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Zusammenfassung

Die Verkehrswende, der Umbau des Verkehrssystems hin zu einer 6kologisch nachhaltigen Mobili-
tit, ist ein komplexer gesellschaftlicher Transformationsprozess. Der Wandel erfordert, neben der
Schaffung entsprechender politischer Rahmenbedingungen und dem Einsatz neuer Technologien,
tiefgreifende Anderungen von Einstellungen und Verhaltensweisen sowie kulturell geprigter Deu-
tungsmuster in der Gesellschaft. Unter welchen Bedingungen sich derartige Verinderungen auf der
Ebene des Individuums und auf der Ebene sozialer Strukturen ergeben kénnen und wie diese Ebe-
nen miteinander wechselwirken, ist jedoch nicht ausreichend erforscht. Ziel dieser kumulativen Dis-
sertation ist es, auf theoretischer sowie empirischer Basis ein agentenbasiertes Modell der Einstel-
lungs- und Entscheidungsidnderungen der Verkehrsmittelwahl zu schaffen. Ich beziehe mich dabei
auf die kognitionswissenschaftliche Forschung zur Rolle von Emotionen bei der Informationsverar-
beitung und Entscheidungsfindung, auf Forschungsarbeiten zu der Wirkung sozialer Einfliisse aus
den Bereichen der Sozialpsychologie und Soziologie sowie auf die umweltpsychologische Forschung

zur Segmentierung von Zielgruppen.

In Studie 1 wurde anhand eines Vignettenexperiments und eines kognitiv-affektiven Modells
dyadischer Kommunikation untersucht, welchen Einfluss die Verwendung emotionaler Sprache im
Zuge persuasiver Kommunikation auf die Informationsverarbeitung von Menschen hat. Die Ergeb-
nisse zeigen, dass die Tendenz zur motivierten Informationsverarbeitung (motivierte Kognition)
durch die Valenz und den Grad der Emotionalitit in der Kommunikation beeinflusst wird. Mithilfe
des Modells kénnen die beobachteten Effekte durch den Mechanismus der emotionalen Kohirenz

erklirt und in ihrer Wirkung auf mentale Strukturen geschitzt werden.

In Studie 2 wurden die Einstellungen und affektiven Bedeutungen einer breiten Palette von kon-
ventionellen und neueren Verkehrsmitteln untersucht. Auf Basis der affektiven Wahrnehmungen
konnten unterschiedliche Mobilititstypen identifiziert werden. Dariiber hinaus zeigt die Studie, dass
die typspezifischen affektiven Bedeutungsmuster die Bereitschaft, emissionsarme Verkehrsmittel zu

nutzen, im hohen Maf3e bestimmen.

In Studie 3 wurden die theoretischen und empirischen Ergebnisse aus den vorangegangenen Stu-
dien in dem agentenbasierten Modell InnoMind (Innovation diffusion driven by changing Minds)
zusammengefithrt. Die Simulationsszenarien zu unterschiedlichen Férdermal3nahmen von Elektro-
mobilitit verdeutlichen, dass die Wirksamkeit der Instrumente durch die zielgruppenspezifischen
Einstellungsmuster und sozialen Interaktionen der Verkehrsteilnehmerinnen und Verkehrsteilneh-

mer beeinflusst werden.



In Studie 4 wurde das Modell InnoMind genutzt, um die einstellungsverindernden Effekte von
Informationskampagnen zur Nutzung von Carsharing zu untersuchen. Das Vorgehen verdeutlicht
die Flexibilitit und Adaptivitit des Simulationsansatzes. Dartiber hinaus zeigt die Studie, dass die
verinderte Darstellung der Mobilititsoptionen in den Kampagnen deren Wirkung in bedeutsamen

Maf beeinflussen kann.

Insgesamt unterstreichen die Ergebnisse die Bedeutung affektiv-emotionaler Prozesse fir die
Einstellungsbildung und -dnderung. Die Verarbeitung von (sozialen) Informationen unterliegt Ver-
zerrungen, die zu einer Konstruktion einer konsistenten Reprisentation bestehender Uberzeugun-
gen und Emotionen fithren. Diese auf individueller Ebene wirkenden Mechanismen haben in Wech-
selwirkung mit sozialen Kommunikationsprozessen und Informationsfliissen einen entscheidenden

Einfluss auf die Dynamiken im Zuge gesellschaftlicher Transformationen.

Das in dieser Arbeit entwickelte agentenbasierte Modell ermoglicht es, derartige komplexe Inter-
aktionsprozesse und Dynamiken zu analysieren. Auf der Grundlage kognitionswissenschaftlicher,
sozialpsychologischer und soziologischer Theorien sowie umfassender Empirie erweitert es die bis-
herige Forschung zu Meinungsdynamiken und sozialen Einfliissen mithilfe sozialer Simulationen.
Zudem vermittelt das Modell handlungsrelevantes Wissen, um die Akzeptanz der Verkehrswende in

der Gesellschaft zu fordern.

Schlagworter: Einstellungen, affektive Bedeutungen, emotionale Kohirenz, sozialer Einfluss, agen-

tenbasierte Modellierung, motivierte Kognition, Typenbildung, Verkehrswende



Summary

The transformation of the transport system toward ecologically sustainable mobility is a complex
social transition process. In addition to the creation of appropriate political framework conditions
and the use of new technologies, the transformation requires profound changes in attitudes and be-
haviors as well as culturally shaped patterns of meanings in society. However, the conditions under
which such changes might occur at the individual and at the level of social structures, and how these
levels interact with each other, have not been sufficiently investigated. The aim of this cumulative
dissertation is to create an agent-based model of attitudinal and decision-making changes in trans-
portation choice on a theoretical as well as empirical basis. I draw on cognitive science research on
the role of emotions in information processing and decision making, research on the effect of social
influence from the fields of social psychology and sociology, and environmental psychology research

on target group segmentation.

In study 1, a vignette experiment and a cognitive-affective model of dyadic communication were
used to investigate the influence of the use of emotional language in the course of persuasive com-
munication on people's information processing. The results show that the tendency towards moti-
vated information processing (motivated cognition) is influenced by the valence and the degree of
emotionality in the communication. Using the model, the observed effects can be explained by the

mechanism of emotional coherence and estimated in terms of their effect on mental structures.

Study 2 examined the attitudes and affective meanings of a wide range of conventional and
newer modes of transportation. Based on the affective perceptions, different mobility types could be
identified. Furthermore, the study shows that the type-specific affective meaning patterns determine

the willingness to use low-emission transport modes to a high degree.

In study 3, the theoretical and empirical results from the previous studies were combined in the
agent-based model InnoMind (Innovation diffusion driven by changing Minds). The simulation sce-
narios for different measures promoting electric mobility illustrate that the effectiveness of the in-
struments is influenced by the target group-specific attitude patterns and social interactions of the

road users.

In study 4, the InnoMind model was used to investigate the attitude-changing effects of infor-
mation campaigns on the use of car sharing. The approach illustrates the flexibility and adaptivity of
the simulation approach. Furthermore, the study shows that the altered presentation of mobility op-

tions in the campaigns can influence their impact to a significant degree.



Opverall, the results underline the importance of affective-emotional processes for attitude for-
mation and change. The processing of (social) information is subject to distortions that lead to the
construction of a consistent representation of existing beliefs and emotions. These mechanisms, act-
ing on an individual level, interact with social communication processes and information flows to

have a decisive influence on the dynamics in the course of social transformations.

The agent-based model developed in this thesis makes it possible to analyze such complex inter-
action processes and dynamics. Based on cognitive science, social psychology, and sociological theo-
ries as well as extensive empirical evidence, it extends previous research on opinion dynamics and
social influence by means of social simulations. In addition, the model provides actionable

knowledge to promote the acceptance of the transport transition in society.

Keywords: Attitudes, affective meanings, emotional coherence, social influence, agent-based model-

ing, motivated cognition, segmentation, transport transition
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1 Einleitung

Die Bedeutung des Verkehrssektors fur die Eindimmung des Klimawandels wird zunehmend deut-
licher (z. B. Sims et al., 2014). In Deutschland war dieser Sektor im Jahr 2018 mit 19 % der dritt-
groBte Verursacher von klima- und gesundheitsschidlichen Emissionen (UBA, 2020). Trotz diverser
politischer Anstrengungen und einer Vielzahl technischer Neuerungen im Fahrzeugbereich sind in
den letzten Jahren die Treibhausgasemissionen im Vergleich zu 1990 weiter gestiegen (BMUB,
2017). Setzt sich dieser Trend fort, wird Deutschland den im Weltklimavertrag von Paris anvisierten
Beitrag zur Emissionsreduktion von Treibhausgasen und die nationalen Klimaschutzziele nicht er-

reichen konnen.

Eine 6kologische Verkehrswende mit dem Ziel einer vollstindigen Dekarbonisierung des Perso-
nen- und Giterverkehrs bedarf technologischer Innovationen (z. B. Elektrofahrzeuge mit Strom aus
erneuerbaren Energien), neuer Verkehrskonzepte (z. B. Shared-Mobility, Stadt der kurzen Wege) so-
wie gezielter regulatorischer Mallnahmen und Interventionen (z. B. Innenstadtmaut) (vgl. Agora
Verkehrswende, 2017). Der Erfolg dieser umfassenden Transformation des Verkehrssektors hingt
jedoch auch von einem dauerhaften Werte-, Einstellungs- und Verhaltenswandel in der Bevélkerung

ab (Brien, 2015; Creutzig et al., 2015; Steg, Perlaviciute, & van der Werff, 2015).

Die zentralen Fragen dabei sind: Unter welchen politischen und gesellschaftlichen (Rahmen-)Be-
dingungen kann und wird sich eine neue Mobilititskultur etablieren? Welche politischen Mal3nah-
men und Interventionen sind am effektivsten, um Einstellungen und Verhalten zu verindern? Erfil-
len die neuen Angebote die unterschiedlichen und vielfiltigen Mobilititsbedirfnisse einer hochmo-
bilen Gesellschaft? Sind die Menschen bereit und in der Lage, ihre Einstellungen, Gewohnheiten

und Verhaltensweisen im Sinne einer nachhaltigen Mobilitit zu dndern?

Im Bereich der Verkehrsforschung werden zur Beantwortung derartiger Fragen hiufig soge-
nannte integrierte Bewertungsmodelle IBM) verwendet (vgl. McCollum et al., 2016). Ihr Zweck ist
es, Erkenntnisse tber die systemischen Folgen techno-6konomischer Entwicklungen sowie be-
stimmter Technologie- und Politikentscheidungen zu generieren. Die Darstellung von nationalen bis
globalen Verkehrs- oder Energiesystemen in solchen Modellen ist zwangslaufig stilisiert, vereinfacht
und selektiv. Dies trifft im Besonderen auf die Reprisentation von menschlichen Entscheidungen
und Verhaltensweisen zu, die in der Regel — wenn Gberhaupt — in Form eines einzelnen, unabhingig
und vollstindig rational handelnden ,,reprisentativen Agenten beschrieben werden (vgl. Moss et al.,
2010). Die Plausibilitdt und Richtigkeit der damit verbundenen Grundannahmen, wie beispielsweise
zeitlich stabile und vom (sozialen) Umfeld unabhingige Priferenzen, eine nutzenmaximierende Aus-

wahl von Handlungsoptionen oder die Verfiigharkeit vollstindiger Informationen iiber alle
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Handlungsoptionen, sind jedoch durch eine Vielzahl theoretischer und empirischer Arbeiten der
Entscheidungsforschung widerlegt worden (Gigerenzer & Goldstein, 1996; Metcalfe & Dolan, 2012;
Herbert A. Simon, 2000; Tversky & Kahneman, 1981).

Die Ergebnisse aktueller IBM-Studien zur Transformation von Energie- und Verkehrssystemen
legen nahe, dass diese unrealistischen Annahmen tiber menschliches Entscheidungsverhalten einen
erheblichen Einfluss auf (politisch relevante) Resultate und daraus abgeleitete Implikationen haben
(z. B. McCollum et al., 2018; Mercure, Pollitt, Bassi, Vifiuales, & Edwards, 2016; Steg et al., 2015).
Psychologische Forschungen zu nachhaltigen Verhalten in den Bereichen Mobilitit und Energie zei-
gen zudem, dass neben den instrumentellen Aspekten wie Kosten und Zeit auch affektive und sozi-
ale Motive bei der Gestaltung effektiver politischer Instrumente berticksichtigt werden miissen (z. B.
Steg et al., 2015). Die Integration psychologischer und soziologischer Dimensionen in formalisierte
Modelle sozio-technischer Systeme ist folglich von zentraler Bedeutung, um das Verstindnis tber
die Hemmnisse und Gelingensfaktoren gesellschaftlicher Transformationen zu verbessern (Conte &

Giardini, 2016; Rai & Henry, 2016; Squazzoni, 2017).

Das Ziel der vorliegenden Dissertation ist es, einen Beitrag zu dieser Forschungsliicke zu leisten.
Konkret richtet sich das Forschungsinteresse auf die Konzeption und Umsetzung eines neuen ma-
thematisch formalisierten Ansatzes zur Untersuchung psychologischer und sozialer Aspekte einer
6kologisch nachhaltigen Mobilititswende. Das Hauptaugenmerk liegt dabei auf den affektiv-emotio-
nalen sowie sozialen Einflissen menschlicher Einstellungen und Entscheidungen gegentiber neuen
Formen der Mobilitit. Auf der Grundlage kognitionswissenschaftlicher, sozialpsychologischer und
soziologischer Theorien sowie empirischer Untersuchungen ist ein neues agentenbasiertes Modell
namens InnoMind entwickelt worden. Das Modell dient einerseits theoretischen Analysen der aus
dem Zusammenwirken individueller, sozialer und politischer Einflussfaktoren entstehenden Dyna-
miken von Einstellungen und menschlichem Verhalten. Andererseits soll damit ein anwendungsori-
entierter Beitrag zu einem besseren Verstindnis iiber die Merkmale, Hemmnisse und Treiber einer

gesellschaftlichen Transformation im Verkehrsbereich geleistet werden.
Aufbau der Dissertation

Die Dissertationsschrift ist als eine kumulative Arbeit verfasst'. Sie umfasst ein Rahmendokument
und vier Forschungsartikel, von denen bereits drei in begutachteten Fachzeitschriften veroffentlicht
wurden. Zu Beginn der Arbeit werden in Kapitel 2 die konzeptionellen und theoretischen Grundla-

gen dargestellt, die fiir die einzelnen (empirischen) Studien herangezogen wurden. Dieser Teil

! Die Forschungsartikel sind in englischer Sprache verfasst.
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umfasst einen literarischen Uberblick tiber die im Kontext der Arbeit relevanten Konzepte und For-
schungsergebnisse. Jedes Thema wird in einem eigenen Unterkapitel beleuchtet und Forschungsli-

cken werden identifiziert.

In Kapitel 3 werden die Forschungsziele und -fragen der Studien erldutert, bevor im anschlie-
Benden Kapitel 4 die Methodenauswahl vorgestellt und begriindet wird. Ausgehend von den in der
Literaturiibersicht dargelegten Konzepten werden die Operationalisierung und das methodische

Vorgehen in den empirischen Untersuchungen beschrieben.

In den folgenden Kapiteln 5 bis 7 werden die vier Studien beziehungsweise Forschungsartikel
vorgestellt. Im ersten Artikel ,, The critical role of emotional communication for motivated reason-
ing* werden die Ergebnisse aus einer experimentellen Untersuchung und deren modellbasierten
Umsetzung zu den Effekten persuasiver Kommunikation beschrieben (Kapitel 5). Die dort vorge-
schlagene Modellierung von Einstellungen und Entscheidungen sowie die identifizierten Modellpa-
rameter stellen die zentralen Elemente des im dritten und vierten Artikel prasentierten agentenba-
sierten Modells InnoMind dar. Der zweite Artikel ,,Connotative meanings of sustainable mobility: A
segmentation approach using cultural sentiments® erldutert die Ergebnisse einer deutschlandweiten
Befragungsstudie zu den Einstellungen und (affektiven) Bewertungen neuer Mobilititsformen (Ka-
pitel 6). Zudem wird ein neuer, im Rahmen der Untersuchung entwickelter Zielgruppenansatz fir
Mobilititsinnovationen vorgestellt. Der dritte Artikel ,,Changing minds about electric cars: An empi-
ricallly grounded agent-based modeling apporach® und der vierte Aufsatz ,,Modeling multi-level me-
chanisms of environmental attitudes and behaviors: The example of carsharing in Berlin® beschrei-
ben das agentenbasierte Modell InnoMind sowie die zentralen Erkenntnisse, die aus den durchgeftihr-
ten Simulationen zu unterschiedlichen Mobilititsinnovationen sowie (politischen) Interventionen

gewonnen werden konnten (Kapitel 7 & 8).

SchlieBllich werden in Kapitel 9 die zentralen Ergebnisse der Arbeit und das entwickelte Verfah-
ren kritisch diskutiert. Die Arbeite endet mit den Implikationen und dem Ausblick weiteres For-

schungspotenzial in dem Themenfeld.
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2 Konzeptionelle und theoretische Grundlagen

Im folgenden Kapitel wird die konzeptionelle und theoretische Basis der Forschungsarbeit vorge-
stellt. Zunichst erfolgt ein Uberblick iiber die fiir die Arbeit relevanten Theorien und Modelle der
Entscheidungsforschung und Einstellungsbildung, wobei der Schwerpunkt auf den Theorien der
psychologischen Konsistenzforschung liegt. AnschlieBend werden die zentralen Theorien sozialer
Beeinflussung sowie theoretische Modelle sozialer Netzwerke betrachtet. Der Fokus liegt dabei auf
formalisierten Ansitzen, auf deren Grundlage soziale Dynamiken in Gruppen, Organisationen und
ganzen Gesellschaften mittels der Methode der agentenbasierten Modellierung (ABM) untersucht
wurden. Das letzte Unterkapitel widmet sich unterschiedlichen sozialwissenschaftlichen Ansitzen
der Zielgruppenbildung im Verkehrsbereich. Jeder Abschnitt wird im Rahmen einer Zusammenfas-

sung durch die Darstellung der wesentlichen Forschungsliicken abgerundet.
2.1 Entscheidungen und Einstellungen

Die Frage, wie Menschen Entscheidungen treffen, ist seit vielen Jahrzehnten Gegenstand wissen-
schaftlicher Forschung. In den frithen Arbeiten wurden unter dem Begriff Entscheidung der Moment
oder das Ergebnis einer Auswahl zwischen mindestens zwei Optionen verstanden. Theorien der
Entscheidungsfindung aus dieser Zeit waren noch relativ allgemein formuliert und zielten nicht da-
rauf ab, die einer Entscheidung zugrunde liegenden Prozesse zu beschreiben, sondern vielmehr de-
ren Ergebnis vorherzusagen. Der Fokus der Forschung lag dabei auf den kognitiven Aspekten, wih-
rend emotionale Einflisse auf Entscheidungen groBtenteils keine Beachtung fanden (siche
Loewenstein & Lerner, 2003). Das wohl bekannteste Beispiel in dieser Kategorie ist das aus der
Okonomie stammende Modell des erwarteten Nutzens oder auch Nutenmaximiernngsmodell (Savage,
1954; von Neumann & Morgenstern, 1944). Die Theorie geht davon aus, dass Menschen den sub-
jektiven Nutzen von Handlungsoptionen bewusst bewerten und in einer gegebenen Entscheidungs-

situation rational die Alternative auswihlen, die den maximalen (6konomischen) Nutzen verspricht.

Die rationale Entscheidungstheorie findet bis heute in unterschiedlichen Handlungsfeldern viel-
fach Anwendung und beeinflusst(e) theoretische wie auch empirische Forschungsarbeiten in diver-
sen Disziplinen. Die Arbeiten verdeutlichten jedoch auch, dass menschliches Entscheidungsverhal-
ten mit diesem Modell in vielen Situationen nur unzureichend erklirt werden kann und diverse em-
pirische Befunde im Widerspruch zu den Grundannahmen der Theorie stehen (vgl. Harless &
Camerer, 1994; Kahneman & Tversky, 1979; Mullainathan & Thaler, 2000). Als einer der ersten
Wissenschaftler stellte in diesem Zusammenhang Herbert A. Simon (1955, 1982) die bei dem Nut-
zenmaximierungsmodell angenommenen komplexen Berechnungsprozesse wihrend der Entschei-

dungshandlungen infrage. Er wies darauf hin, dass Entscheider:innen aufgrund begrenzter zeitlicher
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und kognitiver Ressourcen den Anforderungen des Modells nicht gentigen kénnen. Mit dem von
ihm eingefthrten Konzept der bounded rationality (eingeschrinkten Rationalitit) wurde der Grund-
stein fir eine Vielzahl von Theorien des Entscheidens und Urteilens gesetzt, deren Aufmerksamkeit
insbesondere auf die psychologischen Mechanismen und Prozesse der Informationsverarbeitung

und Entscheidungsfindung gerichtet ist.

Im Zuge dieser Entwicklung hat sich auch der Entscheidungsbegriff erweitert. Entscheidungen
wurden zunehmend, so auch in dieser Arbeit, als wentaler Prozess verstanden, dessen zentrale Kom-
ponenten Gefiihle und Emotionen, Uberzeugungen, Ziele und Entscheidungsoptionen sind. Men-
tale Prozesse konnen auf einem Kontinuum von automatisch-unbewusst und kontrolliert-bewusst
eingeordnet werden. Aus analytischen Griinden wurde eine Reihe sogenannter dualer Prozessmo-
delle oder Zwei-System-Modelle vorgeschlagen, die das Kontinuum in zwei qualitativ unterschiedliche
Subsysteme beziehungsweise Gruppen von Prozessen unterteilen (z. B. Chaiken & Trope, 1999;
Kahneman, 2003; 2011; Stanovich & West, 2003): System 1 basiert auf einer intuitiven, automati-
schen Verarbeitung. Informationen werden dort relativ schnell und parallel verarbeitet; die Verarbei-
tung erfolgt assoziativ, ohne Anstrengung und umfasst sowohl affektive als auch kognitive Prozesse.
Im Gegensatz dazu basiert System 2 auf einer reflektierten, bewussten Verarbeitung, bei der Infor-
mationen kontrolliert, intentional und schrittweise verarbeitet werden. Es bedarf hierzu einer geziel-

ten Aufmerksamkeitsallokation und einer kognitiven Anstrengung.

Ausgehend von den durch Simon (1955) identifizierten Kapazititsgrenzen des kontrolliert-be-
wussten Systems (System 2) haben sich im Wesentlichen zwei Forschungsansitze entwickelt. Der
erste Ansatz geht davon aus, dass Entscheidungen auf situationsspezifischen einfachen Strategien,
sogenannten Heuristiken, beruhen (Gerd Gigerenzer & Gaissmaier, 2011; Tversky & Kahneman,
1974). Diese einfachen nichtkompensatorischen Regeln erfordern keine Berechnung des optionalen
Nutzens und reduzieren somit die fur die Entscheidung benétigte Informationsmenge und die damit
verbundene Anzahl kognitiver Operationen. Heuristiken werden sowohl unbewusst (System 1) als
auch bewusst (System 2) ausgewihlt und je nach Situation adaptiv angewandt (Gigerenzer, 2004;
Kahneman, 2003; Payne, Bettman, & Johnson, 1988). Sie sind typischerweise dominenspezifisch,
sodass mittlerweile eine grof3e Vielzahl derartiger Strategien vorgeschlagen wurde (vgl. Kahnemann,
2011). Trotz einiger Versuche (z. B. Gigerenzer, Todd, & ABC Research Group, 1999; Gerd
Gigerenzer & Gaissmaier, 2011; Shah & Oppenheimer, 2008) ist es bislang noch nicht gelungen,

diese Entscheidungsregeln zu einer integrierten Theorie der Heuristik zusammenzufthren.

Theorien, die dem zweiten Ansatz zuzuordnen sind, stellen den offensichtlich begrenzten Kapa-

zititen des kontrolliert-bewussten kognitiven Systems (System 2) die umfassende Leistungstahigkeit

14



des automatisch-unbewussten Systems (System 1) gegentiber. Letzteres, so die Annahme, befahigt
Menschen dazu, eine Vielzahl von Informationen parallel und kompensatorisch zu verarbeiten.
Trotz der spezifischen Strukturen und Schwerpunktsetzungen der einzelnen Modelle liegt das
Hauptaugenmerk dieser kognitionspsychologischen Ansitze auf den affektiv-kognitiven Mechanismen
der Informationsverarbeitung und Entscheidungsfindung (fiir einen Uberblick siche Lerner, Li,
Valdesolo, & Kassam, 2015; Oppenheimer & Kelso, 2015). Entscheidungen werden nach diesem
Verstindnis als komplexe, weitestgehend automatisch ablaufende Prozesse verstanden, die auf den
elementaren Mechanismen der Wahrnehmung (z. B. McClelland & Rumelhart, 1981), der Aufmerk-
samkeit (z. B. Krajbich, Lu, Camerer, & Rangel, 2012), der Gedachtnisbildung und des -abrufs (z. B.
Johnson, Hiubl, & Keinan, 2007) sowie auf affektiven und emotionalen Reaktionen basieren (z. B.
Volz & Hertwig, 2016). Die Encodierung, also die Verarbeitung externer Informationen und die Ex-
zeugung mentaler Reprisentationen, erfolgt demnach ohne bewusste Kontrolle und unter Aktivie-
rung bestehenden Wissens aus dem Gedachtnis. Dabei werden vorhandene Informationen selek-
tiert, auf Basis von verfiigharen Schemata und Kategorien eingeordnet und mentale Reprisentatio-

nen werden angepasst oder neu gebildet (vgl. Pfister, Jungermann, & Fischer, 2017).

Auch die aktuellen theoretischen Ansitze der Einstellungsforschung unterscheiden sich hinsicht-
lich der Frage, inwieweit Eznstellungen explizite, stabile, im Gedachtnis gespeicherte Entititen oder
voriibergehende implizite Urteile sind, die aus den zu einem bestimmten Zeitpunkt vorliegenden In-
formationen gebildet werden (vgl. Bohner & Dickel, 2011). Ein GroBteil der Forschung in diesem
Bereich beruht auf dem dreigliedrigen Modell von Einstellungen, das davon ausgeht, dass Einstel-
lungen aus affektiven, kognitiven sowie verhaltensbezogenen (konativen) Komponenten bestehen
(Fishbein & Ajzen, 1975; Rosenberg, Hovland, McGuire, Abelson, & Brehm, 1960). Die Integration
der Verhaltenskomponente in das Konzept der Einstellung ist jedoch vielfach kritisiert worden, un-
ter anderem weil damit Widerspriiche zwischen Einstellungen und Verhalten nicht schlussig erklart
werden konnen (vgl. Cacioppo, Petty, & Green, 1989; Fazio & Olson, 2003). Folglich hat sich in
jungerer Zeit eine reduzierte Einstellungsdefinition durchgesetzt, bei der Einstellungen als Bewer-
tungen und somit als affektive Reaktionen gegentiber einem Einstellungsobjekt (z. B. Person, Ver-
haltensweise, Gegenstand) verstanden werden (Banaji & Heiphetz, 2010). Der Schwerpunkt der Ar-
beiten im Bereich der Einstellungsforschung hat sich dabei in den letzten Jahren auf die ganzheitli-
che Betrachtung von Einstellungsbildung- und -verinderungen in personlichen, sozialen und histori-
schen Kontexten fokussiert (vgl. Albarracin & Shavitt, 2018) und erste allgemeine formalisierte Ein-

stellungsmodelle hervorgebracht (Dalege et al., 2015; Monroe & Read, 2008).
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Kohirenzbasierte Modelle

Kohdrenzbasierte Modelle spielen bei der Entwicklung integrierter und mathematisch formalisierter Ein-
stellungs- und Entscheidungstheorien eine zunehmend bedeutende Rolle (Glockner & Betsch, 2008;
Holyoak & Powell, 2016; Monroe & Read, 2008; Read & Simon, 2012). Gemeinsames Merkmal der
Modelle, die diesem Ansatz zugeordnet werden, ist die Betonung des konstruktiven Charakters von
Entscheidungsprozessen und Einstellungsbildung. Demnach werden (neue) Informationen nicht
nur mit bestehenden Reprisentationen im Gedichtnis abgeglichen. Vielmehr werden mentale Re-
prisentationen durch kohirenzgeleitete Prozesse konstruiert, die Giber die Akkumulation verfiigharer
Evidenz hinausgeht. Informationen werden dabei potenziell modifiziert, verzerrt und Elemente wer-
den neu kombiniert, sodass eine konsistente und widerspruchsfreie Gesamtinterpretation gegebener
Informationselemente moglich wird (McClelland & Rumelhart, 1981; Read, Vanman, & Miller,
1997). Entscheidungen oder Urteile werden nach dieser Auffassung unter Rickgriff sowohl automa-
tisch-unbewusster als auch kontrolliert-bewusster Teilprozesse getroffen (Betsch & Glockner, 2010;
Glockner & Witteman, 2010). Kohirenzbasierte Verzerrungseffekte konnten bei einer Vielzahl von
Entscheidungsaufgaben gezeigt werden, so zum Beispiel bei rechtlichen Entscheidungen (Simon,
Snow, & Read, 2004), Priferenzentscheidungen (Simon, Krawczyk, Bleicher, & Holyoak, 2008) oder
probabilistischen Urteilen (Gloeckner, Betsch, & Schindler, 2010). Zudem stiitzen die umfassenden
Arbeiten zu pridezisionalen Informationsverzerrungen die Annahme, dass es sich hierbei um einen
zentralen Mechanismus von Entscheidungsprozessen handelt (Brownstein, 2003; DeKay, Miller,

Schley, & Erford, 2014; Russo, Carlson, Meloy, & Yong, 2008).

Kohirenzbasierte Einstellungs- und Entscheidungsmodelle gehen auf zwei bedeutsame Ansitze
der Konsistenzforschung zurtick, nimlich den der kognitiven Konsistenztheorien und der Gestalt-
psychologie (vgl. Read et al., 1997). Zu den wichtigsten Vertretern der Konsistenztheorien zahlen
die Balance-Theorie von Heider (1946, 1958), die Theorie der kognitiven Dissonanz von Festinger
(1957), die Kongruenztheorie von Osgood & Tannenbaum (1955). Im Mittelpunkt dieser kogniti-
onspsychologischen Ansitze stehen die zentralen Prinzipien der gestaltpsychologischen Lehre
(Asch, 1946; Wertheimer, 1923). Demnach sind mentale Reprisentationen als ganzheitliche
Konstrukte zu verstehen, die durch die Struktur und Interaktion ihrer konstituierenden Elemente
entstehen beziehungsweise bestimmt werden. Diese Strukturen sind dynamisch und besitzen durch
Wechselwirkungen das Potenzial fiir strukturelle Verinderungen. Dabei haben die dynamischen psy-
chischen Prozesse die Tendenz zur ,,guten Gestalt®, die eine Symmetrie, Geschlossenheit und Kon-
sistenz mentaler Strukturen und gegebener Informationen erzeugt (vgl. Metzgrer, 1966). Inkonsis-
tente mentale Zustinde erzeugen hingegen Verinderungskrifte, die zur Wiederherstellung der inne-

ren Kohirenz beitragen (Heider, 1958). Dieser Gleichgewichtszustand wird durch Verinderungen
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oder Rekonstruktionen der kognitiven Elemente einer mentalen Reprisentation erreicht (Abelson &
Rosenberg, 1958; Asch, 1946; Festinger, 1957). Trotz der verschiedenen Anwendungsbereiche der
einzelnen Konsistenztheorien stellt das Streben nach Maximierung der Konsistenz mentaler Struktu-
ren beziehungsweise die Vermeidung von Inkonsistenzen durch die dynamische Neuanordnung und
Modifikation mentaler Strukturen das gemeinsame Kernelement dieser Modelle dar (fiir eine

Ubersicht siche Harmon-Jones & Mills, 1999; Simon & Holyoalk, 2002).

Die frihen Konsistenztheorien waren jedoch nicht in der Lage, komplexe mentale Reprisentati-
onen sowie deren inhaltliche Bedeutungen und dynamische Interaktionen abzubilden. Zudem wurde
von einigen Forschern das Fehlen eines formalisierten Modells zu Bewertung und Berechnung der
Konsistenz kritisiert (Read et al., 1997; Read & Monroe, 1994). Die entscheidende Weiterentwick-
lung stellte das Aufkommen der konnektionistischen Theorien beziehungsweise der hierzu gehérenden
sogenannten Parallel-Constraint-Satisfaction (PCS) Modelle dar (z. B. Holyoak & Thagard, 1989;
McClelland & Rumelhart, 1986; Rumelhart & McClelland, 1986; Thagard, 1989). Konnektionistische
Modelle erméglichen es, die aus den Konsistenz- und Gestalttheorien stammenden Prinzipien und
Strukturen von einfachen auf komplexe Konstellationen mentaler Konzepte zu erweitern. Zudem
wurde durch die Formalisierung des vormals unscharfen Konzepts der Konsistenz in PCS-Modellen
Kohirenz messbar und mathematisch exakt definiert (Hopfield, 1982; Rumelhart, Smolensky,

McClelland, & Hinton, 1986; Thagard & Verbeurgt, 1998).

In PCS-Modellen wird die Informationsverarbeitung des menschlichen Gehirns als parallele Sig-
nalverbreitung mittels kiinstlicher neuronaler Netzwerke reprasentiert. Die fiir eine bestimmte men-
tale Aufgabe (z. B. Entscheidung) relevanten Konzepte (z. B. Ziele, Handlungsoptionen) werden als
einzelne Elemente, sogenannte Knoten oder Units, dargestellt. Diese sind untereinander tiber exzita-
torische oder inhibitorische Verbindungen verkniipft, womit entweder positive (z. B. bei zusammen-
gehorigen, sich unterstitzenden Konzepten) beziechungsweise negative (z. B. bei nicht zusammenge-
hérigen, widerspriichlichen Konzepten) Beziehungen zwischen den Konzepten symbolisiert werden,
sogenannte einschrinkende Bedingungen (constraints). Die Verbindungen kénnen in ihrer Stirke
variieren, abhingig von der inhaltlichen Beziehung zwischen den jeweiligen Elementen. Durch die
Initialisierung des PCS-Algorithmus erfolgt eine parallele Ausbreitung der Signale (Aktivierungen)
im Netzwerk, wobei sich die miteinander verbundenen Konten wechselseitig aktivieren beziehungs-
weise beeinflussen. Knoten, die durch exzitatorische Verbindungen miteinander verbunden sind, er-
reichen somit hohe positive Aktivierungswerte und reduzieren dadurch gleichzeitig die Aktivierun-
gen der Elemente, die durch negative, inhibitorische Links verbunden sind. Umgekehrt gilt dies auch
tir inhibitorisch verbundene Elemente. Im Ergebnis der iterativen Wiederholung dieses Prozesses

nihern sich Aktivierungen im Netzwerk an und konvergieren zu einem stabilen Muster, unter dem
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die parallel wirksamen einschrinkenden Bedingungen der Entscheidung am besten erftllt sind
(parallel constraint satisfaction; Rumelhart, Smolensky, McClelland, & Hinton, 19806). Bei einer Entschei-
dung tiber zwei Handlungsoptionen haben sich zu diesem Zeitpunkt zwei Untergruppen von Kno-
ten gebildet, deren Aktivierungsniveaus jeweils in sich maximal kohidrent sind, jedoch untereinander

maximal unterschiedlich.

PCS-Modelle wurden bislang zur Untersuchung unterschiedlicher mentaler Prozesse verwendet.
Wihrend in den frihen Arbeiten der Ansatz zur Beschreibung basaler Wahrnehmungsfunktionen
zum Beispiel von Buchstaben und Wortern eingesetzt wurde (McClelland & Rumelhart, 1981), er-
streckt sich das Anwendungsspektrum mittlerweile auch auf eine Vielzahl hoherer und komplexerer
mentaler Prozesse. PCS-Netzwerke haben dabei einen wesentlichen Beitrag zur kognitionspsycholo-
gischen Theorienbildung in unterschiedlichen Bereichen wie beispielsweise in der sozialen Wahrneh-
mung (Read & Miller, 1998), in der Verwendung von Analogien (Holyoak & Thagard, 1989), im
schlussfolgernden Denken und Entscheiden (P. Thagard & Millgram, 1995), in der Eindrucksbil-
dung (Kunda & Thagard, 1996), in der Bewertung von Erklirungsansitzen (Thagard, 1989), im pro-
babilistischen SchlieBen (Glockner & Betsch, 2008) oder im moralischen Urteilen (Holyoak &
Powell, 2016) geleistet. Die mittels der PCS-Ansitze modellierten Kohirenzeffekte konnten auch in
experimentellen Untersuchungen beispielsweise bei Einstellungsinderungen (Spellman, Ullman, &
Holyoak, 1993), Priferenzentscheidungen (Simon et al., 2008; Simon, Krawczyk, & Holyoak, 2004)
oder sozialem und moralischem Urteilen (Lee & Holyoak, 2020; Dan Simon, Stenstrom, & Read,

2015) nachgewiesen werden.

In einer Reihe theoretischer Arbeiten wurden die verschiedenen existierenden Modelle zu einer
einheitlichen Kohirenztheorie weiterentwickelt und damit wurde die Allgemeingultigkeit der Koha-
renzmechanismen fiir kognitive Prozesse der Entscheidungsbildung verdeutlicht (vgl. Read & Miller,
1998; Paul Thagard, 2000). Auch in der Einstellungsforschung existieren erste Versuche, ein auf
dem PCS-Mechanismus basierendes allgemeines Modell der Einstellungsbildung und -idnderung zu
konzipieren (vgl. Monroe und Read 2008). Der PCS-Mechanismus im Kontext von Einstellungen
besagt, dass einzelne auf ein Einstellungsobjekt bezogene Uberzeugungen wechselseitige Beschrin-
kungen aufeinander ausiiben. Wenn beispielsweise eine Uberzeugung gegeniiber einem Einstellungs-
objekt (z. B. Fahrradfahren ist umweltfreundlich) aktiviert wird, werden auch alle anderen mit die-
sem Objekt positiv assoziierten Uberzeugungen aktiviert (z. B. Fahrradfahren ist gesund, kosten-
giinstig, flexibel) und negativ verkniipfte Uberzeugungen werden unterdriickt (z. B. Fahrradfahren
ist langsam und unkomfortabel). Auf diese Weise werden die unterschiedlichen gegebenenfalls wi-
derspriichlichen Einstellungsaspekte ausbalanciert und konsistente weitestgehend widerspruchsfreie

Reprisentationen des Einstellungsobjekts geschaffen. Mittels Simulationsstudien konnten Monroe &
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Read (2008) zeigen, dass das von den Forschern entwickelte konnektionistische Modell (A#tudes as

Constraint Satisfaction, ACS) eine Reihe zentraler Eigenschaften und empirischer Befunde der Einstel-
lungsforschung wie zum Beispiel motivierte Kognition, Einstellungspolarisierung, zentrale vs. perip-
here Uberredung reproduzieren und erkliren kann. Des Weiteren verfiigt das ACS-Modell iiber eine
wichtige in vorherigen Modellen nicht vorhandene dynamische Komponente, die durch die Modifi-

zierbarkeit der Verbindungsgewichte im PCS-Netzwerk die Modellierung von Lernprozessen er-

moglicht.

Eine wesentliche Einschrinkung der oben dargestellten PCS-Ansitze ist deren Fokus auf kogni-
tiv-rationale Aspekte von Einstellungen und Entscheidungen. Umfangreiche Forschungsarbeiten
von der Philosophie bis zu den Neurowissenschaften zeigen jedoch, dass Emotionen und Affekte
einen starken und manchmal nicht vorhersehbaren Einfluss auf die Entscheidungsfindung und Ur-
teilsbildung von Menschen haben (fiir einen Uberblick siehe Lerner et al., 2015). In den letzten Jah-
ren wurden in Folge verschiedene Ansitze vorgeschlagen, die bestehende PCS-Modelle um eine af-
fektiv-emotionale Komponente erweitert haben (z. B. Nerb, 2007; Sander, Grandjean, & Scherer,
2005; Schréder & Thagard, 2013; Dan Simon et al., 2015). Die von Paul Thagard vorgeschlagene
Theorie der emotionalen Kohdrenzg (emotional coberence) stellt den ersten allgemeinen theoretischen Ansatz
dar, der neben den ,,kalten Kognitionen®, wie Interpretationen von Fakten oder analogen Schluss-
folgerungen, auch sogenannte ,,heille Kognitionen®, wie Emotionen oder Gefiihle, in einem
konnektionistischen Modell HOTCO (Abkirzung fir ,,HOT COherence®) integriert ( Thagard,
2003, 20006). Die Theorie versucht, damit zu erkliren, wie die von Individuen getroffenen Entschei-
dungen oder Schlussfolgerungen durch das Zusammenspiel von Kognitionen und Gefithlen gegen-
uber Menschen, bestimmten Sachverhalten oder Situationen beeinflusst werden. Gemil3 diesem An-
satz haben mentale Reprisentationen, wie Uberzeugungen oder Fakten, zusitzlich zu ihrem kogniti-
ven Charakter auch noch einen emotionalen Aspekt der Valenz. Diese kann entweder positiv oder
negativ sein, je nach Gefuhl dieser Reprisentation. Emotional coherence wurde auf Basis des PCS-
Modells ECHO (Abkiirzung fiir ,,Explanatory Coherence”) formalisiert (sieche Thagard, 1989).
Durch die Erginzung eines zusitzlichen Valenzknotens in dem PCS-Netzwerk beeinflussen emotio-
nale Reaktionen kognitive Schlussfolgerungen und umgekehrt. Mit dem Modell konnte ein relativ
weites Spektrum individueller psychologischer Phinomene sowie sozial beeinflusster Verhaltenswei-

sen erklirt werden (vgl. Paul Thagard, 2000).

Zusammenfassend ist festzuhalten, dass die Entwicklung konnektionistischer Modelle es ermog-
licht hat, die in den Konsistenztheorien formulierten Prinzipien der Informationsverarbeitung ma-
thematisch prizise und allgemeingiiltig zu formulieren. Auf Basis des zentralen Mechanismus der

Konsistenz- beziehungsweise Kohirenzmaximierung konnte somit eine Vielzahl bekannter
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Entscheidungs- und Einstellungsphinomene beschrieben und erklirt werden. Die von Paul Thagard
vorgeschlagene und formalisierte Theorie der emotionalen Kohirenz stellt eine wichtige Weiterent-
wicklung dar, um die Effekte der Wechselwirkung von Kognitionen und Geftihlen im Zuge von
Entscheidungsprozessen psychologisch plausibel abzubilden und zu erkliren. Zudem kénnen mit
dem Modell HOTCO unterschiedliche Formen der sozialen Kommunikation und des Informations-
austauschs (z. B. rational vs. emotional) reprisentiert und berticksichtigt werden (z. B. Thagard &
Kroon, 20006). Dieses PCS-Modell dient als theoretische Grundlage fiir die weiter unten dargestellte
Konzeption und Entwicklung des Multiagentenmodells und fiir die in diesem Zusammenhang

durchgefiihrten empirischen Arbeiten. Fiir die realistische Simulation sozialer Dynamiken zu Mobili

1

titsinnovationen werden sowohl theoretische und technische Modifikationen als auch empirisch-
experimentelle Uberpriifungen des Modells durchgefiihrt. Diese umfassen folgende Aspekte: 1) Exr-
weiterung von HOTCO um einen Lenkmechanismus, 2) empirische Fundierung der fur Verkehrs-
mittelentscheidungen relevanten Handlungsmotive, 3) experimentelle Untersuchung der Modifika-
tion von Uberzeugungen und Gefiihlen durch persuasive Kommunikation sowie 4) die umfassende

empirisch basierte Parametrisierung der wichtigsten Modellparameter.
2.2 Sozialer Einfluss

Menschen sind ihrem Alltag vielfaltigen sozialen Einflissen ausgesetzt. Individuelle Einstellungen
und Verhaltensweisen werden beildufig oder absichtlich durch das soziale Umfeld beeinflusst und
verdndert. In der Sozialpsychologie spricht man in diesem Zusammenhang von Verinderungen in-
folge normativen oder informationalen sozzalen Einflusses (vgl. Deutsch & Gerard, 1955). Bei dem
erstgenannten Mechanismus handelt es sich um Regeln und Standards, die innerhalb einer Gruppe
geteilt werden und menschliches Verhalten oft implizit lenken (Cialdini & Trost, 1998). Informatio-
naler Einfluss hingegen beruht auf Informationen wie persuasiven Argumenten, Wissen oder Mei-
nungen, die Personen beispielsweise im Zuge von Diskussionen austauschen. Die Erforschung der
Mechanismen und Effekte sozialen Einflusses zihlt zu den zentralen Forschungsfeldern der Sozial-
psychologie, die insbesondere auf Gruppenebene umfassende und vielfiltige theoretische wie auch
empirische Ergebnisse hervorgebracht hat. Auf dieser Basis werden seit Mitte des 20. Jahrhunderts
in diesem Forschungsbereich auch formale, agentenbasierte Modelle und Simulationen entwickelt
und eingesetzt (vgl. Gilbert, 2010; Gilbert & Troitzsch, 1999). Der Fokus dieser Arbeiten liegt gro3-
tenteils auf der Untersuchung informationalen sozialen Einflusses sowie den daraus entstehenden
sozialen Dynamiken in groflen Gruppen bis zu Gesellschaften. Eine der zentralen Fragestellungen,
die mit einer Vielzahl unterschiedlicher Modellansitze untersucht worden ist, lautet: Wie entsteht

gesellschaftliche Diversitit von Werten, Meinungen und Einstellungen und warum bleibt sie im
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zeitlichen Verlauf erhalten (z. B. Abelson, 1964; Axelrod, 1997; Hegselmann & Krause, 2002; Macy,
Kitts, Flache, & Benard, 2003; Mis, Flache, & Helbing, 2010)?

Von diesen sogenannten Einstellungs- und Meinungsmodellen (eng. opinion dynamics models) sind
Modellierungsansitze abzugrenzen, die sich mit den Bedingungen der Diffusion von Informationen,
Innovationen oder Verhalten in sozialen Systemen beschiftigen (vgl. Valente, 1995). Der zentrale
Unterschied zwischen Diffusionsmodellen und Modellen von Einstellungs- und Meinungsdynami-
ken ist, dass erstgenannte Modelle in der Regel von uni- und letztere von bidirektionaler Wirkung
sozialer Einflisse ausgehen. Obgleich einige Innovationsdiffusionsmodelle auch Aspekte interperso-
naler Kommunikation und Einstellungsbildung beinhalten, handelt es sich hierbei um eine andere
Modellgruppe, die auf Basis anderer theoretischer Grundlagen und Annahmen zum Teil umfassen-
dere Aspekte von menschlichem Verhalten und dessen Verinderungen modelliert (zur Ubersicht

sieche Kiesling, Gunther, Stummer, & Wakolbinger, 2011; Negahban & Yilmaz, 2014).

In einem aktuellen Uberblicksartikel fassen die Autoren Flache et al. (2017) bestehende agenten-
basierte Modelle sozialen Einflusses vor dem Hintergrund ihrer jeweiligen theoretischen Primissen
in drei Kategorien zusammen: (a) Modelle sozialer Assimilation, (b) Modelle sozialer Ahnlichkeit

und (c) Modelle mit sozialer Repulsion.

Die forschungsleitende Grundannahme von Modellen sozialer Assimilation lautet, dass sich zwei
miteinander in Verbindung stehende Akteure derart beeinflussen, dass sich deren Meinungs- oder
Einstellungsunterschiede reduzieren und sich somit ihre Positionen anndhern. Nachdem individuelle
Agenten in einer komplexeren sozialen Struktur eingebunden sind, ist es jedoch méglich, dass sich
die Meinungen unterschiedlicher Gesprichspartner gegenseitig ausmitteln oder der Einfluss eines
Agenten durch den eines einflussreicheren Agenten verdringt wird. Modelle sozialer Assimilation
wurden auf Basis unterschiedlicher theoretischer und empirischer Forschungsarbeiten zu den Effek-
ten persuasiver Kommunikation (z. B. Myers, 1982), zu Imitation und sozialem Lernen in Peergrup-
pen (z. B. Akers, Krohn, Lanza-Kaduce, & Radosevich, 1979), zu Konformitit mit Gruppennormen
(Allport, 1924; Asch, 1952) und zu kognitiver Dissonanzreduktion (Festinger, 1957; Heider, 19406)
entwickelt. Zu den prominenten Beispielen dieser Modellgattung gehdren unter anderem die An-
sitze von Abelson (1964), Degroot (1974) und Lehrer (1975). Die Arbeiten konnten zeigen, dass in
Populationen, in denen alle Agenten direkt oder indirekt miteinander verbunden sind, nach einer ge-
wissen Zeit allgemeiner Konsens entsteht, wenn die Meinungen als kontinuierliche Variablen und
nicht als nominale Variablen mit diskreten Entscheidungsoptionen reprasentiert werden. Damit ste-

hen die Modellvorhersagen in deutlichem Widerspruch zu den Ergebnissen empirischer Forschung
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(z. B. DellaPosta, Shi, & Macy, 2015; Liu & Stivastava, 2015) und liefern keine Erklirung fir das

Phinomen zunehmender Polarisierung in Gesellschaften.

Modelle der Kategorie sogiale Ahnlichkeit riicken von der Annahme immerwihrenden Einflusses
vernetzter Akteure ab. Vielmehr hingt die Frage, ob und in welchem Ausmal} sozialer Einfluss wirk-
sam ist, von der Ahnlichkeit der interagierenden Akteure ab. Die zentrale Annahme derartiger Mo-
delle lautet, dass Agenten, deren Meinungen oder Einstellungen zu stark divergieren, aufeinander
keinen Einfluss haben. Der Grad der Toleranz bezichungsweise die Schwelle nicht tolerierbarer
Meinungsunterschiede sind neben dem Ausmal3 der Anfangspolarisierung die entscheidenden Para-
meter dieser Modellkategorie. Die theoretischen und empirischen Grundlagen der Modelle sozialer
Ahnlichkeit gehen auf zwei verschiedene Forschungsrichtungen zuriick. Ein Teil der Arbeiten be-
zieht sich auf Erkenntnisse aus dem Bereich der Kognitions- und sozialpsychologischen Forschung.
Diese betonen die Relevanz der Einstellungs- und Meinungsihnlichkeit zwischen Sender und Emp-
tinger, um Einstellungsmodifikationen hervorrufen zu kénnen (soziale Urteilstheorie, Sherif &
Hovland, (1961); Bestitigungsfehler, Nickerson, (1998)). Der andere Teil der Modelle kntipft an so-
ziologische Erklirungsansitze an, die im Besonderen die sozial-strukturelle Ahnlichkeit zwischen
Personen als Voraussetzung fiir soziale Beeinflussung betonen. Diese beziehen sich entweder auf die
Theorie des symbolischen Interaktionismus (Stryker, 1980), die postuliert, dass Informationssuche
vornehmlich unter Personengruppen mit geteilten symbolischen Bedeutungen stattfindet, oder auf
das Homophilie-Prinzip (McPherson, Smith-Lovin, & Cook, 2001), dem zufolge Menschen mit dhn-
lichen soziodemografischen Merkmalen mit einer héheren Wahrscheinlichkeit miteinander interagie-

ren.

Die Forschung zu agentenbasierten Modellen sogialer Abnlichkeit ist sehr umfangreich und stellt
unter dem englischen Begtiff bounded confinence models eine eigene Modellklasse dar (fiir einen Uber-
blick siche Castellano, Fortunato, & Loreto, 2009; Lorenz, 2007). Zu den einflussreichsten Arbeiten
zihlen die Modellansitze von Deffuant, Neau, Amblard, & Weisbuch (2000) und Hegselmann &
Krause (2002). Modelle dieser Kategorie liefern eine Erklirung, wie Diversitit unter sozialem Ein-
fluss erhalten bleiben kann. Dennoch entstehen Meinungscluster beziehungsweise -diversitit nur
dann, wenn die Streuung der Meinungen zu Beginn der Simulation hinreichend grof3 ist. Die Ursa-
che fiir die Entstehung von Diversitit kann durch Modelle sozialer Ahnlichkeit nicht veranschau-
licht werden. Ferner ist die Annahme, dass Akteure mit zu unterschiedlichen Meinungen in der rea-

len Welt nicht in Kontakt kommen, unplausibel und unrealistisch.

Zur dritten Modellkategorie sogenannter repulsiver Einfliisse gehoren Modelle, die Effekte der As-

similationen mit denen der Differenzierung von Meinungen und Einstellungen kombinieren. In der
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Literatur wird der Mechanismus repulsiven sozialen Einflusses auch negativer Einfluss, Reaktanz,
Zurickweisung, Differenzierung oder Bumerangeffekt genannt. Die Grundannahme, dass sich be-
stehende Unterschiede von Meinungen und Einstellungen durch sozialen Einfluss verstirken, be-
ruht auf den zwei Primissen. Erstens, dass Menschen negativ bewertet werden, wenn sie sich hin-
sichtlich salienter Merkmale von der beurteilenden Person (Beobachter, Empfinger, Zuhorer) unter-
scheiden (Byrne, Core, & Smeaton, 1986; Chen & Kenrick, 2002; Rosenbaum, 1986). Zweitens, dass
sich Unterschiede zu negativ bewerteten Personen durch die Anpassung von Meinungen und Ein-
stellungen verstirken (Festinger, 1957; Heider, 1946). Modelle repulsiven Einflusses wurden ebenso
wie Modellansitze sozialer Assimilation und sozialer Ahnlichkeit sowohl fiir kontinuierliche als auch
diskrete Meinungsreprasentationen umgesetzt. Der Mechanismus kann in die oben beschriebenen
Modellkategorien (a) und (b) integriert werden. In diesem Zusammenhang wurden unterschiedliche
Prinzipien entwickelt: Jager und Amblard (2005) schlugen ein Schwellenwertmodell vor, in dem sie
je nach Grad des Meinungsunterschieds zwischen den Akteuren entweder Assimilation (bei geringen
Abweichungen), Differenzierung (bei grolen Abweichungen) oder keine Verinderung annehmen.
In den Meinungsmodellen von Feliciani, Flache, & Tolsma (2017); Flache und Mis (2008) oder
Macy et al. (2003) wurden zur Gewichtung der Ahnlichkeit neben der Meinung auch noch demogta-
fische Dimensionen einbezogen. In einer anderen Modellvariante repulsiver Meinungsinderung wird
die Gewichtung auf Basis der Ahnlichkeit unter den Akteuren berechnet. Galam (2004) fithrt dazu
Nonkonformisten ein, die, sobald sich eine lokale Mehrheitsmeinung unter den anderen Agenten
gebildet hat, von dieser abweichen. Grundsitzlich konnen Modelle repulsiven Einflusses die Entste-
hung von sozialer Diversitit erkliren und sind robust gegentiber zufilligen Verinderungen. Unter
welchen Bedingungen allgemeiner Konsens, bipolare oder multipolare Meinungscluster entstehen,
hingt jedoch von diversen Bedingungen ab, wie zum Beispiel der Meinungsvarianz zu Simulations-
beginn, der Anzahl der Meinungsdimensionen, der Netzwerkstruktur sowie von der Frage, ob sich

Agenten von anderen mit dhnlicher oder undhnlicher Meinung unterscheiden wollen.

Neben den verschiedenen Mechanismen sozialen Einflusses auf der Mikroebene spielen fiir die
Entwicklung von Meinungsdynamiken die Strukturen sogzaler Netzmwerke auf der Mesoebene, inner-
halb derer Personen Informationen austauschen, eine wesentliche Rolle (Guilbeault, Becker, &
Centola, 2018). Dabei sind strukturelle Merkmale wie Grad der Vernetzung, Dichte des Netzwerks
und Clusterung der Akteure die wesentlichen Einflusstaktoren, deren Effekte mithilfe agentenba-
sierter Modellierung in dynamischen Systemen untersucht werden kénnen (Lorenz, 2007; Macy &
Willer, 2002; Montanari & Saberi, 2010). Aufgrund fehlender empirischer Daten von realen sozialen
Netzwerken werden hierzu hiufig theoretische oder auch zufallsbasierte Netzwerkansitze zur Mo-
dellierung sozialer Strukturen verwendet (z. B. Amblard, 2002; Amblard & Deffuant, 2004; Deffuant

et al., 2000; Moussaid, 2013). In jungeren Arbeiten wurden in diesem Zusammenhang auch
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personenbezogene Merkmale und Daten aus Fragebogenstudien (z. B. Alter, Wohnort etc.) mit the-
oretischen Konzepten der Netzwerkforschung kombiniert, um somit realistischere Netzwerke zu
generieren (z. B. DellaPosta et al., 2015; Robinson & Rai, 2015). In diesem Zusammenhang ist das
Prinzip der Homophilie, die Tendenz von Menschen, sich mit anderen Personen mit dhnlichen Merk-
malen und Meinungen zu vernetzen, einer der am hdufigsten verwendeten Mechanismen (Burt,
1991; Marsden, 1988; McPherson et al., 2001; McPherson, Miller, & Smith-Lovin, 1987). Theore-
tisch wird dabei zwischen zwei verschiedenen Formen unterschieden, durch die Homophilie ent-
steht — der Wahlhomophilie (choice homophily) und der induzzerten Homophilie (induced homophily)
(McPherson et al., 1987). Von Wahlhomophilie spricht man, wenn sich Beziehungen auf individuelle
psychologische Priferenzen zuriickfithren lassen. Sobald Verbindungen nachweislich als Folge
struktureller Interaktionsmoglichkeiten entstehen, zum Beispiel in Nachbarschaften, an Arbeitsplat-
zen, in Ausbildungseinrichtungen oder in Freundeskreisen, spricht man von induzierter Homophilie.
In den oben dargestellten modellbasierten Forschungsarbeiten zu sozialem Einfluss tiberwiegen je-
doch rein theoretische Ansitze, die nur selten empirisch validiert wurden (vgl. Andreas Flache et al.,

2017).

Zusammenfassend kann also festgehalten werden, dass die hier dargestellten Modellkategorien —
wenn auch nicht vollstindig — die zentralen theoretischen Modellvarianten sozialen Einflusses um-
fassen. Obgleich die erwihnten Arbeiten zum besseren theoretischen Verstindnis komplexer Dyna-
miken sozialen Einflusses beitragen haben, bestehen dennoch weiterhin diverse Einschrinkungen
und Forschungsliicken, um in diesem Kontext fiir reale soziale Phinomene Erklirungen oder Vor-
hersagen liefern zu kénnen. Bei den Ansitzen handelt es sich in der Regel um sehr abstrakte Repri-
sentationen sozialer Systeme ohne detaillierte empirische Grundlagen und mit stark vereinfachten
Annahmen hinsichtlich der kognitiven Mechanismen menschlicher Informationsverarbeitung und
Entscheidungsfindung sowie der Entstehung und Verinderung sozialer Netzwerke. Die verwende-
ten Konstrukte wie Meinungen, Einstellungen oder Werte werden hiufig nur unzureichend differen-
ziert und ohne Bezug zur aktuellen sozial- und kognitionspsychologischen Forschung definiert. Zu-
dem werden die fir Entscheidungsprozesse und soziale Interaktionen bedeutsamen Aspekte wie
zum Beispiel die Wirkung von Affekten und Emotionen nicht hinreichend bertcksichtigt. Die vor-
liegende Dissertation versucht, diese Forschungsliicken zu schlieSen, indem sie bei der Modellbil-
dung sowohl auf der Mikro- als auch Mesoebene auf aktuelle theoretische Konzepte und empirische
Erkenntnisse der Kognitions- und Sozialpsychologie zuriickgreift. Zudem werden zur Validierung

der zentralen Modellannahmen eigene empirisch-experimentelle Untersuchungen durchgefiihrt.

24



2.3 Typenbildung und Segmentierung

In den Bereichen der Umwelt- und Verkehrspolitik werden tiblicherweise ordnungsrechtliche, fiskal-
politische und marktwirtschaftliche Instrumente zur Verinderung von Verhaltensmustern einge-
setzt. Die Wirksamkeit und Realisierbarkeit der MaBlnahmen hingt jedoch auch von der gesellschaft-
lichen Akzeptanz der Interventionen ab, die durch transparente Kommunikation, Beteiligung und
den Einsatz von (persuasiven) Informationskampagnen verstirkt werden kann (Stroebe &
Hewstone, 2014). Sozialwissenschaftliche Typenbildungen oder Zielgruppensegmentierungen haben sich da-
bei zum Zweck der effektiven Gestaltung von Kommunikationsmanahmen als nttzlich erwiesen
(de Haan, Lantermann, Linneweber, & Reusswig, 2001; Hine et al., 2014). Das Einsatzgebiet der so-
wohl qualitativ als auch quantitativ umsetzbaren Verfahren ist vielfiltig und reicht vom Gesund-
heitsbereich (Mathijssen, Janssen, van Bon-Martens, & van de Goor, 2012) iiber die Wihlermobili-
sierung (Bland, 2013) bis hin zu verschiedenen Handlungsfeldern im Kontext des Klimawandels

(Maibach, Leiserowitz, Roser-Renouf, & Mertz, 2011; Poortinga & Darnton, 2010).

Die Zielgruppensegmentierung zihlt zu den zentralen Methoden des sogenannten sozzalen Marfke-
tings — ein Verfahren, das Konzepte und Techniken aus dem kommerziellen Marketing nutzt, um die
Umsetzung umfassender gesellschaftlicher Ziele (z. B. Verkehrs- oder Energiewende) zu unterstiit-
zen und zu férdern (Alan, 2006; Kotler & Zaltman, 1971). Ziel dieses Vorgehens ist es, mithilfe em-
pirischer Verfahren die jeweiligen Bediirfnisse, Uberzeugungen und Verhaltensweisen unterschiedli-
cher Zielgruppen zu identifizieren, um somit Interventionen zielgruppenspezifisch darauf anpassen
und ausrichten zu kénnen. Die Aggregation individueller Merkmalsausprigungen auf Gruppenebene
ist logischerweise mit einem Informationsverlust verbunden, der sich sowohl hinsichtlich des allge-
meinen Erklarungs- als auch des praktischen Werts negativ beziehungsweise kontraproduktiv aus-
wirken kann (Corner & Randall, 2011). Dennoch sprechen methodisch-theoretische und praktische
Aspekte fur den Einsatz von Zielgruppenansitzen im Kontext persuasiver Kommunikation (vgl.
Hunecke, 2015). So sind statistische Verfahren wie zum Beispiel Regressions- und Strukturglei-
chungsmodelle hinsichtlich der Identifikation von Merkmalszusammenhingen, die nur in bestimm-
ten Subgruppen des Samples auftreten, nicht hinreichend sensitiv. Dies kann zur Unterschitzung
oder Nichtberticksichtigung relevanter Wirkbeziehungen in bestimmten Teilgruppen fithren. Die
Charakterisierung und Bestimmung spezifischer Merkmalsauspragungen kann hier einerseits Erkla-
rungsmodelle fiir bestimmte Subgruppen verbessern und andererseits Ansatzpunkte fiir wirksame
Interventionen liefern. Weiterhin wird durch die Entwicklung von Zielgruppenansitzen der Transfer
von abstrakten wissenschaftlichen Erkenntnissen und die Ableitung von Handlungsempfehlungen

insbesondere im Rahmen von anwendungsorientierter und transdisziplinirer Forschung verbessert.
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Im Mobilitdtsbereich existiert mittlerweile eine Vielzahl von quantitativ gebildeten Typologien,
die in vier Kategorien unterteilt werden kénnen: geografische (z. B. BMVBS, 2012), verhaltensbezo-
gene (z. B. Prillwitz & Barr, 2011), soziodemografische (z. B. Hildebrand, 2003) und psychografische
(z. B. M. Hunecke, Haustein, Bohler, & Grischkat, 2008) Verfahren. Zur Bewertung der Nitzlich-
keit von Segmentierungsansitzen wurden unterschiedliche Kriterien wie Verhaltensrelevanz, Mess-
genauigkeit, zeitliche Stabilitit vorgeschlagen (vgl. Dibb, 1999). Der systematische Vergleich der vier
Verfahren der Typenbildung zeigt, dass trotz spezifischer Vor- und Nachteile der einzelnen Metho-
den einstellungsbasierte (psychografische) Segmentierungsansitze fir die Vorhersage der Verkehrs-
mittelwahl und die Entwicklung zielgruppenspezifischer Informationskampagnen am besten geeig-

net sind (vgl. Hunecke, 2015).

Der Grofteil psychografischer Typologien umfasst verschiedene Einstellungsdimensionen und
instrumentelle Handlungsmotive gegeniiber konventionellen Verkehrsmitteln und wurde zur Férde-
rung umweltfreundlicher Verkehrsmittelnutzung entwickelt (z. B. Anable & Gatersleben, 2005; M.
Hunecke et al., 2008; Li, Z., Yang, Wang, & Ragland, 2013; Prillwitz & Barr, 2011; Pronello &
Camusso, 2011; Shiftan, Outwater, & Zhou, 2008). Aktuelle Segmentierungsstudien haben zudem
einzelne neuere Mobilititsformen wie E-Fahrzeuge oder Carsharing in die Profilbildung der Seg-
mente aufgenommen, um auf dieser Basis Strategien fiir den Umstieg auf diese relativ neuen Fortbe-
wegungsformen abzuleiten (z. B. Kandt, Rode, Hoffmann, Graff, & Smith, 2015). Vor dem Hinter-
grund der Erkenntnisse tiber die Relevanz symbolisch-affektiver Bedeutungen fir Mobilititsentschei-
dungen (z. B. Axsen & Kurani, 2011a; Schuitema, Anable, Skippon, & Kinnear, 2013) wurden in
jungeren Zielgruppenansitzen neben kognitiven Faktoren auch affektive und symbolische Bedeu-
tungen neuer Mobilititsformen integriert (z. B. Anable, Kinnear, Hutchins, & Skippon, 2016;
Morton, Anable, & Nelson, 2017). Aufgrund der inkonsistenten Operationalisierung symbolisch-
affektiver Merkmale werden jedoch in den einzelnen Studien unterschiedliche Aspekte dieser Kon-
zepte erfasst beziehungsweise mit anderen psychologischen Konstrukten (z. B. Emotionen) konfun-
diert. Zudem erfolgt die Auswahl typenkonstituierender Variablen, abgesehen von einigen wenigen
Ausnahmen (z. B. Jillian Anable, 2005; Bésehans & Walker, 2018; M. Hunecke et al., 2010), ohne

kohirente theoretische Basis, sodass die Ergebnisse vielfach keine Generalisierung erlauben.

Mit der Affektstenernngstheorie (Affect control theory) liegt eine umfassende Handlungstheorie vor, die
die Verbindung zwischen emotionalem Erleben sowie sozialen und kulturellen Strukturen betont
(Heise, 2007; 2010). Die Kernthese der Theorie ist, dass Menschen bei der Interpretation einer Situ-
ation beziehungsweise Wahl ihrer Handlungen und Entscheidungen vornehmlich von deren jeweili-
gen affektiven Bedeutungen geleitet werden (MacKinnon, 1994). Die affektive Bedeutung von

sprachlichen Begriffen und Konzepten kann durch die drei universalen Basisdimensionen Evaluation,
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Poteng; und Aktivation charakterisiert werden (vgl. Fontaine, Scherer, Roesch, & Ellsworth, 2007;
Osgood, Suci, & Tannenbaum, 1957). Diese empirisch erhobenen Bewertungen von Wortbedeutun-
gen spiegeln affektive Reaktionen gegentiber Objekten, Identititen oder Handlungen wider, die in-
nerhalb einer Kultur beziehungsweise Subgruppen einer Gesellschaft geteilt werden (Heise, 2010;
Neil J. MacKinnon & Heise, 2010). Der dreidimensionale Affektraum entspricht den grundlegenden
Dimensionen menschlicher Wahrnehmung, Emotionen, (nonverbaler) Kommunikation sowie sozia-
ler Interaktion (Scholl, 2013). Die Reprisentationen sind innerhalb von Kulturen Gber lange Zeit-
rdaume stabil (Heise, 2010), kénnen sich jedoch auch zwischen unterschiedlichen sozialen Gruppen
innerhalb einer Gesellschaft deutlich unterscheiden (z. B. Ambrasat, von Scheve, Conrad,
Schauenburg, & Schroder, 2014). Affektive Steuerungsmechanismen erlauben Individuen, rasch und
effektiv auf Verinderungen in der Umwelt zu reagieren. Dartiber hinaus haben sie sowohl im Zuge
sozialen Handelns wie auch im Bereich Konsum eine identititsstiftende und handlungsleitende
Funktion (Heise, 2007; Shank & Lulham, 2016b, 2016a). Erste Arbeiten im Bereich der Parteiidenti-
fikation konnten zeigen, dass affektive Bedeutungen von Parteien als sparsame und effektive Indika-

toren zur Typenbildung geeignet sind und intendiertes Wahlverhalten vorhersagen kénnen

(Ambrasat, 2017).

Zusammenfassend ldsst sich feststellen, dass die sozialwissenschaftliche Typen- beziechungsweise
Zielgruppenbildung besonders in handlungsorientierten Forschungsfeldern immer héufiger zur An-
wendung kommt. Im Mobilititsbereich existiert mittlerweile eine Vielzahl unterschiedlicher Verfah-
ren zur Zielgruppendefinition. Zur Entwicklung einer zielgruppengerechten Intervention haben sich
dabei psychografische Typologien am effektivsten erwiesen. Es fehlen jedoch konsistente theore-
tisch begrundete psychografische Typologien, die die fir das Innovationsgeschehen besonders rele-
vanten Aspekte der affektiven Bedeutungen und Reaktionen der infrage kommenden Handlungsop-
tionen umfassen. Weiterhin liegen bislang vielfach keine Belege fur die Wirksamkeit der in einigen
Segmentierungsstudien vorgeschlagenen Interventions- und Kommunikationsma3nahmen zur Ver-
inderung von Mobilititsverhalten vor. Ausgehend von den theoretischen Annahmen und vom me-
thodischen Vorgehen der Affektsteuerungstheorie wird in dieser Dissertation ein neuerer Segmen-
tierungsansatz fiir nachhaltige Mobilititsformen vorgeschlagen und validiert. Durch die Integration
des Ansatzes in das Simulationsmodell InnoMind kénnen die Effekte von Politik- und Kommunikati-

onsmalinahmen auf unterschiedliche Zielgruppen untersucht werden.
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3 Forschungsfragen

Die allgemeine Zielsetzung der Dissertation besteht darin, das Verstindnis sozialer Dynamiken im
Zuge gesellschaftlicher Transformationen im Bereich Mobilitit zu verbessern. Zu diesem Zweck
wird auf Basis empirisch-experimenteller Arbeiten ein neues agentenbasiertes Modell (InnoMind) ent-
wickelt, das drei zentrale Schwichen bestehender Simulationsansitze zur Einstellungsbildung und
zur sozialen Beeinflussung adressiert: Erstens sind in bisherigen Modellen zentrale Parameter und
Annahmen nur unzureichend empirisch begriindet beziehungsweise experimentell tiberpriift. Zwei-
tens werden in bestehenden Ansitzen intrapsychische, insbesondere affektiv-emotionale Prozesse
der Informationsverarbeitung und die damit verbundenen Verzerrungseffekte nicht ausreichend be-
rucksichtigt. Drittens lassen bisherige Modelle mehrheitlich die Rolle affektiv-emotionaler Faktoren

zwischenmenschlicher Kommunikation auller Acht.

Vor dem Hintergrund des bisherigen Forschungsstands in den fir die Forschungsarbeit relevan-
ten Themenfeldern (siche Kap. 2) wurden drei zentrale Forschungsfragen formuliert, die unterteilt
in mehrere Unterfragen in vier einzelnen Teilstudien bearbeitet wurden. Die Untergliederung folgt
der analytischen Trennung auf Mikro- (individuelle und dyadische), Meso- (Teilgruppen-) und
Makroebene (Aggregat- oder Gesamtpopulation).

Mikroebene Mesoebene Makroebene
(Studie 1) (Studie 1 & 2) (Studie 3 & 4)

\ A 4

Abbildung 1: Mehrebenenmodell und Studieniibersicht
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Mikroebene — 1. Forschungsfrage: Welchen Einfluss hat die Verwendung emotionaler Spra-
che im Kontext persuasiver Kommunikation auf die Informationsverarbeitung von Men-

schen?

Studie (Wolf, I. & Schréder, T, in Begutachtung): Vignettenexperiment zur Untersuchung der Wir-
kung (emotionaler) persuasiver Kommunikation auf Einstellungen gegentiber konventionellen und

neueren Mobilititsformen. Folgende Unterfragen wurden fiir die Studie formuliert:

a. Wird die Tendenz zu motivierter Informationsverarbeitung (motivierte Kognition) durch
den emotionalen Gehalt persuasiver Kommunikation beeinflusst?

b. Koénnen die experimentellen Ergebnisse mithilfe eines PCS-Modells dyadischer Kommu-
nikation reproduziert und erklirt werden?

c. Welchen Effekt haben unterschiedliche Formen persuasiver Kommunikation auf die den

Einstellungen zugrunde liegenden mentalen Strukturen?

Mesoebene — 2. Forschungsfrage: Welche Bedeutung haben affektive Wahrnehmungen von
Verkehrsangeboten fiir die Akzeptanz und Bereitschaft zur Verhaltensverinderung im Mo-

bilititsbereich?

Studie (Wolf, I. & Schréder, T., 2019): Befragungsstudie zur Erfassung der Einstellungen und Nut-
zungsintentionen gegeniiber konventionellen und neueren Mobilititsformen. Folgende Unterfragen

wurden fur die Studie formuliert:

a.  Welchen Einfluss haben die Kenntnisse, Einstellungen und Bewertungen der Biirgerinnen
und Burger in Deutschland gegentiber konventionellen und neueren Formen der Mobilitit
auf die Nutzungsbereitschaft der Verkehrsmittel?

b. Koénnen auf Basis der affektiven Bewertungen von Verkehrsmitteln Zielgruppen definiert
werden, die sich hinsichtlich ihres aktuellen und intendierten Verkehrsverhaltens unter-
scheiden?

c.  Welche zielgruppenspezifischen Interventionen lassen sich auf Grundlage des entwickel-

ten Ansatzes ableiten?

Makroebene — 3. Forschungsfrage: In welcher Weise kénnen die psychologischen und sozi-
alen Prozesse sowie politischen Einfliisse der Einstellungsbildung gegeniiber Mobilitéitsin-
novationen in einem agentenbasierten Modell psychologisch plausibel und problemadiquat

abgebildet werden?

Studie (Wolf, I., Schréder, T, Neumann, J., de Haan, G., 2015): Entwicklung eines agentenbasierten

Modells und Simulation sozialer Einfliisse und politischer Malnahmen auf Einstellungen gegentiber
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konventionellen und neuen Mobilitiatsformen: Folgende Unterfragen wurden fur die Studie formu-

liert:

a.  Welche Modellstrukturen und Konzepte sind geeignet, um Einstellungsdynamiken im

Mobilititsbereich plausibel und realistisch zu modellieren?

b. In welcher Weise kénnen die empirischen Ergebnisse in die Modellstruktur integriert

werden?

c.  Welche voraussichtlichen Einstellungsinderungen und Dynamiken ergeben sich auf-

grund sozialer Einflisse in der Bevolkerung?

d. Welche voraussichtliche Wirkung haben politische Mallnahmen zur Férderung von
Elektromobilitit in Berlin und welche Schliisse lassen sich daraus fir die Gestaltung und

Implementierung von Interventionen ziehen?

Studie (Schroder, T. & Wolf, 1., 2017): Anwendung des agentenbasierten Modells InnoMind zur Un-
tersuchung der Wirkung von Carsharingkampagnen mit unterschiedlichem Framing der Informatio-

nen.

e. Welche Bedeutung haben bedirfnisorientierte Informationskampagnen tiber Carsharing

auf die Nutzungspriferenzen des Verkehrsangebots?
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4 Methodisches Vorgehen

In den folgenden Abschnitten wird das methodische Vorgehen der vier Studien skizziert, die Be-
standteil dieser Dissertation sind. Dabei wird sich vor allem auf die Beschreibung der eingesetzten
Verfahren konzentriert. Eine vollstindige Darstellung der methodischen Details sind in den jeweili-
gen Methodenteilen der Forschungsartikel zu finden. Teile der Arbeiten wurden vom Verfasser der
vorliegenden Dissertation im Zuge der BMBF finanzierten Drittmittelprojekte INNO-SIM (Studie 1
und 3) und MonForSense (Studie 2 und 4) konzipiert und durchgefiihrt.

Studie 1

Zur Untersuchung der Wirkung persuasiver Kommunikation auf Einstellungen gegentiber Verkehrs-
mitteln wurde die Methode des faktoriellen Surveys (auch Vignettenanalyse genannt) gewihlt. Die
Grundidee der Vignettenanalyse besteht darin, die Befragten hypothetische Personen-, Objekt- oder
Situationsbeschreibungen — sogenannte ,,Vignetten — beurteilen zu lassen. Die Vignetten bestehen
aus einzelnen fur die Fragestellung relevanten Elementen, sogenannten Merkmalen oder Dimensio-
nen, deren Auspriagungen (Levels) systematisch variiert werden (Beck & Opp, 2001; Jasso, 2000).
Ziel der anschlieBenden Analyse ist es, die Urteilsrelevanz der einzelnen Merkmale zu identifizieren
und Unterschiede zwischen Personen oder Personengruppen zu erkliren. Im Gegensatz zum Vorge-
hen bei klassischen Befragungen werden bei Vignettenanalysen Merkmale nicht einzeln abgefragt,

sondern in situative Beschreibungen integriert.

In der ersten Studie der vorliegenden Dissertation ging es darum, die Erfahrungen und Empfeh-
lungen einer fiktiven Person zur Nutzung bestimmter Verkehrsmittel zu bewerten. Zentrale An-
nahme dabei war, dass die Bewertungen von der Ubereinstimmung der Einstellungen zwischen Sen-
der (Aussagen der Vignette) und Empfianger (Teilnehmer*in) und dem Grad der Emotionalitit der
Aussagen beeinflusst werden. Dementsprechend wurden neben der Art der Argumentation (emotio-
nal vs. rational) Dimensionen ausgewihlt, die besonders relevante Faktoren bei der Verkehrsmittel-
wahl darstellen. Als Grundlage hierfiir dienten die im Rahmen des Forschungsprojekts INNO-SIM
durchgefiihrten Fokusgruppenanalysen und eine Fragebogenstudie (vgl. Wolf & de Haan, 2013). In

Tabelle 1 sind die Dimensionen und Auspriagungen der Vignetten dargestellt.
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Tabelle 1: Dimensionen und Ausprigungen der Vignetten

Dimensionen Ausprigungen

Argumentation rational/emotional/kombiniert (rational-emo-
tional)

Verkehrsmittel konventionelles Auto/Elektroauto

Valenz positiv/negativ

Mobilitatsbedurfnis Komfort/Unabhingigkeit/ Umweltfreundlich-

keit/Fahretlebnis/gutes Gewissen; jeweils
zwei pro Vignette

Zur Erstellung des Vignettenuniversums (Summe aller méglichen Kombinationsmdéglichkeiten
von Dimensionen und Ausprigungen) wurden alle Merkmalsausprigungen miteinander gekreuzt. In
jeder Vignette wurden jeweils zwel Ausprigungen der Dimension Mobilitatsbediirfnis aufgenommen.
Damit ergeben sich fiir die drei Ausprigungen der Dimension Argumentation jeweils 40, insgesamt
120 unterschiedliche Vignetten. Aufgrund der hohen Gesamtzahl wurden pro Argumentationsform
jeweils 4 Vignettensets mit jeweils 10 Vignetten erstellt. Alle Vignetten wurden im Rahmen einer
Vorstudie auf Verstindlichkeit und emotionale Salienz getestet. Die Programmierung des Online-
Experiments wurde mit der Software Unipark realisiert. Die Teilnehmerrekrutierung und die Daten-

erhebung wurden durch das Marktforschungsunternehmen Respondi AG vorgenommen.

In der Hauptstudie wurden die # = 480 Teilnehmer:innen zufillig einer der drei Formen persu-
asiver Kommunikation (Ausprigung: rational/emotional/kombiniert (rational-emotional)) und ei-
nem entsprechenden Vignettenset zugewiesen. Die Bewertung der Vignetten erfolgte auf fiinf Ant-
wortskalen, auf denen die Befragten bewerteten, a) inwieweit sie die Aussagen teilen kénnen (6-stu-
fig), b) inwiefern die Aussage ihre Meinung gegentiber dem Verkehrsmittel gedndert hat (7-stufig), c)
wie sympathisch (6-stufig) und d) wie kompetent der/die Verfasser*in ist (6-stufig), e) welche affek-
tive Reaktion sie gegeniiber dem Verfasser und f) fir das Verkehrsmittel (9-stufig) empfinden. Vor
und nach dem Vignettenmodul wurden neben soziodemografischen Charakteristika weitere Einstel-

lungsfragen zu konventionellen und elektrischen Pkws gestellt.

Die empirisch gemessenen Einstellungen und experimentell hervorgerufenen Einstellungsidnde-
rungen wurden mittels eines PCS-Netzwerks modelliert. Alle zentralen Parameter der PCS-Modelle
der Einstellungen der Teilnehmer:innen wurden auf Basis deren entsprechenden empirischen Ra-

tings bestimmt. Die Computermodelle wurden in der Programmiersprache Java realisiert. Die
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statistischen Auswertungen des Experiments und die Berechnung der Veridnderungen der Netzwerk-

gewichte im Zuge der Einstellungsverinderungen wurden in Python umgesetzt.

Studie 2

Zur Untersuchung der Einstellungen und Bewertungen neuer umweltfreundlicher Verkehrsmittel
wurde eine deutschlandweite reprisentative Online-Umfrage durchgefiihrt. Die Rekrutierung der
Teilnehmer:innen erfolgte auf Grundlage von bundeslandspezifischen Quotenvorgaben fir die
Merkmale Alter, Geschlecht, Bildungsstatus, Haushaltseinkommen, abgeleitet aus dem Mikrozensus
(2011). Die Teilnehmerrekrutierung und die Datenerhebung wurden im Jahr 2016 durch das Markt-
forschungsinstitut Respondi AG durchgefiihrt.

Das Befragungsinstrument wurde fir diese Studie neu konzipiert und basierte in Teilen auf zwei
vorangegangenen vom Autor der Dissertation entwickelten Befragungsstudien zu Mobilititsinnova-
tionen (vgl. Wolf, 2016; Wolf & de Haan, 2013). Zentraler Untersuchungsgegenstand waren Einstel-
lungen und Wahrnehmungen von konventionellen und modernen Verkehrsmitteln. Insgesamt wur-
den das Wissen und Interesse, die Uberzeugungen und affektiven Reaktionen, die Nutzungsbereit-
schaft sowie soziale Normen zu funfzehn unterschiedlichen Fortbewegungsformen untersucht.
Dartber hinaus umfasste der Fragebogen fiinf weitere Fragenblocke: a) soziodemografische Merk-
male, b) aktuelles Verkehrsverhalten (z. B. Nutzungshaufigkeit Verkehrstriger, Pkw-Besitz, Jahreski-
lometer Pkw), ¢) Nutzung sozialer Medien und spezifischer Apps zur Mobilititsplanung, d) Priori-
sierung von Entscheidungskriterien der Verkehrsmittelwahl und e) diverse Personlichkeitsmerkmale,
die auf Basis standardisierter Erhebungsinstrumente oder Skalen gemessen wurden. Letzte Katego-
rie umfasste die Merkmale Risikobereitschaft (1 Item, 7-stufig; Beietlein, Kovaleva, Kemper, &
Rammstedt, 2015), Lebenszufriedenheit (1 Item, 7-stufig; Beierlein, Kovaleva, Laszl6, Kemper, &
Rammstedt, 2015), die Messung der allgemeinen Werthaltung nach dem Werte-Cirkumplex-Modell
von Schwartz (1992) (Kurzskala, 10 Items 6-stufig, Boer, 2013), die subjektiv eingeschitzte Mei-
nungsfithrerschaft nach Gnambs & Batinic (2011, 5 Items, 6-stufig), die allgemeine Innovationsbe-
reitschaft in Anlehnung an die von Moons & De Pelsmacker (2015) entwickelte Skala (6 Items, 6-
stufig) und die Parteiidentifikation (1 Item, 13-stufig). Alle Items der einzelnen Blocke wurden in zu-

talliger Reihenfolge prisentiert.

Zur Datenauswertung und -analyse wurden die Statistiksoftwarepakete SPSS und R verwendet.
Die Typenbildung erfolgte unter der kombinierten Anwendung einer hierarchischen (Ward-Algo-
rithmus) und nichthierarchischen (K-Means-Algorithmus) Clusteranalyse. Als konstituierende Vari-
ablen der Segmentierung dienten die in drei affektiven Dimensionen vorliegenden Bewertungen aller

untersuchten Verkehrsmittel.
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Studie 3 und 4

Die Wechselwirkungen individueller Einstellungen, sozialer Einflisse und (politischer) Interventio-
nen zur Verinderung von Verkehrsmittelpriferenzen wurden mithilfe des agentenbasierten Modells
(ABM) InnoMind analysiert. Agentenbasierte Modellierung ist ein computergestitztes Modellierungs-
und Simulationsverfahren, das darauf abzielt, die Entstehung und voraussichtliche Entwicklung so-
zialer Phinomene (Makroebene) durch die Interaktion einer groen Anzahl autonom handelnder
Agenten (Mikroebene) zu erkliren und zu analysieren (Gilbert & Troitzsch, 2005). Ausgangspunkt
der Simulationen sind softwarebasierte Modelle realer komplexer sozialer Systeme, die sowohl han-
delnde Akteure als auch deren Umwelt umfassen. Je nach Fragestellung und Forschungsgegenstand
reprisentieren die Agenten in diesen Modellen Personen(-typen), Haushalte, politische Organisatio-
nen oder Unternehmen, die jeweils Gber spezifische Entscheidungsregeln verfiigen. Die Umwelten,
in denen sich die Agenten bewegen und handeln, kénnen konkrete Reprisentationen beispielsweise
stidtischer Riume oder auch relativ abstrakte soziale Umgebungen wie zum Beispiel soziale Netz-
werke sein. Im Zuge einer Simulation interagieren die Agenten miteinander und werden durch
Merkmale und Verinderungen der (sozialen) Umwelt in ihrem Verhalten beeinflusst. Aus den Inter-
aktionen und den Entscheidungen der Agenten entstehen emergente Phainomene und Strukturen —
Systemzustinde, die aus den Merkmalen der einzelnen Systembestandteile nicht direkt ableitbar sind,
sondern durch die individuellen Handlungen der Agenten mdéglich werden, ohne dass diese auf das

Verhaltensphinomen intentional hinwirken.

Die Modellierung komplexer (sozialer) Systeme mithilfe von ABM erfolgt in der Regel unter
Rickgriff auf etablierte kognitions- und sozialwissenschaftliche Theorien. Wesentliche Vorausset-
zung fir die Tauglichkeit theoretischer Ansitze ist neben inhaltlichen Aspekten deren Formalisier-
barkeit. InnoMind basiert auf der Miko-, also Agentenebene, auf der Theorie emotionaler Kohirenz
(Thagard, 2006). Die Einstellungen und Entscheidungen der Agenten wurden mithilfe von konnek-
tionistischen PCS-Netzwerken bestehend aus Handlungsmotiven und -optionen, Uberzeugungen
und affektiven Bedeutungen modelliert. Die Informationsverarbeitungsprozesse werden in diesen
neuronalen Netzwerken durch die Verbreitung von Aktivierungen reprisentiert (Details siche
Kap. 2.1). Zur Bestimmung der zentralen Parameter der individuellen PCS-Netzwerke in Studie 3
und 4 wurden die aus Studie 1 abgeleitete Lernfunktion beziehungsweise die im Rahmen des Pro-

jekts INNO-SIM gewonnenen Umfrageergebnisse verwendet (Wolf & de Haan, 2013).

Auf der Mesoebene werden in InnoMind soziale Netzwerkstrukturen nach dem Prinzip sozialer
Homaophilie — der Tendenz von Menschen, mit anderen Beziehungen einzugehen, die ihnen dhnlich
sind — generiert (Burt, 1991; McPherson et al., 2001). Die Operationalisierung erfolgte auf zwei the-

oretisch zu unterscheidenden Mechanismen der Homophilie, namlich der Wablhomophilie und der
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indizierte Homophilie (siehe McPherson et al., 1987). Mit Wahlhomophilie sind homophile Beziehun-
gen gemeint, die auf individuelle psychologische Priferenzen zurtckgefiihrt werden kénnen. Entste-
hen diese hingegen in Folge der Homogenitit struktureller Interaktionsméglichkeiten, wie zum Bei-
spiel in Nachbarschaften, Freundeskreisen oder am Arbeitsplatz, wird dies als induzierte Homophi-
lie bezeichnet. Der Mechanismus der Wahlhomophilie wurde in InnoMind unter Rickgriff auf das
von (McPherson, 2004) vorgeschlagene Blau-Space-Modell formalisiert. Das Modell beruht auf der
Idee, dass die soziale Position von Individuen in einem n-dimensionalen Raum dargestellt werden
kann, in dem soziodemografische Merkmale wie Alter, Einkommen oder Bildung als Dimensionen
dienen. Die entsprechenden individuellen Merkmale einer Person bestimmen ihre jeweilige Position
im Blau-Space. Die euklidischen Abstinde der in diesem Raum allokierten Personen wiederum be-
einflussen deren Wahrscheinlichkeit, miteinander Verbindungen zu bilden — je geringer die Distanz,
desto hoher die Wahrscheinlichkeit. Zusitzlich wurde bei der Erstellung der sozialen Netz-
werkstruktur in InnoMind die geografische Nahe bertcksichtigt (indizierte Homophilie). Unter Rick-
griff auf das von Hamill & Gilbert (2009) entwickelte Konzept der Social Circles werden Beziehungen

zwischen Agenten in Wohnumgebung mit einer héheren Wahrscheinlichkeit gebildet.

Die Implementierung des Modells erfolgte im ersten Schritt mithilfe des speziell fiir ABM-
Anwendungen konzipierten Softwarepakets Netlogo. Aus Effizienzgriinden wurde in einem zweiten
Schritt die Anwendung in die Programmiersprache Java tibersetzt. Der Programmcode ist unter

https://www.comses.net/codebases/4973/releases/1.1.0/ verfigbat. Die Parametrisierung der

zentralen Modellparameter, nimlich die Werte der PCS-Gewichte und die die soziale Netzwerkbil-
dung konstituierenden Variablen, basieren auf der Onlineumfrage aus dem Jahr 2012 (vgl. Wolf &
de Haan, 2013). Aus Ermangelung an geeigneten Daten war eine Validierung der Simulationsergeb-
nisse mit unabhingigen Ergebnissen nicht méglich. Dennoch wurde die Plausibilitit der Simulati-
onsszenarien mit Expertinnen und Experten im Rahmen eines Workshops des Projekts INNO-SIM

diskutiert.
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5 Studie 1 — Mikroebene: The critical role of emotional
communication for motivated reasoning

Wolf, I. & Schréder, T. (in Begutachtung). The critical role of emotional communication for moti-

vated reasoning,.

Der Artikel befindet sich momentan in Begutachtung bei der Fachzeitschrift Scientific Reports (Na-

ture Publishing Group).
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Abstract

Persuasive appeals often have a different effect than intended, due to motivated reasoning. This re-
search explored how different levels of emotional content, valence of messages and the degree of
coherence of pre-existing attitudes influence biased information processing. We used a vignette ex-
periment (N = 480) in conjunction with a computational model of attitude formation, aimed at
providing a better understanding of the cognitive-affective mircofoundations of motivated reason-
ing. The experimental results revealed that motivated reasoning was most evident for appeals using a
combined emotional-rational and negatively valenced argumentation. Additionally, our model esti-
mating levels of belief and affect adjustment underlying attitude changes explains the observed ef-
fects of messages framings by the mechanism of emotional coherence, and highlights the role of af-
fect in motivated reasoning. The findings provide evidence for a negative association between co-

herence shifts in response to new information and the tendency of motivated reasoning.
Keywords

Motivated reasoning, attitudes, framing, persuasion, emotional coherence, affect, computational

model
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Introduction

In everyday life, people’s attitudes and reasoning are considerably influenced by emotions, cogni-
tions and behaviours of other individuals. What we think about new technologies (Pettifor, Wilson,
Axsen, Abrahamse, & Anable, 2017), political topics (Brady, Wills, Jost, Tucker, & Van Bavel, 2017)
or scientific evidence (Guilbeaulta, Beckera, & Centola, 2018) often relies on the opinions of others.
However, not every active attempt to change our attitudes, i.e. persuasive communication, affects us
in the intended way. Beyond social factors such as cultural and group membership (Kahan et al.,
2012), cognitive factors such as attitudinal congeniality (Hart et al., 2009) and affective coherence
(Huntsinger, 2013) on issues have a tremendous impact on the strength of and response to social
influence. When exposed to opposing arguments and feelings, individuals are prone to reinterpret
and modify information so as to support their pre-existing attitudes and motives (Kunda, 1990).
This tendency of motivated reasoning reflects the commitment to prior mental representations and
might even create backfire effects by reinforcing existing biases (Zhou, 2016). Although crucial for
understanding and modelling these individual effects on a group or societal level, little is known
about the extent and direction of belief and affect adjustment, underlying observable attitudinal

changes to persuasive appeals with varying levels of congruency.

Numerous empirical studies on motivated reasoning, also referred to in literature as biased as-
similation or selective perception (Lord, Ross, & Lepper, 1979; Sherrod, 1971), offer in various do-
mains abundant evidence that human information processing is constrained and motivated by exist-
ing beliefs and attitudes (Koehler, 1993), culturally induced values and ideologies (Kahan, Jenkins-
Smith, Tarantola, Silva, & Braman, 2015) or religious worldviews (Ecklund, Scheitle, Peifer, & Bol-
ger, 2017). Several strategies have been observed that people use to reach desired outcomes and to
resist persuasive appeals; ranging from selectively avoiding information to discounting the source
and negative emotional reactions (Jacks, Cameron, Jacks, & Cameron, 2003). Prolonged selective ex-
posure to counterattitudinal messages may lead to an exacerbation of attitudinal polarization of so-
cial groups with opposing views in offline and online communication (Bail et al., 2018; Druckman,
Peterson, & Slothuus, 2013). Within this literature, scholars have identified individual-level modera-
tors relating to the internal structure of attitudes such as attitude strength (Taber & Lodge, 2000),
factual knowledge (Druckman & Bolsen, 2011) and affective evaluation of concepts (Nisbet,

Cooper, & Garrett, 2015) that shape the propensity to engage in motivated reasoning.

Theoretical work on information processing and attitude formation has explained motivated rea-
soning by people’s desire to reduce inconsistencies in their beliefs and feelings, as well as to hold at-

titudes that satisfy their goals (Festinger, 1957; Kunda, 1990). This prior attitude mechanism is
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assumed to integrate new information automatically to foster the coherence of existing mental rep-
resentations (Thagard, 2006). Localist connectionist models of mental reasoning show that coher-
ence-driven mental processing of information can be computationally described as a parallel con-
straint satisfaction process (PCS; Thagard & Verbeurgt, 1998). Recent PCS models of attitudes pro-
vide a realistic, formalized account of complex structure and processes inherent to attitude change
and a quantitative measure of coherence (Monroe & Read, 2008). However, existing approaches
have been limited to formal theoretical models based on aggregated empirical or simulated data. De-
spite their explanatory power of a broad range of related phenomena, they lack detailed empirical
data on a cognitive-affective level to make testable predictions about concrete mental structures that
(dis-)encourage motivated reasoning under different directions of the advocacy ((in-)consistency of
beliefs and affects) and nature of the argumentation (rational or more emotional) in persuasive com-
munication. Moreover, most coherence models failed to explicitly consider the influence of affective
processes associated with motivated reasoning known from empirical studies (e.g. Taber & Lodge,

2006).

Here we combine experimental data with computational modelling to investigate cognitive and
affective processes underlying motivated reasoning in response to persuasive appeals. First, we de-
signed an online vignette experiment that allowed us to analyse whether attitudinal reactions to per-
suasive appeals vary across different levels and valence of the emotional content of message frames
and to test the hypothesis that motivated reasoning facilitates disfavouring of information source
and attitude polarisation. Second, we simulated this process of information exchange and integration
by specifying for each sender (i.e. vignette statement) and receiver (i.e. participants) a parallel con-
strained satisfaction network (PCS) model of their attitudes. PCS models capture the issue-specific
representations as nodes (i.e., goals and attitude objects) and related links (i.e., beliefs and affective
meanings). For each of the three experimental condition we estimate the adjustment of respondents’
pre-existing network structures based on empirically reported attitude change. We identified specific
mental structures and conditions most prone to motivated reasoning. Further, our approach enabled
us to quantify the theoretically predicted increase of the overall coherence as result of motivated rea-

soning.

Experiment

Design

We conducted a factorial survey featuring statements advocating for or against the use of conven-
tional (ICE cars) and electric cars (E-cars) to examine the relationship between pro- and counteratti-
tudinal information and the tendency of motivated reasoning. Vignettes described attitudes and ex-

periences of a hypothetical person arguing for or against conventional or electric cars. According to
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the experimental design of our main study we constructed three different types of fictive statements,
i.e. a) vignettes with factual, goal-oriented argumentation, b) vignettes with emotional experiences
with the different cars types, and c) vignettes arguing both goal-oriented and emotional. In each sub-
group vignettes varied independently along four attributes including vehicle powertrain (i.e., internal
combustion engine, electric engine), beliefs about contribution of vehicle types to domain-specific
goals (i.e., independence, comfort, eco-friendliness, driving experience, good conscience), valence of
attitude object (i.e. positive, negative). For each condition we constructed four sets of 10 vignettes
by systematically combining the attributes, resulting in a total of 120 different vignettes. Each set
contained five vignettes describing statements about conventional internal combustion engine (ICE)
and five about electric cars, balanced in attitudinal valence. The respective vignette presented to a
participant was randomly drawn out of the four vignette sets per condition, where each set was pre-
sented to 40 participants. Example vignettes of all three condition are provided in the Supplemental

Material available online.

All vignettes were tested in a pilot study (N = 180) to ensure the salience of the specific charac-
teristics of the three messages types (i.e., rational, emotional, combined). Participant of this study
were recruited by Respondi AG and were randomized into one of three groups each comprising 40
respective vignette messages. We excluded five individuals due to incomplete data. The final sample
of N = 175 of respondents (rational messages: N = 56; emotional messages: N = 59; combined
messages: N = 60) indicated the emotionality and information content of each vignette on a six-
point scales ranging from ‘not at all’ (1) to ‘completely’ (6). As expected, participants rated the ra-
tional messages as significantly more informative than the combined statements and the emotional
ones (rational: M = 3.58, §D = 0.09; combination: M = 3.19, §D = 0.08; emotional: M = 3.06, §D =
0.08; F(2,172) = 9.79, p < .0001), but evaluated emotionally framed messages as having significantly
more emotional content than combined and rational statements (emotional: M = 4.23, §D = 0.10;

combined: M = 4.13, §D = 0.10; rational: M = 3.80, §D = 0.1; F(2,172) = 5.306, p < 0.005).

In the main study, four hundred eighty participants (47.1% female, age range 18-65 years, M =
46.63, SD = 13.90) were recruited and incentivized from a commercial online research panel in Ger-
many (Respondi AG). All participants held a driving license and the majority (89.8 %) indicated to

have at least moderate knowledge with respect to electric vehicles.

Using a between-subjects design, we assessed how people respond to different types of persua-
sive messages supporting the use of ICE cars and E-cars. Participants were randomly assigned to
one of three experimental conditions: i) rational persuasion, comprising vignettes with factual, goal-

oriented argumentation, if) emotional persuasion, in which vignettes with emotional experiences
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with the different cars types were presented and iif) combined persuasion in which vignettes argued

both goal-oriented and emotional. Each condition contained 160 individuals.

Before presenting the vignettes, participant’s attitudes towards conventional (ICE cars) and elec-
tric cars (E-cars) were measured by 13 and 15 items respectively. The measures required respond-
ents to indicate on a six-point Likert scale how much they agree with statements about how good
the respective vehicle allows them to achieve their personal goals. Items of each transport mode
were combined to a corresponding ICE car and E-car attitude scale and rescaled from -1 to +1.
Each of the 10 vignettes was presented in random order on separate screens followed by six varia-
bles. Respondents were asked to answer questions about their a) level of agreement with the state-
ments (1 = strongly disagree, 6 = strongly agree) to measure their dissonance with the messages, b) the
likability of the author (1 = very unpleasant, 6 = very likable), c) the competence of the author (1 = very low,
6 = wvery high), both to quantify discounting of messages source, and d) whether their a##tudes had
changed into a more positive or negative direction after evaluating the persuasive message on a seven-

point scale ranging from ‘much more negative’ (1) to ‘much more positive’ (7).

Results

We began our analysis by evaluating whether pre-treatment attitudes towards internal combustion
engine cars (ICE car) and electric cars (E-car) differed across experimental groups. A one-way
ANOVA showed no significant differences between groups for both attitude objects (ICE car:
F(1,318) = 0.0, p = .965; E-car: F(1,318) = 0.28, p = .600). We therefore can confidently conclude

that the following results are not driven by prior attitude differences between groups.

To examine the impact of prior attitudes on the evaluation of information (sources) and the sub-
jectively perceived attitudes changes we used Pearson correlations. Fig. 1 (A-D) displays separately
correlations between prior attitudes towards conventional and electric cars with each of the vignettes
rating divided by positively and negatively framed messages. Note that analyses are aggregated across
the three messages types. The agreement with statements was strongly related to participants prior
attitudes (pos.: ICE car: »= .58, p = .001.; E-car: » = .60, p = .001; neg.: ICE car: r= .49, p = .001.;
E-car: r= .43, p = .001). The results show strong motivated reasoning effects for both transport
modes and message framings (positive/negative): Authors of messages that are closer to pattici-
pant’s prior attitudes are evaluated as more likeable and competent than authors of information
more distant to prior attitudes. Interestingly, we found evidence for a backfire effect. Attitude polar-
ization (Fig. 1D), i.e. the shift and strengthening of attitudes among those holding strong prior atti-
tudes in opposite direction of message valence, was much stronger for positive information ICE

car: r = .30, p = .001.; E-car: »= .47, p = .001), whereas negative messages about cars yielded no
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significant (ICE car: » = .07, p = n.s. ) and weak relation (E-car: »= 0.15, p = 0.01). Overall, correla-
tions between prior attitudes and message judgments were stronger for positive statements than for
negative ones. The same pattern was obtained for positively valenced messages about E-cars versus

ICE cars, however, an inverted tendency for negative statements about the two different vehicle

types.
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Figure 1. Correlation between prior attitudes and vignette responses

Correlations between prior attitudes towards conventional (upper panels) and electric cars (lower panels) and all vignette
responses across conditions. Responses to positively valenced statements are plotted in blue and negatively valenced
statements in gold. The solid lines are the correlation lines and shaded ateas indicate a 95% CI. (A) Prior attitudes corre-
lated with agreement to statements. (B) Prior attitudes correlated with the perceived competence of the sender of state-
ments. (C) Prior attitudes correlated with the likeability of the sender. (D) Prior attitudes correlated with the self-re-
ported attitude change.

Next, we analysed the effects of the different types of positive and negative persuasive messages
separately. Fig. 2 (A-D) displays average responses to all vignettes related measures broken down by
condition and valence. Consistent with the view that positive messages are more appealing and per-
suasive than negatively valenced ones (Nordmo & Selart, 2015), participants’ ratings were, on aver-
age, significantly higher for positive information. Separate dependent 7 tests showed significant dif-
ferences across all three conditions regarding the agreement with the statements (rational: A159) =
0.50, p < .001; emotional: #159) = 4.56, p < .001; combined: #159) = 6.88, p < .001), the compe-
tence of the sender (rational: A159) = 5.88, p < .001; emotional: A159) = 4.83, p < .001; combined:
#159) = 7.76, p < .001), the likability of the sender (rational: 159) = 6.006, p < .001; emotional:
#159) = 6.96, p < .001; combined: #159) = 8.69, p < .001), and the perceived attitude shift in re-
sponse to the information (rational = #159) = 5.69, p < .001; emotional: 159) = 2.60, p < .01; com-
bined: #159) = 4.24, p < .001).
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Figure 2. Mean ratings on all vignette responses across conditions

Mean ratings on all vignette responses across conditions by experimental condition and valence of statements (blue: pos-
itive valence; gold: negative valence). Error bars display the standard error of the mean. (A) Agreements to vignettes. (B)
Perceived competence of sender. (C) Likability of sender. (D) Self-reported attitude change

Comparing the effects of different types of persuasive appeals with respect to perceived attitude
changes (Fig. 2D) using one-way ANOVA with Tukey’s HSD post-hoc test (p <.05), we found no
significant differences neither across groups nor in all in pairwise comparisons between groups nei-
ther for positive messages (F(2,477) = 0.15, p = .8590, n,° = .0003) nor for negatives (F(2,477) =
1.80, p = .166, n,” = .0000). In contrast, the analysis of evaluations concerning senders’ characteris-
tics yielded significant effects across all types of persuasive appeals. Participants indicated for ra-
tional statements the highest levels of agreement (pos.: F(2,477) = 8.85, p = .001; neg.: (F(2,477) =
13.45, p = .001), senders’ competence (pos.: F(2,477) = 7.23, p = .0001, n,° = . 029; neg.: F(2,477) =
19.40, p = .001, n,> = .075) and of likability (pos.: F(2,477) = 2.36, p = .10, n,° = .009; neg.: F(2,477)
= 20.04, p = .001, n,° = .077) for both positive and negative message framings. Responses to emo-
tional information was slightly but not significantly more positive than to the combined condition,

shown by the post-hoc test.

Finally, an additional analysis of covariance (ANCOVA) controlling for perceived dissonance
(i.e. agreement), prior attitudes toward ICE and E-cars and the two-way interactions between these
control variables and the treatment, however, revealed a more nuanced picture. The main effect of
message type on perceived attitude change is slightly significant (pos.: F(2,477) = 3.29, p = .0379, »,’
= 0.014; neg.: F(2,477) = 3.80, p = .0231, 0, = .016). The covariates prior attitudes towards E-cars
(pos.: F(1,478) = 9.32, p = .0024, ;> = .019; neg.: F(1,478) = 11.34, p = .0008, ," = .019) and the
agreement with the statement had a significant effect on perceived attitude change (pos.: F(1,478) =
215.83, p = .0001, n,° = 0.312; neg.: F(1,478) = 45.23, p = .0001, n,” = .087), whereas prior attitudes
to ICE cars had no significant influence (pos.: F(1,478) = 0.76, p = .7829, n,” = .018; neg.: F(1,478)

= 0.93, p = .3352, 1, = .017). Moreover, results also revealed a small but significant interaction
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between message type and agreement for negative (F(2,477) = 3.80, p = .0023, n,>= .018) and (not
significant) for positively valenced statements (F(2,477) = 2.15, p = .117, n,> = .009). For participants
more dissonant with the information perceived the combined messages as most persuasive. In con-
trast, when respondents showed more agreement with the statements, rationally and emotionally

framed messages produced stronger attitude changes.

Parallel constraint satisfaction model of motivated reasoning

Model structure

In our experiment, the process of motivated reasoning, i.e. the tendency of respondents to interpret
and evaluate information in a way protecting their existing attitudes, is cleatly visible. However, the
results raise the question as to which underlying cognitive-affective structures and mechanisms facil-
itate the process and to what extent these structures are modified if attitudes change. Therefore, we
analyzed the observed effects by developing a computational model of attitude formation and
change based on the parallel constraint satisfaction (PCS) theory of emotional coherence (Thagard,
2000). In general PCS is the connectionist conceptualization of cognitive consistency and has its
roots in well-known theories of cognitive dissonance (Festinger, 1957) and congruity theory (Os-
good & Tannenbaum, 1955). Connectionist models assume that information processing is con-
strained by a network of prior beliefs and goals. New evidence is integrated automatically by a paral-
lel spread of activations in this symbolic network in such a manner as to maximize the number of
satisfied constraints, i.e. the desire or motive to minimize inconsistencies and to arrive a conclusion
maintaining prior beliefs and affect. Various simulation studies have shown that motivated reasoning

can be thought of as a process of parallel constraint satisfaction (e.g. Monroe & Read, 2008).

We implemented the experimental set-up as a directional communication between two PCS
models — a sending (i.e., vignette statement) and a receiving agent (i.e. respondent), both equal in
their general network structure. The process comprises four steps, illustrated in Fig 3B. Our starting
point is a PCS network representation of respondents’ attitudes. Its generic structure comprises the
three interrelated constructs of attitudes: cognitive (i.e. beliefs about the relationship between goals
and action options), affective (i.e. feelings about goals and action options) and conative (i.e. behav-
ioural tendencies regarding an action option) components (Ajzen, 1989). In localist models such as
PCS networks, psychological concepts (i.e. goal or action) are represented as units and the links be-
tween the units denote the relationships between the concepts (i.e. beliefs or feelings). Our model,
shown in Figure 3A, consists of a general activation node (leftmost) and three layers of nodes (units)
representing valence (second from left; i.e. feeling of (un-)pleasantness), goals (third from left, i.e.
motives of transport mode choice) and action options (rightmost, i.e. transport modes). Mutual con-

straints between concepts are represented as bidirectional links between nodes of each layer.
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Connections between goals and option nodes can be either excitatory, representing supportive be-
liefs (e.g., the personal goal of comfort is facilitated by the use of an E-car) or inhibitory, denoting
contradictory beliefs (e.g., the personal goal of environmentally responsible travel behavior is not
supported by the use of an ICE car). Links between valence and goal or options units indicate posi-
tive (excitatory) or negative (inhibitory) affective associations of concepts. The strength of beliefs or
affect is represented by connection weights that vary from -1.0 to 1.0. Lines connecting the general
activation and the goal units indicate the personal importance of a goal, weighted between 0 and 1.0.
Here, the PCS network of each agent consists of five goal nodes (i.e. independence, comfort, eco-
friendliness, driving experience, good conscience) and two option nodes representing attitudes to-
ward the use of ICE and E-cars. Based on this structure, attitudes of each participant (n = 480) were
modeled as a unique PCS model and parameterized by using their individual survey responses re-
garding the importance of goals, beliefs, and affective meanings of concepts. All other model param-

eters were similar to our previous studies (cf. Wolf, Schréder, Neumann, & de Haan, 2015).

A B 1. Communicating 2. Communicating 3. Communicating
factual beliefs emotional content beliefs and emotional

content

W
_\—-¥Option 1
NV @ot

——— priorities

—— positive beliefs

,,,,,,, negative beliefs

transmitted
weights of sender

Figure 3. Parallel constraint satisfaction model (PCS) of attitude formation and change

(A) General PCS model of attitudes towards transport modes. Nodes in the network symbolize (from left to right), be-
yond a special unit for activating the spreading algorithm, the valence existing concepts, personal goals and the options
of action in a mobility context. Links between the valence, goal and option nodes represent the affective association of
concepts. Positive feelings are shown by solid lines and negative ones by dashed lines. Connections between goal and
option nodes represent beliefs. Positive beliefs are displayed by solid lines and negative ones by dashed lines. All link
weights are determined by the empirical ratings of participants in vignette experiment, described above in the main text.
(B) Model of information transmission in vignette experiment for each experimental condition. In the rational condition
(1) connection weights of beliefs, in the emotional condition (2.) weights of affective associations, and in the combined
condition (3.) weights of both beliefs and affective associations expressed in the respective vignette are transmitted to
the receiver (i.e. PCS network model of participants’ attitude.

An iterative updating algorithm spreading activations through the network simulates the process
of attitude formation as a process of coherence maximisation considering all constraints in a given

network structure (McClelland & Rumelhart, 1981). At time t = 0 all nodes start at an activation
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close to zero, except the general activation node, which is set to 1.0. Activation of units are repeat-
edly updated in parallel until they converge on a stable pattern of activation and their degree of

change is below a certain threshold. Activations are updated according to the following equation:

_ q(O)(1—d) + {netj[max — a;(t)] } if net;j> 0 1)
{net;[a;(t) — min)] } if net; < 0O ’

ai(t+1)
where 4(t) is the activation of the unit / at iteration # The constant parameter 4 (0.05) is the rate of
decay of activation for each unit at every cycle, zn is the minimum activation (-1.0) and wax is the
maximum activation (+1.0). The incoming activation from other nodes is computed by the connec-

tion weight »; between each unit 7 and /, the net input 7ez to a node

”etj = 2[- H’,’j(l,'(f). (2>

Updating is repeated until stable levels of activation is reached and the network has settled, usu-
ally after less than 100 iterations. The final activation of option nodes represents the evaluation
of an object, whereby (high) positive values indicate a (strong) positive attitude and (high) nega-
tive values a (strong) negative attitude. At this point the overall coherence of the network ( En-

ergy; Hopfield, 1984; Hopfield, 1982) is calculated by:

Energy(t) = = > wjaq, )
J

i

Where 1 is the weight between each unit 7 and j, and (t) is the activation of unit 7 at time (7).
According to this equation, if the sign of the product of the activation of two units is coherent with
the sign of constraint between them, energy decreases; in contrast, if the sign of the product of acti-
vation of two nodes is inconsistent with the constraint between them, energy increases. The overall
coherence of the network is high if all cognitive and affective elements connected to one option fit
together but not to the second option. In contrast, if beliefs and affect associated with both options
are equally inconsistent, i.e. both option units are linked to a similar number of excitatory and inhibi-
tory weights, attitudinal ambivalence makes it more difficult to favour one option and decreases co-

herence.

In a second step, we specified the network representation of persuasive messages using the same
PCS model shown in Fig. 3a. To this end, we transferred the particular characteristics of each indi-
vidual vignette statement as weighted constraints of the network. For example, connection weights
of a persuasive appeal to use e-cars (07) emphasising that this transport mode meets the goals of en-
vironmentally friendly (g/) and comfortable (g) travel behaviour, were set in the following way: links

between goals and e-car option nodes (W1, W,2,7) as well as between valence, goals and e-car option
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nodes (W.,1, W2, W.o7) were initialized with +1.0, where all other weights were set to 0.01. In contrast
to the PCS model of respondents as described above, the process of attitude formation is not simu-
lated here because activations of nodes are not relevant for the subsequent process of information

exchange.

In the third step, we implemented the three modes of persuasive communication, i.e. experi-
mental conditions, as a transfer of different types of information or rather network elements be-
tween sender and receiver (see Fig. 3b). In the rational persuasion mode, specific link weights be-
tween goal and option nodes (i.e. beliefs) corresponding to the argumentation of the respective
vignette text were communicated. In the mode of emotional persuasion, connection weights be-
tween valence and goal as well as valence and option nodes (i.e. affective meanings) were trans-
mitted. The information transfer of the third mode, combined persuasion, comprised both type
of weights (i.e. beliefs and affective meanings) of the preceding mechanisms. Overall, we gener-
ated, corresponding to the experimental procedure, simulations for 10 unique persuasive at-
tempts per receiving agent, resulting in a total of 4800 (1600 per condition) simulated vignette

treatments.

In the last step, we modelled adaptation of attitudes resulting from persuasive messages as
weight changes in receivers’ network structure. In contrast to previous learning models for PCS net-
works, weight adjustments were specific in the sense that only links transmitted by the sender in the
respective conversation and condition were modified in receivers’ networks. For example, in a ra-
tional persuasive communication about the use of e-cars comprising positive arguments regarding
the comfort and eco-friendliness of this transport mode exclusively connections between the goal
units comfort and eco-friendliness and the option unit e-car were changed. Drawing on literature on
network learning (Read & Urada, 2003; Rescorla & Wagner, 1972), we applied a variant of the error-
correcting learning rules to modify link weights as a function of the degree of error between simu-
lated and empirically reported changed attitudes. Adjustments were calculated by means of a stand-
ard backpropagation algorithm to minimize the total sum squared error function D over all vignette

treatments defined as:

D= %2 (/—lsim‘Aemp)2 (4>

where A, represents the activation of the respective option unit in response to new information
i.e. receivers simulated attitude towards a transport mode. A, is the empirically reported attitude

after vignette treatment, calculated as by respondents’ original attitude plus the self-reported attitude
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change, which has been rescaled to values ranging between -1 and +1. N is the total number of sim-

ulated vignette treatments.

The minimization of the error function is achieved by fitting free parameters to the following

equation.
Aw = by A, + by we+ bsAwe, w, + by w7 + bs Aw,)? 5)

where ; are the parameters systematically iterated in in given upper and lower limits of -1 and +1.
Aw;, is the difference (i.e. dissonance) between the corresponding link weights of sender and re-
ceiver, i.e. the difference between existing beliefs and affects and new information. »,is the connec-
tion weight in the PCS network of the receiver before communication. The function also includes
the interaction between Aw;, and », and is approximated up to quadratic order. Best fitting parame-
ters (b1.5) were estimated by iterating systematically through the set free parameters in the permitted

range between -1.0 and +1.0.

Simulation results

Based on the parameterised PCS models, we performed a simulation of each respondents’ attitude
before message influence occurred. To test whether our model captures the empirically measured
attitude pattern prior to persuasion attempts, we correlated the activations of option nodes for ICE
car and E-car with the corresponding self-reported attitudes of respondents. These results showed a
high resemblance between simulation and empirical findings (ICE car: »= 0.93, p = 0.001; E-car: r =
0.93, p = 0.001). In addition, the relation between simulated coherence of networks, i.e. the energy
of PCS networks, and respondents’ simulated prior attitudes across conditions, showed an inverted
U-shape pattern (Fig. 4A), also supported by the results of quadratic regression models for ICE cars
(R* = .50, F(1, 478) = 476.4, p < .001) and for E-cars (R* = .57, F(1, 478) = 631.7, p < .001). As pre-
dicted by the PCS approach, both strongly negative and positive prior attitudes were associated with
low levels of energy, indicating attitudes to be consistent, stable and resistant to change. Fig. 4B de-
picts the average empirical measured agreement to statements (i.e. dissonance) for each condition
and the corresponding coherence obtained from the simulations. The results reveal a similar in-
verted U-shaped pattern as the one reported above for prior attitudes (rational pos.: R* = .14, F(1,
318) = 50.59, p <.001; rational neg.: R2 = .05, F(1, 318) = 16.48, p < .001; emotional pos.: R2 =
10, F(1, 318) = 36.52, p < .001; emotional neg.: R2 = .05, F(1, 318) = 16.86, p < .001; combination
pos.: R2 = .23, F(1, 318) = 93.79, p < .001; combination neg.: R2 = .08, F(1, 318) = 30.23, p <
.001). Across experimental conditions and for positively and to a somewhat lower degree for nega-

tively valanced messages, high and low agreement is associated with low levels of energy, whereas
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for medium agreement energy reached the highest levels. Thus, as one might expect, individuals
with low attitudinal ambivalence, i.e. greater coherence, tend to show higher (dis-)agreements to

(counter-)pro-attitudinal positions.

Experimental conditions:
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Figure 4. Computational model results

Note in general low levels of energy indicate a high degree of coherence. (A) Correlation of simulated attitudes for con-
ventional (orange) and electric cars (blue) with simulated coherence, i.c. level of energy, of PCS network models for all
simulated persuasive appeals. The solid lines are the correlation lines and shaded areas indicate a 95% CI. (B) Regression
of empirical measured agreement to statements for each condition and the corresponding simulated coherence of PCS
networks. Solid lines (blue: positively valenced; gold negatively valenced) are the best-fit regression lines. For the sake of
better readability of the graph, empirical ratings of agreement are aggregated in bins. The error bars show the 95% CI.
(C) Average weight changes of beliefs and affect link calculated based the obsetrved attitude changes for each condition.
For PCS networks in the rational condition error function D is minimized for free parameters b, =0; b, =0.7, by =-0.3, by
= 0 bs = -0.3, in the emotional condition for the parameters by =0; b, =0.7, b; =-0.3, by = 0.3 bs = -0.7 and in the com-
bined condition whete b, =0; b, =1.0, b =-0.3, by = 0.7 bs = -0.3. (D) The average coherence level of PCS networks be-
fore and after the treatment for each condition.

But to what extent are the cognitive-affective structures underlying attitudes modified by persua-
sive messages conveying different levels of emotionality? Fig 4C shows the average weight changes
(Aw) of beliefs and affect in each experimental condition that minimize the respective error func-
tions D, i.e. the difference between simulated and measured attitudes after persuasive communica-
tion. The results indicate across conditions varying patterns of belief and affect convergence and di-
vergence. Depending on the strength and valence of receivers’ prior beliefs/affect as well as their

distance to the ones of the sender, weights are adjusted in heterogenous ways. When, for example in
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the rational condition, sender and receiver hold very strong opposing (sender: », = +1.0/-1.0 and
receiver w,= - 1.0/+1.0) (ptior) beliefs, receivers update their beliefs opposite to the new infor-
mation, increasing the strength of his or her prior belief. However, this occurs to varying degrees for
receiving agents with prior positive and with negative beliefs. Interestingly, this back-fire effect in
response to opposing positive information evokes higher negative weight adjustments than beliefs
changes in response to negative messages consistent with previously held negative beliefs. In con-
trast, when sender support receivers’ prior beliefs, weights are updated in the direction of the

sender.

Both the effect of belief polatization/convergence and valence asymmetry is most pronounced
when two agents merely exchange affect, in the emotional condition and to a somewhat lower de-
gree in the combined condition. In the emotional condition, however, opposing negative messages
(i.e. receiver hold strong positive affects) had no polarizing effect and lead to a convergence of pos-

terior affect towards the message.

To identify the effects of weights adjustments in response to persuasive messages on the coher-
ence of PCS networks, we compared the average energy levels of all agents before and after the
treatment for each condition (Fig. 4D). Before receiving persuasive messages there was no signifi-
cant difference of coherence levels between conditions (F(2,477) = 0.19, p = .8824, 0’ = .001). The
information exposure resulted in a statistically significant decrease of energy in the emotional and
combined, but not in the rational condition (F(1,479) = 410.96, p = .0001, n* = .0462). These find-
ings suggest, as predicted by the process of coherence maximization, that beliefs and affect are ad-
justed in a way that increases the coherence among existing mental representations. Interestingly,

this effect is most pronounced when combined rational and emotional communication is used.

Discussion

The first goal of this research was to examine the effects of different levels of emotional content of
persuasive messages on motivated reasoning. We showed that motivated reasoning affects regardless
of message framing the persuasiveness of statements and leads, when confronted with counterattitu-
dinal positions, to dissonance with the statement and discounting of the source of information.
Moreover, we provided evidence that motivated reasoning can create backfire effects causing people
to strengthen their existing attitudes in the opposite direction of persuasive appeals, in particular for
individuals with strongly held views and high dissonance, replicating prior research (e.g. Nyhan &
Reifler, 2010). Our novel finding was that this process was moderated by the message type and va-
lence of the advocated positions. Biased reasoning was most evident when participants were faced

with negative (vs. positive) framed appeals and using combined rational and emotional tone (vs.
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exclusively rational or emotional). The persuasiveness of messages was negatively related to the de-
gree of motivated reasoning. Additionally, our results indicated that impact of motivated reasoning
on source perceptions was mainly determined by dissonance (agreement) with persuasive appeals

and less so by prior attitudes.

Our second goal was to explain the observed effects with the computational mechanisms of
emotional coherence by extending an existing parallel constraint satisfaction (PCS) model (Thagard,
20006) with a learning algorithm. Our simulation results revealed that modifications of existing men-
tal representations underlying attitude changes vary substantially across valence and different mes-
sage types. Consistent with prior experiments (Bizer & Petty, 2005) we found that negative affect
and beliefs are more resistant to counterattitudinal persuasive attempts. Additionally, we show that
negative mental structures have a stronger tendency to cause backfire effects, most pronounced
when threatened by emotionally positive appeals. Our findings suggest that mental structures re-
spond and integrate information varying in emotional quality and intensity differently. Recent neu-
roimaging studies support the view that positively and negatively framed information is coded dif-
ferently in the brain and unequally used to update prior affect and beliefs (cf. Sharot & Garrett,
2010).

Prior research on PCS models (e.g. Glockner & Betsch, 2008) assuming coherence maximization
as the core mechanism of information integration argued that this process automatically operates to
increase the coherence of existing mental representations. Using a more realistic learning PCS net-
work model, we complement these previous studies by providing evidence that the level of coher-
ence shift associated with attitude changes is determined by the type of mental structure involved in
information integration. Information affecting merely the cognitive structures of attitudes resulted
after updating beliefs in no increase in overall coherence. In contrast, when information involved
affective and in particular both affective and cognitive elements of attitudes, the state of global co-
herence was increased significantly. The findings highlight the role of affect to reduce dissonance
and attitudinal ambivalence toward options for action and support the proposition that decision and
attitude formation are performed by maximizing the emotional coherence of mental structures —
cognitions and affect - involved in the decision at hand (Thagard, 2006). Moreover, the pattern of
coherence shifts that is inversely related to the observed tendency of motivated reasoning suggests
an effortful process underlying the integration of new information, in particular when both strong
cognitive and affective components of attitudes are involved. The greater the effort a person needs
to invest to come up with a coherent conclusion the lower the persuasiveness and credibility of the
messages source. Future research could integrate additional elements such as specific identity con-

cepts into the model, thus further investigating the interaction between the processing goal of
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attitude-protective and the goal of identity-protective both moderating the responses to new infor-

mation.

Our findings contribute to a growing literature on the role of motivated reasoning in infor-
mation processing and attitude formation. Earlier studies of the effects of biased processing of evi-
dence and persuasive appeals focused on the influence of belief strength, values and political or
group identity on attitude responses and group polarization (cf. Druckman & McGrath, 2019). We
complement this work by showing that positively valanced and cognitively framed messages can re-
duce the reasoning bias and avoid polarization between communication partners. Our results sug-
gest that reducing emotionally engaging content for messages that run counter to beliefs and affects
of individuals, but increasing the emotional level of persuasive appeals when their information is
congruent with the representation of the respondent, may offer a useful strategy to increase the ef-

fectiveness of persuasive communication and avoid backfire effects.

Moreover, our research contributes to the field of computational models of opinion dynamics
and social influence (e.g. Flache et al., 2017). The findings illustrate the importance of studying and
understanding the microfoundations of the processes underlying motivated reasoning. Our model-
ling framework demonstrates how existing theoretical (agent-based) models of attitude and opinion
formation can be extended to include psychologically more realistic processes underlying infor-
mation processing and can be based on empirical support. We anticipate that our approach opens
new avenues for future work that aims to identify how individual reasoning affects dynamics on a
populational level. From a practical perspective, for example in policy contexts of mobility transi-
tion, such an approach would allow to better understand how policy makers can communicate pol-
icy problems and to accelerate public understanding of available evidence and facilitate discussion

towards informed policy (e.g. Schréder & Wolf, 2017; Wolf et al., 2015).

Acknowledgements

This research was funded by the German Federal Ministry for Education and Research (BMBF)
(#1611660 and #1611659). Reproduced with permission from Springer Nature.

Supplement Material
Vignette examples for the experimental conditions rational, emotional and combined.

Figure Al shows the English translation of a vignette example in the rational persuasion condi-

tion, Figure A2 an vignette example in the emotional persuasion condition and Figure A3 presents

52



an example of a vignette in the iii) combined persuasion condition, in which vignettes argue both

goal-oriented and emotional.

When I decide on a suitable means of transport for everyday life, it is important to me that 1 can travel comfortably
and in an environmentally friendly way. The car satisfies my need for environmentally friendly mobility, as I can also
drive in an environmentally friendly way if I drive it in the right way. In addition, today's cars offer me great comfort
due to their modern equipment. All in all, the car meets all my requirements and 1 can only recommend that you drive
7.

Fig. Al. Example vignette for rational condition. Attributes: vehicle powertrain: internal combustion engine car; goals:
environmental friendliness, comfort; valence of attitude object: positive

Driving's great! After work come down first. In the comfortable ambience of my car 1 can always relax wonderfully
and enjoy the way home. 1 don't even know what they all have: Fuel-efficient driving or even better, completely doing
without the car, is nonsense. God knows there are worse environmental sinners than car drivers.

Fig. A2. Example vignette for emotional condition. Attributes: vehicle powertrain: internal combustion engine car; goals:
environmental friendliness, comfort; valence of attitude object: positive

Driving a car is just fun! It satisfies my need for comfort like no other means of transport and is for me an environ-
mentally friendly form of mobility. After work, get in the car and come down first. In the comfortable ambience of my
car I can always relax wonderfully. I don't even fnow what they all have: Fuel-efficient driving or even better, com-
pletely doing without the car, nonsense. God knows there are worse environmental sinners than car drivers. For me, the
car is the perfect means of transport, and 1 think it's the best for you too!

Fig. A3. Example vignette for combined condition. Attributes: vehicle powertrain: internal combustion engine car; goals:

environmental friendliness, comfort; valence of attitude object: positive
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Abstract

Changing people’s travel behaviours and mode choices is an important mitigation option to reduce
greenhouse gas emission in transport. Previous studies have shown that symbolic meanings associ-
ated with new low-emission vehicles and travel services influence people’s willingness to adopt these
innovations. However, little is known about the symbolic meanings of many upcoming transport in-
novations, which often influence habitual decision-making and their stratification within the popula-
tion. This study thus examines cultural affective meanings of a broad range of conventional and
novel transport mode options in a nationally representative German sample. Cluster analysis of af-
fective meanings of travel modes identified six unique traveller segments. These consumer groups
differ significantly in their intention to adopt low-emission travel modes and are characterized by
specific psychographic, socio-demographic and behavioural profiles. The results demonstrate that
affective meanings of choice options are predictive regarding the attitudes and (intended) behaviour
of traveller segments. Moreover, the invariant positive meanings of conventional cars across seg-
ments indicate the strong cultural embeddedness of this mode in society. We discuss the implica-

tions of our approach for the development of government strategies for sustainable transport.

Keywords

Affective meanings, symbolic meanings, sustainable travel behaviour, segmentation, social market-

ing, transport innovations
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Introduction

The transition to sustainable mobility is key to reduce the current level of energy use and to mitigate
climate change. Transport accounts for around 24% of global carbon dioxide (CO.) emissions, mak-
ing it the second largest CO; emitting sector (IEA, 2017). Emission levels are growing rapidly and
have been projected to double globally by 2050 (IPCC, 2014). Even in regions such as the European
Union and the United States, where transport-induced emissions have stabilized in recent years, cur-
rent demand growth in fuel-inefficient car segments (e.g. SUVs) as well as the expected increase in
passenger and freight road transport urgently necessitate effective strategies to decarbonize the
transport system (Creutzig et al., 2015; G6ssling & Metzler, 2017). Promoting the shift to more effi-
cient new transport technologies and services, such as electric vehicles or ridesharing, has been high-
lighted in literature as an important pathway for change (Bento AM, Hughes JE, 2013; Chan & Sha-
heen, 2012; Chapman, 2007; Tran, Banister, Bishop, & McCulloch, 2012). However, despite existing
policies encouraging the adoption of these innovations, their uptake is lagging in many countries be-
hind expectations (Adnan, Nordin, Rahman, Vasant, & Noor, 2017; EDTA, 2018; EVWSD, 2018;
Wang, Li, & Zhao, 2017). It is becoming increasingly clear that a deeper understanding of social and
cultural contexts of peoples’ choices, including the impact of heterogenous, socially shaped prefer-
ences, and meanings associated with existing travel practices, is central to effectively encouraging
people to change their lifestyles and travel behaviours (Creutzig et al., 2016; Dietz, Leshko, &
McCright, 2013; Gatersleben, 2014; Oyserman, 2017; Pettifor, Wilson, Axsen, Abrahamse, & Ana-
ble, 2017; Steg et al., 2015). Indeed, these previously neglected aspects of mitigation policies on peo-
ple’s social environments will be also featured and highlighted in the upcoming IPCC sixth assess-

ment report (ARG) (cf. Creutzig, Roy, Lamb, Azevedo, & Bruin, 2018).

Designing tailored interventions and communication strategies requires detailed knowledge
about motivators that drive travel mode choices and more generally the adoption of pro-environ-
mental behaviour by specific groups of consumers (Abrahamse, Steg, Vlek, & Rothengatter, 2007;
Cairns et al., 2008). Although a growing body of research demonstrated that besides financial incen-
tives, various non-instrumental factors, such as values, symbolic motives, and affect play an im-
portant role in peoples’ willingness to engage in pro-environmental travel behaviours (Barbarossa,
De Pelsmacker, & Moons, 2017; Chng, Abraham, White, Hoffmann, & Skippon, 2017; Innocenti,
Lattarulo, & Pazienza, 2013; Nordlund & Garvill, 2003; Nyborg et al., 2016; Steg, Vlek, & Slote-
graaf, 2001), in policy design, assumptions that humans’ decisions are governed by maximizing eco-
nomic benefits are still common (Mattauch, Ridgway, & Creutzig, 2015; Schwanen, Banister, & Ana-
ble, 2011). These types of mechanisms, however, cannot fully explain observed heterogeneity in re-

sponse to economic measures of fuel efficient vehicles (Jenn, Springel, & Gopal, 2018; Vergis &
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Chen, 2015) and corresponding instruments couldn 't generate a continuing rise in their demand
(Biresselioglu, Demirbag Kaplan, & Yilmaz, 2018; Langbroek, Franklin, & Susilo, 2016). Recent
work showed that factors such as symbolic attributes of new transportation technologies, e.g. elec-
tric vehicles (EVs), are strong complementary predictors of adoption intention (e.g. Noppers,
Keizer, Bolderdijk, & Steg, 2014; Oliver & Lee, 2010). Theoretical assumptions suggest that people
interpret symbolic attributes by relying on culturally shared implicit affective meanings and senti-
ments associated with these objects (Heise, 2007; Neil J. MacKinnon & Heise, 2010). Despite a
broad intracultural consensus, empirical work revealed significant differences in cultural affective
meanings for specific concepts within sub-populations of society (Ambrasat et al., 2014). A better
knowledge of affective associations related to new ecofriendly travel alternatives and their variations
among sub-populations in society thus may provide valuable information for targeted and more ef-

fective campaigns encouraging more sustainable transport.

Yet, little is known about affective meanings attached to transport modes and their heterogeneity
and/or consensus across different social groups in society. In particular, empirical studies concern-
ing emotional associations people attach to the wide variety of existing and upcoming new travel op-
tions and their relationship to attitudes and adoption intentions are lacking. This study aims to ad-
dress this gap by adopting a social psychological approach to assess cultural affective meanings of a
broad range of travel options in a large-scale sample of the German population. We start by review-
ing the main approaches and findings on the effects of symbolic meanings attached to transport
mode choices and corresponding segmentation models of travellers. We then propose a parsimoni-
ous yet effective segmentation approach based on affective sentiment ratings. We describe the pro-
files of segments with respect to a comprehensive set of psycho-, sociodemographic, and behav-
ioural characteristics, as well as consumers’ willingness to adopt new travel options. Finally, we dis-
cuss how tailored communication strategies could take into account group-specific patterns of affec-
tive meanings associated with transportation modes, which offer a deeper understanding of how im-

plicit cultural knowledge affects (adoption) decisions.
Literature review and theoretical concepts

Different aspects of symbolic meanings

According to symbolic interactionism, people interpret the social world based on cultural symbols,
and human behaviour is a function of meanings individuals ascribe to symbols (Blumer, 1986). Sym-
bolic meanings of objects, identities and behaviours include both deliberate cognitive denotations
and automatic affective connotations (Barthes, 1967; Finegan, 2008). Denotative meanings describe

the explicit aspects as well as obvious, socially shared cognitive images associated with a concept.
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For instance, the denotative meanings of cycling are: e.g. zero-emission transport mode, physical ef-
fort, and additionally, protecting the environment. Connotative, affective meanings, in contrast, refer
to the implicit, intuitive and emotional processes associated with concepts. They contain implicit so-
cial and cultural knowledge, elicit specific emotional responses and constrain people’s choice of be-
haviours (Neil J. MacKinnon & Heise, 2010; Schroder, Stewart, & Thagard, 2013). Thus, in the pre-
vious example, affective meanings of bike riding may elicit affective response patterns linked to
emotions such as joy or aversion and activate corresponding action tendencies (Schréder & Wolf,

2018).

Studying the relationship between symbolic meanings attached to products, identities, and con-
sumption behaviour has a long tradition in consumer research and has received increasing attention
in understanding the motivators of pro-environmental behaviour in recent years (Oyserman, 2009;
Reed, 2002; Sirgy, 2018; van der Werff, Steg, & Keizer, 2013a; Whitmarsh & O’Neill, 2010). With
few exceptions (Coleman & Williams, 2013; McGowan, Shiu, & Hassan, 2017; Shank & Lulham,
2016a), the majority of work has focused on the effects of predefined denotative meanings of identi-
ties and products on behaviour, but less so on the influence of more implicit affective meanings of
these representations. In transport research disparate streams of literature draw on various theoreti-
cal underpinnings from (social) psychology and sociology to investigate the link between symbolic
denotative attributes and behavioural choices (cf. Rezvani, Jansson, & Bodin, 2015). The theories
and applications differ in their approaches to conceptualization and measurement of symbolic

meanings and their central mechanisms of behaviour.

Denotative symbolic meanings of travel behavionr

In one of the first studies examining beyond functional utility, symbolic motives of mode
choices, Steg (2005) showed that the frequency of car use is mainly driven by the perceived symbolic
and affective attributes of this mode. As a theoretical basis, Steg (2005) proposed the psychological
model of material possession by Dittmar (1992). According to this, people’s intentions to use mate-
rial goods depend on the product evaluation of three aspects: their functional utility, affective value,
and symbolic meaning. In this view, symbolic values serve to express a persons’ identity and values
as well as social status or membership of a group. The categorial framework has been adopted and
adapted by many others researchers to study different aspects of travel behaviour (cf. Gatersleben,
2014; Hunecke, 2015). Recent research on the adoption of electric vehicles (EV), for example,
showed that symbolic meanings mediate perceived instrumental attributes of EVs and also influence
the intention to adopt these vehicles (e.g. Morton, Anable, & Nelson, 2016; Schuitema, Anable,
Skippon, & Kinnear, 2013; White & Sintov, 2017). Although counterintuitive, this effect was more

pronounced for early adopter groups when they perceived more instrumental drawbacks of eco-
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friendly technologies (Noppers, Keizer, Bockarjova, & Steg, 2015). Some researchers have criticized
the ambiguous and inconsistent definition of relevant concepts of the approach, making it difficult
to dissociate and compare respective results across studies and samples (cf. Murtagh, Gatersleben, &
Uzzell, 2012; White & Sintov, 2017). Moreover, motivational categories of this approach seem not

distinct but rather overlapping psychological constructs (Lois & Loépez-Saez, 2009).

A second line of research has assessed the relation of symbolic attributes of travel modes and
behaviour referring to the self-congruity theory (Sirgy, 1986). Sirgy posits that consumer behaviour
is driven by self-congruity, a psychological process in which individuals compare their perceived
product-image with different facets of their self-image (i.e. actual, ideal, and social, self-concepts).
Each dimension of a persons’ self-concept in turn is motivated by a specific need (i.e. need for self-
consistency, self-esteem, social consistency, and social approval). The theory predicts that consum-
ers’ motivation to purchase and use products is strongest when perceived product-images corre-
spond positively with self-images and fulfill the corresponding needs of an individual. A large body
of empirical research corroborated the theoretical assumptions both for pre-purchase behaviour
such as attitudes towards and intentions to adopt certain travel modes such as EVs (e.g., Kressmann
et al., 20006; Noppers et al., 2015, 2014; Oliver & Lee, 2010; Schuitema et al., 2013; Skippon, Kin-
near, Lloyd, & Stannard, 20106), and for post-purchase behaviour such as satisfaction and vehicle use
(e.g. Jamal & Al-Marri, 2007; for review across domains see Sirgy, 2018). While these analyses
demonstrated the psychological relevance of predefined symbolic meanings of certain transport
modes for isolated aspects of self-concepts, e.g. a pro-environmental identity, they did not account
for potentially competing meanings of manifold behavioural options in transport and their link to
multiple (social) identities people have in their real life, as emphasized by sociological theorists (e.g.

Burke & Stets, 2009).

Not much literature in transport research draws on the symbolic interactionist tradition of iden-
tity theory to explore relations between symbolic meanings, identity and travel behaviour. Murtagh
et al., (2012) examined the importance of multiple identities on mode choices in regular travel adopt-
ing the sociological identity theory by Stryker (1980). They found evidence that a range of identities
predict mode choices and that the pattern of relation varies across types of journey. Barbarossa,
Beckmann, De Pelsmacker, Moons, & Gwozdz (2015) showed positive effects of meaning of a
“green” self-identity (Whitmarsh & O’Neill, 2010) on attitudes towards and intentions to adopt elec-
tric cars drawing on the theoretical framework of identity control theory (Burke & Stets, 2009). The-
oretical frameworks of identity consider self-identity as a set of meanings that locate a person in cer-
tain social roles in society (Burke & Stets, 2009; Stryker, 2008). They follow the central premise of

symbolic interactionism (Blumer, 1986) that people act toward the world not based on its physical
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properties but based on socially shared meanings, which emerge from social interaction with others
(see above). In this view, meanings act as a reference of self-perception, influence the expectations
of others, and guide individuals’ behaviour in given situations. The described empirical studies con-
tributed to better understanding the mechanisms and effects of denotative meanings attached to
multiple personal and social identities on travel behaviour. They did not, however, examine the in-
fluence of symbolic meanings inherent in travel modes themselves on travel mode choices and be-

haviour.

Connotative symbolic meanings

Explicit denotative symbolic association of new technologies and behaviours take time to be
formed in the social environment (Heffner, Kurani, & Turrentine, 2007). Especially, when behav-
iour options are unfamiliar and novel people often rely upon affective meanings of concepts as a
guide to decision making and attitude formation (Lerner et al., 2015; van Giesen, Fischer, van Dijk,
& van Trijp, 2015). Connotative, affective meanings can be conceptualized on three dimensions:
evaluation (good-bad), potency (powerful-powerless) and (lively-inactive) (Osgood, May, & Murray,
1975; Osgood et al., 1957). Ratings on these dimensions reflect generalized affective responses to
symbols that are widely shared within a culture or subgroups of a society (Heise, 2010; Neil J.
MacKinnon & Heise, 2010). Moreover, these dimensions correspond to the basic foundation of
communication and social interaction (Scholl, 2013). Shank & Lulham (2016a) showed by drawing
on Affect Control Theory (ACT, Heise, 2007) that affective connotations of consumer goods func-
tion as modifier of persons’ identities. ACT builds upon the central principles of symbolic interac-
tionism (SI) of meaning-making (see section 2.1.1). In contrast to traditional SI approaches, ACT
presumes that people’s actions and interpretation of the social world rely on generalized affective re-
sponses to cultural symbols. These affective responses are referred to as cultural sentiments that are
trans-situationally quantified. As a central mechanism of behavioural control, the theory assumes
that people strive to maintain cultural sentiments about their own identities and other entities in a
given situation. Moreover, the theory provides a mathematically formalized framework to predict
behaviours and emotions in a given situation. Following the argument by Shank & Lulham (2016b),
we propose that the theoretical coneptualization of ACT provides a framework to understand the
influence of symbolic connotative meanings of technologies on adoption behaviour and in addition,
a coherent theoretical basis to select variables relevant to identify travel segments of more sustaina-

ble transport options. Further details we will explain below in the methods section.

Symbolic meanings and segmentation models
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Audience segmentation approaches, one of the central methods of social marketing to promote
behavioural change for social benefit (cf. Corner & Randall, 2011; McKenzie-Mohr, 2002), have
been adopted in various domains such as health (e.g. Mathijssen, Janssen, van Bon-Martens, & van
de Goor, 2012), energy and water use (e.g. Poortinga & Darnton, 2016), climate change (Maibach et
al., 2011), and transport (e.g. Prillwitz & Barr, 2011) for the design of targeted and tailored interven-
tions. These studies often use a combination of domain- or issue-specific socio-, psychographic,
and/or behavioural variables to identify different subpopulations (cf. Haustein & Hunecke, 2013;
Hine et al., 2014). In transport research, attitude-based segmentation models have been shown to be
most useful to reveal varying motives and barriers of transport modes choices (Haustein &

Hunecke, 2013).

Among the numerous attitudinal segmentation approaches developed for promoting travel be-
haviour change only a few involve symbolic meanings and affective responses towards mode choice
options. Jensen (1999) assessed in a combined qualitative and quantitative approach symbolic as-
pects of car use. Based on interview results she defined six types of travellers” and found attitudinal
differences between groups in the perception of cars as symbols of freedom and independence.
Cools, Moons, Janssens, & Wets (2009) used Q-methodology to categorize a small sample of re-
spondents into traveller groups with distinctive preferences for cars and public transport. They as-
sessed a set of motivational statements including symbolic-affective items considering aspects of
self-expression and social prestige attached to cars. In contrast to Jensen (1999), they found the
most prevalent differences between the four groups in instrumental motives of model choice and a
high agreement in the symbolic meanings of cars. These inconsistent results may be due to missing

theoretical rigor of segmentation models (Bosehans & Walker, 2018; Dibb & Stern, 1995).

Some studies have illustrated the potential of theory-driven segmentation models to travel be-
haviour. For example, Hunecke, Haustein, Bohler, & Grischkat (2010) conceptualized traveller types
based on an expanded version the Theory of Planned Behaviour (TPB, Ajzen, 1991). TPB was oper-
ationalized for conventional transport modes with a combination of attitudes - including symbolic
aspects such as autonomy, excitement, status, and privacy - norms, and values. Hunecke et al. identi-
fied five traveller groups that differed significantly in terms of their travel-mode choice, distances
traveled, and ecological impact. The results concluded that segments with equally strong preferences
for private motorized modes but opposing symbolic evaluations of private cars require specific in-
terventions and services to encourage a shift to more sustainable modes of transport. TPB has been
critiqued, however, for its tendency to over-rationalize decision processes, neglecting the influence
of affective, habitual and contextual factors of transport mode choices (Burgess, Harrison, & Filius,

1998; Pronello & Camusso, 2011).
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Other researchers proposed more integrated theoretical segmentation frameworks, incorporating
multiple theoretical constructs and mechanisms to behaviour change and adoption of new technolo-
gies. Anable, Skippon, Schuitema, & Kinnear (2012) developed a theoretically based segmentation
model by means of thorough exploratory analysis of factors influencing vehicle adoption. In a fol-
low-up study they applied this model comprising 14 psychological factors (for details see Anable,
Kinnear, Hutchins, & Skippon, 2016) to a large sample of UK residents aiming to identify groups in
the population willing to adopt electric vehicles (EVs). They distinguished eight distinct segments
differing in terms of their perceptions, emotional reactions and symbolic motives related to EVs. In-
terestingly, the results indicate that symbolic meaning attached to EVs are a better predictor of vehi-
cle adoption intention than economic motives and one of the defining characteristics of the seg-
ments. These results have been supported by finding of similar multi-factorial segmentation ap-
proaches for EVs (McLeay, Yoganathan, Osburg, & Pandit, 2018; Morton et al., 2017). The ten-
dency of people to send signals to one another that highlight their personality traits (Miller, 2009),
however, can be both conducive or impeding for the uptake of EVs. Skippon & Garwood (2011)
showed that for early adopters EVs signal their openness, and that they care about others. For other
traveler groups intending to indicate their wealth and social status small and short range EVs might

have a negative symbolic meaning.

Opverall, the findings corroborate the idea that symbolic meanings attached to technologies and
behaviours potentially cause people to adopt these options, because their specific meanings corre-
spond or mismatch with their self-identities as well as modify and express their intended self-image
vis-a-vis relevant others (Oyserman, 2009; Reed, Forehand, Puntoni, & Warlop, 2012; Shank & Lul-
ham, 2016a; Solomon, 1983). Segmentation research showed that symbolic meanings attached to
travel choices varies among subgroups of populations and corresponds to their specific travel pref-
erences and behaviours. Most of the segmentation models, however, lack a coherent theoretical ba-
sis, with a few notable exceptions (e.g., Anable, 2005; Bésehans & Walker, 2018; M. Hunecke et al.,
2010) and are mostly focused on specific transport modes (e.g cars, EVs, public transport). Symbolic
meanings have been defined and operationalized somewhat inconsistently across studies capturing
different aspects of (denotative) meanings and are sometimes confused with other psychological

constructs (e.g. emotions).

The present study

This research contributes to the existing literature in the following ways. First, we suggest a par-
simonious yet comprehensive assessment of connotative meanings of travel modes by using a uni-
versal measurement system of Osgood’ et al. (Osgood et al., 1975, 1957). Mapping the meanings of

different choice options (i.e. travel modes) in the same three-dimensional affective space allows for a
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quantitative comparison and clustering of objects with different denotative symbolic attributes. Sec-
ond, assessing connotative meanings of concepts in this way provides a theory-based specification
of the segmentation model and a theoretical understanding of how variation of symbol meanings in
society affect current and intended behaviour (cf. Heise 2007; Schréder & Thagard, 2013). In con-
trast to previous segmentation studies in transport often using a mixture of different psycho-social
variables, we segmented the sample by applying cluster analysis exclusively based on affective mean-
ings of travel mode options. We hypothesized that the identified segments vary significantly in terms
of their willingness to adopt low-emission travel options. In addition, we profiled the identified
groups of travellers in Germany on a broad range of characteristics and distinctive features. Third,
we extend prior work of market segmentations for specific transport innovations, by including be-
yond the conventional transport modes—i.e. internal combustion engine car, public transport, bicycle
and walking—different upcoming travel options—i.e. electric cars with varying degrees of electrifica-
tion, electric bikes, several autonomous vehicle concepts and different carsharing services. Finally,
by developing such a comprehensive cross-technology segmentation model, we aimed at supporting
the German government in the design of strategies tailored to specific characteristics of targeted

groups, that encourage the change towards more sustainable travel behaviour.

Method
Study participants

We conducted an online survey with sample of N = 5.948 respondents representative for the Ger-
man population aged between 16 and 69 years. Participants were recruited via the online panel pro-
vider Respondi AG using quotas for age, gender, educational level, and household income based on
the German Micro Census (MC). The final sample (see far-right column, Table 2) comprised 50.8%
women (MC = 50.7%), had a mean age of 43.86 years (§D = 15.16) (Muc = 43.01 years) and an av-
erage household size of 2.44 persons (Myc = 2.0 persons). 26.2% of these households lived with at
least one child (MC = 28.0%). The respondents in the current study were slightly better educated
and more likely to reside in larger cities (> 500.000 inhabitants) i.e., 20% of the sample (MC =
18.7%) and comprised a lower proportion of households (26.7%) with low incomes (up to 1500 €
per month) than the German population (MC = 30%). The rate of driving license owners among
participants was 85.8% (German population = 87%; Infas, DLR, & IVT 2018) and the number of
households with at least one car per household was 83.4% (German population = 78%; Infas et al.,

2018).

Survey instrument
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The survey instrument was developed to identify variations in affective meanings of a broad
range of traditional as well as upcoming sustainable modes of transportation across subgroups of the
German population and to assess their cognitive attitudes und intentions to adopt these transforma-
tive mobility technologies and services. The selection of transport innovations was based on a com-
prehensive literature research about upcoming transportation services and technologies in the next
10-15 years. For a comprehensive characterization of subgroups, the survey comprised beyond the
segmenting items — i.e., affective meanings of verbal concepts related to transportation — five addi-
tional sections investigating a) cognitive attitudes towards modes of transportation, b) importance of
transport mode attributes c), indicators of current travel behaviour, d) personal characteristics such
as political ideology, value orientation, innovativeness, opinion-leadership, individual tendency of
risk-taking and life satisfaction as well as €) socio-economic and demographic characteristics of re-

spondents.

Segmentation variables

Alffective meaning ratings of four verbal concepts denoting traditional (e.g., internal combustion en-
gine car) and eleven novel transport mode options (i.e., autonomous vehicle for public transport)
were obtained on nine-point semantic differential scales along the dimensions evaluation (E), po-
tency (P) and activity (A) (EPA, cf. Osgood et al., 1957; Osgood & Tannenbaum, 1955). Respond-
ents were instructed to evaluate each transport option (e.g. “internal combustion engine car”) based
on three questions, which refer to the three connotative dimensions of languages, i.e. evaluation (E),
potency (P), and activity (A): (E) How good/bad is this transport mode? (P) How powerful/powet-
less is this transport mode? and (4) How exciting/calm is this transport mode? These verbal con-
cepts were presented in random order and respondents used bipolar adjective scales labelled with
corresponding verbal end-anchors “bad/unpleasant” and “good/pleasant” for judgments of evalua-
tion, “weak/powetless” and “strong/powerful” for potency, and “calm/slow” and “exciting/fast”
for activity. Scale points between the two extreme categories were labeled identically on both sides
of the “neutral® center-point (0) —i.e. from “slightly” (+/-1), “quite” (+/-2), “very” (+/-3), and

“extremely” (+/-4).

Validation variables

Given the different stages of development and availability of the investigated sustainable
transport innovations, each mode was explained to the participants before we examined various atti-
tude measures — i.e. cognitive attitudes, adoption intention as well as knowledge of and prior experi-
ence with the innovation. Unless stated otherwise, belief items were measured on a 6-point Likert

scale ranging from ‘applies completely’ to ‘does not apply at all’. Self-reported £nowledge was rated on
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0-point scale form ‘no knowledge’ to I’'m an expert’, the item measuring the degree of experience

with the new mode choices ranged from ‘no expetience’ to ‘I own it/ I use it every day’.

Belief-based cognitive attitudes were assessed by eight items reflecting psychological attributes rele-
vant for travel mode choices. The attributes (i.c., independence/flexibility, comfort, cost efficiency,
environmental friendliness, safety, driving experience, time efficiency, expression of personality &
lifestyle) were selected based on prior work (Hunecke et al., 2010) and informed by our own empiri-
cal work, where we conducted five focus groups to explore the motives of travel modes choices
(Wolf & de Haan, 2013). For each innovation, respondents were asked to indicate on a six-point
scale to what extent they believed that using the transport mode would meet their need for each at-
tribute (form ‘not at all’ to ‘completely)’. For each mode of transport, attitude scales were formed by
averaging responses to the 8 items. Participants also completed a three-item measure of adoption in-
tention of transport innovations. It included questions about i) their interest in and ii) their willing-
ness to substitute the current main mode with the new transport option in question, and iii) how
likely it is that they will use or buy the innovation in the near future (on an 11-point scale from 0%
to 100%). The adoption-intention score was computed by averaging the standardized score of the

three items.

The general importance of attributes when choosing a mode of transportation (see previous para-
graph) was measured by asking respondents to evaluate each attribute on a 6-point scale from ‘ex-

tremely unimportant’ to ‘extremely important’.

Indicators of everyday #ravel behaviour included self-reported frequencies of use of traditional
transport modes and various mobile travel services such as renting bicycles or buying tickets for public
transport on a 5-point scale from ‘(almost) every day’ to ‘(almost) never’. Participants were also
asked to report the number of cars per household, average distance travelled per year by conven-
tional internal combustion engine (ICE) car, possession of a driver’s license and the ownership of
weekly, monthly, and seasonal tickets for public transport. If no car use was indicated, reasons for
renunciation of car ownership were obtained using a categorical item (i.e., ‘no need for a car’, ‘con-

scious renunciation’, ‘too expensive’, ‘for health reasons’, ‘for age reasons’, ‘other reasons’).

We assessed various personal characteristics that had been found in previous work related to the
adoption of pro-environmental behaviours. Political ideology was measured with one item asking par-
ticipants to indicate the political party in Germany they most identify with (categories: conservative
Christian Democratic Party (CDU)/ Cristian Social Party (CSU), Social Democratic Party (SPD),
Green Party (Bundnis 90/ Die Griinen), Pirate party (Piraten), Left-wing Party (Die Linke), Liberal

Democratic Party (FDP) and the nationalistic protest party Alternative for Germany (AfD). Using a
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short version of the Schwartz value orientation scale (Boer, 2013) respondents further indicated the
importance of 10 different va/ue constructs on a 6-point scale ranging from ‘extremely unimportant’
to ‘extremely important’. Peoples’ innovativeness was measured by using six items inspired by the inno-
vativeness scale from Moons & De Pelsmacker (2015) asking respondents about their agreement
with statements such as ‘I like to have new experiences and changes in my daily routine’ on a 6-point
Likert scale. The average of responses to these items represents the innovativeness measure
(Cronbach’s @ =.87). Items adopted from the Generalized Opinion Leadership Scale (Gnambs &
Batinic, 2011) were rephrased to target the specific aspects of opinion leadership in the domain of mo-
bility (e.g., ‘My friends and acquaintances often discuss subjects that I brought up’ or ‘I usually want
to convince people in my social circle if I’'m enthusiastic about a mobility innovation’). Computing
the mean score of the five items resulted in a reliable opinion leadership scale (Cronbach’s a =.80).
Individual tendency of risk-taking and /life satisfaction were obtained using one-item scales from Beier-

lein, Kovaleva, Laszl6, Kemper, & Rammstedt (2015).

Finally, participants provided socio-demographic information (age, sex, education level, labour mar-
ket status, income level, household size, number of children in the household, duration of living in

current residence).

Results

Segmentation analysis

To classify respondents into subgroups with homogeneous affective meanings of concepts denoting
traditional and novel modes of transportation we used a combined hierarchical (Ward’s algorithm)
and nonhierarchical cluster analysis (4-means algorithm). The segmentation analysis was conducted
based on ratings of 15 transport modes (interval-level scale is assumed) along the dimension evalua-
tion (E), potency (P) and activity (A), resulting in a total of 45 items. During analysis, the number of
cluster solutions was limited to 3 to 8 segments to ensure interpretability and practical usefulness.
The final cluster solution of six clusters, shown in Table 1.1-1.3, was chosen by applying the elbow
criterion, i.e. plotting explained variance against the number of clusters. Every cluster has a consider-
able sample size, shows specific transport preferences, mental representations and personal charac-

teristics according to which we labeled each segment (see footnote in Table 1).

Table 1. Evaluation ratings of transport modes for each segments and total sample

Cluster

1 (EL) 2 (IP) 3 (CP) 4 (CI) 5 (CD) 6 (RT) Total
Sample
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Transport

Evaluation
mode
ICE 1.723 1.5736 09112456 1,745 1.4936 1.89255 1.39 <.001
(1.93) (1.81) (1.72) (1,91) (1.91) (2.00) (1.87)
PT 1.9223456 0.011346 0.2912456 -1,001 23,5 0.031345 -0.991235 0.12 <.001
(1.63) (1.95) (1.75) (2,11) (2.07) (2.406) (2.08)
BIe 2.6123456 1.571346 092125 0,691,256 1.681346 0.2312345 1.26 <.001
(1.42) (1.70) (1.79) (2,23) (1.806) (2.58) (1.98)
OF 2.6823456 1.6413450 1.3312456 1,011235 1.9312346 0911235 1.55 <.001
(1.33) (1.80) (1.73) (2,18) (1.81) (2.45) (1.91)
HEC 2.34273,4,5;, 1.84173,4,5;, O.,031,z)4,57() 0,39172,3,5;, 0.87172,3,4;, —3.05172,3,45 0.58 <.001
(1.39) (1.30) (1.08) (1,69) (1.62) (1.42) (1.91)
BEC 2.37273,4,5;, 1.77173,4,5;, —0.01172,5,(, 0,14172,5,(, 0.71172,3,4;, —3.29172,3,45 0.49 <.001
(1.34) (1.39) (1.22) (2,00) (1.75) (1.17) (2.01)
FCEC 2.2923456 1.6613456 0.0212456 0,3212356 0.6312346 29112345 0.50 <.001
(1.34) (1.40) (1.04) (1,84) (1.61) (1.68) (1.89)
EBI 24923456 1.6113456 04112456 0,181,235 1.1912346 -2.0012345 0.78 <.001
(1.38) (1.53) (1.38) (2,10) (1.806) (2.31) (1.98)
ACWS 21023456 1.601 3456 0.1412456 -0,5512356 11312346 2.8412345 0.26 <.001
(1.50) (1.38) (1.05) 2,21) (1.82) (1.82) (2.18)
ACNS 1.662345 0.861345,6 -0.2112456 -1,9412356 -3.041234 -3.281234 -0.60 <.001
(1.82) (1.94) (1.36) (2,07) (1.21) (1.51) (2.30)
ACPT 2.07234506 11113456 0.0312,45, -1,5912356 -1.9312346 -3.1512345 -0.22 <.001
(1.56) (1.61) (1.23) (1,96) (1.76) (1.47) (2.14)
SCS 1.8523456 0311345 -0.0712456 21412356 0.151345 -3.1912345 -0.23 <.001
(1.45) (1.58) (1,08) (1,57) (1.72) (1.25) (1.90)
FCS 2.0923456 0.581345,6 0.05124 -2,5812356 0.651345 -3.1612345 -0.09 <.001
(1.31) (1.49) (0.98) (1,37) (1.37) (1.33) (1.92)
PCS 1.8623456 -0.031 46 -0.151456 29112356 0.141345 -3.2712345 -0.43 <.001
(1.44) (1.62) (1.11) (1,17) (1.54) (1.18) (1.94)
RS 1.9323456 0.331345 -0.0612454 28112356 0.491345 -3.2512345 -0.25 <.001
(1.44) (1.04) (1.09) (1,26) (1.56) (1.25) (1.99)
EL = Eco-oriented opinion leaders; 1P = Innovation-oriented progressives; CP = Cost-conscious pragmatics; C1 = Comfort-oriented individualists; CD =
Common good-oriented city dwellers; RT = Risk-averse traditionalist
ICE = Internal combustion engine car; PT = Public transport; BI = Bicycle; GF = Go on foot; HEC = Hybrid electric car; BEC =
Battery electric car; FCEC = Fuel cell electric car; EBI= Electric bike; AVWS = Autonomous vehicle with steering wheel; AVNS =
Autonomous vehicle with no steering wheel, AVPT = Autonomous vehicle for public transport, SCS = Station-based carsharing, FCS
= Free-floating carsharing; PCS = Private carsharing, RS = Ride sharing
Table 2. Potency ratings of transport modes for each segments and total sample
Cluster
1 (EL) 2 (IP) 3 (CP) 4 (CD) 5 (CD) 6 (RT) Total »
Sample
Transport
mode Potency
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ICE

PT

OF

HEC

BEC

FCEC

EBI

ACWS

ACNS

ACPT

SCS

FCS

PCS

RS

1.9735
(1.64)

1.6123456
(1.60)

1.9623454
(1.61)

19423456
(1.73)

22023456
(1.39)

21423456
(1.39)

21323456
(1.34)

22123456
(1.45)

21023456
(1.50)

1.6623454
(1.76)

1.9123456
(1.55)

1.6723456
(1.44)

1.8923456
(1.29)

1.7223456
(1.41)

1.7323456
(1.43)

1.9055
(1.44)

-0.231 346
(1.69)

0.24174,5,(,
(1.70)

013155
(1.91)

1.3813456
(1.30)

1.0913456
(1.40)

1.301 3456
(1.35)

0.861,2,4,(,
(1.52)

1.601 3456
(1.38)

0.8615456
(1.75)

0.7815456
(1.46)

0.03173,4,(,
1.37)

0.23154556
(1.21)

—0.161,4,5,(,
(1.29)

-0.021456
(1.33)

0.93124556
(1.47)

017124556
(1.50)

0.251456
(1.61)

0.561,2,4,5
(1.65)

-0.1112456
(0.96)

—0.191,2,5,(,
(1.08)

-0.0712456
(0.94)

017125556
(1.21)

0.14124556
(1.05)

-0.061 2456
(1.15)

0.04124556
(1.06)

—0.12172,4,(,
(0.91)

-0.021 2456
0.82)

-0.151456
0.92)

-0.111456
(0.90)

1.75;
1.71)
-1 .02172’3,5
(1.94)

—0.101,2,3,5
(2.03)

014155
@.11)

0.2712556
(1.57)

—0.101,2,5,(,
(1.86)

0.251,2,3,(,
(1.71)

—0.08173,4,5
(1.97)

-0.5512356
(2.21)

-1.8312356
(2.03)

-1.5512356
(1.88)

2.0712356
(1.54)

24812356
(1.33)

27012356
(1.24)

-2.7612356
(1.23)

1.705
(1.56)

—0.171,3,4,(,
(1.90)

0.7112346
(1.84)

0.801.2345
(1.97)

0.60123456
(1.49)

0.221 23456
(1.65)

0.42172’3’(,
(1.47)

0.7212345
(1.74)

11312346
(1.82)

-2.7812346
(1.43)

-1.7612346
(1.70)

—0.12174’(,
(1.56)

0.46123456
(1.19)

0.01123456
(1.32)

0.26123456
(1.40)

1.705
(1.97)

—1.061,2,3,5
@2.31)

—0.251,2,3,5
(2.42)

0.3615
(38)

-3.0512345
(1.40)

-3.3112345
(1.10)

29612345
(1.62)

-2.08
@.17)

2.8412345
(1.82)

-3.2512345
(1.53)

31112345
(1.46)

31412345
(1.28)
-3.1212345
(1.34)
-3.2212345
(1.20)

-3.2210345
(1.24)

1.50 <.001
(1.63)
-0.05 <.001
(1.88)
0.41 <.001
(1.88)
0.58 <.001
(1.95)
0.30 <.001
(1.79)
0.15 <.001
(1.87)
0.34 <.001
(1.78)
0.41 <.001
(1.84)
0.18 <.001
(2.03)
-0.50 <.001
(2,20)
-0.60 <.001
2.12)
-0,36 <.001
(1.75)
-0.22 <.001
(1.76)
-0.47 <.001
(1.77)
-0.39 <.001
(1.81)

EL = Eco-oriented opinion leaders; 1P = Innovation-oriented progressives; CP = Cost-conscious pragmatics; C1 = Comfort-oriented individualists; CD =
Common good-oriented city dwellers; RT = Risk-averse traditionalist

ICE = Internal combustion engine car; PT = Public transport; BI = Bicycle; GF = Go on foot; HEC = Hybrid electric car; BEC =
Battery electric car; FCEC = Fuel cell electric car; EBI= Electric bike; AVWS = Autonomous vehicle with steering wheel; AVNS =
Autonomous vehicle with no steering wheel, AVPT = Autonomous vehicle for public transport, SCS = Station-based carsharing, FCS
= Free-floating carsharing; PCS = Private carsharing, RS = Ride sharing

Table 3. Activity ratings of transport modes for each segments and total sample

Cluster
1 (BL) 2 (IP) 3 (CP) 4 (CIy 5 (CD) 6 (RT) Total Sam-  p
ple
Transport . .
mode Activity
ICE 1.94345, 1.86345 0.881,245,6 1.60123 1.58123 1.6313 1.44 <.001
(1.55) (1.43) (1.39) (1.65) (1.52) (1.90) (1.57)
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PT 1.27273,4,5;, —0.381)3,4,(, 0.08172,4,5;, —0.821)2,3,5 —0.241)3,4,(, —0.841)2,3,5 -0.11 <.001
(1.67) (1.56) (1.40) (1.86) (1.69) .21 (1.73)

Ble 1.62273,4,5;, —0.071)3,4,57(, 0.15172,4,(, —0.351)2,3,5 0.16172,4,(, —0.441)2,3,5 0.16 <.001
(1.73) (1.65) (1.56) (1.90) (1.81) (2.30) (1.82)

OF 0.75273,4,5;, -1 .291)3,4,57() —0.201)2,4,5 -0.81 1,2,3,6 —0.821)2,3,(, —0.271)2,4,5 -0.50 <.001
(2.26) (1.89) (1.82) 2.17) (2.03) (2.38) (2.09)

HEC 2.05273,4,5;, 1.04173,4,5;, -0.11 1,2,4,5,6 0.24172,3,(, 0.34172,3,(, —2.841)2,3,475 0.25 <.001
(1.43) (1.35) (0.92) (1.40) (1.39) (1.55) (1.69)

BEC 2.00273,4,5;, 0.72173,4,5;, —0.201)2,5,(, -0.11 1,2,6 0.02172,3,(, —3.081)2,3,475 0.04 <.001
(1.44) (1.50) (1.03) (1.69) (1.55) (1.32) 1.77)

FCEC 2.01273,4,5;, 1.03173,4,5;, —0.101)2,4,57(, 0.28172,3,(, 0.21 1,2,3,6 —2.731)2,3,475 0.25 <.001
(1.35) (1.39) (0.88) (1.57) (1.36) (1.72) (1.68)

EBI 2.01273,4,5;, 0.57173,4,(, 0.11 1,2,5,6 -0.01 1,2,5,6 0.50173,4,(, —2.031)2,3,475 0.28 <.001
(1.46) (1.56) (1.18) (1.81) (1.65) (2.16) (1.76)

ACWS 1.91273,4,5;, 1.20173,4,5;, 0.14172,4,5;, —0.391)2,3,57(, -0.61 1,2,3,4,6 —2.551)2,3,475 0.18 <.001
(1.51) (1.49) (0.95) 2.01) (1.61) (1.95) (1.84)

ACNS 1.60273,4,5;, 0.69173,4,5;, 0.02172,4,5;, -1 .281)2,3,(, -1 .461)2,3,(, —2.871)2,3,475 -0.24 <.001
(1.62) (1.56) (1.03) (1.98) (1.88) (1.79) (1.94)

ACPT 1.68273,4,5;, 0.53173,4,5;, 0.06172,4,5;, —1.121)2,3,(, —0.981)2,3,(, —2.821)2,3,475 -0.17 <.001
(1.54) (1.39) (0.95) (1.80) (1.68) (1.67) (1.78)

SCS 15305450 0.0215456  -0.06146 1.6512556  -0.081.46 28410545 028 <.001
(1.40) (1.22) (0.83) (1.66) (1.40) (1.53) (1.62)

FCS 1.73273,4,5;, 0.20173,4,5;, 0.02172,4,5;, —2.061)2,3,57(, 0.41 1,2,3,4,6 —2.881)2,3,475 -0.17 <.001
(1.30) (1.14) (0.74) (1.53) 1.07) (1.49) (1.64)

PCS 1.65273,4,5;, —0.061)4,5,(, —0.051)4,5,(, —2.241)2,3,57(, 0.17172,3,4;, —2.971)2,3,475 -0.32 <.001
(1.33) (1.18) (0.83) (1.52) (1.13) (1.40) (1.66)

RS 1.6423450 0.081345,6 -0.061 2454 -2.2612356 031123456 29612345 -0.28 <.001
(1.39) (1.20) (0.79) (1.52) (1.22) (1.44) (1.68)

EL = Eco-oriented opinion leaders; 1P = Innovation-oriented progressives; CP = Cost-conscious pragmatics; C1 = Comfort-oriented individualists; CD =
Common good-oriented city dwellers; RT = Risk-averse traditionalist

ICE = Internal combustion engine car; PT = Public transport; BI = Bicycle; GF = Go on foot; HEC = Hybrid electric car; BEC =
Battery electric car; FCEC = Fuel cell electric car; EBI= Electric bike; AVWS = Autonomous vehicle with steering wheel; AVNS =
Autonomous vehicle with no steering wheel, AVPT = Autonomous vehicle for public transport, SCS = Station-based carsharing, FCS
= Free-floating carsharing; PCS = Private carsharing, RS = Ride sharing

Alffective meanings of segments about transport modes

To identify the differences between input variables of cluster analysis across segments we conducted
a MANOVA with Tukey’s post-hoc test. Table 1.1 — 1.3 presents mean values of affective meanings
used in the segmentation analysis. As would be expected, all six clusters differed significantly on the
input variables (F = (225,29350) = 113.64, p < .001; Wilk’s A = .044, partial n* = .47), in particular in
EPA ratings about innovative transport concepts. Here, we summarize the EPA affective meaning

profiles of each cluster included in the cluster analysis in brief.
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Eco-oriented opinion leaders (Cluster 1) evaluated among traditional transport modes traveling on
foot and by bicycle as most positive (E), by public transport as least powerful (P) and by internal
combustion engine (ICE) car as most exciting/ fastest (). They are the segment with the most pos-
itive affective representations towards all sustainable transport innovations. Among these, electric
bikes (EBI) were perceived as the most positive and powerful and hybrid electric cars (HEC) as
most exciting/ fastest new transport concept. In the domain of self-driving vehicles affective mean-
ings of autonomous cars with steering wheel (ACWS) and for public transport (ACPT) were posi-
tive, whereas ACWS were also seen as most powerful and exciting. Among the four different car-
sharing concepts (i.e., station-based carsharing, free-floating carsharing, private carsharing, and ride

sharing) free-floating carsharing (FCS) was seen as most positive, powerful, and exciting/fast.

For Innovation-oriented progressives (Cluster 2) walking on foot (OF) was the most positive, and ICE
car the most powerful and exciting/fastest traditional transport mode. Public transport (PT) re-
ceived the lowest rating on the dimensions evaluation and potency, and OF was seen as the calm-
est/slowest travel mode. Affective meanings of sustainable transport innovations wete in general
positive in this group, but with considerable variation across domains. HEC were viewed as most
positive and ACWS as most powerful and exciting/fastest. Affective ratings of carsharing concepts
were on a significantly lower level than electric and autonomous vehicles. In particular, private car-

sharing (PCS) was perceived somewhat negatively.

Members of the group Cost-conscions pragmatics (Cluster 3) showed the most positive evaluation of
walking and viewed ICE cars as the most powetful and exciting/fastest traditional mode of
transport. Among these modes, PT was seen as the least positive and powerful, and walking as slow-
est. Interestingly, this segment perceived all novel transport concepts mostly as emotionally neutral.
Among these, electric bikes (EB) did elicit the most positive feelings and were seen as somewhat
powerful and exciting/fast. Among self-driving vehicles, autonomous cars with no steering wheel

(ACNS) and among carsharing concepts private carsharing (PCS) were seen most negatively.

Comfort-oriented individualists (Cluster 4) expressed the most positive feelings for ICE cars across all
three dimensions, whereas PT consistently elicited among traditional transport modes feelings on
the negative side of the spectrum. Their affective representations of transport innovations reflect
skepticism in particular about autonomous vehicles (AVs) and carsharing concepts. They viewed hy-
brid electric and fuel cell electric cars at a comparable level as somewhat positive, powerful, and ex-
citing/fast. In contrast, among AVs autonomous cars with no steering wheel (ACNS) were seen as

most negative along the three EPA dimensions. Their emotional reluctance was even more
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pronounced towards private carsharing and ride sharing, both seen as very negative, powerless and

calm/slow.

Common good-oriented city dwellers (Cluster 5) viewed walking as the most positive traditional mode
of travel, and ICE car as most powerful and exciting/fast. PT was represented as emotionally neu-
tral. The affective meanings of sustainable transport innovations elicited support for electric vehicles
and carsharing. Electric bikes (EBI) were seen as the most positive, powerful, and exciting/fastest
type of EVs. Among the four different forms of carsharing, free-floating systems were consistently
evaluated most positively. Autonomous cars with no steering wheel were seen as most negative,

powerless, and least exciting.

Risk-averse traditionalist (Cluster 6) favored mostly ICE cars. Among traditional transport modes,
PT elicited the most negative emotions. Moreover, members of this segment perceived traveling on
foot and by bicycle more negatively than all the other groups. Their feelings about transport innova-
tions are on the opposite end of the spectrum compared to Eco-oriented opinion leaders. Their emo-
tional reluctance to new forms of traveling is consistently high across all domains. Among these, full
battery electric, autonomous cars with no steering wheel, ridesharing, and private carsharing were

seen as most negative, powerless and at least exciting.

Socio-demographic, personal and attitudinal characteristics of segments

The segments differed significantly in various socio-demographic, personal and attitudinal char-
acteristics — variables that were not included in the cluster analysis. An overview of socio-de-
mographics of each cluster and the total sample is provided in Table 2. Additional profiling infor-
mation regarding cognitive attitudes, individual relevance of transport mode attributes, party identifi-
cation, values, subjective innovativeness and opinion leadership, tendency of risk-taking and life sat-
isfaction of segments can be found in Appendix A in Table A1 — A5.2. The following description

summarizes the individual characteristics and basis of the labels of each segment.
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Table 4. Sociodemographic characteristics of each segment and of the total sample

Cluster
1 (EL) 2 (IP) 3(CP) 4 (CD 5 (CD) 6 (RT) Total Sample
(n=0617, (n=1298, (n = 2088, (n=672, (n= 810, (n =463, (N = 5948,
10.4%) 21.8%) 35.1%) 11.3%) 13.6%0) 7.8%) 100%0)
Gender** Female 47.5% 44.0% 55.1% 40.2% 59.5% 54.4% 50.8%
Age (in 16-29 29.2% 30.8% 26.5% 13.7% 21.3% 9.5% 24.2%
years)t* 30-39 15.6% 14.0 13.7% 13.4% 11.0% 10.8% 13.3%
40-49 19.1% 16.8 21.4% 22.0% 19.5% 22.2% 20.0%
50-59 21.6% 22.9 21.9% 28.3% 28.3% 30.7% 24.3%
>60 14.6% 155 16.5% 22.6% 20.0% 26.8% 18.1%
Education** Secondary school 22.4% 19.3% 32.3% 31.1% 26.2% 35.0% 27.7%
Intermediate secondary school 30.3% 35.4% 33.6% 34.5% 34.9% 40.8% 34.5%
Grammar school 45.4% 43.7% 31.8% 33.0% 37.5% 21.4% 35.9%
University degree 29.8% 22.1% 16.1% 17.6% 19.6% 11.4% 19.1%
Income** Less than 900€ / month 71% 7.4% 10.2% 4.8% 8.3% 8.6% 8.3%
900€ - 1500€ / month 19.9% 14.3% 20.3% 15.3% 19.8% 21.4% 18.4%
1501€ - 2000€/ month 13.5% 14.3% 16.7% 14.6% 14.4% 14.9% 15.1%
2001€ - 2600€/ month 15.7% 16.3% 16.2% 17.0% 14.1% 15.8% 15.9%
2601€ - 3600€/ month 20.6% 18.2% 16.7% 18.0% 19.6% 19.4% 18.2%
3601€ - 5000€/ month 13.9% 17.2% 12.8% 15.6% 15.2% 13.8% 14.6%
More than 5000€ / month 9.2% 12.3% 71% 14.7% 8.6% 6.0% 9.4%
Number of 0 67.9% 74.0% T1.7% 76.6% 76.9% 80.8% 73.8%
children in 1 16.9% 15.8% 17.3% 13.9% 13.7% 10.7% 15.5%
the household** 2 11.1% 8.0% 8.4% 6.4% 7.2% 6.1% 8.0%
3 2.6% 1.6% 1.9% 2.1% 1.9% 1.3% 1.9%
24 1.5% =0.7% 0.7% 0.9% 0.3% 1.1% 0.8%
Residential Cities > 500.000 igh. 25.3% 20.9% 21.1% 16.4% 23.6% 16.8% 23.0%
Area®* Cities 100.000 - 500.000 igh, 19.8% 14.7% 17.9% 16.1% 14.8% 13.5% 13.1%
Cities 50.000 - 99.999 inh. 11.8% 9.4% 8.7% 10.1% 11.2% 10.3% 16.7%
Cities 20.000 - 49.999 inh. 14.0% 17.4% 16.1% 16.3% 17.4% 20.6% 9.8%
Small cities 10.000 — 19.999 igh. 10.8% 14.3% 12.2% 16.1% 12.9% 13.0% 16.4%
Villages <9.999 inh, 18.4% 23.3% 24.0% 25.1% 20.1% 25.8% 21.0%
Duration of residence at current address in years ** 18.20 19.93 20.20 23.16 22.67 21.10 20.59
(Mean/SD) (16.62) (16.41) (17.51) (22.25) (18.33) (18.30) (17.60)

EL = Eco-oriented opinion leaders; TP = Innovation-oriented progressives; CP = Cost-conscious pragmatics; C1 = Comfort-oriented individualists; CD = Common good-oriented city dwellers; RT = Risk-averse traditionalist
ok
p<.01



Eco-oriented opinion leaders indicated the highest importance across segments for the attribute envi-
ronmental friendliness when choosing a transport mode and were most likely to consider themselves
as opinion leaders. This group was the second youngest, mainly aged between 16-29 years and most
likely to be male. They indicated a high level of education and residency in large cities (> 500.000
inhabitants), where their duration of residency at the current place of living was the shortest among
all segments. The number of children living in the household was the highest among all segments.
Members of this group stood out in the personal importance of all value types according to the
Schwartz value circle (Shalom H. Schwartz, 2012), except for self-direction, and contained the high-
est proportion of voters politically affiliated with the Green Party (Biindnis 90/ Die Griinen), the
Left-wing Party (die Linke) and the Social Democratic Party (SPD). They reported the highest levels
of innovativeness, tendency of risk-taking, and life satisfaction among segments. They believe that
traveling on foot and by bicycle best facilitates their personal needs (i.e., attributes of mode choice)

of daily travel activities.

Innovation-oriented progressives scored highest on the personal innovativeness scale and showed an
overall high level of adoption intention towards travel innovations. They were the youngest seg-
ment, containing the highest proportion of 16-29 years-olds. Members of this group were more
likely to be male, to reside in smaller cities, and to have an above average level of education. They
scored above average on the personal value dimension openness-to-change, and were most likely to
vote for the Conservatives (CDU/CSU), Social Democratic Party (SPD), or the Greens (Bundnis
90/ Die Griinen). Their levels of self-reported opinion leadership, risk-taking, and life satisfaction
were second-highest among clusters. They believe that ICE cars meet their daily travel needs best

among traditional transport modes.

Cost-conscions pragmatics reported the lowest household income. The relevance of non-instrumental
attributes of transport modes such as independence, comfort, driving experience was below that of
other clusters. They were more likely to be female, and the number of children in the household was
the second-highest among segments. Their mean age and their level of education was below the
sample average and comprised the highest proportion of undecided voters. They exhibit low levels
on innovativeness, opinion leadership, and tendency of risk-taking. Their life satisfaction is the low-
est of all clusters. Cognitive attitudes of this segment entail a preference for walking and ICE cars

for their daily travel activities.

Fot Comfort-oriented individualists, comfort and independence/flexibility of transport modes were

more important than for other segments. They comprised the highest proportion of males, were
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mainly aged between 50-59 years, and most likely to live in smaller towns and villages. Their house-
hold income was the highest across segments, whereas their educational level was below average.
This segment scored low on the personal value dimensions openness-to-change and self-transcend-
ence. Accordingly, they identified mainly with conservative political parties. Their ratings on innova-
tiveness, opinion leadership, and risk-taking tendency were below average. Members of this segment

showed the most positive cognitive attitudes towards ICE cars among all segments.

Common good-oriented city dwellers indicated high importance of the values universalism and benevo-
lence and comprised the second-highest proportion of people living in big cities. They comprised
the highest proportion of females, were older than the sample mean and tended to have a high level
of education. This segment was most likely to identify with the Conservatives (CDU/ CSU), the So-
cial Democratic Party (SPD), or the Green Party (Bundnis 90/ Die Griinen). They scored above av-
erage on innovativeness and opinion leadership, but their tendency of risk-taking and life satisfac-
tion were on the same level as the average of the sample. They believe that ICE cars and walking

best meet their daily travel needs.

Risk-averse traditionalists’ attitudinal and socio-demographic profiles were mostly opposite to the
group of Eco-oriented opinion leaders. They scored lowest on risk-taking and innovativeness. This group
was the oldest of all segments. They were likely to be female, to reside in midsize cities and to have
no children in the household, at a slightly-below-average income level. The mean duration of resi-
dence at their current place of living was the highest among all clusters. They mainly identify with
conservative parties and comprised the highest proportion of people affiliated with the nationalistic
protest party Alternative for Germany (AfD). Their beliefs about traditional transport modes indi-

cate most clearly their strong preference for ICE cars.

Travel behavionr and innovation-adoption intentions

Finally, we examined how variations in affective meanings across segments correspond to re-
spondents’ current daily travel behaviour and to their willingness to adopt more sustainable
transport modes in the future. Table 3 shows various self-reported indicators of travel behaviour
concerning traditional transport modes. Results revealed a specific pattern of behaviours of each
group, fairly consistent with their affective-meaning profiles. For instance, segments which evaluated
ICE cars most positive, i.e. Comfort-oriented individunalists and Risk-averse traditionalist, comprised the
highest share of respondents actually using ICE cars and the lowest using PT as their main mode of
travel. Comfort-oriented individnalists, in particular, stood out as the most car-dependent group, as indi-
cated by its highest levels of cars per household, driving license holders, and annual car mileage. In

contrast, groups with most positive representations of sustainable modes of transportation tended to
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use corresponding travel modes, e.g. bicycles, PT, and walking. Thus, Eco-oriented opinion leaders had
the highest rate of respondents that reported bicycling and PT as their main mode of transportation.
Cost-conscions pragmatics were most likely to report walking as their main mode. Conversely, both
groups reported the lowest levels of cars per household and of driving-license holders. Also, the rate
of respondents indicating that they never use cars was highest among all segments. Interestingly,
Common good-oriented city dwellers and Eco-oriented opinion leaders comprised the highest share of persons

reporting moral obligation as the reason for not using ICE cars anymore.
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Table 5. Indicators of travel behavior for each segment and the total sample

Cluster
1 (EL) 2(IP) 3 (CP) 4 (CD 5 (CD) 6 (RT) Total sample
Cars per No 20.1% 10.7% 21.8% 8.6% 17.0% 15.3% 16.6%
household** 1 49.9% 48.7% 46.2% 50.3% 48.3% 52.9% 48.4%
2 25.1% 30.4% 25.3% 33.3% 26.7% 23.5% 27.4%
>3 4.9% 10.2% 6.7% 7.7% 8.0% 8.2% 7.7%
Driving license (yes)** 82.8% 88.9% 81.3% 91.4% 89.4% 87.0% 85.8%
Main mode ICE Car** 37.3% 50.2% 43.4% 62.9% 47.4% 61.8% 48.5%
Public transport** 16.2% 9.9% 14.2% 7.3% 12.5% 8.9% 12.1%
Bicycle* 15.6% 11.4% 11.0% 6.5% 11.5% 7.6% 10.8%
Walking 26.9% 23.8% 28.2% 18.5% 25.7% 17.7% 24.8%
Carsharing** 0.5% 0.3% 0.0% 0.0% 0.0% 0.2% 0.1%
Annual car No car use 19.6% 11.2% 23.2% 10.4% 14.9% 15.6% 17.0%
mileage** Less than 5000 km /year 17.0% 18.6% 17.8% 12.8% 17.0% 16.6% 17.1%
5001 — 10000 km /year 16.5% 20.2% 19.3% 21.1% 21.4% 22.5% 19.9%
10001 — 15000 km /year 13.0% 18.6% 15.8% 19.8% 16.8% 16.2% 16.7%
15001 — 20000 km /year 19.6% 16.6% 12.6% 15.6% 16.9% 14.3% 15.3%
> 20000 km/year 14.4% 14.9% 11.4% 20.5% 13.0% 14.9% 14.0%
Reasons not to use No need 24.0% 20.7% 30.9% 25.7% 20.7% 26.4% 26.7%
Cars* Moral obligation 15.7% 8.3% 11.8% 12.9% 17.4% 6.9% 12.1%
For financial reasons 26.4% 28.3% 28.2% 32.9% 33.9% 33.3% 29.4%
For health reasons 7.4% 10.3% 7.2% 4.3% 5.8% 6.9% 7.3%
For age reasons 5.0% 3.4% 4.3% 8.6% 5.8% 4.2% 4.7%
Other reasons 20.7% 29.0% 17.5% 15.7% 16.5% 22.2% 19.6%
Ticket for PT** Never use PT? 14.6% 21.6% 24.5% 37.2% 20.0% 42.3% 25.0%
Single ticket 45.5% 50.8% 44.9% 44.5% 51.6% 40.2% 46.7%
Weekly/monthly ticket 10.2% 5.6% 6.3% 4.0% 7.4% 2.6% 6.2%
Annual ticket 19.9% 11.9% 14.7% 8.9% 11.9% 11.9% 13.4%
Job/student ticket 9.7% 10.2% 9.6% 5.4% 9.1% 3.0% 8.7%
Use of smartphone ... renting PB** 5.9% 0.9% 1.5% 0.5% 1.4% 1.7% 1%
app for** ... ... ordering Taxi** 71% 1.0% 2.0% 4.3% 0.7% 1.4% 1.6%
(= 1-3 day/ week) .. renting carsharing car** 71% 0.9% 1.4% 0.3% 2.0% 0.8% 1.4%
.. for intermodal travel** 10.5% 3.5% 3.3% 21% 2.4% 1.7% 3.3%

EL = Eco-oriented opinion leaders; IP = Innovation-oriented progressives; CP = Cost-conscionus pragmatics; C1 = Comfort-oriented i
ICE = Internal combustion engine car; PT = Public transport; PB = Public bicycle

*p<.05;** p<.01 |

dividualists: CD = C:

good-oriented city dwellers; RT = Risk-averse traditionalist
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MANOVA results also revealed substantial differences on adoption intention of novel
transport options between clusters (F (45, 26547) = 110.5, p < .001; Wilk’s A = .464, partial n* =
.14). Mean values of adoption intentions towards nine innovations are presented in Table 4. The
patterns of intended behaviours across clusters were again in line with their specific characteris-
tics as described above. Overall, Eco-oriented opinion leaders and Innovation-oriented progressives showed
the highest willingness to adopt transport innovations. Whereas the first group indicated strong-
est preferences for carsharing concepts, in particular for private carsharing, the stated intentions
in the second group were highest for the use of autonomous and electric vehicles. Members of
the Common good-oriented city dwellers segment demonstrated nuanced adoption tendencies. They
moderately preferred carsharing concepts and electric bikes, but expressed low interest in using
autonomous cars. The other three segments expressed in parts markedly low interest in travel in-
novations. Risk-averse traditionalists were least likely to adopt electric cars, Comfort-oriented individnalists
to use carsharing, and for members of the Cost-conscious pragmatics group, electric cars were their

least preferred innovation.
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Table 6. Adoption intention of various sustainable transport innovations of each segment

Cluster

1 EL) 2aP) 3(CP) 4 5(CD) 6 D)

Mean z-values Mean z-values Mean z-values Mean z-values Mean z-values Mean z-values p

Intention to adopt EV 0.7723456 0.5013456 -0.2912456 -0.111236 -0.061.256 -0.8612345 <.001

EBI 0.7323456 0.2313456 -0.1912556 -0.171256 0.0312346 -0.5812345 <.001
AVWS 0.752345,6 0.5913456 -0.19125¢6 -0.1812556 -0.4712346 -0.7112545 <.001
AVNS 0.8323456 0.4913456 -0.1012456 -0.2912356 -0.571234 -0.581234 <.001
AVPT 0.8923456 0.5113456 -0.1112456 -0.40123¢6 -0.451256 -0.7412545 <.001
SCS 0.992,3,4,5,(, 0.1 31,3,4,(, -0.091,2,4,5,() -0.821,2,3,4 0.051,3,4,(, -0.491,2,3,5 <.001
FCS 0.9723456 0.171346 -0.1112456 -0.551346 0.091346 -0.631255 <.001
PCS 1.082345,6 0.1013456 -0.061246 -0.551246 -0.0112456 -0.611235 <.001
RS 0.9323456 0.231346 -0.1212346 -0.661235 0.191346 -0.731235 <.001

EL = Eco-oriented opinion leaders; IP = Innovation-oriented progressives; CP = Cost-conscions pragmatics; C1 = Comfort-oriented individualists; CD = Commion good-oriented city dwellers; RT = Risk-averse traditionalist

EV = Electric vehicle (battery, hybrid and fuel cell); EBI= Electric bike; AVWS = Autonomous vehicle with steering wheel; AVNS = Autonomous vehicle with no steering wheel, AVPT = Autonomous
vehicle for public transport, SCS = Station-based carsharing, FCS = Free-floating carsharing; PCS = Private carsharing, RS = Ride sharing

Note: Numbers in subscript indicate which variable means of clusters differ significantly (MANOVA post hoc analysis (Tukey test); p < 0.05). For example, the superscript number 7 in the first cell indicates

that cluster 1 differs significantly from cluster 2 in terms of their its intention to adopt EVs.
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Discussion

“In this study, we examined affective meanings, beliefs, and intentional behaviours of the Ger-
man population towards the use of various traditional and novel sustainable transport options.
We proposed a theory-based segmentation model that uses variations of cultural affective mean-
ings of transport modes to profile subgroups in the German population differently engaged in
the transition to sustainable mobility. In the discussion that follows we consider the theoretical,
methodological and the practical implications of our findings and make suggestions for future re-

search.

Theoretical and methodological implications

This study is the first, to our knowledge, to characterize affective meanings of a broad range
of transport mode options in society. While most other studies investigating symbolic and affec-
tive representations associated with modes of transportation focused on specific technologies
(e.g. Bergstad et al., 2011), the present study included a comprehensive set of existing and up-
coming transport mode options based on a quasi-representative sample of the German popula-
tion. The results provide detailed information about the consensus and variations in affective rep-
resentation of concepts related to transport within the population. Overall, we found that cultural
affective meanings were more consensual for traditional than for novel travel modes. The highest
consensus was found for internal combustion engine (ICE) cars as the most positive, powerful
and exciting transport mode in the sample, indicating a culturally deeply rooted positive, powerful
and active meaning of traditional cars. These findings confirm results from previous research that
have shown that symbolism of cars does not vary as strongly across traveller segments as the
symbolic meanings of EVs (see Anable et al., 2016). The stronger affective polarization towards
new technologies and services, most pronounced for autonomous vehicles, can be explained in
part by idiosyncratic differences in coping with uncertainty inherent in innovations (Midgley &
Dowling, 1993; Morton et al., 2016; Sven, Patrick, & Martin, 2017). Indeed, we found that re-
spondents with high degree of innovativeness and risk-taking tend to show more positive emo-
tional reactions to innovation than participants with opposing characteristics. From a cultural
point of view, recent work suggests that observed variations in affective meanings represent sub-
cultural differences of affective meanings in society (Ambrasat et al., 2014). These disparities are
shaped and reinforced through interpersonal communication within like-minded peer networks,
leading to higher subcultural consensus within and an amplification of polarization across com-
munities (Liu & Srivastava, 2015; Rogers, 2013; Salathé & Khandelwal, 2011). Further, in the case

of novel transport options, the lack of factual information and personal experiences has been
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suggested to strengthen group-related affective and cultural predispositions (Binder, Cacciatore,

Scheufele, Shaw, & Cotley, 2012; D. M. Kahan, Braman, Gastil, Slovic, & Mertz, 2007).

The six identified segments varied substantially, corresponding with their group-specific af-
fective-meaning patterns of travel modes, in terms of their travel behaviours, intentions to adopt
new modes of transport, and personal characteristics. Our results corroborate the findings of ear-
lier work emphasizing the linkage of non-instrumental factors, such as affective and symbolic
meaning associated with specific action options in transport (e.g. Axsen & Kurani, 2012;
Schuitema et al., 2013) as well as emotional responses to more general climate change threats
(Susie Wang, Leviston, Hurlstone, Lawrence, & Walker, 2018), with intended and actual behav-
iours. In contrast to earlier studies, considering emotions of individuals as affective prompts for
actions (e.g. Keller et al., 2012; Leviston & Walker, 2012; Myers, Nisbet, Maibach, & Leiserowitz,
2012) and using such event related emotional reactions as profiling variables for segmentation
(e.g. Fernando, Kashima, & Laham, 2014; Hine et al., 2013) our study proposes an alternative ap-
proach of cultural symbolic meanings derived from affect control theory (Heise, 2007) to explain
varying behavioural tendencies of subgroups in society. According to this theory, people strive to
adopt behaviours that verify stable cultural affective meanings of identities and objects, which
they share with their social communities. Theoretically, our domain-independent segmentation
approach answers recent calls for a better understanding of how tailored information campaigns
could account for the cultural diversity in society and the effects of culture on peoples’ decisions
(Caldas et al., 2015; Kahan, 2010). Future research should investigate whether the segmentation
model based on the presented approach is more effective to understand motivational drivers of
behaviour and to develop tailored strategies to encourage population behaviour change than ex-
isting methods using attitudinal, behavioural, or lifestyle data (e.g. Hine et al., 2013; Sitterlin,

Brunner, & Siegrist, 2011; Walker & Li, 2007).

Considering the diversity of socially and culturally determined contexts of travel behaviors,
the generalizability of our findings to other countries is limited. Haustein and Nielsen (2016), for
example, revealed in a recent Europe-wide segmentation study substantial variations in mobility
styles across nations. Moreover, past research on cross-cultural similarities of affective meanings
in other behavioral domains identified meaningful differences between cultures (Schroder, Rog-
ers, Ike, Mell, & Scholl, 2013). Hence, affective meanings and traveler segments may vary in
other countries substantially from those identified in our study. However, our approach can be
used to reconsider conceptualizations of consumer segmentations and to chart the apparent dif-
ferences in transport behaviors and culturally specific barriers of a more sustainable transport sys-

tem.
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Following the theoretical framework of Heise (2007), we demonstrated that implicit cultural
knowledge embedded in the affective meanings of verbal concepts can be used to identify seg-
ments in society with meaningful differences in characteristics relevant for the development of
targeted measures aimed to promote behaviour change in the domain of transport. Our results
show that measuring sentiments of concepts along the three cross-culturally universal dimensions
evaluation, potency, and activity, provide a parsimonious, yet powerful way to assess cultural
meanings of variables used in segmentation studies. The universality of affective dimensions fa-
cilitates cross-cultural segmentation studies and allows intra- as well as inter-culture comparisons
of the respective behavioural domains. Moreover, the approach can be applied to segmentation
models focusing on a single issue, like the current study, or approaches comprising multiple atti-
tudinal or behavioural domains (e.g. Poortinga & Darnton, 2016). Ambrasat (2017), for example,
showed in a recent study that affective representations of political parties can be used to identify

segments with different partisan identification predictive in their voting behaviour patterns.

Practical implications and future directions

Psychographic segmentation models in general claim two central goals or benefits: (1) to pro-
vide a better understanding of the motivational factors underlying behaviours of different groups
in the general public and (2) to enable practitioners and policy makers to develop tailored inter-
ventions and communications strategies to promote behaviour change that match the specific
characteristics of segments (Lin, 2002; Smith, 19506). In practice, however, is often difficult to de-
rive targeted strategies by using the segmentation solution because the transfer of provided infor-
mation of segment profiles into specific messages and interventions remains unclear (cf. Hine et
al., 2014) and the segment affiliations of individuals in a given community are not identifiable
without additional research efforts. The segmentation approach presented here contributes to

solving these problems in the following ways:

In line with previous empirical work (D. M. Kahan, Jenkins-Smith, & Braman, 2011; D. M.
Kahan et al., 2012), our results suggest the development of communication strategies that uphold
the group-specific cultural meanings of behaviours and innovations, to encourage an open-
minded consideration of more sustainable mobility options. The language-based conceptualiza-
tion and quantitative metric of cultural meanings provides therefore an estimate to what extent
presented information is consistent with the respective affective meanings of mentioned con-
cepts in subgroups. For instance, campaigns emphasizing the environmental benefits of public
transport use (PT) are inconsistent with existing affective meanings, i.e. as an unpleasant (E), low
status (P) and slow transport mode, of almost all groups - in particular of members of the Cozz-

Sfort-oriented individualists and the Risk-averse Traditionalists segments. Consequently, consumers will tend
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to ignore and reject this information. More effective are tailored social marketing campaigns pro-
moting the use of alternative, more sustainable, transport modes that are positively connoted
within their communities, i.e. for Eco-oriented Opinion Leader commuting on foot, by bicycle, elec-
tric bike or battery electric cars; for Innovation-oriented progressives traveling by electric cars (hybrid,
tull battery electric and fuel cell) or on foot; for Cost-conscions pragmatics traveling on foot, by bicy-
cle or electric bike; for Comfort-oriented individnalists walking, cycling, driving with hybrid electric or
tuel cell cars; for Common good-oriented city dwellers commuting on foot, by bicycle, electric bike or
car and by flexible carsharing; and finally for Risk-averse Traditionalists commuting on foot and by

bicycle.

Recent studies have demonstrated that the effectiveness of persuasive appeals in online com-
munity platforms can be improved on a large scale when they are tailored to the psychological
characteristics of targeted audiences (e.g. Matz, Kosinski, Nave, & Stillwell, 2017). To identify
peoples’ psychological profiles, these approaches require personal information of users such as
self-reported socio-demographic and psychometric properties and/or explicit attitudinal expres-
sion (e.g. Facebook likes) (e.g. Kosinski, Stillwell, & Graepel, 2013). In practice, however, such
data might not be available and may rise serious privacy concerns. Alternatively, advances in nat-
ural language processing and their successful application in the extraction of affective meanings
and attitudes in online communication (e.g. Ahothali & Hoey, 2015) provide a promising avenue
to adopt our approach for the identification of audience segments using machine learning tech-
niques, for example in social media communities. Moreover, future work could apply and extend
this approach to evaluate the effects of targeted campaigns aimed to change transport behaviour

in real-word settings.

The results reported in this study referred to a nationwide sample of the German population.
In practice, however, tailored and locally focused interventions and communication strategies of-
ten require a geographically more fine-grained understanding of the local composition of seg-
ments as well as their attitudinal and behavioural differences across regions. For this purpose, we
created an interactive website comprising in more detail, the results of our study, which can be
accessed free at https://monforsense-results.th-potsdam.de. The results can be explored in geo-
referenced manner down to the state level as well as categorized by behavioural, socio- and psy-
chographic dimension. Additionally, we provide on this website an agent-based modeling (ABM)
framework, called InnoMind (Iznovation diffusion driven by changing Minds) to explore potential
effects of specific policies and communications strategies targeting the identified segments of our
study. This supplementary information enables policy makers to gain deeper insights into the lo-

cal conditions and specific cultural characteristics of the population in a given region and might
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support the develop of tailored, and thus more effective targeted solutions and policies for sus-

tainable transport.

Conclusion

Governing the transition to low-carbon mobility requires a comprehensive understanding of how
culturally grounded meanings affect peoples’ decision-making and behaviours. We demonstrated
that variations in cultural affective meanings of transport modes across subgroups of the German
population have an important role to play in their current travel behaviour and the willingness to
adopt alternative transport options. These results provide insights into how members of the dif-
ferent segments interpret events and respond to relevant information, i.e. in a way that affirms
the sentiment patterns they share with their social communities. This has important implications
for the development of targeted persuasive appeals and behaviour change interventions promot-
ing the adoption of more sustainable modes of transport. Future research should test whether
communication strategies tailored to the specific affective meaning patters of different communi-
ties may enhance the effectiveness of interventions. Moreover, community-based social market-
ing may help to invest the concepts of transport with the kind of affective and symbolic mean-
ings that are both agreeable with existing set of meanings shared within community and encoutr-
age the use of sustainable transport modes. Clearly, the biggest challenge remains the deeply cul-
turally embedded representation of traditional cars as positive, powerful, and exciting, which re-

quires the full range of policy options to achieve the decarbonization of the transport sector.
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Appendix A

See Tables A1-A5.2.

Table Al: Cognitive attitudes towards traditional and sustainable travel options of each segment

Cluster
1(EL) 2 (Ip) 3(Cp) 4(CD 5 (CD) 6 (RT)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Cognitive attitudes ICE~ 4.565 (0.89) 4.455 (0.66) 4.1812456 (0.94) 4.485 (0.81) 4.435 (0.79) 4.465 (1.11)
towards... PT™ 4.2023455 (1.00) 3.361,46 (0.89) 3.45146 (0.98) 2931235 (1.09) 3.381,46 (0.98) 2.861235 (1.37)
BI™ 47723456 (0.88) 4.2013.46 (0.86) 39412456 (1.12) 37712356 (1.12) 4.231346 (0.96) 3.4512345 (1.42)
GF* 4.7823456 (0.77) 431146 (0.73) 4.231454 (0.86) 4.061235 (0.91) 4421345 (0.80) 3981236 (1.14)
EV™ 4.5723456(0.88) 4.2813456 (0.76) 3.2712456 (1.08) 3.4912356 (1.08) 37212346 (1.02) 1.9612345 (1.07)
EB* 44725456094 3.8713456(0.85) 3231256 (1.10) 3221556 (1.12) 36610546 (1.01) 22412545 (1.26)

AVWS™ 4.3023.45,6 (1.00)
AVNS™ 4.0623456 (1.13)
AVPT" 41523456 (L07)

4.0113456 (0.87) 3.041256 (1.10)
3.701,3.456 (0.90) 2.8512456 (1.10)
3.6313456 0.87) 29212456 (1.08)

2921256 (1.25)
2.5212356(1.14)
2471236 (1.08)

27412346 (1.04) 17312345 (1.04)
22612346 (0.92) 1.6612345 (1.01)
2.521236 (0.99) 1.6512345 (0.96)

scs™ 4.1023456 (1.02) 3.3713455 (0.86) 2.8612456 (1.08) 22912356 (0.99) 31712346 (1.05) 1.7312345 (1.00)
FCS™ 42323456 (0.99) 34913456 (0.85) 29312456 (1.06) 23112356 (0.98) 32812346 (1.01) 1.7512345 (1.00)
EL = Ecv-oriented opinion leaders; IP = I 7 jented p ives; CP = Cost- P jes; C1 = Comfort d individualists; CD = Common good-oriented city dwellers; RT = Risk-averse traditionalist

ICE = Internal combustion engine car; PT = Public transport; BI = Bicycle; GF = Go on foot; EV = Electric vehicle (battery, hybrid and fug cell); EBI= Electric bike; AVWS = Autonomous vehicle with
steering wheel; AVNS = Autonomous vehicle with no steering wheel, AVPT = Autonomous vehicle for public transport, SCS = Station-based carsharing, FCS = Free-floating carsharing; PCS = Private

carsharing, RS = Ride sharing

Note: Numbers in subscript indicate which variable means of clusters differ significantly MANOVA post hoc analysis (Tukey test); p < 0.05). For example, the superscript number 3 in the first cell indicates
that cluster 1 differs significantly from cluster 3 in its attitude towards ICE cars.

‘Table A2: Relevance of transport mode attributes for each segment

Cluster
1 (EL) 2P 3(CP) 4(Cp 5 (CD) 6 (RT)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Independence** 4,8545(1,30) 4,975 (1,17) 4,722,456 (1,25) 5,0813(1,19) 5,0813(1,13) 4,985 (1,37)
Comfort** 4,295 (1,27) 4,3355(1,08) 4,071246 (1,13) 4,3935 (1,21) 4,1724(1,10) 4,285(1,38)
Cost efficiency ** 488345 (1,23) 4,72 (1,14) 4,635 (1,23) 4,601,5(1,27) 4,83345(1,15) 4,551,5(1,37)
Environmental
fﬂ’e‘[’l dliness** 4,552,345 (1,30) 419146 (1,11) 4,081,56(1,18) 3,981,256 (1,27) 4271346 (1,13) 37412545 (1,51)
Safety** 4,95 (1,32) 4,935 (1,17) 4,80245 (1,26) 4,985 (1,20) 5,025(1,14) 4,89 (1,37)
Driving experience** 4,043 (1,41) 3,935 (1,27) 3,7712456 (1,26) 4,065 (1,34) 3,935(1,32) 4,125(1,52)
Time efficiency** 4,763 (1,30) 4,785 (1,16) 4,5312456 (1,24) 4,725(1,28) 4,763 (1,17) 4,735(1,38)
Expression of
]ifc[s,ryle** 3,8223456 (1,38) 3,571,356 (1,18) 3,3512(1,18) 3,512,(1,32) 3,30124 (1,26) 3,3112(1,45)
EL = Eco-oriented apinion leaders; TP = I jon-oriented p CP = Cost-conscious t jes; C1 = Comfort- d individualists; CD = Commion good-oriented city dwellers; RT = Risk-averse
traditionalist

Note: Numbers in subscript indicate which vatiable means of clusters differ significantly (MANOVA post hoc analysis (Tukey test); p < 0.05). For example, the superscript number 4 in the
first cell indicates that cluster 1 differs significantly from cluster 4 in terms of the personal relevance of the attribute independence.

**p< .01
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Table A3: Party affiliation of segments in %

Cluster
1 (EL) 2 (IP) 3 (CP) 4(CI 5 (CD) 6 (RT) Total sample
Party** CDU/CSU 17.7% 20.6% 17.1% 17.8% 18.9% 16.9% 18.2%
SPD 19.6% 17.1% 14.2% 14.9% 15.9% 18.4% 16.0%
FDP 4.7% 4.8% 3.9% 4.8% 4.2% 3.0% 4.3%
Die Linke 11.7% 9.9% 8.7% 8.5% 10.1% 7.1% 9.3%
GRUNE 16.2% 15.2% 8.7% 9.5% 13.7% 4.5% 11.3%
PIRATEN 2.8% 3.3% 1.9% 1.3% 2.2% 1.1% 2.2%
AfD 9.7% 7.4% 9.3% 17.7% 9.6% 17.7% 10.6%
ather parties. 2.4% 3.2% 3.4% 3.0% 2.5% 5.6% 3.3%
Dan’t know. 8.1% 10.1% 14.8% 9.5% 11.0% 9.3% 11.6%
Not spezified 7.1% 8.3% 17.9% 13.1% 12.3% 16.4% 13.3%
EL = Eco-oriented opinion leaders; TP = Innovation-oriented progressives; CP = Co. ) C1 = Comfort-oriented individualists; CD = Common good-oriented city dellers; RT = Risk-averse traditionalist
*p<.05
f« p<.01

‘Table A4: Psychological characteristics of segments, i.e., value orientation, innovativeness, opinion leadership, tendency of risk taking, life satisfaction

Cluster
1 (EL) 2@P) 3(CP) 4 5(CD) 6®T)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Value orientation Power* 3.5423456 (1.41) 3.011356 (1.26) 2.8612 (1.18) 29216 (1.22) 2.7412 (1.26) 2.69124 (1.46)
Achievement* 43723456 (1.19) 40515456 (1.11) 3.65125 (1.17) 3.80156 (1.27) 3.8815346 (1.17) 34815345 (151)
Hedonism* 41823456 (1.20) 3911346 (1.08) 3.591256 (1.19) 3.68126 (1.22) 3.77136 (1.25) 3.3412545 (1.49)
Stimulation ** 44155456 (1.15) 40015456 (1.08) 3621256 (1.17) 3.66156 (1.19) 3.811536 (1.22) 33415345 (1.44)
Self-determination®  5.02346 (1.02) 499346 (0.96) 4.451245(1.24) 48212356 (1.15) 5.07345 (1.00) 4371245 (1.60)
Universalism ** 497546 (1.06) 488546 (1.00) 4351255 (1.23) 442125 (1.20) 491346 (1.09) 3.9812345 (1.58)
Benevolence* 4.87 346 (1.01) 478346 (0.94) 43212456 (1.18) 44712356 (1.12) 4.863,46 (0.98) 4.0712345 (1.53)
Tradition** 4253456 (1.33) 398136 (1.29) 377125 (1.29) 3.91; (1.41) 3.98236 (1.30) 370125 (1.67)
Conformity* 4.10 25456 (1.34) 3911346 (1.17) 3.60125¢ (1.22) 3.68 126 (1.24) 3.85136 (1.28) 34012345 (1.54)
Security** 4.93 346 (1.06) 487345 (0.96) 4411245 (1.22) 4.6612356 (1.15) 4.94346 (1.01) 4.301245 (1.59)
Innovativeness** 401 23456 (0.86) 3.72 13456 (0.80) 3171256 (0.82) 3.19156(0.92) 3.301536 (0.83) 27812345 (0.90)
Opinion leadership** 38123456 (0.86) 35213456 (0.80) 3.071256 (0.77) 3.091256 (0.88) 3.2612346 (0.85) 2.7812345 (0.85)
Risk taking* 43853456 (1.37) 402 1546 (127) 3721556 (1.28) 3.8212 (1.44) 3,923 (1.25) 3.5212345 (1.51)
Life satisfaction* 5.07253456 (1.40) 4.8415 (1.39) 4.61124 (1.43) 4.8415 (1.49) 4.731 (1.41) 4.701 (1.71)
EL = Eco-oriented opinion leaders; TP = I ion-oriented p ives; CP = Ct jous p ics; C1 = Comfort-oriented individnalists; CD = Common good-oriented city dwellers; RT = Risk-averse traditionalist

Note: Numbers in subscript indicate which variable means of clusters differ significantly (MANOVA post hoc analysis (Tukey test); p < 0.05). For example, the superscript number »
in the first cell indicates that cluster 1 differs significantly from cluster 2 in terms of the importance of the value power.

*p<.05
**p< 01
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Table A5.1: Self-reported knowledge about travel innovations

Cluster

1 (EL) 2 (IP) 3 (CP) 4 (C1) 5 (CD) 6 (RT)
Knowledge EV** No Knowledge 14,6% 9,0% 34,4% 19,3% 15,8% 46,9%
about Heard about 29,5% 32,0% 38,5% 38,7% 38,1% 32,4%
Read about 32,6% 39,3% 20,9% 28,0% 34,2% 14,7%

Familiar with 17,3% 15,3% 5,4% 11,9% 11,0% 5,0%

Competent 5,0% 3,6% 0,6% 2,1% 0,7% 0,9%

Expert 1,0% 0,7% 0,2% 0,0% 0,1% 0,2%
EBI** No Knowledge 13,0% 11,8% 34,6% 23,2% 14,1% 47,7%
Heard about 31,3% 36,1% 37,8% 38,8% 40,4% 32,6%
Read about 29,5% 32,7% 19,8% 24,7% 29,9% 12,5%

Familiar with 18,0% 15,8% 7,0% 11,2% 12,8% 6,0%

Competent 7,1% 31% 0,7% 1,8% 2,0% 0,6%

Expert 1,1% 0,5% 0,1% 0,3% 0,9% 0,4%
AVIS** No Knowledge 29,0% 24,4% 54,5% 43,9% 38,0% 65,9%
Heard about 33,9% 42,1% 32,6% 34,7% 44,9% 23,5%

Read about 22,9% 24,3% 10,7% 15,8% 14,7% 8,0%

Familiar with 10,4% 6,9% 1,6% 42% 1,7% 1,5%

Competent 3,4% 1,8% 0,5% 1,3% 0,5% 0,9%

Expert 0,5% 0,5% 0,0% 0,1% 0,1% 0,2%
AVNS** No Knowledge 33,5% 33,1% 60,9% 53,7% 48,9% 67,2%
Heard about 33,5% 38,1% 27,2% 30,2% 34,8% 24,0%

Read about 20,1% 22,0% 9,8% 10,6% 13,5% 5,6%

Familiar with 9,2% 5,2% 1,5% 4,2% 2,1% 2,4%

Competent 2,9% 1,2% 0,5% 1,0% 0,5% 0,6%

Expert 0,6% 0,3% 0,1% 0,3% 0,2% 0,2%
AVPT** No Knowledge 40,4% 49,5% 67,6% 63,8% 64,4% 76,5%
Heard about 28,8% 29,9% 21,7% 23,5% 25,1% 15,1%

Read about 17,2% 15,1% 7,3% 9,5% 8,9% 5,0%

Familiar with 8,6% 42% 2,3% 2,7% 1,4% 3,0%

Competent 3,6% 1,1% 0,5% 0,3% 0,1% 0,4%

Expert 1,5% 0,2% 0,5% 0,1% 0,1% 0,0%
SCS** No Knowledge 30,0% 34,8% 60,9% 57,6% 41,0% 71,1%
Heard about 33,2% 40,6% 26,7% 30,4% 37,8% 21,6%

Read about 16,0% 15,8% 8,4% 8,5% 13,8% 4,3%

Familiar with 15,6% 7,7% 3.2% 3,4% 6,2% 2,6%

Competent 4,5% 0,5% 0,6% 0,0% 1,0% 0,4%

Expert 0,6% 0,5% 0,2% 0,1% 0,2% 0,0%
FCS** No Knowledge 30,3% 35,1% 56,5% 55,4% 35,6% 72,1%
Heard about 32,6% 39,5% 31,5% 30,7% 40,9% 19,4%

Read about 17,3% 17,0% 8,1% 9,4% 16,8% 6,0%

Familiar with 15,2% 7,2% 3.2% 42% 5,8% 1,7%

Competent 3,7% 1,1% 0,6% 0,4% 0,9% 0,4%

Expert 0,8% 0,2% 0,1% 0,0% 0,1% 0,2%

EL = Eco-oriented opinion leaders; 1P = Innovation-oriented progressives; CP = Cost-conscions p, jes; C1 = Comfort-oriented individualists;

CD = Common good-oriented city dwellers; RT = Risk-averse traditionalist

EV = Electric vehicle (battery, hybrid and fuel cell); EBI= Electric bike; AVWS = Autonomous vehicle with steering wheel;

AVNS = Autonomous vehicle with no steering wheel, AVPT = Autonomous vehicle for public transport, SCS = Station-based

carsharing, FCS = Free-floating carsharing;
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Abstract

The diffusion of electric vehicles (EVs) is considered an effective policy strategy to meet green-
house gas reduction targets. For large-scale adoption, however, demand-side oriented policy
measures are required, based on consumers’ transport needs, values and social norms. We intro-
duce an empirically grounded, spatially explicit, agent-based model, [n#oMIND (Innovation diffu-
sion driven by changing MIND:s), to simulate the effects of policy interventions and social influ-
ence on consumers’ transport mode choices. The agents in this model represent individual con-
sumers. They are calibrated based on empirically derived attributes and characteristics of survey
respondents. We model agent decision-making with artificial neural networks that account for the
role of emotions in information processing. We present simulations of 4 scenarios for the diffu-
sion of EVs in the city of Berlin, Germany (3 policy scenarios and 1 base case). The results illus-
trate the varying effectiveness of measures in different market segments and the need for appro-
priate policies tailored to the heterogeneous needs of travelers. Moreover, the simulations suggest
that introducing an exclusive zone for EVs in the city would accelerate the early-phase diffusion

of EVs more effectively than financial incentives only.
Keywords

Electric vehicles, innovation diffusion, emotion, agent-based model, parallel constraint satisfac-

tion network, social influence
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Introduction

Electric vehicles (EVs— Plug-in hybrid and battery electric vehicles) are seen as a promising tech-
nology to reduce carbon emissions and achieve the transition to more sustainable transport.
Comprehensive investment in research and development, e.g. in battery technology, is essential
to achieve these goals, but technological development alone will not ensure the large-scale diffu-
sion of such innovations. For successful dissemination of new technologies it is also necessary to
address the demand side (e.g. Ozaki & Sevastyanova, 2011; Schuitema, Anable, Skippon, & Kin-
near, 2012; Tran, Banister, Bishop, & McCulloch, 2012). To this end, we have developed an
agent-based model of consumer perceptions and decisions related to innovation adoption in sus-

tainable transport.

While focused on EVs as a technological innovation, our model also helps to answer ques-
tions about broader social innovations; i.e., changes in habits and behavioral patterns related to
transport. In particular, increasing the use of public transport, bicycles, and car sharing is consid-
ered by some as the more important challenge when it comes to organizing the societal transition
to more sustainable transport (e.g., Graham-Rowe, Skippon, Gardner, & Abraham, 2011; Kemp
& J., 2004; Kohler et al., 2009; Nykvist & Whitmarsh, 2008). Even more than technology adop-
tion, large-scale changes in behavioral patterns depend on the decisions of individual consumers.
Numerous studies in psychology have addressed environmental decision-making at the level of
individual minds (e.g., Bamberg, 2006; Collins, 2005; Fujii, 2007; Hunecke, Blobaum, Matthies, &
Hoger, 2001; Klockner & Blobaum, 2010; Steg, 2005; van der Werff, Steg, & Keizer, 2013), but

these studies often ignore the complex interactions with broader societal developments.

Agent-based models (ABMs) are considered promising tools to study multi-level interactions
between individual behaviors and social dynamics (e.g., Bonabeau, 2002; Epstein & Axtell, 1996;
Helbing, 2012; Homer-Dixon et al., in press). Phenomena at the group or societal level (e.g., in-
novation diffusion) are treated as emerging from multiple interactions of relatively simple behav-
iors or decisions at the individual level (e.g., changing attitudes). ABMs have become increasingly
popular in studies of innovation diffusion in general and research on environmental innovations
like alternative fuel vehicles in particular (e.g., Brown, 2013; Eppstein, Grover, Marshall, & Rizzo,
2011; Higgins, Paevere, Gardner, & Quezada, 2012; Shafiei et al., 2012; Sullivan, Salmeen, & Si-
mon, 2009; Tran, 2012a, 2012b; Zhang, Gensler, & Garcia, 2011).

This work answers recent calls for more psychologically realistic models of decision making
in ABMs of innovation and opinion diffusion (Kiesling et al., 2011; Sobkowicz, 2009; F. Squaz-

zoni, Jager, & Edmonds, 2013; Sun, 2012). The decision and communication mechanisms
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implemented in our model are based on recent advances in understanding the role of emotion in
human decision-making and communication. The contribution of the present research is thus
twofold: (1) We provide novel insights relevant to practical challenges in energy transitions. (2)
We demonstrate how realistic models of the mind can inform the strategic decisions of policy-

makers and business managers.

The novel ABM, which we describe in the following sections, explains how patterns of belief
change and innovation diffusion in social systems emerge from psychological processes such as
attitudes, values, emotions, social norms, and identity (e.g. Fishbein & Ajzen, 2010; Gigerenzer &
Goldstein, 1996; Homer-Dixon et al., 2013; Kahnemann, 2011; Loewenstein, Weber, Hsee, &
Welch, 2001; Mehrabian & Wetter, 1987; Thagard & Kroon, 2006; Thagard, 20006). The model
demonstrates how the current structure of mental representations, psychological needs, and so-
cial values creates path dependencies and constraints on future possibilities for social change and
energy transitions. Based on state-of-the-art theorizing in cognitive science, and grounded in em-
pirical data from focus groups, a representative survey, and a vignette experiment (Wolf, Hatri,
Schroder, Neumann, & de Haan, forthcoming; Wolf, Schréder, Neumann, Hoffmann, & de
Haan, forthcoming), the ABM can be used to generate psychologically plausible scenarios for in-
novation adoption. As a case study, we have focused on the city of Betlin, one of the four re-

gions in Germany under the federal government’s “Showcase of Electric Vehicles™ initiative

(NPE, 2012).

The remainder of this paper is structured as follows. Section 2 deals with the model architec-
ture. We explain mechanisms for individual decision-making based on emotional coherence (Sec-
tion 2.1), for the flows of information based on homophily in social networks (Section 2.2), and
for the change of mental representations based on the communication of facts and emotions
(Section 2.3). Section 2.4 summarizes the overall algorithm of our model. Section 3 describes the
results of the model validation (Section 3.1), a baseline diffusion scenario for different types of
consumers (Section 3.2), and simulations of policy scenarios related to the dissemination of EVs
(Section 3.3). Finally, in Section 4, we summarize key findings, discuss limitations and practical

implications, and provide suggestions for future research.
The Agent-Based Model: Design and Methods

In this section, we describe our theory of innovation adoption and its implementation in an
agent-based model. This theory follows a more general multi-level approach to the study of belief
change in complex social systems (Homer-Dixon et al., in press). We think that peoples’ individ-

ual decisions about transport result from maximizing the satisfaction of constraints given by their
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mental representations, which include emotions, needs, priorities, possible actions, and
knowledge about the extent to which the different actions facilitate the needs. This mechanism is
called emotional coherence and modeled with localist neural networks capable of processing
emotions (Paul Thagard, 2006). The adoption of innovation occurs when people change their
mental representations as a result of obtaining new information through communication with
others or media campaigns, but this is constrained by the compatibility of the new information
with the existing mental representations. The model has a mechanism for specifying which two
agents communicate with each other at any time step. This mechanism is based on sociological
theorizing about homophily in social networks (e.g., McPherson, Smith-Lovin, & Cook, 2001),
predicting that the likelithood of two agents exchanging information is dependent on their similar-
ity along socio-demographic variables. In addition, we take into account geographical proximity
and individual sociability for modeling social tie formation. For agent-to-agent communication,
we assume in our model two possible mechanisms, in line with dual-process models of persua-
sion from social psychology (e.g., Chaiken, 1987; Chen & Chaiken, 1999; Petty & Cacioppo,
1986).The first mechanism is “cold” and changes the agents’ factual knowledge about contingen-
cies between actions and needs. The second mechanism is “hot” and changes the emotional val-
ues attached to the different actions. The following sections elaborate on each of these mecha-

nisms.

Agent Decision-Making: Emotional Coberence

Mental representations can be construed as networks of constraints (Paul Thagard, 2000, 2000).
Positive constraints are given by elements that go together. For example, taking the bus facilitates
the needs of being environmentally responsible. Negative constraints are given by elements that
contradict each other. For example, taking the bus is often incompatible with the need for inde-
pendence. Emotions carry information on how important specific elements are for the individual.
Someone with strong environmental values will feel very positive about being environmentally

responsible, but to others, the concept might be neutral or even negative.

Decision-making involves the best possible satisfaction of all the given constraints in parallel
by organizing mental representations into a coherent set (Paul Thagard & Millgram, 1995). In the
example, an environmentalist might decide to take the bus and come to the conclusion that abso-
lute independence is not so important after all. This process of parallel constraint satisfaction can
be modeled with connectionist networks, where the nodes are concepts or propositions, excita-
tory connections between nodes are positive constraints, and inhibitory connections are negative
constraints. Decisions then correspond to stable patterns of activated and inhibited elements af-

ter multiple rounds of updating the activations of nodes in parallel according to their incoming
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connections (e.g., Bechtel & Abrahamsen, 2002; Thagard & Millgram, 1995; Thagard, 2000; for

mathematical details, see the Appendix).

Emotions can be modeled within such a network by defining special valence nodes that have
excitatory (inhibitory) connections with the nodes representing emotionally positive (negative)
concepts (Paul Thagard, 2006). In such a HOTCO network model (for “HOT COherence”;
Thagard, 20006), valences influence the activation of concept nodes to account for the crucial role
of emotion in decision-making and the fundamental psychological fact that all cognition is biased
by motivation (e.g., Damasio, 1994; Kunda, 1990; Loewenstein et al., 2001; Thagard, 20006).
HOTCO has been applied to various phenomena such as legal decision-making, political percep-
tions, or religion (Schroder & Thagard, 2011; Thagard, 2003, 20006). In the present agent-based

model, we used HOTCO as the basis for the individual agents’ transport decisions.

Of course, environmental consciousness and independence are not the only needs that are
relevant to peoples’ transport decisions. In order to maximize the empirical plausibility of the
HOTCO networks representing individual agents in our model, we conducted two empirical
studies — qualitative and quantitative — prior to developing the model, the details of which are de-
scribed elsewhere (Wolf et al., forthcoming). The first study involved four focus group discus-
sions (IN = 6-8 each). They provided us with a detailed, in-depth picture of people’s needs regard-
ing transport as well as their current cognitive and emotional representations of EVs and other
means of travel. The architecture of our agents, which is displayed in Fig. 1, is based on the re-
sults of focus group discussions. Eight different transport needs with different emotional values
are connected with five different means of transport. Green lines represent excitatory connec-
tions. For example, the agent in Fig. 1 thinks that using a car (the second box from the left in the
bottom row) facilitates his need for independence (the rightmost circle in the top row), while us-

ing an electric vehicle (the fourth box in the bottom row) would impede that need.
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Figure 5. HOT'CO emotional constraint network of transport mode decisions

Circle size indicates the priority of a need (large radius = high priority, small radius = low priority). Green (red) lines
denote excitatory (inhibitory) connections. Numerical values in the upper and middle green/red citcles represent em-
pitically determined weights of emotional and cognitive links. Numerical values in the lower green/red circles denote
valences and activations of different action units calculated by HOTCO. Note: For reasons of parsimony, only link
weights between two modes of transport and needs are shown. In the agent-based model all five action units are
linked to all needs by cither inhibitory or excitatory links.

As shown in Fig.1, the agents have three types of input parameters: the priority values and
emotional valences of needs and the weights of the links between needs and actions. There are
two types of output parameters, the valences and activations of actions. Valences correspond to
the emotions associated with the actions, while activations provide a basis for decisions. The ac-
tion with the highest activation value is assumed to be the most likely one to be chosen (for tech-

nical details, see the appendix or Thagard, 2000).

For initializing and calibrating the model, the input parameters of all agents were aligned with
empirical data from our second empirical study, a representative survey of the population of Ber-
lin, Germany, with an online questionnaire (IN = 675) (for details, see Wolf et al., forthcoming).
The survey contained rating scales to elicit respondents’ appraisals of need importance, valences,
and facilitations between needs and actions (e.g., “Driving an electric vehicle offers me the flexi-
bility I need®). For technical reasons, the individual responses were transformed to a parameter
range from -1 to +1 and then implemented into the model. Thus, there is a one-to-one corre-
spondence between the survey and the agent-based model; each survey participant is represented

as an individual agent.

The agents were tagged according to the classification of their corresponding survey respond-

ents into types of transport consumers. We performed cluster analysis of the original survey data,
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aimed at creating a parsimonious typology of consumers according to their transport-related

needs and attitudes (for details, see Wolf , Schréder, et al., forthcoming). We found that the in-

habitants of Berlin can be reasonably described as consisting of four different types, as shown in

Table 1. They can be distinguished not only by their values and attitudes, but also by their behav-

iors (e.g., kms/year driven by cat; frequency of taking the bus).

We called type 1 the Comfort-oriented Individualists. They have very positive emotions about cars,

drive them a lot, and care relatively little about the environment. Their most important transport-

related needs are comfort, autonomy, and safety. They are relatively skeptical about electric vehi-

Table 7. Sociodemographic characteristics, travel behavior and preferences of mobility types

Type 1 Type II Type IIT Type IV
Comfort- Cost-Oriented Innovation- Eco-Oriented
oriented Pragmatics Oriented Opinion Leaders
Individualists Progressives

Socio-demographics
% of total sample 15 16 34 35
Gender (% females) 55 49 48 46
Education (% graduate 28 26 24 31
population)
Income

<2500 € p.m. (%) 76 77 74 72

> 2500 € p.m. (%) 24 23 26 28
Self-reported travel
Kilometers by ICE' car

< 15.000 per year (%) 65 89 79 87

> 15.000 per year (%) 36 11 21 13
Preferred mode of ICE' car PT? ICE' car PT’
Acceptance of EV's
Intent. to buy an EV* (%) 3 3 9 13
Motives of mode choice
Most important needs 1. Independence . Cost 1. Independence 1. Cost

2. Security . Security 2. Security 2. Security
3. Comfort . Independence 3. Comfort 3. Eco-friendliness

1= Internal combustion engine
2= Public transport
3= Electric vehicle
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cles. Cost-Oriented Pragmatics (type 2) prefer trains and buses, although not for ideological rea-
sons. Their most important needs are cost-efficiency and safety. Among all respondents, they are
the least likely to buy an electric vehicle. Innovation-Oriented Progressives (type 3) drive a lot, but
switch flexibly between cars and public transport. Independence, safety and cost-efficiency are
the most important needs for them, when choosing a means of travel. Finally, type 4, the Eco-Or:-
ented Opinion Leaders have the highest average level of education. They attach very positive emo-

tions to bicycles, public transport, and electric vehicles.

Please note carefully that tagging the agents with a consumer type has no consequences for
the behavior of the agent in the model, since all the agents were calibrated individually. However,
we will use the typology below when we describe simulations, to demonstrate how technology

adoption dynamics differ across agents with different mental representations to start with.
Social network structure: Who talks to whom?

Empirical research has shown that peoples’ attitudes and decisions to adopt new behaviors or
technologies are influenced by their social environment and network (e.g., Aral & Walker, 2012;
Axsen & Kurani, 2011; Iyengar, Van den Bulte, & Valente, 2010; Valente, 1995, 2005). In our
model we generated a social network structure following socio-psychological network models by
Hamill et al. (2009), Edmonds (2006), and Mcpherson et al. (1991, 2001) and Blau (1977), given
that our previously conducted survey (Wolf, Schréder, et al., forthcoming) did not generate net-
work data. In our combined approach, the likelihood that two agents form a social tie and thus
exchange their opinions about transport modes is a function of their geographical proximity, so-

cial reach, and socio-demographic similarity (i.e. homophily).

Before creating the interaction structure, we initialized a heterogeneous agent population of
675 agents corresponding to the characteristics of our survey respondents (for an overview of ini-
tialized parameters see Table C1 in the appendix). Therefore we used, in addition to cognitive-
emotional parameters (see section 2.1.), individual socio-demographic properties and residential

location of our survey respondents, as well as the affiliation to a particular mobility type.

The generation of the social network structure involved three steps. First, each agent was lo-
cated on a map of Berlin based on the residential location of his real-life counterpart. Since
agents do not roam during the simulation, their social reach was determined by a circle surround-
ing each agent, following Hamill et al. (2009). The radius of the circle comprises a range from 0
to 1 and was grounded empirically on four survey items addressing self-reported opinion-leader-

ship (e.g., “My friends often ask me to give advice upon travel and transport issues”) as well as
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social orientation (e.g., “Before I adopt an innovation, in general I ask the advice of my friends”).
Agents with a wide social reach (i.e. radius close to 1) would thus reach more potential communi-
cations partners in the geographical neighborhood than those with a circle radius close to 0. But
social contacts in this geographical-social environment are not random. Due to the homophilious
nature of networks, the probability of an interaction between two agents is a declining function
of distance in Blau space, that is, a n-dimensional latent social space (McPherson, 1983). To de-
fine social similarity, each agent calculated in a second step the Euclidean distance in a 6-dimen-
sional space for all gents within its social reach. The dimensions of the socio-demographic coor-
dinate system are defined by age, gender, income, level of education, level of modernity, and level
of consumption. The location of each agent in social space depends on the characteristics on the-
ses static attributes. This concept of Blau space follows the principle of homophily, according to
which the likelihood that two individuals communicate with each other is a function of their so-

cio-demographic similarity (Mcpherson et al., 2001). For mathematical details, see the appendix.

Information exchange between agents: “cold” and “hot” commmnication

Besides the agents’ individual mental representations and the flows of information at the level of
the social system, we also modeled a persuasion mechanism that captures belief change as the re-
sult of immediate communication. Most psychological theories of information processing and de-
cision-making assume some form of interaction between more deliberate, intentional and more
automatic, emotion-driven processes (e.g., Deutsch & Strack, 2006; Kahnemann, 2011; Schroder,
Stewart, & Thagard, forthcoming). These “cold” and “hot” aspects of cognition correspond with
different variants of theorizing about two different routes to persuasion, central and systematic
vs. peripheral and heuristic (e.g., Chaiken, 1987; Chen & Chaiken, 1999; Petty & Cacioppo, 19806).
Loosely based on this well-established dichotomy in psychological research, we allow our agents
to adapt their mental representations in communication through two different mechanisms, taken
from an earlier multi-agent variant of HOTCO (Paul Thagard & Kroon, 2006). In this model,
aimed at simulating decision-making in small groups, communication can be about facts (e.g., the
information that a certain action will facilitate achieving the agent’s needs), and is called the
means-ends mechanism. Communication can also be emotional (e.g., expressed enthusiasm or
emotional attachment about one action), and is called contagion (cf. Hatfield, Cacioppo, & Rap-

son, 1993).

In parallel constraint satisfaction models such as Thagard’s (2006) HOTCO, belief adjust-
ments in response to external input can be implemented by changing connection weights be-
tween elements of the network (e.g., Monroe & Read, 2008; Read & Urada, 2003; Van Overwalle

& Siebler, 2005). When the constraint-satisfaction algorithm described in section 2.1 and
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appendix is then applied again, the network might settle in a different stable state than before.
This is how we model changes in mental representation that follow agent-to-agent communica-
tion. The two communication mechanisms described above impact different sets of connection
weights in the receiver neural network. Means-ends communication results in an adjustment of
the links between need and action nodes (see Fig. 1). For example, one agent might transfer to
the other the factual information that electric vehicles are environmentally friendly, resulting in a
stronger excitatory link between the node representing the need for eco-consciousness and the
node representing the action of driving an electric vehicle. Communication by emotional conta-
gion results in an adjustment of the valences of action nodes, i.e. the connection weights between
the action nodes and a special valence node in the network (for details, see section 2.1 and the
appendix). For example, this valence adjustment models the enthusiasm one agent might express
to the other through nonverbal cues while talking about her experience when test-driving an elec-

tric vehicle.

The parameterization of the connection weights adjustment was based on data from a sepa-
rate experimental study, aimed at quantifying how people change their beliefs about EVs in re-
sponse to influence of others (Wolf, Hatri, et al., forthcoming). The experiment was driven by
the hypothesis that the acceptance of others’ opinions and the process of belief adjustment is a
matter of belief strength, emotional valence, and attitude congruence between the sender and the
receiver (cf. Osgood & Tannenbaum, 1955). We studied these coherence effects in a vignette ex-
periment by asking participants to rate their agreement and their perceived belief change on a se-
ries of unrelated statements about the use of electric vehicles and combustion engine cars. We
used the experimental data to determine for different configurations of senders’ belief strength
and sender-receiver belief congruence the weight changes that optimized the prediction of the

empirical data with our persuasion model. Details are given in the appendix.
Summary of the ABM Algorithm

Fig. 2 summarizes how the agent-based model works. At each time step of a simulation, each
agent randomly chooses one communication partner out of his individual social network (Fig.
2a). Of course this a simplification of the communication processes in real life. However, we be-
lieve it is sufficiently realistic to model the relevant aspects of social influence in our approach.
Time steps represent an internal system time and do not model actual physical time. The content
of communication for each conversation is selective and depends on the sender’s belief strength

and his strength of emotional reaction to transport mode options. Thus, the speaker
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communicates only factual arguments (i.e. facilitation weights between need and action units)

with high confidence and valence connotations of actions that are affectively rich (Fig. 2b).

A) Social network B) Communication C) Decision update
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Figure 6. Ilustration of the agent-based model InnoMind communication process

A) An agent randomly selects a communication partner in his personal social network. B) During communication,
agents exchange factual and emotional information (“means-ends” and “contagion”, respectively. C) Sender and re-
ceiver integrate the new information in their individual HOTCO network and recalculate their transportation deci-
sions.

The crucial parts of this communication procedure are the evaluation and integration of in-
formation in the mental model of the listening agent. During each conversation, the communica-
tion partners assume the roles of speaker and listener simultaneously. Thus, belief adjustment is
carried out for both agents of the dyad. Once all affected connection weights of both agents are
set to their new values, agents update their decisions employing the coherence algorithm de-
scribed in section 2.1 (Fig. 2¢). At this stage, they might switch their preferred mode of transport,
if the persuasion attempt of the other agent was successful. In the following step of the simula-
tion, agents communicate about transport issues based on their updated mind set with their other
social peers. It is important to note that preference changes in our approach represent a change

of behavioral intentions rather than a mode switch on a behavioral level.

In addition to peer influence, agents can be influenced by media coverage. To simulate media
campaigns about certain policy instruments we implemented a media agent affecting mental rep-
resentations of agents in a similar manner as in the dyadic communication procedure described
above. The media agent has directed links to an adjustable proportion of the agent population
(from 0% to 100%) and transmits, at predefined time steps, facilitation weights, priorities, and
emotions, depending on the content of the campaign. For example, the information about the
introduction of a purchase subsidy for EVs is represented by strengthening the positive facilita-
tion weight between the need unit Cosz and the action unit Opzion D: Electric vebicl. Analogously to

the dyadic communication mechanisms described above, affected agents integrate the
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information from the media agent in their connectionist network and update their decision. The
relevance of received information is adjusted by a policy impact factor, derived from empirical
ratings of related items in the survey described above and in Wolf et al. (forthcoming) (e.g.
“Would this policy measures change your attitude toward EVs?”). Participants stated their re-
sponses on a six-point Likert scale ranging from “Absolute no influence” (1) to “Very strong in-
fluence” (6). For technical reasons, these values ware transferred to a parameter range from 0 to
1 (for an overview of mean values and a sensitivity analysis of the policy impact factor see Table

C2 and Figure F1 in the appendix).

A formal, mathematical description of the agent-based model is provided in the appendix.
The model was implemented in a computer program written in Java. We now turn to a descrip-
tion of its validation and use for simulating the diffusion of EVs under a base case as well as dif-

ferent policy scenarios.

Results and discussion

Validation of the decision algorithm

Prior to performing a series of simulations, we compared model predictions with data on ac-
tual transport choices from the above-mentioned empirical survey (Wolf, Schroder, et al., forth-
coming), to validate the accuracy of the connectionist model. To this end, the model computed
individual agents’ decisions about their preferred transport modes, prior to communication,
based on their empirically grounded mental representations (i.e. attitudes, priorities and emo-
tions). Recall that each agent has a real-life counterpart in the empirical survey. For the model
validation, survey participants’ scores related to self-reported transport behaviors were regressed
on the output parameters of the HOTCO networks representing the preferences of these re-
spondents in the agent-based model (i.e., the activation parameters of the action nodes). Note
that we calibrated the decision structure of agents exclusively by the variables representing beliefs
and emotions. The data on behaviors were used only for validating the model output, but nor for
calibrating the model. Social psychological research on the attitude-behavior relationship under
the influential Theory of Planned Behavior (Ajzen, 1991; Fishbein & Ajzen, 2010) shows that
stated intentions generally account for roughly a third of the variance in behavior (Armitage &
Conner, 2001), which we thus considered as a benchmark for the predictive power of our

InnoMIND model.

We performed stepwise binary logistic regressions to assess the effects of the obtained activa-
tions on the probability to use a specific transport mode. Original responses variables on five-

point Likert-type scales (ranging from “I use this transport mode (almost) never” (1) to “I use
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this transport mode (almost) every day” (5)) were dichotomized (level 1-3 into “0 = no use” and
level 4 to 5 into “1 = use”) and then treated as criteria. We opted for logistic regression and di-
chotomization because of the non-normal distribution of the error terms in linear regression. In
four separate models, we regressed travel mode choice behavior (for EVs, the intention to substi-
tute the current main transport mode) on activations of action units of the decision model (pref-
erences toward internal combustion engine (ICE) car, electric vehicle (EV), public transport (PT)
and bicycle (BI)). Again, car sharing was excluded from the analysis due to lack of data. The re-
sults for all regression models are shown in Table 2. R square (Nagelkerke) values between 0.231
and 0.462 and percentages of correctly predicted cases varying between 68.6% for model 2 and
78.4% for model 4 indicate in comparison to the power of the established Theory of Planned Be-
havior (Ajzen, 1991; Fishbein & Ajzen, 2010; see Armitage & Conner, 2001 for a meta-analysis) a
reasonable fit and good overall performance of the simulation model. Odds ratios (Exp(B)) in
model 1 (Table 2) indicate that on values for ICE cars have the strongest positive effects on the
actual use of ICE cars, while an increase in activations towards PT decreases the probability of
car usage. Survey respondents’ intentions to substitute the current main mode of transport by an
EV (model 2) are significantly predicted by activations of EV action nodes in the corresponding
virtual agents. Agents with preferences for public transport are less willing to use EVs, whereas
attitudes towards ICE cars and bicycles had no effect on odds of this outcome. The results in
model 3, predicting the frequency of public transport use, show again an inverse pattern of two
predictors. Activation of PT nodes in virtual agents predicts survey counterparts’ use of public
transport, while high activations for ICE cars are negatively related to this travel mode use.
Model 4 was designed to investigate the use of bicycle and shows high robustness in predicting
this travel mode choice (78.4% correct overall; R? = 0.462). The independent variables attitudes
towards EVs and public transport did not have a significant influence on the frequency of use bi-
cycles. The likelihood of use was increased if agents favored bicycle and decreased for car-ori-

ented agents.
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Table 8. Odd ration and their related score statistics of binaty logistic regression analysis

Model 1 Model 2 Model 3 Model 4
Tti ey ok biles .Use of Int.entlon to Use of Use of
internal substitute current  public transport bicycle
combustion main mode of
engine car transport by EV
HOTCO activations for:
ICE' car 3.705 (0.001) n.s. 0.407 (0.001) 0.535 (0.001)
EV? 1.438 (0.036) 4.820 (0.001) n.s. n.s.
PT? 0.524 (0.001) 0.665 (0.001) 3.118 (0.001) n.s.
BI* n.s n.s n.s 9.502 (0.001)
Constant 1.394 (0.002) 1.056 (0.534) 1.214 (0.040) 0.610 (0.001)

Model chi square 165.730 127.813 146.699 281.284
Nagelkerke's R’ 0.298 0.231 0.261 0.462
-2 log likelihood 717.529 800.453 787.804 623.0729
% Correct overall 73.5 68.6 70.1 78.4

1 = Internal combustion engine
2 = Electric vehicle

3 = Public transport

4 = Bicycle

n.s = Not significant

Taken together, these statistical results provide evidence that the parallel constraint satisfac-
tion network model we used is a valid approach to model individual travel mode choice behavior.
This conclusion is also upheld by comparing the percentage of internal combustion engine cars
as the primary means of travel predicted by the model with data on private transport share across
the different districts of Berlin, taken from a recent study by the government of Berlin (Senat Ad-
ministration of Berlin, 2010). The comparison is displayed in Fig. 3. It can be seen that the pre-
dictions derived from our model roughly match the observed geospatial pattern of peoples’ actual
transport decisions—as shown in Fig. 3b the share of internal combustion engine cars on everyday
mode split—-once more corroborating the validity of our modeling approach. We now turn to sce-
narios of future EV adoption in Berlin, which we created by simulating communication between

the agents in our model.
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Figure 7. Districts map of Betlin

A) Percentage of agents preferring internal combustion engine (ICE) car
after initialization. Source own illustration. B) Percentage of individual internal combustion engine cars on
everyday mode split across the different districts of Betlin. Source: Senat of Berlin.

Scenario descriptions and assumptions

Four scenarios, including a reference scenario, were analyzed to explore the interrelated ef-
fects of individual attitude factors (i.e. needs, emotions etc.), social influence, and policy interven-
tions on transport choices in general and on the acceptance of electric vehicles (EVs) in particu-
lar. The scenario experiments differ with regard to assumptions we made about external influ-
ences, i.e. policy interventions and social influence, on consumers’ mental representations. In the
baseline scenario, communication with peers alone affected the attitudes of agents. In the policy
scenarios, interventions via the media agent additionally affected attitudes toward EVs in specific
ways, as described below. Note that the (external) influences of the environment did not directly
affect the final decisions of agents, but instead the underlying psychological associations between
transport mode options, needs, and emotions. In all scenarios, model parameters of the 675
agents were initialized with the empirical values from our online survey. Each simulation in-
volved 100 time steps. Below, we report average results across 10 runs of the model for each sce-
nario. Drawing on our previously identified typology of consumers, we aggregated the dynamics
of consumer decisions separately for the four consumer types, as they substantially differ in their

current travel behavior, needs, attitudes and potential to adopt EVs.
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As a Reference case scenario, we first ran the simulation without any policy intervention. In this
scenario, individual attitudes and emotional associations towards transport mode options are in-
fluenced only by agent-to-agent communication within the artificial social network, as discussed
in section 2.2. Besides the function as reference for comparison, we used this scenario to identify
the susceptibility or resilience of decisions to social influence in a population with highly hetero-

geneous mode preferences.

Recent policy studies mainly focused on the effects of economic instruments to stimulate the
up-take of EVs (Berestenau & Shanjun, 2011; Diamond, 2009; Gallagher & Muehlegger, 2011;
Higgins et al., 2012; Sallee, 2008; Shafiei et al., 2012). Our simulation model, however, is designed
to evaluate the impact of a wide range of interventions on consumer transport mode decisions
that go beyond pure monetary incentives. To illustrate the suitability of our model for policy
analysis, we present three separate scenarios assessing the effectiveness of policy instruments to
encourage consumers to adopt EVs. All these policies are currently a matter of debate in Ger-
many. The scenarios comprised (a) the establishment of a zero-emission-zone in Berlin, allowing
only EVs and other zero emission vehicles to operate in a certain area of the city (Zero-emission-
gone scenario), (b) the exemption of EVs from motor tax (Tax exemption scenario) and (c) the di-
rect subsidy (in the amount of € 5000) towards the purchase of an EV (Purchase subsidy scenario).
In contrast to the Reference case, agents’ mental representations and subsequent decisions were not
only affected by word of mouth in their social network, but agents moreover considered the con-
sequences of policy measures in decision making. Corresponding to social influence, we therefore
assumed that agents’ belief-action representations (i.e. facilitation weights between needs and ac-
tions units) are modified by the influence of policy-related information in a specific manner for
each intervention. To simulate repeated mass media campaigns, we transmitted in all scenarios
information about the policies in every tenth time step (i.e. time step 0, 10, 20, 30 etc.) to 70% of
the agent population by means of the media agent described above (section 2.4). After receiving
this information, all agents reevaluated their transport mode decisions and carried on with the

usual dyadic communication.

In the Zero-emission-zone scenario we conjecture —in accordance with empirical findings (Wolf
et al., forthcoming) — that users would perceive higher levels of independence (i.e., flexibility by be-
ing allowed to enter all areas of the city) and a decrease in their stress-level caused by less traffic
volume. In the logic of our parallel constraint network model (see Fig. 1), the information about
this policy increases the facilitation relations between the needs of “independence” and “no

stress” and the action “use EVs”. Importantly, the additive changes of individual agent
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facilitation weights were multiplied by an empirically determined factor of policy impact (for de-

tails see section 2.4 and the appendix).

In both the Tax exemption and the Purchase subsidy scenarios we modeled the effects of fiscal
incentives on widespread acceptance of EVs. Even though these policies affect different aspects
of total cost of ownership of EVs -namely purchase versus operating costs- both equally cause in
our model a positive shift of facilitation relations between the need of “cost efficiency” and the
action “use EVs”. In other words, agents believe due to the introduction of these policies that
EVs accomplish their need of a cost efficient means of transport to a greater extent. These as-
sumption are supported by empirical evidence showing that consumers do consider different fi-
nancial benefits associated with alternative fuel vehicles in their adoption decisions (Chandra,
Gulati, & Kandlikar, 2010; Diamond, 2009; Rogan, Dennehy, Daly, Howley, & O Gallachéir,
2011; Ryan, Ferreira, & Convery, 2009; Sallee, 2008), but are less accurate in distinguishing and
estimating the actual economic value of these instruments (cf. Greene, 2010; Larrick & Soll,
2008; Turrentine & Kurani, 2007). Analogous to the Zerg-emission gone scenario the individual im-
pact of the two policies measures were weighted (i.e. multiplied) differently based on empirical
appraisal ratings or our survey participants (e.g. “Would this policy measures change your attitude
toward EVs?”). The two scenarios thus have the same structural effect on the agents’ belief net-

works, but they differ in the quantitative strength of this effect.

Simulation results

In this section, we examine the results of simulating transport mode choices under the different
scenarios. First, we discuss the reference case — the dynamics of transport mode preferences
through communication among agents alone, without external intervention. Second, we evaluate
policies promoting the diffusion of EVs relative to adoption trends in the base case. In both sub-
sections we use the percentage of agents who prefer a particular mode of transport as a measure
of impact —we refer to these agents as the “fraction of potential adopters”. Recall that prefer-
ences are dynamically constructed based on pre-existing mental representations of agents and po-
tentially changed through communication with other agents. These preferences may be inter-
preted as a mental preparedness to adopt a certain mode of transport. Thus, scenario results
should not be interpreted as immediate market predictions, but rather as an explorative approach
to investigate the resilience of current mental representations and travel behaviors to external in-

fluences.

Reference case scenario
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The reference case scenario captures the influence of social communication on changes in individual
travel choices of agents over time, without external intervention. Fig. 4 shows the proportion of
users of five transport modes over time, averaged over 10 model runs and separately for the four
consumer types described in section 2.1. Overall, preferences in the heterogeneous agent popula-
tion remain relatively stable over the 100 time steps and exhibit low fluctuations. The modal split
remains substantially different between the different types of travellers. In the group of Comfort-
oriented Individualists (Fig. 4a) the use of combustion engine (ICE) cars continues to dominate
travel choices, with initial shares at t; of 91% and of 89% by iteration 100. The graphs represent-
ing alternative modes indicate that EVs (form # = 3% to #00= 4%), car sharing (from # = 1% to
tioo= 1%), public transport (from # = 5% to #00= 5%) and bicycles (from # = 0% to #9= 1%)
cannot compete with ICE cars in this segment. For the Cost-oriented Pragmatics (Fig. 4b) public
transport continues to be the most attractive travel mode (36%), followed by bicycles with a
slightly decreasing share from 27% (#) to 23% (#0) and a constant subgroup of agents (25%) that
favors the use of ICE cars. Although starting from a low level, the preferences for car sharing
and EVs increase considerably in this segment by 100% (from # = 5% to #90 = 10%) and 60%
(from #;= 5% to too = 8%), respectively. Innovation-oriented Progressives (Fig. 4c) exhibit a slight de-
crease in their dominant shares of ICE cars (from # = 49% to #00 = 43%) and EVs (from # =
25% to tip0= 24%). The simulations show an inverted trend for agents’ preferences in this travel-
ler group related to public transport (increase from # = 15% to #00= 17%) and car sharing (in-
crease from #= 2% to #0= 8%). As Fig. 4d illustrates, the almost equally distributed shares of
bicycles (27%), public transport (28%) and EV (29%) users in the segment of the Eco-oriented
Opinion leaders slightly diminish in favor of car sharing (from # = 8% to #00= 14%) and ICE cars

(from #=T% to tipp= 80/0).

To sum up, the simulation results indicate that social communication among peers alone
causes at most marginal choice shifts in all the four consumer groups. Agents show a high resili-
ence of their overall transport mode decisions, yet a few travelers exhibit the propensity to switch
from car use to alternative travel modes (Fig. 4a and Fig. 4b). Interestingly, while car sharing ac-
counts at the beginning of the simulation only for a very low overall share (between 0% and 8%),

we observed the most considerable changes of all with regard to this mode option across three
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groups (Fig. 4b-d). This behavior of our model is consistent with a recently observed surge in the

use of car sharing in the city of Berlin (Bock et al., 2013).
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V).

Electric-vebicle policy scenarios

The results of simulating three policy interventions, designed to accelerate the uptake of EVs,

are depicted in Fig. 5 along with the potential adoption rates of EVs from the reference scenatrio

for comparison. Quite plausibly, the simulations suggest that the four consumer types will re-

spond differently to the policy measures (see Fig. 5a-d). Comfort-oriented Individualists (Fig. 5a) —the

segment exhibiting the lowest EV acceptance rate in the reference case scenario— show increased

propensity to adopt EVs in all policy simulations. Nevertheless, ICEs cars still dominate the

modal share (between 74% to 77%) in this consumer group. The introduction of the zero-
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emission-zone leads to a temporary gradual increase of potential EV users, followed by a slight
drop (compared to reference case at tioo = +13%) below the EV share in the Purchase subsidy sce-

nario (+16%) and the Tax exemption scenario (+13%).
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Figure 9. Diffusion of E-Vehicles in Reference case, Zero-emission-zone, Tax exemption and Purchase subsidy sce-
natios separated by clusters

Panel (a) presents the fraction of potential adopters for Comfort-oriented Individualist (mobility type I), panel (b) for
Cost-oriented Pragmatics (mobility type 1I), panel (c) for Innovationoriented Progressives (mobility type I1I) and
panel (d) for Eco-oriented Opinion leaders (mobility type IV).

Simulations suggest that the most significant changes triggered by policy measures in the
modal share of EVs are to be expected in the sub-population of Cost-oriented Pragmatics (Fig. 5b).
Both monetary policies increased the fraction of potential EV adopters linearly about 4.9-fold (up
to a 34% share) in the Purchase subsidy scenario and about 4.4-fold (up to a 31% share) in the Tax
exenmptions scenario. Thereby the purchase subsidy intervention accelerated the acceptance most
effectively almost throughout the whole simulated diffusion process. The introduction of a zero-

emission-zone resulted in a 5.0-fold (up to 35% share) increase in EV use and thus showed the
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strongest effect compared to the reference case. The diffusion of EVs in the three policy scenar-
ios comes about as a mode shift predominantly away from public transport (= -24%), bicycle (= -

20%) and ICE cars (= -16%).

Fig. 5¢ and 5d illustrate a high level of fluctuation in EV shares across the simulated policies
for the mobility types Innovation-oriented Progressives (Fig. 5¢) and Eco-oriented Opinion leaders (Fig. 5d).
Agents of these segments already show relative high acceptance rates of EVs to start with (25%
of type III and 29% of type IV). The steep increase of the fraction of potential EV adopters in
the Zero-emission-gone scenario up to 53% (type 1) and 52% (type 1IV) indicates both that (i) a con-
siderable number of agents in both traveler groups have a tendency to switch their current mode
towards EVs and (i) excluding ICE cars from certain urban areas leads to the most pronounced
preference changes in any of the simulated scenarios. However, the following drop demonstrates
that neither restrictive nor incentive policies are able to generate sustainable long-term prefer-
ences towards EVs at the peak level in these consumer groups. This indicates that consumers po-
tentially willing to adopt EVs rethink their decisions in the light of alternative options. Triggered
by the discussion with their social peers, they switch back to modes of transport, which are more
commonly known and accepted. The zero-emission-zone policy resulted in final EV preference
increases of 14% and 7% for Innovation-oriented Progressives (Fig. 5¢) and Eco-oriented Opinion leaders
(Fig. 5d), respectively, when compared to baseline. Tax exemption and purchase subsidy yielded
up to 15% and 14% increase, respectively, in agents of type 111, and 7% and 9% increase in
agents of type IV. Mode shift in consumer type 111 mainly happened from the dominant ICE cars
to EVs. In contrast, agents of mobility type IV reduced their preferences for the use of public
transport and bicycle in favor of EVs, suggesting an ironic effect to a less sustainable form of
transport choice in this consumer population. The variation of these fluctuation patterns across
the four traveller groups shows that they are strongly constrained by the pre-existing mental rep-
resentations and the following learning processes of agents in the simulation. The modeled poli-
cies are compatible with the consumer groups’ initial representations to different degrees. There-

fore, preference rates as well as their fluctuation differ across the scenarios.

Taken together, our simulation results contribute to current, political discussions about the
anticipated consumer acceptance of EVs and about appropriate policy instruments to promote
EVs. As shown in Fig. 0, the aggregated results across all agents yield optimistic projections for
the acceptance of EVs under alternate sets of scenarios. In the reference case, EVs account for
15% of the total modal share. Simulations indicate that despite a considerably stable fraction of
“early adopters” of EVs, social influence alone cannot effectively increase the spread of this in-

novation. Additional policy interventions are necessary to encourage a broader market
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penetration of EVs. The effects of simulated policy measures suggest a significant increase of po-
tential adopters, with adoption rates converging over time up to 31% in the Purchase subsidy, 30%
in Zero-emission-gone and 29% in Tax exemption scenario. Moreover, the results highlight in particu-
lar in short- and medium-term —indicated by the growth rate in the Zero-emission-zone scenario— the

role of non-financial policy strategies for effective behavior change towards the adoption of EVs.
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Figure 10. Diffusion of E-Vehicles in Reference case, Zero-emission-zone, Tax exemption and Purchase subsidy

Conclusions

We started with the premise that more psychologically realistic models of human decision-mak-
ing are needed in innovation-diffusion simulations, in order to enhance their usefulness to politi-
cal decision-makers and other practitioners. To address this need, we introduced a novel agent-
based model (ABM), InnoMIND (Innovation diffusion driven by changing MINDs), based on

state-of-the-art theories in cognitive science and grounded in empirical data.

We employed this framework to analyze three what-if scenarios representing different policy
interventions—tax exemption, purchase subsidy and the introduction of an exclusive zone for
EVs—intended to promote the adoption preference of electric vehicles (EVs). Our simulation re-
sults have three main implications. First, the failure to consider heterogeneous needs of different
travellers reduces the effectiveness of the policies modeled in this paper in a significant manner.
Second, somehow unexpectedly, the introduction of an exclusive zone for EVs in the city is in
particular in the early phase of the diffusion process of EVs more effective than financial incen-
tives only. This result emphasizes the importance to address non-monetary considerations of

consumers in the development of policy measures. Third, mode switches to EVs induced by
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policies in consumer groups currently using bicycles as their main mode of transportation might,

quite ironically, counteract the goals of CO2 emission reduction.

In an additional baseline scenario where preferences of agents were only influenced by the
interaction with their social peers, we did not find considerable shifts in transport mode prefer-
ences. This baseline simulation also suggests a relatively high and stable preference rate for EVs
at least in two traveller groups among Berlin residents without additional interventions. Thus, we
may conclude that travellers do not substantially change their pre-existing transport mode deci-

sions when they interact with their social environment under constant external conditions.

As demonstrated above, the InnoMIND framework offers the possibility to explore the emer-
gent properties that result from rather complex individual decisions under combined influence of
social dynamics and policy measures. The model allows one to explore how current empirically-
derived preferences might change dynamically as a result of social communication. Considering
the pivotal role of decision-making processes in agent-based models, our proposed model pro-
vides a novel view on how beliefs, needs, priorities and emotions drive individual decisions about
transport mode use. Complementary to research in social psychology that aims to understand the
influence of motives and intentions on modal choices (Jillian Anable, 2005; Bergstad et al., 2011;
Steg, 2005), our agent-based model provides a pathway for exploring the dynamical nature of
these mental representations. Moreover, in contrast to economically rational decisions -assuming
a serial deliberative analysis of risks and expected utilities of alternative actions- our approach
conceives of decisions as a result of an automatic holistic process, accepting a transport option

merely if it maximally satisfies the constraints given by mental representations.

We belief that this concept of the human mind in combination with our proposed segmenta-
tion approach may contribute to guiding the development of more demand-side oriented policy
instruments considering emotional as well as cognitive constraints of behavioral change when at-

tempting to encourage more sustainable transport choices.

Finally, the flexible nature of our policy simulation system allows the implementation of a
broad range of policy scenarios. Although conceptualized and calibrated in this work to study the
potential diffusion of EVs, the model may also be adopted to other issues of social transition

with modest effort.
Limzitations and divections of future work

Although we are convinced of the practical relevance of our simulation results for decision-mak-

ers in politics and business, our approach has limitations to be addressed in future work. First,
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the showcase region Berlin, Germany, on which we focused in this study, is not representative
for the travel preferences and behavior of Germans (Infas et al., 2018). Specific characteristics of
the city —such as the urban environment, low rates of car ownership, well-developed public
transport, and the innovative brand of Berlin— necessarily limit the impact of reported simulation
results on nation-wide policy interventions. However, our framework could be easily expanded to
further regions or even across Germany. Provided the availability of suitable empirical data, a na-
tional model of diffusion of transport innovation could be used for exploring geographically tai-
lored policy strategies, in order to achieve a transition to a low-carbon transport system in the

country.

Second, the model ignores the supply side. A comprehensive assessment of EV diffusion,
however, requires an integrative approach including technological, political and societal influence
factors (Tran et al., 2012). Different electric-drive technologies such as full battery, plug-in hy-
brid, and fuel-cell EVs, as well as new business models, transport services, and marketing cam-
paigns of manufacturers will have considerable impact on market dynamics. Due to the lack of
sufficient data in the start-up phase of EV innovations, we were not able to ground supply-side
actors similarly to consumers’ decision motives. In future research, we intend to extend our
model to account for technological innovations and marketing campaigns of manufacturers and

other suppliers, based on empirical data.

Third, we did not explicitly model varying perceptions of short-term and long-term costs of
vehicle ownership. A related body of literature in behavioral economics provides evidence that
people tend to prefer immediate payoffs than more distant ones in time (e.g., Laibson, 1997). In
consideration of higher purchase prices but lower cost of maintenance for EVs relative to inter-
nal combustion engine cars, this is an important issue. At present, little is known about how
much consumers are willing to pay for future fuel savings (for review, see Greene, 2010). In the
present work, we addressed these inconsistencies in part by subjective weights of impacts in the
two monetary policy scenarios (see section 2.4). In future work, we plan to conduct behavioral

experiments to even better inform our model empirically.

Despite these limitations, we believe that our agent-based model is a worthwhile research ap-
proach suitable for many further applications. Further activities could comprise the exploration
of agency of households in transport innovation adoption or a more participative involvement of
stakeholders (e.g., politicians or managers) in the modeling process (for review, see Barreteau et

al,, 2013).
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Appendix

Appendix A. Initial parameterization of agents

Table A1
Input and output parameter settings.
Variable type Parameter Range or Meaning Input/
value output
HOTCO parameter Wi —1to+1 Facilitation weight between need unit and action unit = cognitive representation to which  Input
Need units (G;_g) degree a need is accomplished by a certain action
W —1to+1 Valence weight between need unit and special valence unit = valence of a specific need Input
Di —1to+1 Priority weight between need unit and special unit = priority of a need Input
a; —1to+1 Activation of a need unit = impact of a need on decision-making Output
Vi —1to+1 Valence of a need unit = intrinsic emotional valence of a need or action Output
Action units (A;_s) Wi —1to+1 Facilitation weight between need unit and action unit = cognitive representation to which  Input
degree a need is accomplished by a certain action
Wi —1to+1 Valence weight between action unit and special valence unit = valence of a specific action Input
a; —1to+1 Activation of an action unit = indicates which option to choose Output
] —1to+1 Valence of an action unit = emotional valence of the associated mode of transport Output
Socio-demographic/- A 18 to 69 Age of an agent Input
economic parameters G 0,1 Gender of an agent Input
Further parameters I 1to7 Income categories Input
E 1to5 Level of education Input
C 1to3.6 Standard of consumption® Input
M 1to4 Level of modernity?® Input
T 1to4 Different mobility types based on previous conducted cluster analysis Input
r Oto1 Social radius £ social range of an agent limiting the size of the personal network Input
XY 0.33to 0.68 Geographic coordinates (latitude and longitude) assigned to postal codes Input
Oto1
u Weight of policy influence Input

Note all input parameter are determined empitically based on our survey study. a = cf. Otte, G. (2005). Entwicklung
und Test einer integrativen Typologie der Lebensfithrung fiir die Bundesrepublik Deutschland. Zeitschrift Fir Sozi-
ologie, 34,

442-467.

Appendix B. Modeling persuasion in agent-to-agent communication

The percentage values shown in Tables B.1 and B.2 represent self-reported mean changes of

opinions across subjects and transport

modes (N=480) as a result ofpositive and negative vignette statements using factual proposition
(Table B.1) or emotional propositions (Table B.1). For instance, the first column in Table B.1 in-

dicates that a listenerwith a very strong preference for EVs (wij = .60) listening to a strong
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positive statement about EVs perceives a considerable enforcement ofthis belief(i.e. factor ofra-

tional influence n=+8.3%). The influence of a negative statement, however, is for the same per-

son almost negligible (i.e. factor of rational influence n=—0.3%).

Table B.1
Percentage factors of rational influence m for the information receiving agent in means-ends communication.

Receivers™ facilitation weight w;;

Senders' facilitation weight w;; w;; = .60 .20 < w; < .60 —.20 <w; <.20 —.60 <w;; < —.20 w; < —.60
wi; > .30 m= +83% m=+73% m= +4.0% m=—41% m= —3.0%
wij < —.30 m= —0.3% m= —0.6% m=—13% m= —0.3% m= —2.0%
Table B.2
Percentage factors of emotional influence « for the information receiving agent in contagion communication.
Receivers' valence weight v;;
Senders' valence weight v; v; > .60 20 <v< .60 —20<v;<.20 —60<v;<—.20 v; < —.60
v;>.10 a= +75% a = +3.5% a= +0.6% a= —1.0% a= —25%
vi<—.10 a= +4.0% a = +035% a=—0.1% a= —0.85% a=—18%

The content of communication is selective. Therefore the speaking agent selects based on a threshold (z) for facilita-
tion weights (wij) z = + 0.3 and for valences of actions (vi) z = 0.1, respectively, the content of the conversation.

Appendix C. The media agent

Table C1
Mean (M) policy impact factors and standard deviations (SD) of different mobility types.

Type 1 Type I Type III Type IV
Comfort-oriented Cost-Oriented Innovation-Oriented Eco-Oriented
Individualists Pragmatics Progressives Opinion Leaders
M SD M SD M SD M SD
Policy impact factor for
Zero-emission-zone scenario 45 25 48 22 .60 .20 .63 21
Tax exemption scenario 47 .26 .52 27 .66 22 71 22
Purchase subsidy scenario .53 28 .56 26 .69 23 71 23

Appendix D. Sensitivity analysts

We conduct a sensitivity analysis on the policy impact factor pusing five different parameter set-

tings (W= empirical/.25/.50/.75/ 1.00). We conducted one model runs for each simulation to as-

sess the effect on the preferences for EVs across the hole agent population for each setting. We

look at the effects on EV preferences at time step t =100.
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Fig. D1. Preferences for EVs at time step t = 100.
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Abstract

Psychological research practices are often prone to individualistic biases, emphasizing individual-
level mechanisms of attitudes, behaviour, and persuasion, while neglecting the dynamics of com-
munication in social networks. We illustrate with our InnoMind simulation model how agent-
based modeling as a research method can account for the multi-level interactions between infor-
mation processing in individual brains and flows of information in societies. InnoMind is based
on theories of emotional cognition from cognitive science, theories of attitudes and persuasion
from social psychology, and theories of social networks from sociology. In a case study, we show
how the model can be used to address practical research questions in environmental psychology:
We describe computer simulations with InnoMind that can serve as ex-ante evaluations of suita-
ble campaign strategies for the promotion of carsharing as an innovative means of sustainable ur-
ban transportation. We discuss how empirical/experimental versus computational/theoretical re-
search strategies in environmental psychology can and should be regarded as mutually informa-

tive.

Keywords

Attitudes, Environmental Behaviour, Agent-based Model, Innovation, Carsharing
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Introduction

An important topic of environmental psychology is the role of human decision-making and be-
haviour in sustainable development. Often, the goal of environmental psychologists is to come
up with scientifically based strategies to change people’s attitudes and behaviours in desirable
ways — for example, to persuade commuters to use public transport instead of cars. A major limi-
tation to this endeavour stems from the individualistic bias of psychology as a discipline: Psycho-
logical theories and research practices tend to neglect the fact that individual perceptions, deci-
sions, and actions are always embedded in a larger social system (Oishi, Kesbir, & Snyder, 2009;
Scholl, 2007). This individualistic bias sometimes leads to underestimating the complexity in-
volved in changing people’s attitudes and behaviours, as information processing in individual
brains interacts with social dynamics and flows of information at the level of society (e.g.,
Homer-Dixon, Leader Maynard, Mildenberger, Milkoreit, Mock, Quilley et al., 2013). Of course,
many sociologists — and, more recently, physicists and computer scientists — have studied the so-
cial dynamics of changing attitudes and behaviours (e.g., Friedkin & Johnson, 1999; Pentland,
2014; Rogers, 2003), but they in turn tend to neglect the individual cognitive and emotional
mechanisms underlying such changes. For developing effective strategies for attitude and behav-
iour change in support of a more sustainable society, environmental psychologists need tools that
integrate knowledge about the relevant mechanisms across individual and social levels of explana-

tion and across the scientific disciplines.

In this paper, we use our agent-based model InnoMind (for Innovation Diffusion by Chang-
ing Minds) (Wolf, Schréder, Neumann, & de Haan, 2015) as an example to demonstrate the suit-
ability of social simulation as a method to analyze the multi-level mechanisms underlying envi-
ronmental behaviour. The idea behind social simulation is to model artificial societies with com-
puter programs that represent individual actors and their decision rationales as well as the com-
munications among those actors (for review, see Helbing & Balietti, 2012; Squazzoni, Jager, &
Edmonds, 2014; Epstein & Axtell, 1996). The InnoMind model was developed as a decision-sup-
port tool for policy-makers and other stakeholders in the context of the dissemination of electric
cars (Wolf et al., 2015); however, we will show in the present paper that it is a generic multi-level
model of attitudinal dynamics in a society that can be easily adapted to other research questions
besides electric cars. InnoMind is rigorously based on psychological and sociological theory and
informed by empirical data gained from classical social science research such as experiments and
surveys. In the next section, we will describe how it works. Then, we provide the design of a me-

dia campaign purported to promote carsharing in cities as an example case study that illustrates
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the kinds of research questions that can be answered with theoretically plausible and empirically

grounded simulation models.
The InnoMind Model

Here, we provide a summary description of the agent-based model InnoMind, whose develop-
ment as well as a previous application simulating dissemination strategies for electric cars are de-
scribed elsewhere (Wolf et al., 2015). We proceed here by levels of explanation. First, we illustrate
how individual agents’ attitudes are represented as constraint-satisfaction networks (Thagard,
2000; 20006). Second, we explain how attitude change as a result of agent-to-agent communication
is modeled as a change in the topological structure of those networks. Third, we describe how
InnoMind models flows of communication in society as an artificial social network implementing
the principle of homophily established in sociology (McPherson, Smith-Lovin, & Cook, 2001). In
each of these three subsections, we first describe the relevant theoretical background (i.e., atti-
tudes, persuasion, social networks), then the computational implementation of the theory in
InnoMind, and finally empirical strategies for connecting InnoMind simulations to psychological
and sociological reality (cf. Sobkowicz, 2009). We keep the present description verbal to convey
the basic ideas as simply as possible, but readers interested in the more technical details will find

information on equations and parameters in the Appendix and in Wolf et al. (2015).
The Individual 1 evel: Modeling Agents” Attitudes

InnoMind can be used to simulate attitude changes that result from the complex interactions of
multiple agents. At the core of InnoMind is thus a model of individual agents’ attitudes, which is

based on relevant psychological theory and can be grounded in empirical data.

Theoretical background. From the perspective of psychology, attitudes are evaluative dispositions
of individuals towards certain mentally represented objects, issues, or people (Fishbein & Ajzen,
2010; Petty & Brinol, 2015). Attitudes have cognitive, affective and conative aspects (Ajzen,
1989); i.e., the beliefs, feelings, and action tendencies, respectively, associated with an object. Atti-
tudes can vary along a spectrum from more implicit, associative, and automatic to more explicit,
propositional, and reflective evaluations (Fazio & Towles-Schwenn, 1999; Gawronski & Boden-
hausen, 2007). Similarly, attitudes influence people’s behaviours through a variety of mechanisms
from more automatic ones that operate outside people’s awareness (Bargh & Chartrand, 1999) to
more controlled ones that operate through people’s deliberate intentions (Fishbein & Ajzen,

2010).
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From the perspective of cognitive-affective neuroscience, the different aspects of attitudes (be-
liefs, affect, implicit vs. explicit evaluations etc.) should, however, not be understood as separate
categories, but rather as dynamically interacting components (Cunningham & Zelazo, 2007; Dun-
can & Barrett, 2007; Schréder, Stewart, & Thagard, 2014). The attitude-behaviour relationship
can be described as a parallel constraintsatisfaction process, where many different — more or less
conscious — mental representations such as beliefs, emotions, and intentions compete with each
other interactively in the brain for control over behaviour (Ehret, Monroe, & Read, 2015; Mon-
roe & Read, 2008; Orr, Thrush, & Plaut, 2013; Schroder et al., 2014; Schréder & Thagard, 2014).
Based on Thagard’s (2006) computational HOTCO model of emotional cognition (for HOT
COgnition), InnoMind uses artificial neural networks to model individual attitudes as parallel

constraint satisfaction.

Computational implementation. The HOTCO networks representing InnoMind agents are localist
neural networks, signifying that their nodes represent single concepts, while the links between the
nodes represent relationships between the concepts. At any given point in time, the nodes exhibit
varying degrees of activation, which roughly corresponds to the current cognitive salience of the
concepts represented by the nodes. There are two possible types of relationships in a localist net-
work. Concepts can be mutually compatible (e.g., environmental friendliness and bikes), which is
modeled by the spread of activation from one node to a connected node. Concepts can also be
incompatible (e.g, environmental friendliness and old diesel cars), which is modeled by inhibition
of the activation of connected nodes. In a localist network, which may represent many different
concepts as well as compatibility and incompatibility relationships between them, updating the
activation of nodes as a function of all their connections in several iterations often yields a stable
network pattern, where some nodes are activated and some are inhibited. This iterated network-
stabilization process is an efficient solution to parallel-constraint-satisfaction problems and was
shown empirically to predict many instances of human decision-making (Gléckner & Betsch,
2008; Glockner, Hilbig, & Jekel, 2014; McClelland, Mirman, Bolger, & Khaitan, 2014; Thagard,
2000).

Localist networks like HOTCO are not biologically realistic, as in the brain concepts do not
correspond to single neurons, but rather to patterns of activity in large populations of neurons.
However, it could be shown that the kinds of networks used to model InnoMind agents translate
readily into more realistic neurocomputational models; hence, they can be regarded as viable ap-
proximations to the computations of real brains (Schroder & Thagard, 2014; Thagard & Aubie,
2008). Most importantly, HOTCO networks appropriately model the cognition-emotion interac-

tions that underlie attitudes, decisions, and behaviours (Simon, Stenstrom, & Read, in press;
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Thagard, 20006). Fig. 1(A) shows the generic architecture of an InnoMind agent. There are two
layers of nodes that represent the agent’s perceived needs2 and action options. A special valence
node that is connected to the first layer of nodes (i.e. needs) is used to model emotional influ-
ences on the agent’s attitudes (cf. Petty & Brifiol, 2015). For example, people might have a need
to see themselves as environmentally friendly and attach positive emotions to this need. They
might also have a need to avoid stress, to which they attach negative emotions. Cognitive beliefs
are modeled in InnoMind agents by excitatory and inhibitory links between need and action
nodes. For example, if a person thinks that using public transport would be conducive to their
need of environmental friendliness, InnoMind models this belief as an excitatory link between a
need node that represents environmental friendliness and action node that represents the use of
public transport. “Excitatory link”” means that there is a spread of activation between the nodes;
L.e., activation of the node representing environmental friendliness will spread to the node repre-
senting the use of public transport (and vice versa). Relatedly, a person might think that driving a
car would contradict their need of environmental friendliness. InnoMind would model this belief
as an inhibitory link between the two respective nodes; i.e., activation of the environmental

friendliness node would suppress the activation of the car-driving node.
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Figure 11. Connectionist InnoMind agent architecture

(A) Implementation of communication mechanisms between InnoMind agents (B). N=Need, V=Valence, A=Ac-

tion.
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Once all the needs and actions, along with their respective valences and interconnections, are de-
fined, InnoMind computes for every agent a coherent set of attitudes towards the different action
options by using a connectionist constraint-satisfaction algorithm (Thagard & Verbeurgt, 1998).
The algorithm involves the following steps (for mathematical details, see the Appendix, or Wolf
et al.,, 2015): 1. Set initial activation and valence values for all the nodes. 2. For every node, update
valence and activation nodes by summing up the (excitatory and inhibitory) input from all the
connected nodes. At this step, valence and activation values are multiplied as a way to model
emotional biases in cognition (Thagard, 2006). 3. Repeat step 2, until the whole network settles
into a stable state; i.e., no significant further changes occur as a result of updating valences and
activations. Typically (although not necessarily), this stabilization occurs after a few hundred iter-
ations. The final, stable pattern of valences and activations can be interpreted as a coherent set of

attitudes and behaviour tendencies of an agent.

Empirical grounding. Unlike many other agent-based models, which are more abstract and theo-
retical in nature, InnoMind was designed as a complementary tool to morecustomary research
methods in psychology such as (qualitative and quantitative) surveys and experiments. Empirical
data can serve as input to InnoMind simulations; on the other hand, simulation outputs can (and
should) be tested against empirical data to ensure the validity (or at least: plausibility) of the

model.

Table 9. Transportation needs in the InnoMind agent-based model

. Safety

. Comfort

. Environmental Friendliness
. Driving Experience

. Image/Self Presentation

. Costs (Efficiency of)

. Stress (Avoidance of)

. Independence
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Generating empirical input to the model requires determining the needs and actions relevant
to a particular problem domain as well as specifying the following input parameters: 1. im-
portance of the needs to representative subjects from the population one attempts to model; 2.
emotional valences of the needs; 3. strength of the excitatory and inhibitory links between spe-
cific needs and specific actions. In the development of InnoMind, these parameters were based

on data from an extensive empirical study with traditional psychological research methods briefly
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summarized as follows (see Wolf et al., 2015, for more details). Focusing on the city of Berlin,
Germany, the study was about assessing people’s attitudes towards different means of transporta-
tion. In a first step, multiple focus groups served to qualitatively explore the needs and emotions
relevant to people’s transportation decisions in general. The resulting set of transportation needs
that is implemented in the current InnoMind model is displayed in Table 1. In a second step, a
questionnaire was designed to elicit from a stratified sample of residents of Berlin quantitative
ratings of the relative importance of the transportation needs, the emotional valence attached to
them, as well as the perceived degree to which these needs can be satisfied by using different
means of transportation such as cars (traditional or electric), bicycles, trains and buses, and car-
sharing. These different means of transportation are implemented in InnoMind as action nodes
(see Fig. 1(A)). The empirical data from the survey was used to parameterize the individual agents
of the InnoMind model (N = 675). Each survey respondent is represented in the model by one
uniquely parameterized neural network model. The parameters such as link strength, valence of
nodes, and socio-demographic characteristics are based on the answers in the survey, as shown in

Table 2 (see the Appendix or Wolf et al., 2015, for more details).

The survey also contained questions about the actual current use of the different means of
transportation. To test the validity of the individual-level agent models of InnoMind, we re-
gressed these self reports on the activation output parameters of the corresponding action nodes
after running the parallel-constraint-satisfaction algorithm on each of the artificial agents as de-
scribed in the previous section. Rz coefficients thus obtained indicated the individual-level
InnoMind model to predict variance shares between 26.1% (for public transport) and 46.2% (for
bicycles) of actual (self-reported) transportation-related behaviours (Wolf et al., 2015). Please
note that this validation procedure does not involve fitting the model directly to the target behav-
iour, as is often done in social simulation. Rather, only empirical measures of beliefs and emo-
tions were taken to initialize the model, and then simulation outputs were taken to predict the in-
dependently obtained self-reports of behaviors. The InnoMind model thus compares well against
the established standards in social psychological attitude-behaviour research, typically employing
regression or structural equation models, which yield similar levels of prediction (Armitage &

Conner, 2001).
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Table 10. Sample sutvey questions for parametrization of InnoMind agents

Mental representation ~ HOTCO network element Example of survey item Measurement
: . “Drivi - facili 6-point Likert
Coenitive belief Connection weight between e.g. “Driving a car facilitates p 1
" need and action node my need of comfort.” scale
Emotion Valence weight attached to e.g. “How good vs. bad does (91.-%01‘11t 5¢ 1111antic
action node driving a car feel?” ifferential scale
- .o : e.g. “How important is the 6-point Likert
Priori Priority weight of needs 5 >
v wets need comfort for you?” scale

The Interaction 1 evel: Modeling Inter-Agent Persuasion

At the level of interactions, InnoMind models attitude changes, which result from communi-
cating with other agents, as a change in the strengths of the links between nodes of the neural
networks that represent the agents’ beliefs and emotions (cf. Monroe & Read, 2008). InnoMind
can model interpersonal communication between individual agents as well as mass media com-

munication of one agent to many agents at the same time.

Theoretical background. In line with the abovementioned interacting-dual-systems models of atti-
tudes (e.g., Fazio & Towles-Schwenn, 1999; Gawronski & Bodenhausen, 2007), psychological
theories of interpersonal persuasion have proposed a dichotomy of more elaboration-intense and
systematic versus more peripheral and heuristic mechanisms of changing people’s minds through
communication (e.g., Chen & Chaiken, 1999; Petty & Cacioppo, 1986). Emotions play a role at
different levels of elaboration intensity, albeit in different ways: while people consciously reflect
on their emotions when engaging in systematic elaboration of other people’s influence attempts,
they automatically transfer the valence of their emotions to their attitudes when engaging in only
peripheral information processing (Petty & Brifiol, 2015). From theories of attitude congruence
and biased information processing (e.g., Hegselmann & Krause, 2002; Kunda, 1990; Osgood &
Tannenbaum, 1955; Sherif & Hovland, 1961; Westen, Blagov, Harenski, Kilts, & Hamann, 2006)
it is well known that the likelihood of one person influencing another person’s attitudes through
communication, whether through systematic or heuristic mechanisms, depends on the initial sim-
ilarity of their attitudes. If two people are too far apart in their opinions, influence attempts will

often be unsuccessful or might even backfire.

Computational implementation. Following Thagard and Kroon’s (2000) simulation model of deci-
sion-making in small groups, InnoMind implements elaboration-intensive versus peripheral per-

suasion as two computational mechanisms, displayed in Fig. 1(B). Means-ends communication
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changes the strength of the links between need and action nodes, modeling the change of cogni-
tive beliefs about the degree to which a specific action is conducive to a specific need. Emotional
contagion changes the strength of the links between action and valence nodes, modeling the
transfer of emotional valence to an attitude object (cf. Petty & Brifiol, 2015). The numerical de-
gree of these changes in a simulated influence attempt between two agents depends on the prior

attitude congruence between the two agents. Mathematical details are available in the Appendix.

Empirical grounding. The exact parameters of the link-strength changes as agents communicate
with each other are based on empirical data from a psychological experiment designed specifically
for maximizing the empirical plausibility of the communication mechanisms embedded in
InnoMind. A full description of this experiment is in preparation at the time of this writing; a
summary is provided by Wolf et al. (2015). Participants in the experiment responded to vignettes
simulating persuasion attempts to evoke positive or negative change in attitudes about the use of
conventional and electric cars. For the vignettes, means-ends versus emotional communication
and different degrees of prior attitude congruence were systematically varied, and resulting belief
and emotional changes in attitudes elicited from the participants.3 The data were used to opti-
mize a function that quantifies the degree of changes in cognitive beliefs and emotional valence
during a persuasion attempt, which in turn is implemented as a model of inter-agent attitude

change in InnoMind (for details, see Table D.1 in the Appendix or Wolf et al., 2015).
The Society Level: Modeling Commmunication Flows in Social Networks

Besides modeling how agents can influence each other, an agent-based model needs to specify
which agents can be expected plausibly to interact with each other. To this end, InnoMind gener-
ates an artificial social network that defines the possible exchange of information among agents

in the simulated social system.

Theoretical background. Sociologists have shown that the structure of realistic social networks
follows a principle of homophily, according to which individuals tend to prefer interactions with
other individuals who are similar to themselves over interactions with individuals who are differ-
ent in terms of socio-demographic characteristics and values (McPherson et al., 2001). Societies
can thus be described as networks of clustered, relatively homogeneous sub-networks of people
who have stable local belief systems that are resistant to change as people create “shared realities”
(Hardin & Higgins, 1996) with like-minded people (Homer-Dixon et al., 2013). There are also ge-
ographical facets of homophily, created both by a tendency of people to move to locations more

compatible with their ways of thinking and by the processes of social influence and persuasion
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exerted over people by their immediate physical neighbours (e.g., Latané & Bourgeois, 2001; Otte
& Baur, 2008; Rentfrow, Jost, Gosling, & Potter, 2009; Onnela et al., 2011).

Computational implementation. As displayed in Fig. 2, InnoMind models flows of communication
within an artificial social network that is geographically explicit and implements the principle of
homophily. Setting up this network requires two sets of parameters. The first is a social radius (cf.
Hamill & Gilbert, 2009; see the dashed circle in Fig. 2) given by (1) the geographic proximity of
agents to allow for the fact that interactions are more likely between people who live close to
each other, whether or not they have similar demographic characteristics and lifestyles, and (2)
the size of agents’ egocentric social networks (represented by circles such as in Fig. 2 of different
sizes) to allow for the fact that some people are subject to more social influence than others (e.g.,
extraverted people might have more friends than introverted people). The second parameter
needed for generating an artificial social network in InnoMind is a mathematical operationaliza-
tion of social similarity, based on the concept of Blau space (McPherson, 1983). Blau space is a
multi-dimensional space whose base dimensions are given by socio-demographic variables.
InnoMind uses six variables (gender, income, age, education level, and indices of modernity and
consumption preferences) to compute for any other agent within one agent’s social radius a Eu-
clidean distance measure of social dissimilarity in Blau space. When setting up the ties in the arti-
ficial social network, InnoMind uses a weighted random procedure based on that Blau space dis-
tance (see Appendix B). As a result, the likelithood of sociodemographically similar and geograph-
ically close people to interact with each other is higher, albeit it is not fully impossible for two so-
cially and geographically distant agents to engage in an interaction — just as in real societies where
communication generally follows the homophily principle while sometimes interactions still do

occur between people of different social backgrounds.

Empirical grounding. The survey of Berlin residents described above, which was used to pa-
rameterize the individual-level models of attitudes in InnoMind, also contained the necessary data
for empirically grounding the social network model. As was mentioned above, one InnoMind
agent corresponds to one unique survey respondent. Postal codes obtained from the respondents
served as a rough estimate of geographical location. The social radius (dashed circle in Fig 2.) was
assessed through specifically designed questions about selfreported opinion leadership and social
orientation of survey respondents in the process of innovation adoption. The variables defining

social closeness in Blau space were taken from respondents’ socio-demographic characteristics
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and their answers on an established German questionnaire measuring lifestyles and consumption

preferences (Otte, 2005; Otte & Baur, 2008).
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Figure 12. Geographically explicit social network model in InnoMind

Here, the Friedrichshain-Kreuzberg district of Berlin is displayed in the centre of the map. Location of agents is
based on postal codes obtained from a stratified survey of Berlin residents.

Case Study: Promoting Carsharing in Berlin

In this section, we will show how we can use the InnoMind agent-based model to support the
spread of pro-environmental attitudes and behaviours. As a case study, we will consider the pro-
motion of carsharing in the city of Berlin, Germany. Carsharing is widely believed to be a more
sustainable form of urban transportation than individual car ownership, particularly if electric or
hybrid vehicles are used (Frinkorn & Muller, 2011; 2015). For example, carsharing reduces the
amount of kilometers traveled and, hence, carbon and other emissions, lends itself better to a
multi-modal combination with public transportation, and allows more efficient land-use. Per-
suading more and more urban residents to participate in carsharing would thus likely lead to
more environment-friendly cities - a typical goal an environmental psychologist might want to
support. An important research question related to this goal could be: How should a campaign be

designed that aims at influencing residents’ attitudes and behaviors in support of carsharing?
Using InnoMind to Stmulate Campaigns That Promote Car Sharing

It is well known in psychology that the same facts or actions can be framed semantically in differ-
ent ways and that the framing chosen can have tremendous impact on the persuasiveness of a

message related to these facts or actions (e.g., Gifford & Comeau, 2011; Lakoff, 2004; Levin,
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Schneider, & Gaeth, 1998). The success of a campaign targeted at improving the environmental
friendliness of people’s behaviours will, hence, depend considerably on the framing chosen. For
example, one might directly emphasize the fact that carsharing is beneficial for the environment,
one might make its cost-efficiency salient, or one might choose to portray carsharing as “cool”
and innovative. Which one of these, or other, campaign framings will work best depends on the
emotional coherence of these arguments with people’s preexisting beliefs and attitudes (Thagard,
20006; Westen, 2007). Various empirical evaluation studies lend support to the idea that people’s
transportation choices can indeed be influenced by persuasive campaigns tailored to people’s
needs and attitudes (e.g., Anable, 2013; Brog, Erl, Ker, Ryle, & Wall, 2009; Cairns, Sloman, New-
son, Anable, Kirkbridge, & Goodwin, 2008). The InnoMind model not only provides a mecha-
nistic explanation for such findings, but can be used for ex-ante evaluation of different campaign

strategies through simulated scenarios.

Social simulation vs. experimental psychology. The standard methodological procedure for an envi-
ronmental psychologist to answer questions about suitable framings would be to design an exper-
iment to determine the effectiveness of different campaign strategies empirically. However, ex-
periments are costly to be carried out, they usually only allow for 2-3 variables to be studied at a
time, and they neglect the complexity of communicative dynamics in a real social system where
there is not just one controlled message going from advertisers to consumers, but also self-orga-
nized communication among consumers that interacts with the actions of campaigners. Agent-
based models like InnoMind, in contrast, are economical tools for testing the plausible effective-
ness of different possible campaign frames in simulations, which amount to virtual experiments
(e.g., Delre et al., 2007; Mosler & Martens, 2008; Tobias, 2009). This statement is not meant to
dismiss the importance of empirical and experimental work; as explained in the previous section,
the model is carefully grounded in customary empirical research, which now can be capitalized
upon in order to come up with quick, psychologically sound answers to many practical questions

related to sustainable transportation.

Computational implementation of campaign framing. In InnoMind, a mass media campaign can be
simulated through a special kind of agent called a media agent. Media agents differ from the other
agents in that their communication is uni-directional; i.e., they can send messages directly to a
large number of individual agents, but they will not receive communication back from them.
Also, media agents are connected to larger numbers of agents in the virtual society than ordinary
agents, in order to simulate communication through mass media. Other than that, communica-
tion through the media is modeled in the same way as interpersonal persuasion, described in the

preceding section of this paper. Hence, a simulated media campaign relies on the two possible
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communication mechanisms, targeted at changing beliefs about need-action contingencies versus

emotional connotations attached to these beliefs (see above).

We used the empirically derived model of eight different needs that influence people’s trans-
portation attitudes and behaviours (see Table 1) for guiding ideas about possibly successful cam-
paign strategies. Therefore, our approach falls under the category of goal framing, where persua-
sion attempts emphasize specific psychological goals that can be achieved through the actions in
question (Levin et al., 1998; Lindenberg & Steg, 2007). The two questions we sought to answer
with the present simulation experiment is: (1) Which transportation needs should be emphasized
in a pro-carsharing campaign in Berlin, if the goal is to maximize the number of Berlin residents
willing to adopt this innovative and environmentally friendly means of transportation? (2) Should

different needs be emphasized to target different segments of the Berlin population?

Table 2 displays the computational implementation of the various possible goal framings of
our simulated carsharing campaign. In a mass-media persuasion attempt, all agents connected to
the media agent (70% of the agent population) would change the link between the node repre-
senting the need emphasized by the campaign and the carsharing action node by the amount dis-
played in the table (without, however, exceeding the maximal link weight of +1). Note that we
leave the connections with all other action nodes representing means of transportation besides
carsharing unchanged. For example, a campaign focused on environmental friendliness (“Go
green: Use carsharing!”) would result (only) in a modified link between the environmental-friend-
liness node and the carsharing node. In contrast, a campaign emphasizing independence and flex-
ibility (“Never look for a parking spot again: Use carsharing!”) would be simulated by the agents
connected to the media agent changing (only) the link in their neural networks between the inde-
pendence and the carsharing node. Please note carefully that the numbers displayed in Table 2
only represent the information sent by the media agent, which does not necessarily result in a
change of the same amount or even direction in the receiving agents’ attitude networks due to the
nonlinear nature of the parallel constraint satisfaction network algorithm. As was explained in the
previous section, the actual change in the receivers’ representation is a function of prior belief
congruence between sender and receiver, as the InnoMind agents engage in motivated cognition
similar to humans. Therefore, the outcome of this campaign-frame experiment is much less triv-
ial than the numbers in Table 2 might suggest and we need to run computer simulations to han-
dle the resulting complexity. In addition, the change of minds is not over after a single-shot mes-
sage sent over the media, but such a communication impulse can be expected to stimulate further
interpersonal communication in the social networks of the agents, which needs to be taken into

account.
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Table 11. Simulated carsharing campaigns and their computational implementation

Need node Campaign frame Change of weight between carsharing node
and respective need node

N1 (safety) Carsharing is safe +1
N2 (comfort) Carsharing is comfortable +1
N3 (eco-friendliness) Carsharing is green +1
N4 (driving experience) Carsharing makes for a great +1

driving experience

NS5 (image) Carsharing is cool +1
N6 (cost avoidance) Carsharing is cheap +1
N7 (no stress) Carsharing is free from stress +1

and hassles

N8 (independence) Carsharing allows maximal +1
flexibility

Running simulations with InnoMind. The steps involved in running a simulation with
InnoMind are displayed in Fig. 3. Every simulation starts with an initialization of all the agents’
mental representations and their socio-economic attributes, which are used to set up the social
network connections between agents, as explained in the previous section. For the simulation of
different carsharing campaigns, we based the initialization on the results of the survey related to
transportation attitudes and behaviour in Berlin described above. We then advance the simulation

one time step (“t=t+1” in Fig. 3).

The first set of computations occurs at the level of individual agents: Using the connectionist
algorithm described in the previous section, the model determines for each agent a preferred
mode of transportation out of five options (i.e. conventional and electric car, public transport,
carsharing and bicycle), which corresponds to the action node with the highest activation param-
eter once the neural network has settled after exchanging activation iteratively among all nodes.
Next, each agent picks one other agent from its individual social network (see Fig. 2) at random,
and the two exchange information via the two communication mechanisms of the model (means-
ends and emotional contagion). This exchange of information results in an adjustment of the
connection weights in the two neural networks representing the communicating agents; however,
the degree of this adjustment is contingent on prior belief congruence (see above). Up to this
step, we have only simulated interpersonal communication in the social system, without external
intervention through a media campaign. If no such intervention is implemented, the simulation is
advanced one further time step and the cycle of updating individual beliefs and exchanging infor-

mation among agents reiterates. We conducted such a simulation of 100 time steps to generate a
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baseline scenario for the change of attitudes toward carsharing in Berlin without any media cam-
paign. In the logic of experimental psychology, this baseline scenario corresponds to the control

condition.

Initial definition of agents
(mental representations,
socio-economic attributes and
social links)

Start a new cycle

Update decision
of preferred mode of transport

Y

Select communication partner

out of individual social network
(stochastic process)

A
Exchange of rational and influence /| Mental representaion
emotional information of communication partner

y

Calculation of belief congruence
between sender and receiver

Y
Learning
(adjustment of connection weights)

no

Media campaign?

Receiving and weighting influence
rational and/or emotional information Information media campaign

y
Learning
(adjustment of connection weights)

Figure 13. Flowchart of simulations with InnoMind

If, however, a media campaign is implemented in an iteration, two additional steps are re-
quired after the agent neural networks adjusted their connection weights following agent-to-agent

communication.

First, a certain proportion of all agents chosen at random receive communication from the

special media agent, simulating the broad distribution of a message in society through mass media
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communication. The mechanisms for communication between the media agent and the ordinary
agents are exactly the same as for agent-to-agent communication, i.e., the media agent also com-
municates facts or emotions. The only difference is that the media agent is far more connected
than all the ordinary agents: In the present simulations, 70% of agents chosen at random received

the media agent’s messages.

Second, upon receiving a media message, all agents adjust their neural network connection
weights according to the usual function, depending on prior belief congruence with the media
agent. Then, the simulation advances one time step and the cycle depicted in Fig. 3 repeats. In
the simulations of carsharing campaigns reported here, we implemented a media message in

every 10th iteration.
Results

The results presented in this section are focused on changes in attitudes towards carsharing, re-
sulting in changing preferences for carsharing as compared with other means of transportation.
Technically, we assume that an agent’s preferred mode of transportation is carsharing if after run-
ning the connectionist decision algorithm at the individual level the activation value of the car-
sharing action node outweighs activation values of all the other nodes (for additional details, see
Wolf et al., 2015). Graphs and figures present the fraction of agents (averaged across 5 runs of
the InnoMind simulation) that prefer carsharing. All simulation experiments are conducted sepa-
rately with specific interventions under identical starting conditions in the agent population. Atti-
tude changes caused by social and media influence are compared against a baseline scenario (i.e.,

control condition) in their overall and geographically nuanced effectiveness.

Expected attitude change with and without intervention. Fig. 4 compares the temporal dynamics of
carsharing preferences after agents’ exposure to 8 different simulated campaigns, plus a baseline
scenario (control condition) where no media campaign is implemented. The moderate increase
from roughly 4% (t=1) to about 8% (t=100) in the baseline scenario reveals a stable trend of in-
creasingly more positive attitudes towards carsharing on a relative low level, resulting from utual
social influence among agents. In contrast, the simulated attitude changes resulting from mass
media influence suggest that specifically framed campaigns, addressing different needs of con-
sumers, can induce substantial attitudinal changes toward carsharing, resulting in a proportion of
up to 35% of the population who would consider carsharing as their preferred mode of
transport. Interestingly, campaigns framing independence, safety and the avoidance of stress
when using carsharing; not, as one might expect its environmental friendliness, are the three most

effective strategies to support this transport mode, according to our simulations.
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Figure 14. Simulation results (main effects)

Effectiveness of different carshating campaign frames predicted by InnoMind simulations, compared with a base-
line scenario, in which no campaign is implemented.

The effectiveness of campaigns promoting the use of more sustainable means of transporta-
tion such as carsharing depends on a general pattern of transport mode shift, in particular the re-
duction of the use of privately owned internal-combustion-engine cars. It would be problematic
in terms of sustainability goals if the increase in carsharing were to happen at the expense of even
more sustainable transportation options such as public transport or bike riding. Therefore, we
also analyzed the comparative effect of such carsharing campaigns on the attitudes towards other

transportation options, as suggested by our simulations.

0,35

03

0,25

02 M Carsharing

0,15 | 1 | : ®|CE Car
0,1 EPublic transport
HE-
0.05 E-Car
OBicycle

Preference change [%]

Eco- Driving iidcs Cost Stress Inde-
friendlines exerience cam gi " avoidance avoidance pendence
campaign campaign paig campaign campaign campaign

Safety Comfort
campaign campaign

150



Figure 15. Comparative change in transportation preferences after different carsharing campaigns suggested by simu-
lations with InnoMind.

The figure displays the average change in activation of the action nodes corresponding to means of transportation
across all agents after 100 time steps.

Fig 5. shows the in-/decrease of preferences for five transportation modes resulting from the
simulated media campaigns for carsharing relative to the baseline after 100 time steps of the sim-
ulation. The results indicate that the substantial increase of the fraction of agents changing their
preferences towards carsharing (between 15% and 27%) is across all campaigns - as intended -

mostly at the expense of combustion-engine car ownership.

However, media campaigns addressing needs such as independence, safety or the avoidance
of stress may also result also in an unforeseen mode shift by reducing the preferences for public
transport and bicycle (together between -9% and -10%). Thus, besides the varying effectiveness
of campaigns caused by the different susceptibility of individual agents in the context of their
specific preexisting mental representations, our results indicate that campaign strategies must also
target groups of travellers with preferences for high carbon emission vehicles to facilitate a more

sustainable transportation system (see also Wolf et al., 2015).

Geographic location as a moderator of campaign effectiveness. In addition, we analyzed the effectiveness
of the different campaigns in the spatial domain - an equally important aspect for the implemen-
tation of media campaigns. Owing to the non-random distribution of people with specific attitu-
dinal patterns across geographic locations, we can expect different campaign frames to be of dif-
ferent effectiveness in different locations - in statistical terminology, we would call this an interac-

tion effect.
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The geographically nuanced fraction of agents predicted to prefer carsharing after implement-
ing the different campaigns (including baseline scenario) in InnoMind is shown in Fig. 6. Note
that the geographical location of the agents in InnoMind is based on the postal codes of their
corresponding survey respondents as a proxy for residential location. Each map indicates the pre-
dicted attitude changes separately for the 12 administrative districts of the city of Berlin. The dark
(light) colors represent districts with a high (low) percentage of agents with preferences for car-
sharing. The maps indicate pronounced differences in the responsiveness to the differently-
framed campaigns across the city. The results illustrate that while some campaigns such as the in-
tervention emphasizing independence and flexibility of carsharing lead to broad positive attitude
changes across the city, other campaigns communicating aspects such as environmental friendli-

ness or positive driving experience induce specific regional effects.
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Figure 16. Simulation results (interaction effects)

The effectiveness of different carsharing campaign frames depends on geographic location (i.e., district of Berlin).
Discussion

As an example for the usefulness of agent-based modeling (ABM) in environmental psychology,
we discussed in this paper our recently developed InnoMind model, aimed at explaining the
change of attitudes towards social and technological innovations in a social system (Wolf et al.,

2015). We explained here how this ABM allows researchers interested in large-scale changes of

152



environmental attitudes and behaviours to study the interplay of relevant mechanisms at the indi-
vidual, interpersonal, and societal levels of explanation. As we showed, InnoMind is not only
based on up-do-date theories from social psychology, cognitive science, and sociology, but also
carefully grounded in empirical data obtained with traditional research methods from psychology

and social science such as experiments and both qualitative and quantitative surveys.

Agent-based models of innovation diffusion are abundant, including the domain of sustaina-
ble transportation (e.g., Brown, 2013; Eppstein, Grover, Marshall, & Rizzo, 2011; Janssen & Ja-
ger, 2002; Kiesling, Gunther, Stummer, & Walkobinger, 2011). Our model adds to this literature,
although attitude dynamics on the consumer side are only one aspect of innovation diffusion,
while the inclusion of technological, supply-side, and legal developments remains an open ques-
tion for future research. We think that the value added from our model to the work on innova-
tion diffusion in social simulation comes through the theoretical grounding in cognitive science
(cf. Sun, 2012); in particular up-to-date theorizing on the role of emotion in human decision-
making (Simon et al., in press; Thagard, 20006). Despite some notable exceptions (e.g., Schwarz &
Ernst, 2009), innovation-diffusion models have been criticized for oversimplifying the psycholog-
ical decision-making processes of agents (Kiesling et al., 2011, Squazzoni et al., 2014; Sun, 2012).
With our InnoMind model, we answer the calls for more psychological realism in social simula-
tions by bridging the gap to connectionist models of social psychological processes (e.g., Monroe
& Read, 2008; Orr et al., 2013; Schréder & Thagard, 2014; Van Overwalle & Siebler, 2005).
These latter approaches provide good explanations of attitude-behaviour relationships, but tend
to remain restricted to the individualistic perspective of psychology, which we sought to over-

come with the development of InnoMind.

The second contribution of this paper besides demonstrating the usefulness of social simula-
tion in environmental psychology is pragmatic. We used the InnoMind model to evaluate the
plausible effectiveness of different campaign strategies targeted at raising the public’s acceptance
of carsharing, a combined technological and social innovation that many regard as a more sus-
tainable form of urban transportation than car ownership. While the simulation results provide
clear guidance for designing such campaigns, a few words of caution related to some limitations

of the model are in order.

First, the fraction of future carsharing users suggested in the different simulated scenarios
should not be seen as precise predictions because the presented simulations disregard many other
communicative processes such as advertising by carmakers or political debates in the media about

sustainable transportation and urban futures. Like any experiment in psychology, the results of
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the simulations can be considered valid all else being equal; hence, the interpretation should only
be about the psychologically plausible effectiveness of campaigns compared with each other, not

about the absolute effectiveness of any such campaign.

Second, the distribution of agents in the districts of Berlin (Fig. 6) does not fully correspond
with the real world, as the survey sample underlying this artificial society is quasi-representative
for the population of Berlin as a whole, but not necessarily the single districts of the city. A more
fine-grained resolution of the underlying survey data would be required to gain more confidence
in the location-specific predictions. Despite this limitation, the identified spatial patterns are in
line with the above-mentioned aspects of geographical homophily and may serve as hypotheses
that can be tested empirically in future studies. It is important that such work be carried out in

the future to gain more confidence in the reliability and validity of InnoMind.

We made clear that we do not view ABM as a surrogate to the predominant experimental re-
search methods in psychology, but rather as a complementary method that helps to overcome the
individualistic biases inherent in those experimental approaches. The logic of our simulation ap-
proach is very similar to the logic of experimental psychology. We used the InnoMind model to
compare different ways of framing a campaign against a baseline, or control condition, all other
variables held constant. Hence, we might call our method a virtual experiment. While one might
be inclined to trust data from real experiments more than data generated by a computer model,
the trustworthiness of experimental findings has been the subject of much debate recently as well
(e.g., Open Science Collaboration, 2015; Stroebe & Strack, 2014), so we believe there are no sim-
ple answers here. The clever combination of experimental/empirical and computational/theoreti-

cal methods provides the best path to understanding in our opinion.

A further advantage of simulation experiments over real experiments is the relative cost-ef-
fectiveness of the former. It took us only a few hours to come up with the results presented here
and cost virtually no money. In comparison, a real experiment with participants recruited in all
the different districts of Berlin would have taken months and incurred considerable monetary
costs. It should, of course, be noted that this claim is only true because of our previous consider-
able investment in the development of InnoMind in the first place (Wolf et al., 2015). Only now
that the model already exists and has been shown to generate plausible and valid results can we
use it to come up with quick answers about people’s attitudes towards different means of more
or less sustainable forms of transportation. Extensions of the realm of the model beyond trans-
portation will not be doable within hours, to be sure, but InnoMind with its generic attitude

structure as a network of needs, actions, and emotional valences (see Fig. 1) lends itself to
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relatively simple adaptation to other problem domains. One could use the empirical studies re-
lated to transportation used as a basis for the development of InnoMind (see Wolf et al., 2015) as
a blueprint for future studies intended as starting points for simulations in other domains of envi-
ronmental behaviour. In addition, it is entirely possible to take quick expert judgments as viable
starting points for simulations. Hence, the model is flexible enough to be tailored to different re-
search questions with different amounts of available resources, with results ranging from quick
educated guesses to fully fledged-out data-driven strategy development. It is this flexibility, be-
sides their accounting for social dynamics, that makes social simulations tools important method-

ological complements to traditional research methods in environmental psychology.
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Notes

1. The source code of the model, which is written in Java, is available online at the openABM
agent-based modeling platform. (EXACT URL will be provided during the production stage of
the paper)

2. Please note that the definition of ,,needs* is pragmatic here, referring to people’s selfreported
desirable qualities of transportation rather than to universal functional requirements of organisms
as in scientific theories of needs. In German language, the term Mobilit.tsbedutfnisse (=transpor-

tation needs) is often used in transportation research (e.g., Hunecke, 2015).

3. Here are two examples of vignettes implementing the two different communication mecha-
nisms. Means-end/communication of facts: ,,I encourage you to give up driving internal combus-
tion engine cars. On the one hand, cars cause considerable environmental damage and are a
threat to our future. On the other hand, speed limits and the increased lack of parking space con-
siderably restrict independence and individual freedom when using the car.” Contagion/commu-
nication of emotions: ,,Driving cars is really fun! Last weekend I drove the car at its limits in the
countryside during gorgeous weather. That is what I call fun! I really don’t know what all the
people talk about if they say we should drive more fuelefficient or even give up driving in general.

'CC

That is just nonsense
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Appendix

Appendix A. Decision-Making of Individual Agents

The HOTCO model (Thagard, 2006), which we used for modeling individual agents in nnoMind,
simulates human decisions as the result of interactive competition of activations and valences of
the nodes in an artificial neural network. In an iterative updating algorithm, activations and va-
lences of the units are updated in parallel until they reach a stable level, i.e., the network has set-
tled. Activations are updated according to the following equation:

a;(t+1) = a;(t)(1 — d) + {net;[max — a;(¢)]} if net; > 0
{net;[a;(t) —min)]} if net; < 0, (A1)

where Tlet]‘ = Zl’ Wi a; (t) + Zi Wi Ui (t)ai (t) (AZ)

where 4(2) represents the activation of the unit at iteration . The constant parameter & (= 0.05) is
the ate decay of activation for each unit at every cycle, 7zn is the minimum activation (-1) and
max is the maximum activation. Nezis the valence and activation net input to a unit calculated

based on the connection weight ; between unit 7 and ; unit.
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Valences of units are updated according to a similar equation:
v;(t+1) =v;(t)(1 —d) + {net;[max — v;(t)]} if net; > 0
{net;[v;(t) — min)]} if net; < 0, (A.3)

where net; = ¥, w;; v; (£)a;(t) (AD

where #(?) represents the valence of the unit at iteration. The constant parameter o (=0.05) is the
rate decay of activation for each unit at every cycle, »:n is minimum activation (- 1) and is the max

maximum activation.

Appendix B. Defining the Social Network of Agents

Social similarity Aj/ between two agents 7 and 7 is defined as Euclidean distance 4 in 7 dimensions:

S"ll - Sm
szes S~y (B.1)

max dm

where 7 is the number of socio-demographics factors; S, is the socio-demographic variable un-
der consideration and ,,is the particular variable of an agent 7 The similarity calculations are
normalized by the maximum distance d, observed within the agent population along the respec-
tive dimensions. Based on the similarity of two agents we define a social tie weight 07 for each
pair:

5y =1-(=L) (B2)

max A

The final probability that two agents form a social tie is additionally influenced by a stochastic

factor R ranging from O to 1. Formally expressed:

if R < & (B.3)

The resulting social network is static; i.e., social ties do not change over the course of one simula-

tion run.
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Appendix: C. Initial Parameterization of Agents

Table C1: Input and output parameter settings|

Variable Type Para- Range or Meaning Input/
meter Value Output
HOTCO parameter
Need units (Gy.g)
Wy -1to +1 Facilitation weight between need unit and Input
action unit £ cognitive representation to which
degree a need is accomplished by a certain
action
Wy -1to+1 Valence weight between need unit and special Input
valence unit £ valence of a specific need
Priority weight between need unit and special
Di -1to +1 unit £ priority of a need Input
Activation of a need unit £ impact of a need on
a; -1to+1 decision making Output
Valence of a need unit £ intrinsic emotional
Vi -1 to+1 valence of a need or action Output
Action units (A, s) Wy -1to +1 Facilitation weight between need unit and Input
action unit £ cognitive representation to which
degree a need is accomplished by a certain
action
Wy -1to+1 Valence weight between action unit and special Input
valence unit £ valence of a specific action
Activation of an action unit £ indicates which
a; -1to +1 option to choose Output
Valence of an action unit £ emotional valence
V; -1to+1 of the associated mode of transport Output
Socio-demographic/ -
econoimic parameters
A 18 to 69 Age of an agent Input
G 0.1 Gender of an agent Input
I 1to7 Income categories Input
E 1to5 Level of education Input
C 1to3.6 Standard of consumption (Otte, 2005) Input
M lto4 Level of modemity (Otte, 2005) Input
Further parameters
T lto4 Different mobility types based on previous Input
conducted cluster analysis
r Oto1l Social radius £ social range of an agent Input
limiting the size of the personal network
XY 0.33 t0 0.68 Geographic coordinates (latitude and longitude) Input

assigned to postal codes

Note: all input parameters were determined empirically based on our survey study (see main text).
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Appendixc D. Modeling Persuasion in Agent-to-Agent Communication

The percentage values shown in Table D.1 and D.2 represent self-reported mean changes of
transport-related attitudes resulting from positive and negative vignette statements emphasizing
facts (Table D.1) or emotions (Table D.1) in an unpublished experiment (N = 480). These empir-
ical values were used to model attitude change in the HOTCO networks representing InnoMind
agents as a function of belief congruence between the sending and receiving agents: The values in
Table D.1 indicate changes in the strength of the links between need and action nodes (means-
ends communication; see explanations in the main text), while the values in Table D.2 indicate

changes in the valence of the action nodes (emotional contagion; see main text).

Table D.1: Percentage factors of rational influence 7 for the information-receiving agent in means-ends
communication

Receivers facilitation weight w;;

Senders facilitation wy = .60 20=wy;<.60 -20=wy;< -60<w;<-20 w;=<-.60
weight wy; .20

wy; > .30 m=+8.3% n=+7.3% m =+4.0% m=-4.1% m=-3.0%
wy; < -.30 m=-0.3% m=-0.6% m=-1.3% m=-0.3% m=-2.0%

Table D.2: Percentage factors of emotional influence « for the information-receiving agent in contagion
communication

Receivers valence weight v;;

Senders valence v; = .60 20=v;<.60 -20=v;<.20 -60<v;<-20 v; < -.60
weight v;

v; > .10 a=+7.5% a=+3.5% a=+0.6% a=-1.0% a=-2.5%
v; < -.10 a=+4.0% a=+0.35% a=-0.1% a=-0.85% a=-1.8%
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9 Allgemeine Diskussion und Ausblick

Ist es moglich, das komplexe Zusammenspiel von psychologischen, interpersonalen sowie sozia-
len Faktoren und Mechanismen im Zuge gesellschaftlicher Transformationsprozesse in einem
theoretisch und empirisch plausiblen Modell zu erfassen? In dieser Dissertation habe ich unter
Rickgriff auf etablierte kognitionswissenschaftliche, sozialpsychologische und soziologische The-
orien und umfassende empirische Forschung gezeigt, dass man diese Frage mit einem Ja beant-
worten kénnte. Der Ausgangspunkt des von mir entwickelten Ansatzes ist das Prinzip der emoti-
onalen Kohirenz, dem zufolge Menschen bei der Informationsverarbeitung und Einstellungsbil-
dung nach der Widerspruchfreiheit kognitiver und emotionaler Reprisentationen streben. Basie-
rend auf diesem Prinzip und mithilfe empirischer Untersuchungen wurde zunichst ein neurona-
les Netzwerkmodell der Einstellungen gegentiber Verkehrsmitteln entwickelt. In einem weiteren
Schritt konnte ich in einer experimentellen Untersuchung zeigen, dass die im Kontext interperso-
naler Kommunikation auftretenden Tendenzen motivierter Informationsverarbeitung durch das
Einstellungsmodell erklirt werden kénnen, das um eine Lernfunktion erweitert wurde. Dartiber
hinaus lieferten die Ergebnisse einer reprisentativen Befragungsstudie zu Mobilitdtsinnovationen
wichtige Erkenntnisse tber die Einstellungen gegeniiber konventionellen und neuen Formen der
Mobilitit sowie die Bedeutung affektiver Wahrnehmungen fiir die Nutzungsintentionen umwelt-
freundlicher Mobilititsangebote. SchlieBlich wurden die theoretischen und empirischen Befunde
in das agentenbasierte Modell InnoMind integriert und verschiedene Interventionsszenarien zur

Forderung nachhaltiger Mobilitidt wurden analysiert.

In dieser allgemeinen Diskussion mdchte ich zunachst zusammenfassend erortern, wie die in
den Kapiteln 5 bis 8 dargestellten Studien zur Beantwortung der drei zentralen Forschungsfragen
sowie den jeweiligen Unterfragen beigetragen haben. Zweitens diskutiere ich die Einschrinkun-
gen und offenen Fragen, die beriicksichtigt werden miissen, um den in dieser Dissertation vorge-
schlagenen Modellansatz weiterzuentwickeln. Schlief3lich weitet sich die Perspektive, indem ich

die Implikationen fiir die Forschung und fiir praktische Kontexte bespreche.
9.1 Diskussion der Forschungsfragen

1. Forschungsfrage: Welchen Einfluss hat die 1 erwendung emotionaler Sprache im Kontext persuasiver Konm-

nikation auf die Informationsverarbeitung von Menschen?

Die erste Forschungsfrage wurde im Rahmen einer empirisch-experimentellen Studie dieser

Arbeit untersucht (Studie 1) und in folgende Unterfragen unterteilt:
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a.  Wird die Tendenz zur motivierten Informationsverarbeitung (motivierte Kognition) durch den emotionalen Ge-

halt persuasiver Kommunikation beeinflusst?

Die aus friheren Forschungsarbeiten bekannten Verzerrungseffekte motivierter Kognition
werden durch die Studie reproduziert (z. B. Bayes, Druckman, Goods, & Molden, 2020; Bolsen,
Druckman, & Cook, 2014). Dies zeigte sich einerseits in der Bewertung der Informationsquellen
und andererseits in dem subjektiv wahrgenommenen Einfluss der Aussagen auf die eigene Hal-
tung. Die Kompetenz und die Beliebtheit der fiktiven Verfasser sowie die Uberzeugungskraft der
prisentierten Aussagen fiel umso positiver aus, je deutlicher die Aussagen mit den urspriinglichen
Einstellungen der Befragten Gbereinstimmten. Weiterhin liefert das Experiment Evidenz dafir,
dass motivierte Kognition Meinungsunterschiede verstirken kann, indem Personen mit sehr fes-
ten Uberzeugungen ihre Einstellungen in die entgegengesetzte Richtung der persuasiven Argu-
mente verstirken (Backfire Effec), womit das Experiment Ergebnisse aus vergleichbaren Experi-

menten bestitigt (z. B. Hart & Nisbet, 2012; Zhou, 2010).

Die Tendenz zur verzerrten Informationsverarbeitung wurde durch den Grad der Emotiona-
litit persuasiver Botschaften beeinflusst. Diese Unterschiede zeigten sich jedoch nur im Hinblick
auf die Bewertungsmerkmale der Verfasser der Nachrichten und nicht beziiglich der wahrgenom-
menen meinungsverindernden Wirkung der Apelle. Im Vergleich der drei experimentell variier-
ten Nachrichtentypen wurde deutlich, dass Uberzeugungsversuche, die rationale Argumente mit
emotionalen Komponenten verkntipfen, am stirksten motivierte Kognition evozierten. Bei Ap-
pellen hingegen, die argumentativ und unemotional formuliert waren, war diese Tendenz am ge-
ringsten ausgeprigt. Zudem zeigte sich interessanterweise in der differenzierten Betrachtung po-
sitiver und negativer Uberzeugungsversuche, dass die Valenz der Aussagen einen entscheidenden
Effekt auf die Glaubwiirdigkeit und Uberzeugungskraft der Appelle sowie auf die Tendenz zur
motivierten Kognition hat. Der Verzerrungseffekt war bei den positiven Botschaften deutlich
stirker ausgeprigt als bei negativen. In der Gesamtbetrachtung bestitigen die Resultate die in
vorherigen Studien hervorgehobene Bedeutung emotionaler Aspekte persuasiver Kommunika-
tion (z. B. Petty & Brifiol, 2015) und zeigen dartiber hinaus die noch gréf3ere Relevanz emotiona-

ler Valenz fur die Tendenz zu motivierter Kognition.

b. Kinnen die experimentellen Ergebnisse mithilfe eines PCS-Modells dyadischer Kommunikation reproduziert

und erklart werden?

Um diese Frage zu beantworten, wurden sowohl die Einstellungen der Experimentteilneh-
mer:innen als auch die persuasiven Aussagen (Vignettentexte) in Form von Parallel-Constraint-

Satisfaction(PCS)-Modellen emotionaler Kohirenz reprisentiert (vgl. Paul Thagard, 20006).
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Strukturell waren die PCS-Modelle fiir beide an der Kommunikation beteiligten Akteure — das
heif3t Sender und Empfinger — gleich. Die Unterschiede lagen in der Parametrisierung der Ge-
wichtungen der Netzwerkkanten. Um den Einfluss der persuasiven Appelle auf die den Einstel-
lungen zugrunde liegenden mentalen Strukturen zu untersuchen, wurden die fiktiven Uberzeu-
gungsversuche zwischen den PCS-Modellen der jeweiligen Sender und Empfinger simuliert. We-
sentlicher Unterschied zu friheren Ansitzen (z. B. Simon et al., 2015) liegt in der rigorosen und
detailgenauen Umsetzung und Parametrisierung der empirisch-experimentellen Prozesse bezie-

hungsweise Daten in den Modellen.

Die Theorie der emotionalen Kohirenz geht von einem zentralen Mechanismus der Kohi-
renzmaximierung mentaler Repriasentation im Zuge der Informationsverarbeitung und Einstel-
lungsbildung aus. Gemil3 dieser Annahme werden sowohl bestehende Reprisentationen als auch
neue Informationen durch das affektiv-kognitive System derart modifiziert, dass deren Elemente
weitestgehend kohirent und widerspruchsfrei reprisentiert werden und in Folge eine Einstel-
lungs- oder Entscheidungsoption favorisiert wird. In einem ersten Schritt konnte gezeigt werden,
dass zwischen den urspriinglichen empirisch gemessenen Einstellungen der Teilnehmer:innen
und der mittels PCS-Modell berechneten Kohirenz der zugrunde liegenden mentalen Strukturen
eine umgekehrt u-férmige Beziehung herrscht. Das bedeutet, dass stark positive oder negative
Einstellungen ein hohes Mal3 an Kohirenz aufweisen. Interessanterweise ist das Kohirenzniveau
tir sehr positive Einstellungen héher als bei sehr negativen Einstellungen, sodass die im Experi-
ment identifizierten Valenzunterschiede motivierter Kognition auf diese Asymmetrie zurtickge-
fihrt werden kénnen. Demnach neigen Menschen mit einem hohen Grad an mentaler Kohirenz,

wie theoretisch vorhergesagt, stirker dazu, Informationen verzerrt zu bewerten.

¢. ~Welchen Effekt haben die unterschiedlichen Formen persuasiver Kommunikation anf die den Einstellungen

gugrunde liegenden mentalen Strukturen?

In einem weiteren Schritt wurden die mit den wahrgenommenen Einstellungsverinderungen
einhergehenden Modifikationen mentaler Strukturen modelliert. Fiir die nach den drei untersuch-
ten Formen persuasiver Kommunikation spezifisch modellierten und getrennt durchgefithrten
Analysen zeigten sich spezifische Anpassungen der neuronalen Netzwerkparameter. Ausmal3 und
Qualitit der Modifikationen mentaler Strukturen unterschieden sich signifikant. Besonders deut-
lich wurden die Abweichungen im Vergleich der rein emotionalen mit den beiden Gbrigen Argu-
mentationsformen — der rationalen und kombinierten Argumentation. Die im Sinne motivierter
Kognition erwarteten Verzerrungseffekte, im Besonderen die sogenannten Backfire-Effekte, wur-
den unter der emotionalen Persuasion am sichtbarsten. Das Ausmal} der Verzerrung ist unter der

kombinierten Bedingung (emotional-rationale Argumentation) am stirksten. Weiterhin
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unterschieden sich die in Folge der Modifikation affektiv-kognitiver Strukturen berechneten Ko-
hirenzniveaus zwischen den drei Modelltypen. Wihrend die Kohirenz unter der rationalen Argu-
mentation beinahe unverindert bleibt, weist diese flir die vornehmlich emotionale und die kom-
binierte emotional-rationale Argumentation ein zunehmendes Niveau auf. Diese Resultate bele-
gen die im Zuge von Einstellungsinderungen theoretisch vorhergesagte Reevaluation und
Restrukturierung affektiv-kognitiver Elemente im Sinne der Kohirenzmaximierung und verdeut-
lichen die in diesem Zusammenhang besondere Bedeutung emotionaler Informationen und

Strukturen.

2. Forschungsfrage: Welche Bedeutung haben affektive Wabrnehnungen von 1 erkebrsangeboten fiir die Akzep-

tanz, und Bereitschaft zur 1 erbaltensverdnderung im Mobilitatsbereich?

Der zweiten Forschungsfrage wurde im Rahmen einer umfangreichen deutschlandweiten Be-

fragungsstudie nachgegangen (Studie 2), die in folgende Unterfragen unterteilt wurde:

a. Welchen Einfluss haben die Kenntnisse, Einstellungen und Bewertungen der Biirgerinnen und Biirger in
Dentschland gegeniiber konventionellen und neueren Formen der Mobilitat auf die Nutzungsbereitschaft der

Verkehrsmittel?

Im Zuge der Transformation des Verkehrssystems hin zu einer umweltfreundlicheren und
nachhaltigeren Mobilitit ist in den letzten Jahren eine immer gréfler werdende Vielfalt an techno-
logischen und sozialen Innovationen entstanden. Im Rahmen der in dieser Arbeit durchgefithrten
bevolkerungsreprisentativen Studie wurden erstmals die Kenntnisse, Einstellungen und affekti-
ven Reaktionen der Burger:innen gegeniiber diesem bereiten Spektrum an Optionen gemeinsam
untersucht. Die Ergebnisse zeichnen ein klares Bild einer Gesellschaft, die den konventionellen
Verkehrsmitteln — insbesondere den Autos mit Verbrennungsmotor — noch immer den Vorzug
gibt. Autos wurden im Hinblick auf die Kriterien Flexibilitit, Zeiteffizienz und Komfort am
attraktivsten bewertet. Das Fahrrad erfuhr hohe Zustimmung und wird insbesondere aufgrund
seiner Umweltfreundlichkeit und Kosteneffizienz geschitzt. Interessanterweise wurde nach dem
Pkw unter den konventionellen Formen der Mobilitit die Fortbewegung zu Ful3 besonders ge-
schitzt. Die Menschen sehen dabei vor allem ihre Bedurfnisse nach einer umweltfreundlichen
und kosteneffizienten Mobilitit erfillt, aber verbinden damit auch ein positives korperliches Er-
lebnis und den Ausdruck ihres Lebensstils. Der 6ffentliche Nahverkehr schnitt in allen Bewer-

tungskategorien am schlechtesten ab und fand die geringste Zustimmung,.

Bei neueren Fortbewegungsformen verfiigt die Mehrheit der Befragten nur Gber einge-

schrinkte Kenntnisse und hat in der Regel damit noch keine eigenen Erfahrungen machen

167



konnen. Elektrisch betriebene Pkws und Fahrrider sind in der Bevolkerung bekannter als unter-
schiedliche Formen autonomen Fahrens oder des Carsharings. Die Einschitzungen hinsichtlich
instrumenteller Attribute wie Zeit- und Kosteneffizienz oder Sicherheit sind aufgrund unvollstin-
digen Wissens und unzureichender eigener Erfahrungen mit bedeutsamen Unsicherheiten ver-

bunden.

Die affektive Wahrnehmung der Verkehrsmittel stellt in diesem Kontext einen wichtigen Pra-
diktor fiir die Akzeptanz der neuen Verkehrsangebote dar. Im Vergleich zu den tbrigen Mobili-
titsinnovationen wurden Elektroautos und -fahrrider am positivsten bewertet, wihrend die ver-
schiedenen Varianten autonomen Fahrens und des Carsharings neutral bis negativ eingeschitzt
wurden. Die zusitzlich erhobenen Nutzungsintentionen der Mobilititsinnovationen bestitigen
die vorhergesagte Handlungsrelevanz der affektiven Bedeutung der untersuchten Mobilititsoptio-
nen. In der Gesamtbetrachtung bestitigen die Ergebnisse die aus anderen empirischen Analysen
bekannte dominante Rolle konventioneller Pkws in der heutigen Mobilititslandschaft in Deutsch-
land (vgl. Nobis, 2020). Zugleich verdeutlichen die Resultate, dass fiir die Verlagerung dieses Ver-
kehrs im Besonderen das klassische Fahrrad und die Fortbewegung zu Ful}, zumindest in Stidten
und auf kurzen Wegen, als attraktive Alternativen angesehen werden. Unter den neueren Tech-
nologien stehen die Menschen insbesondere Elektrofahrzeugen recht aufgeschlossen gegentber,
die jedoch aufgrund ihrer vergleichsweise hohen Anschaffungskosten nur fiir bestimmte gesell-
schaftliche Gruppen als Fortbewegungsalternative infrage kommen. Die abnehmende emotionale
Bindung zum eigenen Pkw in der jingeren Generation liefert erste Anzeichen fiir einen Mobili-
titswandel in Teilen der Bevolkerung, der beispielsweise durch zielgruppengerechte Carsharing-

angebote unterstitzt werden kann.

b. Kinnen anf Basis der affektiven Bewertungen von 1 erkehrsmitteln Zielgruppen definiert werden, die sich hin-

sichtlich ibres aktuellen und intendierten Verkehrsverbaltens unterscheiden?

Mafinahmen des sozialen Marketings, wie zum Beispiel zielgruppenspezifische Informations-
kampagnen, kénnen das Bewusstsein fiir nachhaltige Mobilitit férdern (Thegersen, 2014). Zu
diesem Zweck wurde auf Basis der affektiven Wahrnehmungen aller untersuchten Verkehrsmittel
eine neue theoretisch begrindete Mobilititstypologie der deutschen Bevolkerung erstellt. Mithilfe
von Clusteranalysen wurden sechs Personengruppen identifiziert, die sich hinsichtlich ihrer Af-
fektmuster deutlich unterscheiden und sich zur Ableitung von (Informations-)Manahmen zur
Steigerung der Akzeptanz neuer Mobilititsangebote eignen. Zum Zweck der Validierung wurden
die Gruppen anhand verschiedener soziodemografischer Einstellungs- und Uberzeugungs- sowie

Verhaltensmerkmale verglichen. Die von den Teilnehmer:innen berichteten Mobilitdtsverhalten
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und -priferenzen sind in hohem Mal3e mit den gruppenspezifischen affektiven Wahrnehmungs-
mustern der Verkehrsoptionen assoziiert. Zudem konnte gezeigt werden, dass die Segmente hin-
sichtlich distaler Merkmale (z. B. Soziodemografie, Werte und politische Orientierung) relevante
Unterschiede aufweisen. Beispielsweise befinden sich in der Gruppe der ,,umweltorientierten
Meinungsfiihrer” tendenziell Menschen, die bei der Verkehrsmittelwahl besonders Aspekte der
Umweltfreundlichkeit achten und sich mehrheitlich mit linksgerichteten Parteien identifizieren.
Personen dieses Segments dullern generell die hochste Nutzungsbereitschaft neuer Mobilitdtsfor-

men mit einer besonderen Vortliebe fur Carsharingangebote.

In der Zusammenschau bestitigen Resultate den bereits in fritheren Arbeiten identifizierten
Zusammenhang zwischen emotional-affektiven Bewertungen von Handlungsoptionen und (in-
tendiertem) Verkehrsverhalten (z. B. Schuitema et al., 2013). Das in dieser Arbeit gewihlte Vor-
gehen schliel3t an frithere psychografische Segmentierungsansitze in der psychologisch orientier-
ten Verkehrsforschung an und adressiert dartiber hinaus die vielfach geduflerte mangelnde theo-
retische Fundierung von empirisch entwickelten Typologien (vgl. Marcel Hunecke, 2015). In An-
lehnung an den theoretischen Rahmen der Affektsteuerungstheorie (Affect Control theory, Heise,
2007) konnte gezeigt werden, dass implizites kulturelles Wissen, das in affektiven Bedeutungen
verbaler Konzepte verankert ist, zur Identifikation und Charakterisierung von spezifischen Mobi-
lititssegmenten in der Gesellschaft geeignet ist. Der fir die Mobilititsforschung neuartige Ansatz
stellt eine sparsame und flexible Vorgehensweise dar, um insbesondere im Kontext des Mobili-
titswandels, der durch mangelndes Wissen und fehlende Erfahrungen in der Bevolkerung charak-
terisiert ist, effektive und zielgruppenspezifische Mafinahmen zur Verinderung von Verkehrsver-

halten entwickeln zu konnen.

. Welche zielgruppenspezifischen Interventionen lassen sich anf Grundlage des gewdiblten Ansatzes ableiten?

Ausgehend von der theoretischen Annahme, dass Menschen in ithrem Verhalten durch die af-
tektive Bedeutung von Identititen, Objekten und Handlungsoptionen mal3geblich beeinflusst
werden und dabei die Tendenz haben, affektive Dissonanzen zu vermeiden, konnten auf Basis
der entwickelten Typologie Empfehlungen fiir die Entwicklung zielgruppenspezifischer Kommu-
nikationsmalnahmen abgeleitet werden. So sind zum Beispiel Mobilititskampagnen, die die Nut-
zung des 6ffentlichen Personennahverkehrs (OPNV) propagieren, mit dessen affektiver Waht-
nehmung als unangenehmer (E), mit niedrigem Status verbundener (P) und langsamer Verkehrs-
triger (A) — insbesondere unter den Mitgliedern der Segmente der ,,komfortorientierten Individu-
alisten® und der ,,risikoaversen Traditionalisten — nicht konsistent. Folglich werden diese Ver-
kehrsteilnehmer:innen dazu neigen, entsprechende Informationen zu ignorieren und abzulehnen.

Wirkungsvoller hingegen sind Kampagnen, die zur Nutzung alternativer Verkehrsmittel anregen,
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die in den jeweiligen Subgruppen affektiv positiv konnotiert sind: Fir ,,0kologisch orientierte
Meinungsfihrer® ist dies beispielsweise die Fortbewegung zu Ful3, mit dem (Elektro-)Fahrrad
oder dem batterieelektrischen Auto; fir ,,innovationsorientierte Progressive® die Nutzung von
Elektroautos mit Hybrid-, batterieelektrischem oder Brennstoffzellenantrieb oder das Zuful3ge-
hen; fur ,,kostenbewusste Pragmatiker das konventionelle Fahrrad oder Elektrofahrrad; fiir
,komfortorientierte Individualisten die Fortbewegung zu Ful3, mit dem (Elektro-)Fahrrad oder
dem Brennstoffzellenauto; fiir ,,gemeinwohlorientierte Stadtbewohner* die Nutzung von
(Elektro-)Fahrrad oder flexiblen Carsharingangeboten und schlieBlich fir ,,risikoaverse Traditio-

nalisten® das Zufugehen und das Mit-dem-Fahrrad-unterwegs-Sein.

Die sprachbasierte Konzeptualisierung und die multidimensionale Metrik (Evaluation, Po-
tency, Activity; EPA) des gewihlten Ansatzes erlauben es, konkrete quantitative Schitzungen
tber die affektive Konsistenz der in Kampagnen dargebotenen Informationen und iiber die je-
weiligen Reprisentationen der Subgruppen vorzunehmen. Mithilfe experimenteller Untersuchun-
gen konnten die Effekte derartiger zielgruppenspezifischer Kampagnen zur Verinderung von

Verkehrsverhalten im Labor wie auch in realen Situationen evaluiert werden.

3. Forschungsfrage: In welcher Weise kinnen die psychologischen und sozialen Prozesse sowie politischen Einfliisse
der Einstellungsbildung gegeniiber Mobilitdtsinnovationen in einem agentenbasierten Modell psychologisch plausibel

und problemadaguat abgebildet werden?

Die letzte Forschungsfrage wurde mithilfe von zwei Simulationsstudien (Studie 3 und Stu-

die 4) untersucht und in folgende Unterfragen unterteilt.

a.  Welche Modellstruktnr und Konzepte sind geeignet, um Einstellungsdynamiken im Mobilitatsbereich psycholo-

gisch plansibel und realistisch zu modellieren?

Der Fokus des agentenbasierten Modells InnoMind liegt auf der Analyse individueller Informa-
tionsverarbeitung und Einstellungsbildung sowie den durch informative Einflusse entstehenden
Dynamiken in sozialen Netzwerken. Fragen, beispielsweise zu den Auswirkungen von infrastruk-
turellen, raumlichen oder technischen Faktoren auf Mobilititspriferenzen, Giberlasse ich kiinftiger
Forschung. Die Modellstruktur baut auf den in Studie 1 und 2 dargestellten und diskutierten the-
oretischen Uberlegungen und Konzepten auf. Die mentalen Reprisentationen der Agenten tiber
unterschiedliche Verkehrsmittel stellen den zentralen Bestandteil des Modells dar. Die entspre-
chenden Kognitionen und Emotionen wurden in Form von kiinstlichen neuronalen Netzwerken
modelliert. Die Knoten in diesen Netzwerken reprisentieren verschiedene Einstellungs- und Ent-

scheidungselemente, das heil3t konkrete Bedurfnisse bei der Verkehrsmittelwahl,

170



Handlungsoptionen und deren jeweilige emotionale Valenz. Die Kanten zwischen diesen Netz-
werkknoten stellen die kognitiven Uberzeugungen tiber die Eignung eines Verkehrsmittels, die
individuellen Bedirfnisse zu erfillen, sowie die affektiven Bedeutungen der Verkehrsmittel und
Bediirfnisse dar. Die mentale Architektur ist fiir alle Agenten gleich und die Einstellungshetero-
genitit in der Bevolkerung wird durch die Variation der Kantengewichte abgebildet. Informatio-
nen aus dem sozialen Umfeld und zu politischen Kampagnen werden auf Basis der mentalen
Modelle (re-)interpretiert und iiber einen Lernprozess werden Einstellungen oder Entscheidun-
gen potenziell verindert. Die in diesem Zusammenhang implementierte Lernfunktion wurde auf

Basis der in Studie 1 durchgefithrten Arbeiten empirisch geschitzt.

Die informativen Einflisse im sozialen Netzwerk werden durch bidirektionale Kommunika-
tion zwischen Agenten simuliert. Dabei werden die aus den Zwei-Prozess-Theorien der Persuasi-
onsforschung bekannten kognitiven (Uberzeugungen, Argumente) und affektiven (Emotionen)
Elemente beidseitig ausgetauscht. Welche Aspekte von Agenten kommuniziert werden, hingt
von der individuellen Salienz der Bedurfnisse (das heiit deren Wichtigkeit) ab. Die Auswahl der
Gesprichspartner ist nicht beliebig, sondern kann nur innerhalb bestehender sozialer Strukturen
beziehungsweise Netzwerke erfolgen. Das soziale Netzwerk fiir die gesamte Agentenpopulation
wird auf Basis des Homophilie-Prinzips (Wahlhomophilie) und der rdumlichen Nahe (induzierte
Homophilie) wihrend des Modellsetups erstellt und bleibt im Verlauf der Simulation unverin-

dert.

Zur Simulation politischer Kampagnen und Maflnahmen wurde eine weitere Ebene, die eines
sogenannten Medienagenten, eingefithrt. Die Architektur des Medienagenten entspricht den neu-
ronalen Netzwerkstrukturen der virtuellen Verkehrsteilnehmer:innen in InnoMind. Politische In-
terventionen kénnen somit in ihrer konkreten Wirkung auf spezifische Elemente der den Einstel-
lungen und Entscheidungen zugrunde liegenden Strukturen untersucht werden. So wiirde bei-
spielsweise die Simulation einer Kaufprimie fiir E-Autos lediglich die individuellen Uberzeugun-
gen der Kosteneffizienz von E-Autos modifizieren und alle ibrigen mentalen Elemente unbe-
ruhrt lassen. Dieses Vorgehen bietet die Moglichkeit, die voraussichtlichen Effekte einer groflen
Bandbreite und Kombination von Malnahmen, aber auch deren konkrete Ausgestaltung zu mo-
dellieren. Weiterhin kénnen durch die Auswahl der in die Kampagnen einbezogenen Agenten

zielgruppenspezifische Analysen realisiert werden.

In InnoMind wurden demnach mehrere fiir die einzelnen Modellebenen spezifische theoreti-
sche Ansitze integriert, um somit ein psychologisch und soziologisch plausibles sowie fiir prakti-

sche Problemstellungen geeignetes Modell zur Verfiigung zu stellen.
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b In welcher Weise kinnen die empirischen Ergebnisse in die Modellstruktur integriert werden?

Eines der zentralen Ziele der Arbeit war es, das Modell InnoMind auf eine umfassende empiri-
sche Basis zu stellen. Unter Riickgriff auf die im Rahmen des Forschungsprojekts INNO-SIM
(BMBF, 2010-2013) und in Studie 1 gewonnenen Ergebnisse konnte dies realisiert werden
(vgl. Wolf & de Haan, 2013). In dem Projekt INNO-SIM wurde mit einem Mixed-Methods-An-
satz gearbeitet, das heil3t, es wurden in dem Forschungsvorhaben qualitative und quantitative Me-
thoden kombiniert. In einem ersten Schritt wurden dabei in einer Reihe von Fokusgruppen unter
anderem die im Alltag relevanten Entscheidungskriterien der Verkehrsmittelwahl untersucht. Die
Ergebnisse lieferten die Grundlage fiir die zentralen Elemente der Einstellungs- und Entschei-
dungsstruktur der Agenten — die Mobilititsbediirfnisse, Handlungsoptionen und deren affektiven
Bedeutungen. Von diesen Erkenntnissen ausgehend wurde eine fir die Berliner Bevélkerung re-
prisentative Onlinebefragung zu den kognitiven und affektiven Einstellungen gegeniiber ver-
schiedenen Verkehrsmitteln durchgefiihrt. Die Konzeption und der Inhalt der Befragung orien-
tierten sich einerseits an den Ergebnissen der Fokusgruppen und andererseits an den fir die Mo-
dellierung bendétigten Parametern. Die Befragungsergebnisse lieferten die unmittelbare empiri-
sche Datengrundlage der Simulation, indem die befragten Personen mit ihren jeweiligen individu-
ellen psychologischen und soziodemografischen Merkmalen in dem Modell virtuell nachgebildet
wurden. Zur Parametrisierung der initialen PCS-Netzwerke mussten die Befragungsdaten in fiir
die Modellierung geeignete Zahlenbereiche tibersetzt werden (siche Abschnitt Methoden in Stu-
die 3 und 4). Zuletzt wurden die im Zuge der Simulation sozialer Einfliisse berechneten Einstel-

lungsverinderungen mithilfe des in Studie 1 durchgefithrten Vignettenexperiments geschitzt.

Zusammenfassend kann festgestellt werden, dass die Integration der empirischen Ergebnisse
in das theoretische Modell nur dadurch so detailreich und exakt gelingen konnte, da die Konzep-
tion der empirischen Studien auf Grundlage der Modellstruktur und unter Kenntnis der in die-
sem Kontext bendtigten Parameter erfolgte. Das Vorgehen stellt dennoch ein anschauliches Bei-
spiel fir ein umfassendes und integratives Konzept der empirischen Modellentwicklung dar. Da-
bei ist diese Art der Initialisierung und Parametrisierung des Modells InnoMind nicht alternativlos.
So konnte im Rahmen eines Konferenzbeitrags gezeigt werden, dass auch aggregierte, nicht the-
menspezifischen Datensitzen wie zum Beispiel Wahlergebnisse geeignet sind, um eine robuste

Parametrisierung des Modells vorzunehmen (vgl. Wolf, Rohr, & Schréder, 2017).

. Welche voraussichtlichen Einstellungsandernngen und Dynamiken ergeben sich aufgrund sozialer Einfliisse in

der Bevilkerung?
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Zur Untersuchung dieser Frage wurde nach der Parametrisierung und Initialisierung des Mo-
dells das Referenzszenario berechnet. Dabei wurde die Kommunikation iiber mobilititsspezifi-
sche Uberzeugungen und Emotionen zwischen den Personen beziehungsweise Agenten simu-
liert. Die Effekte dieses sozialen Einflusses auf die Verkehrsmittelpriferenzen der Agenten wur-
den fir vier unterschiedliche Subgruppen, sogenannte Mobilititstypen, getrennt analysiert. Die
Simulationsergebnisse zeigen, dass die Einstellungsprofile der jeweiligen Mobilitdtstypen durch
die interpersonale Kommunikation generell moderat beeinflusst werden. Diese Ergebnisse wer-
den auch durch zahlreiche empirische Untersuchungen zur Wirkung sozialen Einflusses auf Mo-
bilititseinstellungen und -verhalten bestitigt (vgl. Metastudie von Pettifor, Wilson, Axsen,
Abrahamse, & Anable (2017)). Im zeitlichen Verlauf der Simulation wurden jedoch auch Unter-
schiede hinsichtlich der Sensibilitit gegentiber sozialen Einfliissen zwischen den Subgruppen
sichtbar. Beispielsweise fiihrte in der Gruppe der ,,komfortorientierten Individualisten® soziale
Kommunikation zu einer leichten Abnahme der Priferenzen fiir Autos mit Verbrennungsmoto-
ren zugunsten von E-Autos, wihrend unter den ,,umweltorientierten Meinungsfithrern® der An-
teil von Personen, die den 6ffentlichen Personennahverkehr bevorzugen, zugunsten der Nutzung
von Carsharing zurtickgeht. Diese Befunde unterstreichen die Wichtigkeit, die Heterogenitit der

Akteure und sozialen Gruppen bei der Analyse sozialer Dynamiken zu berticksichtigen.

d.  Welche voraussichtliche Wirkung haben politische MafSnahmen zur Forderung von Elektromobilitat in Berlin

und welche Schliisse lassen sich daraus fiir die Gestaltung und Implementiernng von Interventionen iehen?

Die Auswahl der analysierten politischen Interventionen orientierte sich an dem von der nati-
onalen Plattform E-Mobilitit vorgeschlagenen Maf3nahmenmix zur Férderung E-Mobilitit (siche
Nationale Plattform Elektromobilitit, 2011). Es handelt sich dabei um zwei 6konomische Instru-
mente, der Einfithrung einer Kaufprimie und der Kfz-Steuerbefreiung von E-Autos, und um
eine ordnungsrechtliche MaBlnahme, der Einfthrung von Verkehrszonen in Innenstidten, die
ausschlief3lich von E-Autos befahren werden diirfen. Dabei ist zu beachten, dass deren Imple-
mentierung in das Modell in Form von spezifischen Informationskampagnen erfolgte. Das be-
deutet, dass damit nicht bestimmte Merkmale der externen Umwelt der Agenten, zum Beispiel
die Fahrzeiten in Innenstidten, verindert wurden, sondern vielmehr direkt die entsprechenden
mentalen Reprisentationen der Agenten tber E-Autos beeinflusst und modifiziert wurden. Ana-
log zum Referenzszenario wurden die Szenarien fir die vier Mobilititstypen getrennt analysiert.
Die Ergebnisse lieferten drei zentrale Erkenntnisse: Erstens: Die Férdermal3nahmen erhéhen ge-
nerell, unabhingig von der spezifischen Ausgestaltung, insbesondere in den Teilen der Bevolke-
rung mit tendenziell ablehnender Haltung gegentiber E-Autos deren Akzeptanz. So steigt in allen

Szenarien die Wechselbereitschaft in der Gruppe der sogenannten ,,kostenorientierten
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Pragmatiker®, die in dem Referenzszenario durch eine sehr niedrige Zustimmungsrate gekenn-
zeichnet ist, deutlich stirker als in den Gruppen mit hohen Anteilen an E-Auto-Befiirworter:in-
nen. Zweitens: Die simulierte Wechselwirkung von sozialen Einflissen und politischen Interven-
tionen fihrt zu zielgruppenspezifischen, teilweise nichtlinearen, Dynamiken der Einstellungen
gegentiber E-Autos. Dies zeigt einerseits, dass die Wirksamkeit der Anreize durch die spezifi-
schen Einstellungs- und Bedirfnisprofile der jeweiligen Mobilititstypen beeinflusst wird. Ande-
rerseits legen die Resultate nahe, dass die Kommunikation in sozialen Netzwerken die Effekte
der Interventionen sowohl verstirken als auch abschwichen kénnen. Diese Befunde werden
auch durch zahlreiche empirische Studien im Bereich der sozialen Netzwerkforschung gestiitzt
(vgl. Centola, 2021). Drittens: Ordnungspolitische Mal3nahmen, wie die Einfiihrung von aus-
schlieBlich von E-Autos zu befahrenden Verkehrszonen in Innenstidten, konnen vergleichsweise
dhnlich starke beziehungsweise stirkere Effekte auf die Nutzungsbereitschaft von E-Fahrzeugen

evozieren, wie dies durch monetire Anreize der Fall ist.

Einschrinkend ist darauf hinzuweisen, dass die Ergebnisse nicht auf ganz Deutschland verall-
gemeinert werden konnen, da sich die Studien ausschlief3lich auf das Bundesland Berlin bezogen
haben. Dennoch liefern die Analysen wichtige Hinweise dafiir, dass eine zielgruppenspezifische
und bedirfnisorientierte Gestaltung und Kommunikation der Interventionsmal3nahmen deren

Effektivitit entscheidend erhohen kann.

e. Welche Bedentung haben bedjirfnisorientierte Informationskampagnen iiber Carsharing auf die Nutzungs-

priferenzen des Verkehrsangebots?

Zur Untersuchung dieser Fragestellung wurde das ABM InnoMind verwendet. Die empirisch
basierte Parametrisierung und die Struktur des Modells entsprechen dem Vorgehen in Studie 3.
Im Gegensatz zu der in Studie 3 analysierten Wirksamkeit politischer Férdermal3nahmen von E-
Mobilitit wurde in dieser Studie der aus der Sozialpsychologie bekannte Ansatz des ,,goal-fra-
mings® gewihlt (vgl. Levin, Schneider und Gaeth, 1998), um potenziell erfolgreiche
Kampagnenstrategien fur die Nutzung von Carsharing zu identifizieren. Die acht simulierten
Kampagnenszenarien unterscheiden sich folglich durch die Betonung bestimmter positiver Kon-
sequenzen der Nutzung von Carsharing fiir psychologische Bedurfnisse und Ziele dieser Ver-
kehrsmittelwahl. Die Simulationsergebnisse des Referenzszenarios zeigen, dass soziale Einflisse,
ohne die zusitzliche Implementierung von Informationskampagnen, zu einem moderaten An-
stieg der Priferenzen von Carsharing fithren kénnen. Aus den Ergebnissen der Kampagnensze-
narien lasst sich generell ein bedeutsamer positiver Effekt auf die Nutzungsbereitschaft von Car-
sharing ablesen. Die Wirkungen der einzelnen Kampagnenframings unterscheiden sich dabei

deutlich. Die effektivsten Interventionen sind Kampagnen, die die Vorteile von Carsharing

174



hinsichtlich der gesteigerten Flexibilitit sowie Sicherheit und der Reduzierung von Stress hervor-
heben. Weiterhin verdeutlichen die Resultate, dass durch die Interventionen die intendierte Ver-
kehrsverlagerung vom motorisierten Individualverkehr auf Carsharingangebote geférdert werden

kann.

Zusammengefasst deuten die Ergebnisse darauf hin, dass die Art und Weise, wie Informati-
onskampagnen tber Carsharing formuliert werden beziehungsweise welche bedurfnisorientierten
Nutzungsaspekte sie betonen, einen gro3en Einfluss darauf hat, wie Menschen darauf reagieren.
Diese Erkenntnisse werden durch zahlreiche empirische Untersuchungen zu Framingeffekten im
Verkehrsbereich (Raux, Chevalier, Bougna, & Hilton, 2020) sowie in verschiedenen anderen
Handlungsfeldern bestitigt (Chong & Druckman, 2007; Keren, 2010; Tversky & Kahneman,
1981). Diese Form der Intervention stellt neben finanziellen und ordnungspolitischen Mal3nah-
men ein wichtiges komplementires Instrumentarium zur Férderung nachhaltiger Mobilitit dar.
Zudem konnte anhand der Anwendung des ABM InnoMind in dieser Studie gezeigt werden, dass
das Simulationsmodell zur Untersuchung unterschiedlicher Fragestellungen flexibel und zeiteffi-

zient angepasst werden kann.
9.2 Einschrinkungen und offene Fragen

Der im Rahmen dieser Dissertation entwickelte Ansatz stellt ein umfassendes theoretisch und
empirisch fundiertes Instrument zur Analyse von Einstellungs- und Entscheidungsinderungen in
sozialen Systemen dar. Dennoch existieren einige Limitationen und offene Fragen, um den An-
satz weiterzuentwickeln. Diese beziehen sich im Wesentlichen auf drei Aspekte. Erstens: Das
Verfahren berticksichtigt derzeit nicht den Einfluss weiterer fiir Mobilitdtseinstellungen und -ver-
halten relevanter externer Faktoren — zum Beispiel: Wie wirken sich Infrastruktur, persénliche
Erfahrung oder der Einfluss anderer gesellschaftlicher Akteure auf die Einstellungen der Agenten
aus? Zweitens: Zeitlich dynamische Aspekte mussen detaillierter untersucht werden — zum Bei-
spiel: Wie zeitlich stabil sind die Uberzeugungen und Affekte gegeniiber Verkehrsmitteln, wie dy-
namisch sind soziale Kommunikationsnetzwerke im Themenfeld? Drittens: Es gibt einige metho-
dische Punkte, die geklart werden miissen — zum Beispiel: Wie valide sind die Simulationsergeb-

nisse, wie kénnen die Modellparameter ohne Fragebogendaten geschitzt werden?

9.2.1 Erweiterung externer Kontexte

Die Formalisierung von Einstellungen und Entscheidungen im Mobilititsbereich konzentriert
sich in dem Modell InnoMind auf die Ebenen der intrapsychischen Prozesse der Informationsver-
arbeitung und der Kommunikation in sozialen Netzwerken. Die Einstellungsbildung und Ent-

scheidungsfindung ist im Allgemeinen, wie auch im speziellen Fall, selbstverstindlich komplexer
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und umfasst im untersuchten Kontext diverse weitere externe Einflussfaktoren. So werden bei-
spielsweise die Haltungen gegeniiber Fortbewegungsmitteln auch durch verschiedene Merkmale
der Verkehrsinfrastruktur bestimmt. Dies konnen Aspekte wie der Preis, die Verfiigbarkeit oder
Verlisslichkeit bestimmter Verkehrsmittel, die Existenz von Fahrradwegen und Schnellstra3en,
die sich durch den Wohnort und die konkrete Lebenssituation ergebenden Mobilititsbedarfe so-
wie verkehrsinduzierte Wegzeiten sein (vgl. Mattauch, Ridgway, & Creutzig, 2015). Die Erweite-
rung und Integration dieser Aspekte in das Modell InnoMind konnte durch die Implementierung
erweiterter Reprisentationen auf der Makroebene (Umwelt) und Mikroebene (Agenten) erfolgen.
Analog zu bestehenden Mikrosimulationsmodellen im Verkehrsbereich, zum Beispiel MATSim
(Balmer et al., 2009), wiirde hierfiir die verkehtliche Infrastruktur (z. B. Strallen, Verkehrsauf-
kommen) auf der Basis empirischer Quellen modelliert werden. Die Reprisentationen dieser Um-
welt sowie die dort stattfindenden individuellen Erfahrungen und Lernprozesse der Agenten
konnten durch die Erweiterung des bestehenden PCS-Netzwerkmoduls der Einstellungsobjekte
(Verkehrsmittel) um ein analog konzipiertes PCS-Modul des Einstellungskontextes (Umwelt) er-
folgen. Durch die geeignete Verbindung der Module wiren damit kontextspezifische Priferenzen
und Verhaltensregeln der Verkehrsmittelwahl ableitbar. Im Sinne der praktischen Anwendbarkeit
und Nitzlichkeit des Modells scheint diese Erweiterung vielversprechend. Weiterhin wiirde auch
in theoretischer Hinsicht eine derartige Modifikation einen wichtigen Beitrag hin zu einem ganz-
heitlicheren Verstindnis der Einstellungsbildung leisten (vgl. Albarracin & Shavitt, 2018). Ein
entscheidender Schritt der Umsetzung wire die Formalisierung der Wechselwirkung der kogniti-
ven und affektiven Elemente der unterschiedlichen Informations- und Handlungsebenen der
Agenten. In diesem Zusammenhang musste auch spezifiziert werden, in welcher Weise die ver-

schiedenen sozialen und umweltbedingten Einfliisse zu einer globalen Bewertung fithren.

Ein zusitzlicher interessanter Erweiterungsaspekt wire eine gro3ere Differenzierung und
Spezifizierung der Akteursgruppen und Informationsquellen im sozialen Netzwerk der Agenten.
Die Einstellungen von Personen gegentiber (neuen) Mobilititsangeboten werden in der Realitit
nicht nur, wie bislang im Modell angelegt, durch interpersonale Kommunikation im sozialen Um-
feld oder politische Maf3nahmen und Kampagnen beeinflusst. Werbung von Anbietern und Her-
stellern, die Art des Kommunikationsmediums, politische und gesellschaftliche (mediale) Debat-
ten oder seltene und unerwartete Ereignisse tragen neben anderen Faktoren wesentlich zur Mei-
nungs- und Einstellungsbildung bei. Neben der Erginzung derartiger Informationsquellen in
dem sozialen Netzwerk des Modells wiirde dies auch auf der individuellen Ebene eine wesentli-
che Modifikation erfordern — die mentale Reprisentation der eigenen und die der sozialen (Grup-
pen-)Identitit anderer. Zahlreiche empirische Studien konnten zeigen, dass die Salienz der Identi-

tit von Informationsquellen einen bedeutsamen Einfluss auf die Art der
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Informationsverarbeitung und -bewertung im Kontext von umwelt- und klimabezogenen The-
men hat (Feldman & Hart, 2018; Guilbeaulta, Beckera, & Centola, 2018; Kahan et al., 2012). Zu-
kiinftige Forschung konnte sich darauf konzentrieren, mithilfe des Modells InnoMind die jeweili-
gen Konsequenzen und Implikationen der Diversifikation der Akteursgruppen auf Systemebene

zu untersuchen.

9.2.2 Zeitliche Dynamiken

Gesellschaftliche Transformationsprozesse entfalten sich nicht linear, sondern entwickeln auf al-
len Systemebenen eigene zeitliche Dynamiken, die wichtige Auswirkungen auf das Gesamtsystem
haben. Der im Rahmen dieser Dissertation entwickelte Modellansatz berticksichtigt einige dieser
ebenenspezifischen und zeitlich varianten Aspekte nur unzureichend. Auf der individuellen
Ebene betrifft dies die Stabilitit der Handlungsziele und deren Priorititen, die soziodemografi-
schen Charakteristika, Verhaltensgewohnheiten und die Lerngeschwindigkeit der Agenten. Das in
InnoMind verwendete PCS-Modell der Einstellungen und Entscheidungen geht davon aus, dass
die Handlungsziele der Agenten in Anzahl und Prioritit zeitlich konstant sind. Lernprozesse und
Einstellungsinderungen finden dort lediglich durch die Modifikation bestehender Uberzeugun-
gen und Affekte in Folge sozialer Einfliisse innerhalb relativ kurzer Zeitraume statt. Empirische
Befunde deuten jedoch darauf hin, dass mobilititsbezogene Einstellungen und Entscheidungen
zeitlich relativ stabil sind und individuelle Erfahrungen der Alltagsmobilitit das Verhalten maf3-
geblich bestimmen (Agora Verkehrswende, 2020). Die Motive der Verkehrsmittelwahl und das
Verkehrsverhalten selbst unterliegen, bedingt durch Lebensereignisse wie Arbeitsplatz- und Woh-
nortwechsel, Ruhestand, Geburt von Kindern, mittel- und langfristig bedeutsamen Verinderun-
gen (Clark, Chatterjee, Melia, Knies, & Laurie, 2014). Zudem moderieren kontext- und persén-
lichkeitsbedingte Faktoren sowie soziodemografische Merkmale die Relevanz derartiger Ereig-
nisse fiir jeden einzelnen Menschen (Kuhnimhof, Nobis, Hillmann, Follmer, & Eggs, 2019). Der-
zeit besteht nur wenig empirisches Wissen, wie die genannten Aspekte kurz-, mittel- und langfris-
tig wechselwirken. Um die im Zuge des Wandels des Verkehrssystems zu unterschiedlichen Zeit-
punkten stattfindenden Dynamiken besser zu verstehen und diesbeztiglich politikrelevante Emp-
fehlungen ableiten zu kénnen, wire es interessant, das Modell InnoMind in dieser Hinsicht zu er-
weitern. Im Wesentlichen geht es dabei um die Implementierung von drei Zeitskalen (kurz-, mit-
tel-, langfristig) mit jeweils spezifischen zeitlich (un-)verdnderlichen Faktoren und Mechanismen.
Auf der ersten Zeitskala werden tagesspezifische Ereignisse (z. B. Verkehrsmittelnutzung, sozia-
ler Einfluss, Kommunikation etc.) abgebildet. Auf der mittelfristigen Skala werden vor allem per-
sénliche (z. B. Altern, bestimmte Lebensereignisse) sowie umweltbezogene Verinderungen (z. B.

Transportkosten, alternative Optionen/Angebote), die im Zeitraum von einigen Monaten bis zu
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einem Jahr liegen, modelliert. Auf der dritten Zeitachse werden langfristige im Zeitraum mehrerer
Jahre/Jahrzehnte stattfindende systemische Verinderungen (z. B. Wandel technologischer Re-
gime, soziale Normen) reprasentiert. Die grundlegenden Einstellungs- und Entscheidungsmecha-
nismen der Agenten wiirden dafir nicht verindert werden. Jedoch mussten zeitskalenspezifische

Lernmechanismen implementiert und empirisch tberprift werden.

Auch auf der Ebene der sozialen Netzwerke sind strukturelle Verinderungen im zeitlichen
Verlauf von Bedeutung. Die Qualitit sozialer Beziechungen zwischen Menschen unterliegt kurz-,
mittel- und langfristig stetigen Verinderungen (Sekara, Stopczynski, & Lehmann, 2016). Bisherige
Forschung deutet darauf hin, dass soziale Dynamiken jedoch nicht zufillig stattfinden. So sind
beispielsweise bei dyadischen Interaktionen klare RegelmiBigkeiten und Muster zu erkennen, die
auf verschiedenen Zeitskalen auftreten (Saramiki & Moro, 2015). Empirische Studien konnten
zudem durch die Beobachtung und Analyse der Interaktionen gréBerer Gruppen das Verstindnis
tber die grundlegenden Strukturen sowie ihre zeitlichen Entwicklungen verbessern (z. B.
Sapiezynski, Stopczynski, Lassen, & Lehmann, 2019; Sekara et al., 20106). Erste theoretische, mo-
dellbasierte Arbeiten konnten zeigen, dass zeitlich variable Konnektivititsmuster einen bedeutsa-
men Einfluss im Kontext der epidemischen Verbreitung von Krankheiten haben (Nadini et al.,
2018). Auf der Grundlage der wachsenden Anzahl umfassender Datensitze sowie formalisierter
Modelle dynamischer Netzwerkbildung konnten die Auswirkungen zeitlich variabler Netzwerke
auf die Einstellungsinderungen in InnoMind untersucht werden. Alternativ konnte der in dem
Modell bislang realisierte Mechanismus der Beziehungsbildung durch das Prinzip der Einstel-
lungshomophilie ersetzt werden und der Prozess Teil der dynamischen Elemente der Simulation

werden.
9.2.3 Validierung

Die Validierung von agentenbasierten Modellen ist trotz einiger Fortschritte in den letzten Jahren
weiterhin ein zentrales Thema der Forschung (Andreas Flache et al., 2017; Windrum, Fagiolo, &
Moneta, 2007). Der Aspekt umfasst eine Vielzahl verschiedener miteinander verbundener Kon-
zepte und Ansitze. Eine generelle Unterscheidung kann zwischen struktureller oder Input-Vali-
dierung und Output- oder empirischer Validierung vorgenommen werden (Manson, 2003;
Richiardi, Leombruni, Saam, & Sonnessa, 2000). Ersteres bewertet, wie gut das Modell die Pro-
zesse und Strukturen des realen Systems widerspiegelt, wihrend Letzteres tiberprift, wie gut die

Ergebnisse der Simulationen die historischen Daten des realen Zielsystems reprisentieren.

In der vorliegenden Dissertation wurde der Schwerpunkt auf die Input-Validierung des Mo-

dells InnoMind gelegt. Hierzu wurde das ausgewihlte Einstellungs- und Verhaltensmodell im Zuge

178



der in Studie 1 durchgefithrten experimentellen Untersuchung getestet und die Auswahl der An-
fangsbedingungen sowie die Erkundung des Parameterraums wurden mithilfe einer Befragungs-
studie und der Implementierung der empirischen Daten in das Modell (Studie 3) Gberprift. Da-
mit wurde eines der Hauptziele der Arbeit, nimlich die empirisch-experimentelle Grundlage so-
wie die psychologische Plausibilitit von Simulationsmodellen sozialer Dynamiken zu verbessern,
erreicht. Fir die praktische Anwendung und Nitzlichkeit des Ansatzes wire jedoch eine umfas-
sende Output-Validierung, also die Uberpriifung, inwieweit die Ergebnisse der simulierten Szena-
rien mit den Einstellungen und Verhalten im Untersuchungskontext tibereinstimmen und inwie-
fern das Modell gegebenenfalls auch in anderen Dominen valide Ergebnisse liefert, ein wichtiger

nachster Schritt.

Die Umsetzung eines derartigen Vorhabens ist jedoch mit diversen Herausforderungen ver-
bunden. Zwar existiert im Verkehrsbereich eine Vielzahl umfassender Zeitrethendatensitze zu
Einstellungen und Mobilititsverhalten (z. B. Mobilitit in Deutschland (MiD), Deutsches Mobili-
taitspanel (MOP)), die theoretisch zur Output-Validierung und Erweiterung des Modells auf Ge-
samtdeutschland herangezogen werden kénnten. Aufgrund unterschiedlicher Aspekte sind diese
Daten jedoch nur eingeschrinkt fiir diesen Zweck geeignet. Erstens ist man fiir die Mikrovalidie-
rung von InnoMind auf intraindividuelle Einstellungsinderungen angewiesen. Die meisten lang-
zeitlichen Panelstudien erheben jedoch vornehmlich Verhaltensdaten, sodass die den Einstel-
lungsinderungen zugrunde liegenden Uberzeugungen, Affekte und Priorititen nur ungenau ge-
schitzt werden konnten. Zweitens sind fiir Zeitrethenanalysen intraindividuelle Variationen erfor-
derlich. Zeitliche Variationen von Einstellungen gegentiber der Nutzung von Verkehrsmitteln
sind jedoch zumindest in kurz- und mittelfristigen Zeitriumen zeitlich relativ stabil. Drittens wer-
den fir die Mikrovalidierung des Modells Informationen tber individuelle soziale Netzwerke be-

nétigt, die in den Mobilititsumfragen in der Regel nicht erhoben werden.

Vor dem Hintergrund erscheint es sinnvoll, die Output-Validierung des Modells wie auch den
generellen Giltigkeitsanspruch des entwickelten Ansatzes im Kontext sozialer Dynamiken in ei-
nem anderen Themenkontext umzusetzen. Als besonders geeignet erscheint hier der Bereich der
Einstellungs- und Meinungsforschung. Weltweit wird dazu eine Vielzahl von Lingsschnittstudien
in den verschiedensten Themengebieten durchgefiihrt, die eine umfassende, langzeitliche und
sehr diverse Datengrundlage, hiufig in dem fiir das Modell benétigten Detailgrad, darstellen. Im
Rahmen der Analyse wiirde man den Grad der Ahnlichkeit zwischen den empirischen und den
Simulationsdaten fiir zwei oder mehrere Zeitreihen auf Mikro- und Makroebene bewerten.
Neuere Methoden wie das von Lamperti (2018) vorgeschlagene Informationskriterium, genannt
Generalized Subtracted 1 -divergence (GSL-div), ermoglichen es, derartige zeitliche Verldufe auf der

Basis threr Muster robust zu bewerten.
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9.3 Implikationen und Perspektiven fiir Forschung und Praxis

Vor dem Hintergrund der bisherigen Ausfithrungen werden abschlieBend die Implikationen und
Perspektiven fir sozialwissenschaftliche Computersimulation, sogenannte soziale Simulationen,
sowie die Forschung zu sozialen Einfluss- und Diffusionsprozessen aufgezeigt. Weiterhin wird

der Versuch unternommen, die Bedeutung der Ergebnisse fir die Praxis darzustellen.

In der Vergangenheit wurde wiederholt Kritik an der mangelnden psychologischen Plausibili-
tit agentenbasierter Modelle geduBBert (Sobkowicz, 2009; Sun, 2012). Die Ergebnisse dieser Arbeit
leisten durch die Integration kognitionspsychologischer Theorien der Informationsverarbeitung
an dieser Stelle einen wichtigen Beitrag zur Weiterentwicklung sozialer Simulationen. Zudem tra-
gen die Resultate dazu bei die Effekte und sozialen Dynamiken, die sich durch die Wechselwir-
kung motivierter Informationsverarbeitung und sozialer Einfliisse ergeben, besser zu verstehen.
Trotz diverser Fortschritte in dem Forschungsfeld liefern die bestehenden Verfahren jedoch im-
mer noch keine hinreichend zuverlissigen Erklirungen und validen Vorhersagen, um 6ffentliche
Debatten und die politische Entscheidungsfindung in wichtigen Transformationsfeldern zu infor-
mieren (vgl. Flache et al., 2017). Dass dies jedoch mit derartigen Methoden prinzipiell méglich ist,
haben eine Vielzahl von Computersimulationsstudien im Zuge der aktuellen COVID-19 Pande-
mie eindrucksvoll veranschaulicht (vgl. Estrada, 2020). Zwei zentrale Merkmale bestimmen den
praktischen Nutzen der Modelle: die strukturelle Validitit der Modelle sowie deren empirische
Datengrundlage. Zwei Aspekte zu deren Umsetzung in komplexeren Modellierungskontexten die

vorliegende Dissertation Vorschlige unterbreitet.

Fir die zukiinftige Forschung im Bereich der Modellierung komplexer gesellschaftlicher
Transformationsprozesse ergeben sich damit zwei zentrale Fragen: Erstens welche der vorge-
schlagenen, teilweise umfassenden Einstellungs- und Verhaltenstheorien und Modelle, sind im
direkten Vergleich besser geeignet, ein konkretes soziales Phinomen zu erkliren und vorherzusa-
gen? In diesem Zusammenhang sollten in zukiinftigen Arbeiten die jeweiligen Annahmen der
verschiedenen Modellierungsansitze gegeniibergestellt und hinsichtlich ihrer Plausibilitit und Va-
liditit geprift werden. Zweitens gilt es in dem Kontext zu kliren, unter welchen Bedingungen
und Fragestellungen es sinnvoll und zielfithrend ist, den Detailgrad der (Sub-)Modelle zu erh6hen
beziehungsweise zu reduzieren. Im Anwendungskontext der Verkehrswende stellt sich beispiels-
weise die Frage, ob die Aussagekraft und Validitit eines Verkehrsnachfragemodells durch die ex-
plizite Abbildung intrapsychische Prozesse der Informationsverarbeitung verbessert werden
kann. Veridndern sich dadurch die Gesamtergebnisse der Simulation oder wird dadurch ein besse-
res Verstindnis beispielsweise tiber bestimmte Kipppunkt des Systems erzielt? Im Sinne der

Sparsamkeit, Effizienz und Kommunizierbarkeit von Simulationsergebnissen erscheint dieses

180



Vorgehen fiir transdisziplinire und anwendungsorientierte Forschung auf den ersten Blick keinen
bedeutsamen Mehrwert zu versprechen. Die Grundlagenforschung kénnte jedoch dazu beitra-
gen, fir die auf kognitiv-affektiver Ebene stattfinden Prozesse, wie der in dieser Arbeit unter-
suchte Mechanismus emotionaler Kohirenz, vereinfachte Funktionen oder Parameter auf hohe-

ren Systemebenen zu entwickeln.

Dartber hinaus kénnte der in dieser Dissertation vorgestellte Ansatz Eingang in die For-
schung zu Prozessen sozialen Ansteckungen und Innovationsdiffusion finden (z. B. Centola,
2018, 2021; Valente, 2005). Der Fokus dieser hiufig in der Soziologie angesiedelten Arbeiten liegt
vornehmlich auf der Analyse sozialstruktureller Merkmale. Die Wechselwirkungen zwischen psy-
chologischen und sozialen Prozessen im Zuge von Innovationsprozessen sind bislang nur unzu-
reichend untersucht. Die gemeinsame Betrachtung der Einflussfaktoren der Innovationsadaption
auf individueller und sozialer Ebene, wie dies in dem Modell InnoMind vorgenommen wird, stellt
eine wichtige Erweiterung dar, um bestehender theoretischer Konzepte in diesem Forschungs-
kontext zu einer umfassenderen formalisierten Theorie gesellschaftlicher Transformation weiter-
entwickeln zu kénnen. Neuere experimentelle Methoden in dem Forschungsfeld der sozialen
Netzwerkanalyse bieten dabei die Moglichkeit, theoretische Annahme zu priifen und robuste em-
pirische Grundlagen fiir anwendungsorientierte Modellansitze zu schaffen (z. B. Centola, 2011;

Guilbeaulta et al., 2018).

SchlieBlich lassen aus den in dieser Arbeit vorgestellten Befunden Implikationen fiir die prak-
tische Umsetzung der Verkehrswende ableiten. Wihrend in den letzten Jahren zahlreiche techno-
logische und soziale Innovationen als Lésungen fiir klimafreundlicheren Verkehr entstanden
sind, zeigen die empirischen Ergebnisse, dass diese Alternativen von der Bevolkerung mehrheit-
lich noch nicht angenommen werden. Die gréf3te Herausforderung ist in diesem Zusammenhang
das Festhalten und die Dominanz der autozentrierten Mobilititskultur in der Gesellschaft. Auf
dem Weg zu einer neuen nachhaltigen Mobilititkultur geht es neben der Schaffung entsprechen-
der politischer Rahmenbedingungen und attraktiver Mobilititsangebote auch um die Verdnde-
rung kulturell gepragt Verhaltens- und Deutungsmuster. Letztere werden einerseits durch instru-
mentelle Motive bei der Verkehrsmittelwahl bestimmt und andererseits durch emotionale Bediirf-
nisse, Werte sowie soziale Einfliisse und Normen beeinflusst. Ordnungsrechtliche Rahmenset-
zung und finanzielle Anreize zur Verinderung von Mobilititseinstellungen und -verhalten greifen
daher zu kurz. Zusitzlich wird des nétig sein, neue verkehrspolitische Leitbilder und Narrative
nachhaltiger Mobilitit auf Basis bestehender Einstellungen, Werte und Bediirfnisse und unter Be-

teiligung unterschiedlicher gesellschaftlicher Gruppen zu entwickeln.
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