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ABSTRACT ARTICLE HISTORY
Individual decisions are pivotal to sustainable mobility. However, Received 16 June 2024

the disciplines of mobility research, sustainability research, and Accepted 16 October 2024
behavioral science typically explore this topic in isolation. For KEYWORDS

instance, there is no comprehensive framework for individual mobi- Individual mobility decisions;
lity decisions, and existing frameworks exhibit several significant sustainable mobility; climate

shortcomings. Based on an integrative review of existing frame- change; behavior change;
works, this article therefore integrates concepts from all three framework; integrative
perspectives into a novel framework, the CoMoDe-Matrix. The pro- review

posed framework emphasizes the importance of the decision con-
text (i.e. private or professional context) and of differentiation
between various decision types. Its integrative nature makes the
framework a valuable tool for interdisciplinary mobility research,
providing a cohesive foundation which could be applied, for
instance, in systematic evidence syntheses. Furthermore, it offers
practical guidance for policymakers seeking to promote sustainable
mobility decisions.

1. Introduction

In transport planning, individual mobility decisions are traditionally conceptualized as
derived demand for which individuals seek to minimize costs and travel time (Banister,
2008). Recently, however, the increasingly pressing challenges of the transport sector
regarding ecological, social, and economic sustainability have expanded the focus to
other objectives (Jaramillo et al., 2022). With regard to the environment, the role of
physical mobility as a major contributor to climate change positions it at the forefront of
political and public discourse (Hickman & Hannigan, 2021; Schwanen et al., 2011).
Sustainable mobility comprises actions to reduce these negative externalities. In line
with the principle of sustainable development, the three overarching imperatives are
respect for environmental limits, the satisfaction of human needs, and social justice.
While this article is intended to have a universal scope that extends beyond the context of
specific countries, the focus lies in the environmental dimension, which presents
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a pervasive challenge that is particularly pronounced in more affluent countries (Holden
et al., 2020).

To address environmental issues such as climate change, it is crucial to consider both
demand-side solutions and supply-side approaches (Creutzig et al., 2018). In this context,
the relevance of behavioral change is stressed in view of the direct link between human
behavior and demand (Jaramillo et al., 2022). Individual behavior also plays a marked
role in the adoption of technologies such as electric cars (Steg & Vlek, 2009). Evidence
syntheses underscore the substantial mitigation potential of individual decisions in the
transport sector compared to other sectors. This comprises various decisions such as low-
frequency, high-impact decisions (e.g. living car-free or purchasing an electric vehicle)
and frequent decisions such as cycling instead of driving (Ivanova et al., 2020).

In this context, frameworks are invaluable for both researchers and practitioners
(Creutzig et al., 2018; Geiger et al., 2018). They organize relevant aspects, such as mobility
decisions, into mutually exclusive and collectively exhaustive categories (Miinscher et al.,
2016). Effective frameworks are marked by their comprehensiveness and internal con-
sistency (Michie et al., 2011). For researchers, unifying and broadly accepted frameworks
are pivotal to plan, conduct and synthesize research. For example, frameworks play an
important role in evidence syntheses and facilitate comparisons between studies
(Forberger et al., 2019; Reisch et al., 2021).

In the case of practitioners, selecting target decisions for interventions involves
complex considerations. First, the impact of a potential carbon mitigation intervention
depends on the carbon footprint of the target behavior, the extent to which it can be
influenced by the intervention, and the number of individuals whose behavior could be
modified (Nielsen et al., 2021; Stern, 2011). Second, heterogeneity of decisions necessi-
tates different approaches for different types of decisions (Garcia-Sierra et al., 2015;
Sussman et al., 2020). Third, potential interactions and spillovers between decisions on
different time frames need to be taken into account (Nielsen et al., 2021). Therefore, the
structured identification of target decisions is a complex yet crucial initial step (Steg &
Vlek, 2009) in which frameworks can represent an essential support tool.

In the mobility context, individual decisions have been explored across various
research fields. Numerous studies have investigated determinants of mobility actions
(e.g. Klockner & Blobaum, 2010). Far less research, however, has focused on the systema-
tic categorization of decisions. Thus, rather than discussing determinants, this study
addresses the recent call for a more systematic description of impactful target decisions
in the sustainability context, while taking into account the context in which they occur
(Nielsen et al., 2024). However, it is essential to acknowledge that these decisions are
shaped by a complex interaction of individual, social, and infrastructural factors and are,
therefore, not always exclusively in the sphere of individual influence (Javaid et al., 2020;
Nielsen et al., 2024).

As we will explore in this article, existing frameworks that focus on system-
atization often fall short in terms of their scope of decision types, their focus on
specific transport modes like cars, or their level of granularity. They often
emphasize technological progress and infrastructure development while overlook-
ing important social and behavioral dimensions. Another problem is the limited
integration of multimodal transport solutions and the insufficient focus on the
environmental impacts of transport systems over the entire life cycle. In addition,
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Figure 1. Overview of relevant perspectives (source: own illustration).

existing frameworks are often limited to concepts and theories of one specific
discipline, limiting the potential for broader interdisciplinary adoption. Finally,
mobility decisions are becoming increasingly fragmented and overlap with virtual
communication, presenting opportunities for novel mobility solutions (Riggs,
2022; Sheller & Urry, 2006). These developments underscore the critical need
for an up-to-date and comprehensive framework.

Against this background, this study synthesizes research from three perspectives
relevant for sustainable mobility decisions: sustainability research, mobility
research, and behavioral science. These perspectives complement each other and
have overlaps in which the new framework, the CoMoDe-Matrix, emerges (see
Figure 1).

In line with the objectives of integrative reviews (Snyder, 2019; Torraco, 2005), this
article aims to:

(1) Critically review the literature on existing frameworks
(2) Combine approaches and insights from different fields and perspectives
(3) Develop a new systematic framework for sustainable mobility decisions.

The remainder of this article is structured as follows. After describing our research
methodology, we summarize selected existing frameworks which informed the develop-
ment of the new framework. We then present and discuss the new framework as well as
the individual categories. Finally, the potential applications, benefits, and limitations of
this framework are discussed.
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2. Method

To address the research objective outlined in the previous section, our study synthe-
sizes insights and concepts from existing frameworks based on a literature review.
While systematic reviews (e.g. meta-analyses) are well-established for synthesizing
evidence on pointed questions within a single field, they are not suitable for exploring
broader, interdisciplinary topics. In such cases, an integrative research approach is
more appropriate, particularly when the goal is to develop new conceptual frame-
works rather than merely describing an existing field. Though integrative reviews are
generally more creative and do not aim to cover all published research on a topic,
they must still adhere to the same transparency standards as systematic reviews
(Snyder, 2019; Torraco, 2005).

Building on the concept of integrative reviews (Snyder, 2019; Torraco, 2005), this
study employs a multistage process that combines a structured literature search with
iterative conceptualization and expert consultations to refine the proposed framework.
As can be seen in Figure 2, the literature search provides a basis to retrieve an initial set of
relevant frameworks. In view of the broad scope of potentially relevant concepts and
literature, the subsequent step of expert consultations enabled additional input and
suggestions to be obtained in a structured manner.

In order to focus on the conceptual aspects of this article and the discussion of the new
framework, this section provides a concise overview of the methodology. Detailed
information, such as the inclusion criteria of the literature search, the articles screened
at full text, and information on expert consultations, can be found in the supplementary
material to ensure transparency (Torraco, 2005).

Formulation of Research Problem and Objectives

Literature Search

Bibliographic Databases Open Web Search Reviews and Reports

Conceptualization

Expert Consultation

Consensus Building and Synthesis

Figure 2. Overview of research process (source: own illustration).
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In a first step, we defined the problem and outlined the research objectives. In doing
so, as described in the introduction, we considered the potential of frameworks in
general, the current lack of a holistic framework of mobility decisions as well as potential
applications such as evidence syntheses.

To identify the relevant frameworks, we conducted a literature search using the
bibliographic databases Scopus and Web of Science, applying a broad and intuitive
search term (‘mobility decisions framework’). This search yielded 4,837 entries (3,007
from Scopus and 1,830 from Web of Science). To complement this search, particularly
with relevant grey literature such as practitioner reports, we conducted an open web
search using the same term (Briscoe, 2015). Since this search resulted in more than
100 million results, we limited our review to the first 100 entries, following guidelines and
best practices from previous research (Briscoe, 2015; Carr et al., 2011). All references
were exported to ensure a transparent screening process. Additionally, five literature
reviews and overview reports covering the three key perspectives of this study were
identified and screened for relevant references as well as for frameworks used for
synthesizing results (Composto & Weber, 2022; Jungell-Michelsson & Heikkurinen,
2022; Pawluk De Toledo et al., 2022; Sussman et al., 2020; Thorun et al.,, 2017). All
retrieved articles underwent systematic screening at the title, abstract, and full-text level.
We applied four predefined inclusion criteria to assess article eligibility relating to
format, outcome, population, and study design (see Table S 4 in the supplementary
material for a more detailed description). 66 articles were included in the full text
screening phase (see Table S 5 in the supplementary material, which includes all articles
screened at full text as well as the three pre-screened articles from reviews and reports).
Building on the ROSES reporting standards (Haddaway et al., 2018), Figure 3 sum-
marizes the entire process and the remaining number of studies after each step of the
screening process.

Records identified through bibliographic database searching Records identified through open web search
(n=4,837) (n =100)

[ I
1

Records after duplicates removed Duplicates
(n=3,783) (n=1,154)
¥

Records after title screening Excluded titles
(n=461) (n=3,322)

M

3

(2}
g Records after abstract screening Excluded abstracts
8 (n=66) (n = 395)
3 ¥
(7]
Avrticles after full text screening Excluded full texts, with reasons
(n=6) (n =60)
Excluded on:

= Format (n = 3)

= Qutcome (n = 2)

= Population (n = 13)

= Study design / framework type (n = 42)

Pre-screened articles from
reviews and reports (n = 3)

Articles / frameworks after full text screening
(n=9/n=7)

!

Frameworks included after critical appraisal Excluded frameworks, with reasons
(n=6) (n=1)

Synthesis

Figure 3. Flow chart of literature screening (source: own illustration based on Haddaway et al. (2018)).
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Perspective  Subfield Framework reference Description Main limitation
Avoid-Shift-lmprove (ASI) Three categories: avoid .

'Fl;gal\ir‘\:sport 1 Framework travel, shift transport modes, ;:)l:)sttsr?:tt;ar::ggrntesoﬁge ®
Mobility Y (Bongardt et al., 2019) improve efficiency. port policy.
Research identi

Travel Fra_mgwork o] Re5|dent.|a_l Three categories based on Car oriented and not

" 2 Activity and Travel Decisions > . S
Modelling temporal dimension. focused on sustainability.

(Ben-Akiva & Bowman, 1998)

Behavioral - I_ - -

Science Behavioral Matrix of Transportation Two domains (personal vs. Broad categories without
Econ;lmlrcs 4 Behaviors professional) and three intuitive order and without
(Sussman et al., 2020) decision types. detailed decisions.
Sustainability - I _ - -
Research Sufficienc Typology of four types of Four types of consumption Efficiency-related behaviors
EEvED y 6 sufficiency consumption change (including product (e.g., eco-driving) not
changes (Sandberg, 2021) longevity). included.

Figure 4. Overview of selected frameworks (source: own illustration).

Based on the literature search, seven frameworks were identified as relevant for
the synthesis of the new framework (see Figure 3). While frameworks that were
retrieved multiple times were excluded as duplicates, highly similar frameworks
underwent a critical appraisal regarding redundancy. This resulted in the exclusion
of one framework (see no. 3 in Table S 5). The remaining six frameworks,
summarized in Figure 4, served as the foundation for an initial framework draft,
which the authors developed in the first conceptualization step. Given the proven
benefits of combining literature research with expert feedback for developing
frameworks (Michie et al.,, 2011), several external stakeholders were involved in
different formats to refine the framework. These expert consultations aimed to
gather feedback on the selected frameworks and were a critical part of the inte-
grative review due to their broad scope and interdisciplinary nature.

To ensure comprehensive coverage of perspectives, researchers were selected to
reflect various viewpoints. This also includes diversity in nationality, age (oper-
ationalized by career stage), and gender. Some scholars were identified through
the literature search, while others were directly approached using the authors’
professional networks. For instance, one interviewee was identified via an existing
literature review as an author of multiple studies on sufficiency in the context of
sustainable mobility. By engaging multiple stakeholders, we aimed to assess both
the prototypicality (fit within the perspective) and the establishment (use in
research or practice) of the frameworks. In total, eleven researchers were con-
tacted via standardized e-mail queries and/or participated in semi-structured
interviews (see Table S 6 in the supplementary material). Additionally, feedback
gathered from presenting the framework at seven research group meetings and
international conferences was incorporated (see Table S 7 in the supplementary
material). Research group presentations as well as conferences brought together
participants from all three perspectives relevant to our study and took place in
three different countries. The conference presentations were attended by both
scientists and practitioners (including policymakers). All feedback was reviewed
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by the authors and integrated to finalize the new framework. While the collected
input helped to refine the framework, the selection of the original six frameworks
remained unchanged (Torraco, 2005).

3. Review of existing frameworks

As described in the previous section, six existing frameworks were included for review and
evaluation. These frameworks originate from different subfields which, in turn, correspond
to the three perspectives deemed relevant for the purpose of this study. Figure 4 offers an
overview of the selected frameworks. In this section, we provide a concise summary of each
perspective and the synthesized frameworks. While these frameworks fulfilled all inclusion
criteria, they still come with some limitations which are summarized in this section.

3.1. Mobility research

In the realm of mobility research, existing frameworks from two subfields were included.
Transport policy focuses on questions concerning the management and regulation of
transport activities and thus affects individual behavior and preferences (Creutzig et al.,
2018). A widely used framework is the Avoid-Shift-Improve (ASI) framework. It aims at
structuring policy options (Bongardt et al., 2019; Creutzig et al., 2018) but has also been
applied to individual decisions (Composto & Weber, 2022; Hampton & Whitmarsh,
2023). The framework is structured around three strategic directions: (1) avoid (reducing
motorized travel), (2) shift (switching to more sustainable modes of transport), and (3)
improve (enhancing fuel and energy efficiency). Although widely used and conceptually
simple and intuitive, the ASI framework is predominantly policy-oriented, which can
limit its application to individual decision-making. Its categories, while distinct, encom-
pass heterogeneous decisions. For instance, the ‘improve’ category comprises habitual
decisions such as eco-driving as well as low-frequency, high-impact decisions such as
purchasing electric vehicles.

Travel modelling, the second subfield, aims to understand and forecast travel (Auld &
Mohammadian, 2009). The traditional focus has been on mode choice, but numerous
models have been developed for decisions such as residential location, destination, or car
ownership (Hensher & Stopher, 2021). For example, the ‘Framework of Residential,
Activity and Travel Decisions” proposed by Ben-Akiva and Bowman (1998) categorizes
decisions into three temporally ordered categories: (1) mobility and lifestyle decisions
(e.g. residential location, employment, car ownership), (2) activity and travel scheduling
(e.g. sequence, mode), and (3) implementation and rescheduling (e.g. route, speed,
parking). The same overall logic applies to a more recent framework by Zhu et al.
(2018), which was not included separately to avoid redundancy (see Figure 3 and Table
S 5). While the framework by Ben-Akiva and Bowman (1998) provides a structured
approach, it predominantly focuses on car-related aspects, which limits its broader
applicability in the mobility context (in contrast to, for example, the ASI framework).
Additionally, certain decisions, such as parking choices, have traditionally been analyzed
primarily with respect to their impact on efficiency rather than their environmental
implications, indicating an insufficient focus on sustainability.
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3.2. Behavioral science

While individuals are typically conceptualized as rational decision makers in traditional
travel behavior models, theories from behavioral sciences like psychology and behavioral
economics are considered important complements as they take psychological and social
factors into account (Arentze & Timmermans, 2012; Chorus, 2012; Gérling, 1998).

Due to its inherent focus on human behavior, psychology plays a vital role in under-
standing sustainable mobility decisions (Gérling, 1998). At the same time, most psycho-
logical models focus on explaining instead of systematizing decisions (Higham et al,,
2013; Sussman et al., 2020). In general, however, psychologists differentiate decisions
depending on the level of habit and deliberation (Klockner & Matthies, 2012). One
psychological framework that systematizes mobility decisions, the ‘Hierarchical
Structure of Mobility Behavior’ (Schlag & Schade, 2007) organizes decisions into three
temporally structured categories: (1) superior decisions with consequences for mobility
(e.g. residential location choices), (2) mobility behavior (e.g. route, frequency, mode
choice), and (3) driving behavior. This framework offers a detailed and precise categor-
ization of behaviors but is primarily oriented towards car-based mobility and lacks
coverage of non-car modes or car-free living. Moreover, while it acknowledges environ-
mental factors like infrastructure, it does not fully integrate other contextual factors such
as professional environments.

Behavioral economics focuses on understanding deviations from rationality which is
particularly pertinent for mobility decisions (Garcia-Sierra et al., 2015; Sussman et al,,
2020). However, there are relatively few formalized frameworks within this discipline.
One notable framework is the ‘Matrix of Transportation Behaviors’ by Sussman et al.
(2020), which classifies decisions along two dimensions: the behavioral domain (personal
or professional) and three types of behaviors: (1) efficient use of vehicles, (2) purchase
behavior, and (3) mode switching or reducing travel. Thus, this framework is character-
ized by explicitly highlighting different contexts. It also stands out by a clear and intuitive
structure. On the other hand, the categories are rather broad as, for instance, mode
choice and travel reduction form one category. These decisions, however, differ in the
difficulty of behavioral change (Composto & Weber, 2022). Furthermore, the framework
focuses on policies rather than specific decision-making processes, and the ordering of
categories lacks a clear, intuitive logic.

3.3. Sustainability research

Sustainability research addresses the overarching challenges mentioned earlier.
Various disciplines contribute to the subfield of sustainable behavior which aims to
understand and promote the behaviors that are conducive for the sustainability
transition (Reisch & Thegersen, 2015). A key framework is the ‘Sustainable
Lifestyles Framework’ developed in the UK, which evolved from the ‘Framework
for Pro-Environmental Behaviours’ (DEFRA, 2008, 2011). This framework categorizes
behaviors into nine headline behaviors, subdivided into 30 key behaviors. For the
headline behavior ‘sustainable travelling’, five key behaviors are defined: (1) cycling,
walking, public transport and car sharing for short distances, (2) choosing lower
emission models when buying a vehicle, (3) using travel alternatives such as video
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conferencing, (4) choosing lower carbon alternatives to flying and (5) driving more
efficiently. These behaviors are labeled with decision types such as one-off purchasing
decisions and habitual everyday lifestyle decisions (DEFRA, 2008). The DEFRA
frameworks, alongside similar reports, have been influential in shaping policies
(Barr, 2015; Barr et al., 2011; Shove, 2010). However, due to its broad scope covering
different consumption domains, the framework does not reflect domain-specific
peculiarities and rather provides unstructured lists.

The second subfield is sufficiency behavior. Sufficiency, as one of the three main
sustainability strategies, is a broad construct aiming to reduce the absolute level of
production and consumption to stay within the ecological planetary boundaries while
ensuring a good life for all (Princen, 2005; Spangenberg & Lorek, 2019). While it has
implications for society and the economy, the focus here is on individual behavior
(Jungell-Michelsson & Heikkurinen, 2022). The sufficiency concept translates the avoid
and shift (rather than improve) dimension of the ASI framework into demand-side
behaviors (Arnz & Krumm, 2023). The latest taxonomy for sufficiency behavior provided
by Sandberg (2021) defined the following four categories: (1) absolute reduction (e.g.
shorter trips), (2) modal shift (e.g. shifting from cars to public transport), (3) product
longevity (e.g. longer use of existing vehicles), (4) sharing practices (e.g. car sharing). This
framework therefore adds value to our review by highlighting the role of demand
reduction and product longevity. However, as the focus is on avoid and shift decisions,
efficiency-related behaviors (e.g. eco-driving) are not included, thereby limiting its
comprehensive applicability to all aspects of mobility decisions.

4. Introducing the CoMoDe-Matrix

Building on the existing literature, a new framework was developed: the CoMoDe-Matrix.
CoMoDe stands for contextual sustainable mobility decisions matrix. This section
introduces the framework structure and details each category. The framework is struc-
tured as a matrix, inspired by the framework of Sussman et al. (2020). It consists of ten
categories resulting from five decision types in combination with two decision contexts.
Figure 5 visually presents the framework, including examples of decisions for each
category.

The horizontal dimension incorporates five decision types: upstream decisions, travel
decisions, route and mode choice, usage behavior, and downstream decisions. These
categories form a sequential chain reflecting the temporal logic and interdependencies of
decisions, for instance, how upstream decisions influence mode choices. The categoriza-
tion of decisions into long-term, medium-term, and short-term, as delineated by Schlag
and Schade (2007), helps further specify the time-related aspects. The long-term deci-
sions, so-called upstream and downstream decisions, refer to individual decisions made
before or after mobility decisions in the narrower sense. This aligns with the broader
context of carbon mitigation, applying its terminology to individual mobility decisions
(Hampton & Whitmarsh, 2023; World Resources Institute & WBCSD, 2013).
Furthermore, this relates to research differentiating between upstream and downstream
interventions, which take place before or after behaviors and habits have been established
(Verplanken & Wood, 2006).
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Decision Types

Long-term decisions Medium-term decisions Short-term decisions Long-term decisions
Upstream Decisions Travel Decisions Route & Mode Choice Usage Behavior Downstream Decisions
= Make mobility-conscious = Reduce trip frequency = Choose eco-friendly = Drive fuel efficiently = Sell existing car
[og  residential choice = Choose nearby / car route = Charge environmentally = Prolong use of
§CH = Decide against accessible destination’ = Use public transport friendly existing car?
=
8 buying a car = Walk = Offset carbon emissions
o B Shift to e.Iectnc vehicle * Ride bicycle
£ _g = Buy F_)Ub“(_: transport pass = Link multiple trips
B £ = Acquire bicycle = Use car sharing
c = Register for car sharing /
8 pooling
c
-% < N Choose nearby / = Work from home / = Commute by bike = Drive fuel efficiently® = Prolong leasing contract
° B accessible employment telecommute = Commute by public = Carpool for commuting for existing car
q S location = Reduce frequency of transport « Offset carbon emissions " Decide against renewal
(OGN = Decide against business trips* * Switch to long-distance of business travel of leased business car
© company car® train®
< . .
K=l = Shift to electric
& company car
"g = Purchase public transport
T (job) ticket
Note: lllustration includes exemplary decisions. P! ional = decision making (e.g., not including fleet managers). Decision types are partially interdependent.

1. e.g., for vacations; 2. if environmentally beneficial; 3. also in favor of more sustainable alternatives; 4. e.g., by switching to digital meetings; 5. instead of air travel; 6. for professional drivers

Figure 5. Overview of the CoMoDe-Matrix (source: own illustration).

The vertical dimension represents the decision context and distinguishes between
the private and professional context. Notably, in some instances, both contexts over-
lap and impact each other. For example, a discounted season pass for public trans-
port, a company car, or a mobility budget that were acquired in the professional
context can also be used in the private context. Similarly, working from home, while
primarily professional, can influence private mobility choices like mode selection for
grocery shopping. For this reason, both contexts are illustrated as arrows pointing to
each other.

4.1. Decision types

The CoMoDe-Matrix organizes the decision types into five categories, summarized in
Table 1. The first category, upstream decisions refers to relevant preconditions and
determinants of medium and short-term mobility-related decisions. Characterized by
their low frequency, long-term perspective, and deliberate nature, these decisions are
often related to substantial financial investments and/or impact (Nielsen et al., 2021;
Sussman et al., 2020). Upstream decisions include choices such as investing in electric or
more efficient vehicles, acquiring (cargo) bicycles, or opting against car ownership
(Sussman et al., 2020). They also encompass long-term choices indirectly related to
mobility, like residential or employment decisions (Ben-Akiva & Bowman, 1998; Garcia-
Sierra et al., 2015) as well as actions like registering for car-sharing or pooling services
(Creutzig et al., 2024) or purchasing public transport passes. These decisions are pivotal
due to their direct and indirect effects (Gérling & Loukopoulos, 2008). By making such
long-term decisions, individuals change the parameters for subsequent travel decisions,
which leads to increased usage of the respective mode of transport (Garcia-Sierra et al.,
2015). Similarly, the choice of residential location can significantly affect the availability
of transport modes and the associated time and cost of daily travel (Bhattacharyya et al.,
2019). Thus, while decisions such as car ownership are tightly linked to usage, the
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Table 1. Summary of decision type categories.

Upstream Travel Route and Usage Downstream
Decisions Decisions Mode Choice Behavior Decisions
Definition Long-term decisions Medium-term Medium-term Short-term, strongly  Long-term, low

with low decisions on decisions on habituated frequency
frequency and whether, where route and behavior that decisions on
high involvement. and how often to mode choice. affects energy existing
Precondition for travel. Often consumption of possessions.
other decisions. habituated. transport modes.

Relevance ® Purchase deci- ® Avoiding ® Car use ® Energy con- ® Reduction
sions affect unnecessary related to sumption in car
mode choice trips (e.g. air high depends on ownership
(indirect travel) is emissions driving style decreases
effects) effective mea- ® Trains and other car use

® Production sure for emis- superior to usage-related ® Short own-
(e.g. of cars) is sion reduction air travel behaviors ership
resource for longer spans
intensive distances increase
in terms of the num-
emissions ber of cars

influencing factors can differ (Schwanen & Lucas, 2011). Importantly, upstream deci-
sions can have positive and negative spillover effects on subsequent decisions (Klockner
et al., 2013). Regarding quantitative impacts, living car-free represents the lever with the
highest carbon emission reduction potential and shifting to electric vehicles can also
result in substantial reductions (Ivanova et al., 2020). In addition, the impact of private
car ownership on other aspects such as space consumption for parking must be con-
sidered (Creutzig et al., 2020).

Travel decisions describe medium-term decisions about whether to travel at all, which
represents the first and most general travel-related question (Garcia-Sierra et al., 2015).
These decisions range from frequent choices like commuting to work versus working
from home to less frequent decisions regarding leisure travel (Sussman et al., 2020).
Technological substitutes for physical travel, such as telecommuting, are mainly perti-
nent in professional contexts (Pawluk De Toledo et al., 2022), making it difficult to avoid
travel for tourism and leisure (Composto & Weber, 2022; Higham et al., 2013).
Therefore, considerations of trip frequency and destination choice, aiming to reduce
trip frequency, shorten distances or utilize more sustainable transport modes are vital in
this category (Sandberg, 2021). Travel decisions are of great importance as the decision
not to travel usually yields a greater reduction in emissions than simply changing the
mode of transport, with the avoidance of air travel being one of the most effective
mitigation strategies (Composto & Weber, 2022; Ivanova et al., 2020).

The third category, route and mode choice, involves decisions that may be either
intentional or habitual (Hunecke, 2015; Ruhrort & Allert, 2021). Frequent decision-
making tends to reduce the impact of deliberate choices, as routines start to dominate
(Klockner & Blobaum, 2010). These decisions influence daily mobility options, such as
choosing between a car and public transport, as well as less frequent, long-distance travel
choices, such as air versus train travel. Notably, however, even choices like air travel can
become routine-driven (Higham et al., 2013). Route and mode choices are closely linked
and often consolidated into a single step in navigation software. This category is
important because it is usually easier to switch to alternative modes of transportation
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than to avoid travel altogether (Composto & Weber, 2022). In terms of environmental
impact, more than two-thirds of transport-related GHG emissions in the EU are attri-
butable to road traffic, the majority of which is accounted for by cars (EEA, 2022). Opting
for active mobility such as walking or cycling eliminates these emissions, and choosing
public transport can reduce them by more than half on average (Ivanova et al., 2020).
Moreover, while air travel is the most energy-intensive form of transport per distance,
switching to long-distance trains can lead to significant emission reductions (Gossling &
Dolnicar, 2023; Ivanova et al., 2020).

Usage behavior encompasses decisions made during the use of a transport mode
or directly related to it. Thus, the objective is to ‘improve’ the environmental impact
of a given mode rather than to switch modes. Often these behaviors are habitual
and frequent (Sussman et al., 2020). In the context of cars, ‘eco-driving’ includes
practices such as avoiding high speeds, driving smoothly, reducing idling, and
maintaining the vehicle (e.g. checking tire pressure). For electric vehicles, this
category also includes actions such as efficient charging. Additionally, reducing
single-occupancy vehicle trips through carpooling (Sussman et al., 2020) and,
beyond the car context, carbon offsetting for air travel fall into this category.
Usage behavior is critical due to its significant environmental impact. For instance,
eco-driving can lower fuel consumption of cars by up to 20% (Martin et al., 2012;
van der Voort, 2001). For electric vehicles, energy reductions can reach 30%
(Bingham et al., 2012). Finally, although the long-term feasibility is questioned
(Higham et al., 2013), carbon offsetting is considered an approach to reduce the
environmental impact of unavoidable air travel. Therefore, to summarize, while the
separate impacts of usage behavior may be smaller compared to other categories
like avoiding travel altogether, its cumulative effects can be substantial (Sussman
et al., 2020).

Finally, downstream decisions are long-term and infrequent decisions that affect
existing possessions and usually have significant environmental impacts. These decisions
include divestment actions such as selling a car, but also extending the use of existing cars
if this is more environmentally friendly than giving up a car with an internal combustion
engine car and switching to an electric car, for example. In terms of (financial) con-
sequences, frequency and indirect effects (e.g. impact on usage), downstream decisions
are similar to upstream decisions. However, downstream decisions form a category of
their own, as it is particularly difficult to give up an existing possession (Kahneman et al.,
1991). For instance, while car ownership often increases with certain life events, it is
a challenge to reduce car ownership after the reason for the purchase has ceased to exist
(Clark et al., 2016). In line with this, Verplanken and Wood (2006) describe
‘Downstream-Plus-Context-Change’ interventions which leverage lifestyle changes to
facilitate habit modification. While the sufficiency concept also promotes absolute
reductions, improving product longevity can be beneficial. This is because short lifespans
of cars in one household increase the total number of cars (Sandberg, 2021).

4.1.1. Mapping of decision types onto existing frameworks

The reviewed existing frameworks can be mapped onto the new decision type categories.
Notably, as illustrated in Figure 6, the ASI-Framework (Framework 1; Bongardt et al,,
2019) is the only framework that encompasses all the categories included in the
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CoMoDe-Matrix. However, as previously noted, the ASI-Framework’s level of analysis
lacks specificity for the analysis of individual decisions. This results in multiple categories
of the ASI-Framework mapping onto single categories in the CoMoDe-Matrix.
Additionally, it is worth noting that upstream and downstream decisions are often either
not represented at all or only partially reflected in current frameworks. For example,
decisions to live car-free, such as choosing not to purchase a car or actively reducing car
ownership, are not accounted for. Finally, several frameworks, particularly framework
2-4, include rather broad categories with low specificity that span multiple decision types
in the CoMoDe-Matrix.

Decision Types

Long-term decisions Medium-term decisions Short-term decisions Long-term decisions
Upstream Decisions Route & Mode Choice Usage Behavior Downstream Decisions
Avoid Avoid Avoid Avoid
1 Shift Shift Improve
Improve Improve Improve Improve
2  Mobility and lifestyle Activity and travel scheduling Implementation and rescheduling /
Superior decisions Mobility behavior Driving behavior /
(long-term) (medium-term) (short-term)
4 IFUEEEE /] Mode switching or reducing travel Efficient use /
behavior
Lower Low carbon alternatives
emission / Alternatives to travel Driving more efficiently /
models Cycling, walking, PT,...
Modal shifts
6 / Absolute reductions / IPmdugt /
Sharing practices ongevity
Note: Vertical split ize multiple ies from existing covering one category from CoMoDe-Matrix. Horizontal splits indicate partly coverage of respective category
by existing C: from existing spanning more than one category of the CoMoDe-Matrix indicate broader categories in existing frameworks.

Figure 6. Mapping of existing frameworks on categories of the CoMoDe-Matrix. Numbers refer to
Figure 4 (source: own illustration).

4.2. Decision context

The CoMoDe-Matrix distinguishes two main decision contexts — private and profes-
sional - as illustrated in Figure 5 and summarized in Table 2. Both categories are distinct
but, as discussed, are interconnected and can overlap in everyday life.

Firstly, the private context includes all mobility-related decisions in an individual’s role
as a private consumer. It encompasses long-term decisions such as choosing a place of
residence, which significantly impacts mobility patterns. The private context further
comprises everyday mobility as well as long-distance leisure and tourism trips
(Sussman et al., 2020). The latter represents a special setting which, however, is similar
to everyday mobility in terms of specific socio-psychological predictors (Diitschke et al.,
2022).

The private context is a relevant area given that most of the decisions with high
mitigation potential (Ivanova et al., 2020; Sussman et al., 2020) occur mainly in the
private domain. Despite being less frequent, tourism-related travel also contributes
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Table 2. Summary of decision context categories.

Private Context Professional Context
Definition  All decisions in a person’s role as private consumers. All mobility-related decisions regarding individual
Includes personal everyday mobility, leisure mobility for working professionals with any form
travel as well as tourism. of work-related travel. This includes professional
drivers, occasional job-related travel and
commuting.
Relevance ® Most decisions take place in private domain ® Addressing few persons can have high impact
® |eisure and tourism travel is related to high ® Positive and negative spillover effects to pri-
emissions in addition to everyday mobility vate context exist

significantly to emissions, accounting for approximately 5% of global CO, emissions
(Scott et al., 2012). Secondly, the professional context differs with regard to financial
aspects, corporate policies as well as organizational norms and routines (Lilfs &
Hahn, 2014). In addition, the professional context often provides more direct oppor-
tunities for effective behavior change (Decrinis et al., 2023). Employer-led interven-
tions are promising in view of the geographic proximity of work locations, the
administrative resources of employers to set-up and manage interventions, the simi-
larities and interaction between employees as well as self-interests of employers
(Rosenfield et al., 2020). While Sussman’s et al. (2020) conceptualization is limited
to professional drivers such as taxi drivers or bus drivers, there are good reasons to
extend this category to other professionals as well as the broader work context (e.g.
commuting). With regard to the aforementioned characteristics of the professional
context, it is notable that these aspects also hold true for occasional travel of profes-
sionals and, at least partly, for commuting. Commuting of employees also falls within
an organization’s Scope 3 emissions (World Resources Institute & WBCSD, 2013).
Thus, adding to Sussman (2020), we define the professional context as encompassing
mobility-related decisions of professional drivers and professionals in general, includ-
ing commuting.

For the context of the framework, the professional context is relevant for multiple
reasons. First, in some countries, work-related travel is responsible for more than half of
working individuals’ weekly travel distances (Hauslbauer et al., 2022). Company cars,
which are typically larger and used more intensively, further add to road transport
emissions and are discussed as a principal-agent problem (Graus & Worrell, 2008).
Changes in the behavior of professional drivers can disproportionately affect overall
emissions due to the high impact of altering a few individuals’ behavior (Sussman et al.,
2020). Also, with regard to air travel, business travel accounts for about 20% of the
international flights (Gossling & Dolnicar, 2023). Finally, interventions in this context
can have spillover effects into private behavior, amplifying their overall effectiveness
(Kreil, 2021; Rutty et al., 2014).

5. Discussion

This article introduces the CoMoDe-Matrix (‘contextual sustainable mobility decisions
matrix’). This framework offers a comprehensive and integrative approach for system-
atizing sustainable mobility decisions. Developed based on an integrative literature
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review, the framework integrates insights from various perspectives to offer
a comprehensive view on mobility-related decisions. As the CoMoDe-Matrix aims at
capturing the full spectrum of individual-level decisions relevant to sustainable mobility,
it includes different decision types such as low frequency and high frequency decisions
(Nielsen et al., 2021). The CoMoDe-Matrix is structured along two key dimensions:
decision types and the decision context, which together form a matrix. The decision types
reflect the temporal perspective found in the existing literature (see Figure 4).

The framework is both integrative and comprehensive: it is integrative in that it
synthesizes diverse perspectives — such as sufficiency (Sandberg, 2021). It is also com-
prehensive because it encompasses more than a single mode or isolated decisions such as
mode choice and provides a holistic approach to understanding and enhancing sustain-
able mobility through individual choices. Both factors result in the fact that, as illustrated
in Figure 6, the CoMoDe-Matrix sets itself apart from previous frameworks in terms of
comprehensiveness. In particular, the CoMoDe-Matrix is, to the best of our knowledge,
the first framework on sustainable mobility that incorporates the entire set of sustain-
ability strategies, including sufficiency, in one framework.

5.1. Implications for researchers and practitioners

Going forward, the CoMoDe-Matrix can be used in academia to systematically research
decisions for behavioral change interventions in the mobility domain. In addition, it can
serve as a basis for evidence syntheses. The latter could investigate determinants of
decisions or the effectiveness of behavioral change interventions. For example,
a project has already been conducted to examine the current state of research on
behaviorally-informed interventions based on the CoMoDe-Matrix. This project served
to test the framework in terms of validity and applicability. In this process, more than 200
studies were successfully mapped onto the dimensions of the framework, providing novel
insights on existing research foci as well as research gaps based on the CoMoDe-Matrix
as a valuable tool (Bissel et al., 2023).

In addition, the CoMoDe-Matrix provides implications for practitioners, particularly
policymakers. It elucidates different decision types, contexts, and their interdependen-
cies, thereby enhancing the development of targeted mobility intervention programs.
Additionally, the CoMoDe-Matrix can serve as a robust tool for monitoring existing
policies, helping to identify potential conflicts or gaps in current approaches. The
advantage of the matrix compared to previous tools, particularly the practitioner-
oriented DEFRA frameworks (DEFRA, 2008, 2011), is that the decision types and the
layout can help to identify promising combinations of interventions across time-scales
and also highlight decision types such as downstream decisions which were less promi-
nent in previous frameworks. In addition, the distinction of the private and professional
context increases the visibility for the potential of interventions in the professional
context. As summarized in this article, this seems particularly valuable in view of more
direct opportunities for interventions in the professional context as well as due to
potential spillover effects of interventions to the private context.
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5.2. Limitations

As outlined in the introduction of this article, frameworks like the CoMoDe-Matrix serve
as valuable tools by systematizing specific topics. To maintain consistency and utility,
frameworks must simplify the complex context they address and align with their stated
objectives. The CoMoDe-Matrix aims to categorize decisions based on behavioral and
contextual characteristics, resulting in some residual heterogeneity within categories on
other dimensions. For example, the upstream decisions in this framework differ in terms
of their financial commitment, but are unified by their long-term perspective, their
deliberate nature, and their indirect influence on subsequent choices.

The focus on individual behavior makes the CoMoDe-Matrix particularly applicable
for research aimed at behavioral change. However, it is important to acknowledge that
this framework does not attempt to replace all reviewed frameworks for all applications.
While it addresses certain limitations of these frameworks, it also recognizes some
strengths. In the broader transport policy context, for instance, the simplicity of the
ASI framework can hardly be surpassed with an alternative framework aiming to system-
atize the complex landscape of individual decisions.

In addition, the CoMoDe-Matrix systematizes sustainability-relevant decisions made
by individuals in their roles as private consumers and professional users. While the first
context is applicable to everyone, the latter and interactions between contexts are only
relevant for professionals. Furthermore, the extent to which certain decision types are
relevant can vary greatly depending on factors such as spatial conditions, gender or age.
However, irrespective of these differences, the aim of the CoMoDe-Matrix is to offer
a tool that is as universal as possible.

Finally, an integrative approach was chosen over a systematic review in light of the
objective of our project. While the search and screening process followed a transparent
process, it was neither the objective nor feasible to screen all frameworks ever proposed.
It is therefore possible that alternative search strings or other databases will lead to
additional results. While the predefined screening criteria must be applied consistently,
they can also influence the results. For example, the excluded frameworks comprise both
studies that support the central elements of the CoMoDe-Matrix (Miiggenburg et al.,
2015) and frameworks that suggest alternative categorization (Pinjari et al., 2011). This,
however, underlines the value of an integrative process with an independent conceptua-
lization that goes beyond a merely descriptive summary of existing frameworks.

5.3. Avenues for future research

The CoMoDe-Matrix aims at providing a comprehensive framework of individual
mobility decisions. While frameworks explaining one specific decision type within this
scope were excluded in our screening process based on our inclusion criteria, future
research could use the CoMoDe-Matrix as a basis to develop a database of models and
frameworks for each decision type, context or specific decisions. In the following, the tool
could also be used to develop theory-driven interventions to address research gaps.

It is also important to recognize that individuals can influence environmental out-
comes in additional roles, such as investors, citizens, or community members (Amel
et al., 2017; Nielsen et al., 2021). This also includes the indirect impacts of consumer
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decisions on mobility, such as online shopping and deliveries. Expanding the CoMoDe-
Matrix to accommodate these aspects would have complicated its structure, potentially
diminishing its simplicity and practical utility. Thus, the current scope of the framework
strategically focuses on individual mobility-related decisions in the private and profes-
sional context to maintain clarity and usability. Future research, however, could develop
similar frameworks for other roles.

Looking to the future, as technology continues to evolve in terms of technological
innovations such as autonomous driving and urban air mobility (Kellermann et al., 2020;
Riggs, 2022), it will be crucial for future research to continually review and refine the
CoMoDe-Matrix and to integrate new decisions to ensure it remains relevant and
effective.

6. Conclusion

This study introduces the CoMoDe-Matrix, a new framework designed to systematize
sustainability-relevant mobility decisions. Integrating interdisciplinary insights from
existing frameworks across three perspectives and six subfields, the CoMoDe-Matrix
was developed through a multi-stage research process. It offers a conceptual and sys-
tematic overview of diverse decisions relevant in the context of sustainable mobility,
moving beyond the existing focus on car-related decisions prevalent in earlier frame-
works. In addition, the framework expands the focus of thinking about sustainable
mobility by explicitly integrating the sufficiency perspective. It thus contributes to
a more holistic understanding of sustainable mobility decisions of individuals and
provides potentially valuable implications for researchers and practitioners. Future
research directions should include applying and evaluating the CoMoDe-Matrix as well
as developing similar frameworks for other relevant purposes.
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