut Rosa (2013). He 

describes social acceleration as a consequence of the Great Acceleration, which induces a 

technical acceleration (traffic, communication, consumption), an increasing rate of change 

(social interactions, knowledge, information about anything), and the perception of 

accelerating daily lives (feeling short on time, the desire of immediacy, multi-tasking). In 

addition to the capitalist (L) model of our societies that create a systemic resistance to 

slowness, Rosa identifies two other drivers for this social acceleration. Firstly, a 

psychological perspective reveals a subjective bias in social acceleration. People are not just 

the victim of this acceleration but tend to enjoy it too. People participate in social 

acceleration. Increasing the diversity of activities or friends participates in the collective 

imaginaries of freedom and fulfillment. Secondly, the desynchronization of urban 

temporalities creates a feeling of lack of time and time pressures. 

ACTIVITY SPACE 

The activity space delimits the spatial dimensions of activity-travel behaviors (or locational 

behavior). It is defined as the subset of all locations with which people have direct physical 

contact. The activity space is dominated by movements in the neighborhood of the home, 

and by interactions with regular activity locations (Golledge & Stimson, 1997). The number 

of unique locations one visits on a regular basis is very limited as people usually have 

between 5 and 8 habitual locations (Schönfelder and Axhausen 2004). 

Activity space is the movement subcomponent of the action space, that provides a 

geographical area within which all people’s spatial interactions can be viewed. The action 

space encompasses the visited places and potentially visited places. The definition of a 

“visited place” or “node composing the activity space” is not straightforward. Firstly, in the 

context of the digitalization (L) of our diverse ways of living (L), ICTs make multitasking 

easier and allow for example people to perform an activity while traveling (e.g., working on 

the train). Secondly, in the context of liquid modernity (L), a unique geographical location 

can now have several functions and people can do different activities from the same place. 
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Lastly, from an operational perspective, activity-spaces are geometric and topological 

indicators (e.g., standard deviation ellipse, frequent hull) of the activity-travel patterns. 

Recent data science tools for computationally-expensive geographic operations (e.g., 

centrography, spatial point pattern analyses, cartography) facilitate big data processing and 

recently opened up new analytical perspectives in the field. 

ACTIVITY-TRAVEL BEHAVIOR 

In the field of human travel analysis, as vast and diverse as it is, it is well established that 

transport demand is driven by the needs of individuals and households to participate in 

activities. Mobility is a derived demand of activity, and people rarely make recreational 

trips. Combining the words “activity” and “travel” makes sense from the mobility project 

perspective, which forms a sequence of activities and trips in time and space with multi-day 

and multi-person dependencies. This sequence is also constrained by economic, gender, 

social, competencies, equipment, accessibility, and other factors that constitute the 

explanatory variables of the utility functions and maximization problem of activity-travel 

modeling. In addition to operational and quantitative approaches to urban mobility, some 

challenges have emerged in the analyses of activity-travel behaviors. Mainly, the 

challenging part is about emphasizing more social or human-centered dependencies, i.e. 

closer to what people experience in their daily life such as time pressures and scheduling 

constraints (L). The challenges mainly originate in the latent (L) property of these 

dependencies. They are not directly observable in the data. For example, gender would be 

encoded as a dummy variable in the activity-travel models. Yet, and in light of what gender 

sociology shows, daily mobility is prone to heteronormative schemes in the household that 

create inequities in the access to a mobility tool, or in the complexity of the travel patterns 

(more of shorter trips, with many home-loops). Another example is economic resources. It 

would be encoded in models as a categorical variable with levels of annual income. But 

economic factors foremost allow a social and financial ease to mobilize an external support 

network (L) and to put strategies in place that enable relaxing some constraints (L) 

(housekeepers, babysitters, etc). 

ALIENATION 

Marxism's critique of capitalism (L) rapidly comes to the distance people develop from their 

human nature of being free and purposeful creators. In Marx’s paradigm, people 
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“distinguish themselves from animals as soon as they begin to produce their means of 

subsistence, a step which is conditioned by their physical organisation” (1845). In his 

classical divide of bourgeoisie – owning the system of production and distribution – and 

proletarians – the labor force –, Marx critiques the machinery, the monotony and 

monotasking induced by the capitalist (L) system. Individuals become strangers to the 

product they create because their role are limited to the most unitarian, simple and repetitive 

task to maximize the added value of creation, or production. Individuals become strangers 

to others, as work isolation limits interactions; and they become strangers to themselves 

because of the meaninglessness of their tasks. This phenomenon of distance from “reality” 

and estrangement is what we call the social alienation. Alienation appears in the context of 

a dominant system – a system of production, a social system, a system of beliefs, a system 

of promise, a political system and, above all, the capitalist (L) system. 

Being a stranger in our complex modernity (Morin, is something we often hear. A 

disorientation, a loss of meaning and purpose, that is recurrently described by disobedient 

activism and eco-anxious generations. 

Today, we can identify different forms of alienation. Alienation from nature, with a lack of 

experience of nature and fast-paced urbanization and concreting of our lands. Alienation 

from other people, with less (physical) contact, intimacy, trust. Less of a sense of 

relationship, less of a sense of place (Felder, 2021). Alienation from our work, with a 

disillusion, a sense of meaninglessness when our creation and productive power is not in 

line with our beliefs. Alienation from ourselves with a growing commodity fetishism and 

the society of spectacle (Debord, 1992). 

Last but not least, it seems relevant to bring together the terms alienation and heteronomy. 

Heteronomy is the fact of needing an object to realize our desires. It puts an object between 

people and happiness. This object can be as simple as a smartphone, that embodies a digital 

heteronomy and a digital alienation. It can also be a piece of equipment, a mobility tool, like 

a car that embodies a form of captivity (L) and a mobilitarian alienation. 

ANTHROPOCENE 

The Anthropocene is a term that describes the period in Earth's history when human 

activities have become so pervasive and far-reaching that they have had a significant and 
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global effect on the environment and the planet as a whole. This period can be identified by 

a number of different factors, such as the alteration of the atmosphere, the degradation of 

ecosystems, the depletion of resources, and the proliferation of human-made chemicals and 

pollutants. In addition, this time has seen the emergence of new technologies and the growth 

of global economic and social systems that have altered the way humans interact with and 

affect the environment. All of this has caused a dramatic shift in the Earth's climate, leading 

to what is referred to as the Anthropocene epoch. 

ANTHROPOCENTRISM 

Anthropocentrism is a dominant model where human needs, desires, and aspirations are at 

the center of development and progress concerns. While Darwinism (naturalist theory of 

evolution) and the development of the scientific field of urban ecology (Chicago school, 

early 20th century) have helped move away from the human/nature dualism, the modes of 

inhabiting the earth remain profoundly anthropocentric, to the detriment of the environment 

and nature. The Great Acceleration symbolizes this mode of living, a period during which 

the extraction of fossil fuels, industrialization, the globalization of flows and capital, 

construction and urbanization, waste, and other factors have irreversibly taken precedence 

over nature. 

To reflect on the anthropocentric tradition prevalent in the process of social emancipation 

allows us to step back from modern arrogance about our surroundings, territories, cities, 

spaces we have transformed, and especially the place we give to nature. This modern 

arrogance (Ehrenfeld, 1981) embodies human exceptionalism, abundance, and progressive 

solutionism. Exceptionalism, because people are fundamentally different from all other 

creatures they dominate on Earth, and because they are masters of their destiny and have 

choice. Abundance, because the world is so vast that it provides unlimited opportunities for 

human beings. Progressive solutionism, because every problem has its (technical or 

engineered) solution in the evolution of humanity. 

Thus, the development of concrete, the purchase of a car, materialism, and everything that 

makes up the current Western-dominated mode of life are gradually distancing us from 

nature. We have lost the "nature" component in our logic of action. We could therefore 

speak of an anthropocentric reflex. But then, how can we think of the alternative? On the 

one hand, there is the radical philosophy of deep ecology and biocentrism (Naess, 1973), 
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which opposes a superficial ecology that would only be palliative and would remain 

anthropocentric. On the other hand, there is the theory of Gaia (Lovelock, 2000), which is 

more fatalistic and rethinks our place in the Earth system. 

CAPITAL 

According to Bourdieu, capital refers to the "set of actually usable resources and powers" 

(Bourdieu, 1983) that play a crucial role in generating and maintaining benefits and 

opportunities for individuals. Capital goes beyond merely economic resources and includes 

stocks of internalized ability and aptitude, as well as external resources that are scarce and 

socially valued. Furthermore, Bourdieu proposed that capital may take on social, cultural, 

or symbolic forms and can be accumulated and converted into different types of capital. The 

two defining features of capital are its accumulation and transferability from one arena to 

another. 

CAPITALIST 

According to Marx, capitalism seeks to enrich those who own the products, production and 

distribution systems, and profits, at the expense of workers. Participation in a globalized and 

capitalist production system can lead to disinterest and disengagement, as people become 

mono-tasked. Many thinkers, including Henry Lefebvre and Jacques Ellul, as well as those 

in the field of urban sociology and activism, argue that capitalism is the root cause of many 

contemporary societal problems, such as anthropocentrism (L), disinterest in the biosphere, 

and the rush towards time, money, and information. Capitalism also underpins the complex, 

multi-layered, multi-scale, and interconnected nature of modernity, as described by Edgar 

Morin. However, capitalism, with its focus on production, progress, and individualization, 

is often considered an unsustainable model incompatible with the ecological transition. The 

concept of "happy sobriety" exemplifies this, suggesting that we continue with the current 

system but make individuals feel responsible and guilty in order to prolong capitalism, rather 

than changing the system itself. 

CAPTIVITY 

From a mode choice perspective, captivity refers to not having access to all available modal 

alternatives. This form of captivity has many different sources, and can be caused by a 
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variety of factors. Firstly, the reduction in alternative choice set can be due to a low 

economic capital (L) (e.g., a household who cannot afford a car in a car-centered territory) 

or a lack of accessibility (e.g., transit deserts). This calls for issues of mobility justice and 

designates a strong link between social mobility and spatial mobility, and is generally 

undergone by the travelers. Secondly, the attitudes and preferences towards modes of 

transport, both conscious and unconscious, can imply a psychographic or axiologic captivity 

and alter the mode choice decision-making process. Thirdly, the cumulative big decisions 

people make about household and family structures, employment, or residential settlement 

over the course of their mobility biography have an impact on the stability, changes, and 

captivity in travel behaviors. This form of captivity is generally chosen. 

In the assessment of public transit, travel demand is commonly segmented into "choice 

riders" (travelers who own a car but choose to use public transport, because they consider 

one option as superior), "captive riders" (travelers who have no other choice than using 

public transit), and "potential riders" (those who are not using public transit but may shift 

their behavior if the supply (L) meets their needs). These classifications exist to recognize 

the strong influence captivity has on modal choice. 

The effects of captivity – be it a matter of attitudes, justice, or biography – are significant in 

the resistances to change modal practices (L) and should be investigated in greater depth. 

Most policies and institutional efforts today focus on the undergone captivity related to 

mobility justice, offering a higher coverage of the public transit network. However, 

solutions exist to tackle other forms of captivity, such as educational programs and 

environmental awareness, participative urban development and urban proximities (L), and 

ICTs (information and communication technologies) that bring real-time information about 

the network status (e.g., train delays). These solutions have the potential to reduce the 

number of travelers who are considered captive riders, thereby increasing the number of 

choice riders and potential riders. 

CONSTRAINTS 

Hägerstrand (develops an approach that articulates constraints on behavior in terms of 

physical path (e.g., spatial extension, duration in time) and situational context. This 

approach divides the constraints into three main categories: capacity constraints, authority 

constraints, and coupling constraints. Capacity constraints refer to the physical ability or 
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capacity of individuals to move around and engage in activities. Authority constraints refer 

to the laws and regulations that govern behavior and activities. And coupling constraints 

refer to the temporal and spatial links between activities. 

DIGITAL SPACE 

The digital space (L) generally designates the immaterial world one can access through apps 

or web services, which is an ever-growing sphere of technological advances in today's 

world. The level of digital literacy, i.e. the competences to use, access and take advantage 

of the digital space (L), can vary from person to person, resulting in digital divides and thus 

creating inequalities in society. From the perspective of urban mobility, digital space (L) 

can be an accelerator and a tool to promote more sustainable forms of transportation (e.g. 

shared mobility and carpooling, shorter and optimized commutes, on-demand services etc.). 

It can also have a considerable impact on mobility patterns (e.g. allowing for multi-tasking, 

moving goods instead of people with on-demand deliveries), and mobility demand (e.g. 

allowing people to work from home). Furthermore, digital space (L) is also offering a whole 

new way for people to experience emancipation, which was mainly through spatial mobility 

in the past. 

DIGITALIZATION 

Digitalization is a rapidly growing phenomenon, with the on-demand economy, increasing 

use of ICTs (Information and Communication Technologies), and the rise of tracking 

technologies. These advances have opened up opportunities for sustainable developments, 

but they have also raised important issues about privacy and data security, leading to 

resistance to the pervasiveness of digitalization. To ensure successful digitalization, neutral 

leadership and governance, measures to protect data, and responsible use must be 

encouraged. In the field of mobility, digitalization is the transformation of how people 

access means of transport, plan their mobility projects, pay their mobility expenses, etc. 

GREEN-WASH 

Greenwashing is a communication method in which the ecological argument is presented in 

a deceptive and manipulative way to create a false sense of environmental responsibility and 

improve its public image. This can be done through various marketing and advertising 
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techniques, such as a company claiming to use sustainable materials in their product's 

packaging when they do not, or by exaggerating the environmental benefits of their product. 

Companies may also neglect to mention the environmental damage caused by their product, 

or tout the use of renewable energy while failing to mention their use of fossil fuels. 

HOMO-SOCIOLOGICUS 

Boudon proposes homo sociologicus as a less rational and more subjective version of homo-

economicus – which assumes that every individual is rational and acts in their own interest. 

Homo sociologicus is placed in situations where the "best choice" is unclear and must 

respond to social expectations related to their social roles. Unlike homo-economicus, homo 

sociologicus can internalize values, and their preferences depend on their life experiences. 

Homo sociologicus not only travels between different physical locations but also between 

different social roles and socio-cultural environments. Homo-sociologicus is intentional and 

relational. Their actions and behaviors are motivated by intentions that make sense to them 

and that are inspired by "good reasons", which can produce unintended effects, positive or 

negative. 

The paradigm of homo-sociologicus falls within the Weberian tradition, which implies that 

multiple logics of action can be combined. Thus, spatial mobility patterns are influenced by 

different dimensions such as culture, globalization, the economy, and more. 

INJUNCTION 

In the context of mobility practices (L), an injunction to change refers to a restraining call 

or demand for individuals or groups to modify their behaviors and habits related to mobility. 

The goal of these injunctions is to encourage individuals to adopt more sustainable and 

environmentally-friendly mobility practices (L) in order to reduce negative impacts on the 

environment and society. We differentiate implicit injunction to change i.e., policy actions 

intended to modify the technical urban environment to decrease the efficiency of cars; and 

explicit injunctions to change i.e., influence travel habits through communication. 

LATENT 

One of the major challenges in the analysis of activity-travel behaviors is the data. On the 

one hand, the data only holds information about what is observed and measurable about 
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people’s movement. On the other hand, activity-travel analysis calls for the integration of 

less tangible social practices (L). Therefore, the latent-based methods are particularly 

suitable to ensure local independence among observed variables (e.g., factor analysis with 

synthetic latent variables), or to infer what cannot be observed from the available sampled 

data (e.g., latent-class modeling, structural equation modeling with unobservable latent 

variables). Latent-based analysis allows researchers to get closer to the theoretical concepts, 

or to test theoretical guesses. This makes it subject to interpretation biases. 

LOGICS OF ACTION 

The Weberian approach (Weber, suggests that multiple logics of action can be combined, 

such as tradition, affective, purpose, and values. The logic of tradition is driven by 

conformity to past habits and customs, and the experience and life history of the individual. 

The affective idealtypus of action is driven by feelings, passions, emotions, or families. 

Additionally, a distinction is made between rational action with respect to purposes and 

rational action with respect to values. 

LIFESTYLE 

Mainly used in economic sciences, lifestyle has to be distinguished from ways of living (L). 

Salomon and Ben-Akiva (introduced one of the earliest definitions of lifestyle: "a pattern of 

behavior that conforms to the individual's orientation towards the three major roles of 

household member, worker, and consumer of leisure, and which is constrained by the 

resources available." 

LIQUIDITY 

Zygmunt Bauman explains: “liquid life” is caught in the incessant flow of mobility and 

velocity (2005). It is a triumph of consumerism, where everything is commodified and 

viewed in terms of its economic value, including people. Everything has an expiration date 

beyond which they become disposable, with no lasting impact on the world. In a liquid 

modernity, the conditions of life are constantly changing, making it difficult to establish a 

sense of security and stability. Individuals are required to adapt to new situations, deal with 

the ambiguity of the future, and make decisions without the assurance of a certain outcome. 

In that sense, it echoes with the phenomenon of social acceleration. Additionally, the 
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modern (and liquid) world is a vast expanse of uncertainty. Traditional values and structures, 

such as cults, religious faith, marriage, and professional allegiance, appear to be waning. 

This lack of guidance and references can make it difficult to create a sense of stability, 

leading to feelings of insecurity and a lack of direction. Today, mobility is becoming 

increasingly fluid, with spheres of life such as work, leisure, family, and friends intersecting 

more and more. This has created a situation where people are under ever-increasing time 

pressures, needing to organize their daily lives in a more efficient and flexible way. As a 

result, this fluidity has had a significant impact on how people travel and plan their activities. 

MICROMOBILITY 

Micro-mobility solutions are a new generation of transportation options that are shared, 

connected, and designed to provide a range of movement within urban areas. Scooters and 

free-floating bikes are two of the most popular examples of micro-mobility and are helping 

to create a new urban speed – between transit and cars – that allows for easy and flexible 

mobility solutions. These means of transport offer people the opportunity to quickly and 

conveniently reach destinations within cities, reducing the need for cars and providing a 

viable alternative mode of transport. 

Despite the apparent ease and seamless experience of such means of transport, the cost per 

kilometer is significantly higher with micro-mobility solutions. Additionally, many cities 

around the world have faced a backlash related to urban disorder, lack of policies, or a need 

for adapting the local transport economy (as public transit is generally heavily subsidized in 

urban areas). 

MOBILITARIAN 

Adjective describing mobility as a social phenomenon, territorial dynamic, and spatial 

movement. The literature employs in particular the term mobilitarian transition, that 

describes the changes in modal practices (L) or social practices related to mobility. 

MOBILITY PROJECT 

Mobility connects different spheres of life, such as the domestic and professional spheres. 

It is a means of doing an activity. Even if trips, i.e., physical movement in space, are often 

individual, they are part of interpersonal strategies (e.g. within the household). Movement 
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is part of urban pace (e.g., the opening hours of stores). Moreover, if the trip appears to be 

a simple step in a chain of daily trips (which begins and ends at home), it is also part of an 

organizational logic spread over several days, perhaps a week or two. Because some 

activities that are semi-constrained in time can be done today if I have time, or postponed 

to tomorrow if necessary. All of this contributes to the implementation of a daily mobility 

project that takes on its full complexity in its spatial and social meaning. 

PRACTICE 

Practices are defined by individual and collective behaviors, ways of doing, and socially 

structured activities such as consumption habits and mobility behaviors that shape daily life. 

These behaviors and activities are subject to rules and social norms that determine their 

forms and uses, and are constitutive of a social context. 

PROSPECT 

Prospects are all about anticipation. When planning cities and transportation networks, 

experts such as researchers and practitioners open a window to the future. Most urban 

infrastructures are planned to last decades and have a long-term impact on the territory and 

the urban-scape. Planning for the coming decades implies influencing individual's 

accessibility and, therefore, social mobility opportunities. It also has an important 

environmental impact (positive or negative). It faces great uncertainties, particularly in the 

digital age, which is transforming mobility practices (L) at a rapid pace, or with the ever-

growing population, which poses new challenges of urban saturation. Therefore, keeping 

future scenarios in mind appears necessary when planning urban systems. 

Prospects differ from projections in that they do not necessarily call for projected numbers 

or any quantification of the trends. Generally, public authorities (the Federal Offices in 

Switzerland) provide projection scenarios for a +or +year horizon. For example, 

demographic projections come with multiple scenarios, including a low, normal, and high 

scenario. Local territories then base their urban policies on these scenarios. In a context 

where cities are working to decarbonize their urban systems by to comply with the Paris 

Agreement, anticipating future trends is of prime importance. 
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Among these trends, digitalization (L) has already changed the way we work and the way 

we move. Prospects are also strongly influenced by imaginaries at work in movies, ads, or 

other stories. Research has shown that part of today's innovations are driven by the dystopian 

stories of yesterday. Imaginaries also feed individual desires and aspirations, which may 

have a lagged effect on practices (L) and urban behaviors. 

PROXIMITY 

From a planning perspective, several logics are prominent in the promise of urban 

proximities and the sustainable transformation of territories (Portland, Melbourne, 

Barcleona, Paris, 2022). First, a logic of mobility, to reduce or neutralize the demand for 

automobility, and improve the fluidity of urban mobility and decarbonize mobility. Marc 

Wiel (explains that mobility and accessibility are essential to the quality of urban life. But 

the ease of movement induces negative effects (Orfeuil, 2008), congestion, nuisances and 

uncontrolled urban mutations, and city and mobility can be in opposition. "The sustainable 

city is one of controlled speed.” A second logic at work in the proximities is the urbanity, 

in line with the right to the city (Lefebvre, 1968), to reclaim free and unconditional access 

to the city and foster permissive territories. A social logic, in line with mobility justice 

(Sheller, 2018), aims at reducing segregation effects and ensure inclusivity. This intersects 

with an economic perspective, notably through accessibility to employment and leisure 

activities. A logic of temporality and temporal regulations, in line with chronocity planning 

introduced by François Ascher (1997). He identified that the city has gradually settled on 

times of production and desynchronized from biological, natural, and social times. He 

argued that the difficulties faced by urban dwellers in managing their time-space is a social 

phenomenon, and therefore subject to social injustices (ibid.:120). Lastly, on a more 

conceptual perspective, a logic of topophilia (Bachelard, 2012), that fosters an emotional 

connection between people, places and the environment. A similar logic was developed by 

Kevin Lynch (2005), about using the imageability of the city as a driver to foster a sense of 

belonging. 

SUPPLY 

Transport supply characterizes and quantifies the public transit offer. This metric is 

calculated by taking into account several factors, such as seat capacity (i.e., the volume of 

travelers that can be moved on the network), vehicle count, frequency, headways, etc. In 
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practice, the level-of-service metric is used to assess the quality of transit accessibility. It is 

a useful tool for urban planners and policy makers to understand how the transportation 

networks can be optimized to provide better services for the public. It can also be used to 

evaluate how effective existing public transportation networks are in providing access to 

different areas in cities, and to identify areas that need more resources in order to improve 

transit accessibility and the quality of life for citizens. 

SUPPORT NETWORK 

From a functional perspective, the support network designates a range of activities, 

including but not limited to providing unconditional help in organization and support, as 

well as paid services for houseworks, care, and kids. Furthermore, it also refers to the close 

social network that is available to individuals, such as relevant others and people living in 

the familiar action space. These individuals can be a great resource for activity-travel 

planning, as their presence can facilitate the scheduling and chaining of activities by 

deploying mutualization practices (L) or travel strategies. This is especially true when it 

comes to individuals who are familiar with the environment and can provide useful insights 

about the most efficient ways of carrying out a certain activity or task. 

SUSTAINABILITY 

Sustainability is the balance between the environment, equity, and economy. It is based on 

the premise that resources are finite and should be used conservatively and wisely. 

Sustainable urban mobility is defined as the ease, convenience, affordability, and 

accessibility of traveling to one's destination with minimal impact on the environment and 

others. To achieve this, good urban design, behavior change, advanced technology, 

supportive policies, economic incentives, and city engagement and leadership are necessary. 

(DE)SYNCHRONIZATION 

Desynchronization can happen inside households, resulting from coupling constraints (L) 

between the competing priorities and obligations of the household's heads. It can also arise 

from the daily organization of life, where organizational constraints (L) between the various 

services and working hours may be mismatched. But more generally, desynchronization is 

a global issue, present in various aspects of life. For instance, there is a desynchronization 
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between democracy (political actions) and the economy or ecology, as well as a 

psychological desynchronization between what one can do and what s/he is asked to do. 

This desynchronization can have far-reaching consequences, affecting individuals, families, 

and society at large. It is, therefore, important to be aware of the various ways in which it 

may manifest itself and to strive to find ways to reduce its impact. 

WAYS OF LIVING 

Ways of living refer to a person's aspirations, capacities, past experience, resources, and 

learning, as well as environmental influences. These ways of living are shared collectively, 

in contrast to lifestyle (L), which refers to individual differences (Pattaroni, 2013). The 

advantage of exploring the concept of ways of living is that it is capable of combining 

rational economic and functional factors with more non-rational, culture-based factors. 
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Many other lexes are to be defined in future works. Below is an extensive yet non-exhaustive 

list: 

Acceleration · Activity Space · Activity-Travel Behavior · Alienation · Anthropocene · 

Anthropocentrism · Aspiration · Attitude · (Attitudinal) Bias · Biographies · Capital · 

Capitalist · Captivity · Carbon-Free · Chaining · Coercive · Cognitive · Competence · 

Complexity · Constraints · Coverage · Data · Disciplinary · Digital Space · Digitalization · 

Dissonance · Decision-Making · Deconstruction · Demand · Desynchronization · 

Determinism · Disobedience · Domination · Domotopia · Eco-Anxiety · Eco-Feminism · 

Ecology · Exclusive Car User · Experience Of Nature · Familiarity · Functional · 

Habituation · Hetero-Normative · Home-Making · Homo-Comfort · Homo-Economicus · 

Homo-Numericus · ICTs · Imaginary · Injunction · Innovation Rate · Inter-Modal · Latent · 

Lifeworld · Liquidity · Maas · Marginal · Marxism · Micromobility · Mobilitarian · 

Mobility Diary · Mobility Project · Mobility Turn · Modal Choice · Modal Practices · Modal 

Shift · Modal Split · Mode Of Transport · Modernity · Morphology · Motility · Multi-Day · 

Multi-Modal · Multi-Person · Nature Norms · Observation · Paradigm · Pathology · 

Pattern · Periodicity · Power · Pressure · Privacy · Profile · Promise · Prospective · 

Proximity · Qualitative / Quantitative · Rationality · Repeatable · Resilience · Resistance · 

Rhythm-Analysis · Rigidity · Routine · Saturation · Scale · Scheduling · Sensible · 

Sensing · Slowness · Social Practices · Social Distinction · Socialization · Society Of 

Spectacle · Solutionism · Shift · Spheres Of Life · Stakeholders · Strategies · Stillness · 

Supply · Support Network · Sustainability · Technologies · Temporality · Territory · 

Tradition · Time · Time-Space · Transport Systems · Uncertainty · Universal Law · Urban 

Pace · Urban Systems · Utility · Variability · Vitality · Ways Of Living 
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l’o↵re à La Demande.” Actes Du 5e Colloque Du CIST - Population, Temps Territoires (CIST2020).

3. Schultheiss, Marc-Edouard, Emmanuel Ravalet, Yann Dubois, and Vincent Kaufmann, eds. 2019. Motorization in
the Canton of Vaud, Prospective Study of the Car Fleet in 2040.

4. Gumy, Alexis, Marc-Edouard Schultheiss, Vincent Kaufmann, et Guillaume Drevon. ”Analyse de l’o↵re et de la
demande dans l’agglomération franco-valdo-genevoise. Une approche dynamique par les rythmes et les territoires”
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drones en zone urbaine”. LASUR, 2020.

Outreach activities

• Blog and online journals

1. Blog LITRA: ”Ce que coûtent et rapportent les Transports Publics. Le cas de Genève.”, 2019.

2. Blog LITRA: ”Utilisation de la voiture comme mode de transport individuel: captivité modale, dépendance
et alternatives.”, 2018.

3. Blog LITRA: ”Le développement des infrastructures ferroviaires pour une transition énergétique réussie”,
2018.

4. Blog LITRA: ”Le problème du dernier kilomètre : vers une mobilité porte-à-porte innovante”, 2017.

• Technology / knowledge transfer reports (available on demand)

1. Bernier, Eloi, Marc-Edouard Schultheiss, Vincent Kaufmann. ”Stratégies exploratoires sur la mobilité
décarbonée à Genève en 2050”. Research mandate. EPFL, 2021.

2. Gumy, Alexis, Marc-Edouard Schultheiss, Vincent Kaufmann, et Guillaume Drevon. ”Perspective rythmique
sur l’o↵re et la demande en mobilité dans le Grand Genève”. Research mandate. EPFL, 2020.

3. Schultheiss, Marc-Edouard, Alexis Gumy, Sara El-Kabiri, Guillaume Drevon, et Vincent Kaufmann. ”Guide
des profiles rythmiques”. Direction Générale des Routes et de la Mobilité (DGMR, Canton de Vaud), 2019.

4. Schultheiss, Marc-Edouard, Emmanuel Ravalet, Yann Dubois, et Vincent Kaufmann. ”La motorisation dans
le Canton de Vaud, Prospective 2040 du parc automobile. Savoirs d’experts, panorama des futurs possibles
et scénarios prospectifs, extrait du rapport d’étude, bureau Mobil’homme et LaSUR, EPFL.” Service des
Automobiles et de la Navigation (SAN), Canton de Vaud, 2019.

5. Bouillet, Eric, Marc-Edouard Schultheiss, et Olivier Verscheure. ”Swiss Data Custodian - White Paper”,
2019.

Oral contributions to international conferences

• STRC2021: Speaker at 20th Swiss Transport Research Conference – Monte Verita (CH) – Septembre 2021

• ESA2021: Speaker at 15th Conference of the European Sociological Association – Barcelona – September 2021

• BTR2021: Speaker at 3rd Online Conference Bridging Transportation Researchers – Online – August 2021

• RFTM2021: Speaker at 3èmes Rencontres Francophones Transport Mobilité – Paris (FR) – July 2021

• BIVEC-GIBET2021: Speaker at Transport Research Days 2021 – Delft – May 2021

• CIST2020: Speaker for ”Rythmes de vie, rythmes de ville. Quelles perspectives pour les politiques temporelles ?” – Paris
(FR) – Oct. 2020

• Dialogue des sciences: Speaker at the round table on mobility habits and practices – Valais (CH) – Sept. 2020

• Printanières d’Espaces Temps: Rythmes en Sciences Sociales: Speaker. Lausanne – May, 9-10, 2019

• International Railway Summit: Speaker. Prague – Feb, 21-23, 2018

• Data Science and Mobility Conference ’18: Organisation. Joint SBB-EPFL conference – Lausanne (CH) – Jan. 2018
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