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ABSTRACT
With a focus on urban mobility, this paper explores how nudging
mechanisms can promote sustainability in socio-technical systems,
which capture the complex interplay among human, technological,
and organizational components. While the optimization of techno-
logical aspects is typically addressed through normative policies,
social dimensions often require softer strategies, such as nudging.

We propose a conceptual research agenda that builds on agent-
based modeling (ABM) to investigate how nudging strategies can
influence agents’ behavior through utility perceptions and social
awareness. The approach integrates value alignment principles to
explicitly incorporate ethical and social justice considerations into
the modeling process. The proposed model is intended to assess the
impacts of behavioral change using urban sustainability indicators.

Expected contributions include conceptualizing value-aligned
nudging mechanisms and developing an agent-based social simula-
tion framework to examine their potential effects on sustainability-
oriented behaviors in urbanmobility systems, advancingmultiagent
systems (MAS) research for societal-impact policy design.
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1 INTRODUCTION
Achieving sustainable development (SD) requires balancing social,
environmental, and economic dimensions, commonly framed as
the triple bottom line (TBL) approach [15]. Advancing this balance
depends not only on technological and regulatory innovation but
also on aligning individual and collective decision-making with
emerging SD goals [5]. Such alignment requires individuals, busi-
nesses, and governments to incorporate sustainability principles
into their practices and to systematically assess the impacts of their
actions [5].

Behavioral change, however, remains one of themost challenging
issues of sustainability transitions. Social and behavioral dynamics
are often more effectively influenced by softer policy instruments,
such as nudging, than by purely normative regulations [7, 30]. Yet,

their integration into modeling and decision-support tools capable
of predicting and assessing the outcomes of SD policies remains lim-
ited, particularly in urban mobility. Moreover, the explicit incorpo-
ration of value alignment frameworks and social justice principles
into such tools is still underexplored.

This position paper outlines a conceptual and methodological
research agenda for integrating nudging-based behavioral policies
into agent-based modeling of sustainable urban mobility systems,
with particular attention to value alignment and social justice con-
siderations. This research is developed within the Alliance for En-
ergy Transition (AET), a multidisciplinary consortium structured
around six thematic axes, including energy efficiency and transition,
sustainable mobility, and energy communities [10].

The remainder of this paper is organized as follows. The con-
ceptual foundations and research gap are presented in section 2,
while section 3 outlines the research agenda, including objectives,
modeling perspective, methodology, and expected contributions.
Opportunities and challenges are discussed in section 4, and sec-
tion 5 concludes the paper.

2 CONCEPTUAL FOUNDATIONS AND
RESEARCH GAP

Social structures can be represented as Socio-Technical Systems
(STS), a framework that describes the complex interplay between
human, technological, and organizational components in various
contexts [3]. A perspective of STS’s dimensions can be established
based on the trichotomy of urban transportation, as discussed by
Rossetti when exploring the "three main dimensions of urban trans-
portation, namely Intelligent Transportation Systems (ITS), smart
mobility, and sustainable communities, and how the three are in-
terconnected" [21]. Analogously, the trichotomy of STS comprises
intelligent, smart, and sustainable systems.

Intelligent systems prioritize system-wide optimal performance
and rely on top-down normative regulation instruments, typically
associated with critical and infrastructure-oriented applications.
Smart systems, by contrast, center on individual utility and operate
through market-based governance strategies, commonly associ-
ated with service-oriented and demand-driven contexts. Finally,



sustainable systems are driven by social awareness and prioritize
resource preservation, typically emerging in participatory contexts
characterized by collective engagement, social responsibility, and
long-term resource stewardship.

Beyond defining these dimensions, their interrelationships are
relevant to the proposed work, as they are not static, and transitions
between them are possible. An intelligent system can evolve to-
ward sustainability through the imposition of rules and regulations
aimed at resource preservation; the shift from intelligent to smart
systems is often mediated by market regulation dynamics; and a
smart system may progress toward sustainability when agents of
change – entities that, based on their individual utility, recognize
the collective benefit of adopting sustainable behaviors – drive the
transition. Finally, the intersection of all three dimensions gives
rise to the concept of resource-level accessibility, which means re-
sources must be available to all individuals and inherently implies
considerations of equity, fairness, social justice, and inclusivity. A
schematic illustration of such relationships and the intersection of
STS’s dimensions is depicted in Figure 1.

Figure 1: STS’s dimensions: relationships and intersection.

Some aspects of an STS (particularly technological ones) can be
optimized straightforwardly to improve its sustainability indicators.
However, social aspects do not always respond well to more restric-
tive and normative optimization policies. For example, normative
policies would be less effective in raising sustainability awareness
and commitment, which becomes critical in socio-technical transi-
tions from a smart to a sustainable system [12]. When it comes to
behavioral aspects, it is possible to resort to strategies known as
nudging to influence changes in individual behavior – and, there-
fore, in the behavior that emerges from the STS as a whole [7, 30].

Nudging, introduced by Thaler and Sunstein [26], refers to sub-
tle interventions that steer individuals toward desirable behaviors
without restricting their freedom of choice. These interventions
leverage insights from behavioral economics and psychology to de-
sign environments that make preferred behaviors more intuitive or
attractive. Recent studies have investigated the efficacy of nudging
mechanisms (NM) across various domains, including sustainability
objectives [1, 6, 9, 18, 23, 25, 31]. However, this perspective has
been less explored in the realm of sustainable urban mobility.

When it comes to sustainability analysis, the Life Cycle Assess-
ment (LCA) methodology stands out. A standardized framework
originally developed to evaluate and quantify the environmental

impacts of products, processes, or activities throughout their life-
times [19, 32], it evolved into broader methodologies that approach
sustainability’s TBL model [15]. Nonetheless, such methods operate
under static assumptions, ignore human behavioral dynamics [30],
and struggle to incorporate uncertainty in human behavior [2].
That hinders their applicability to long-term sustainability transi-
tions analysis and complex STS, where feedback loops emerge from
dynamic human-environment interactions and behavior-driven
changes are critical [16, 17]. Walzberg et al. [30] emphasize how
these limitations impact the assessment of policies that focus on
bounded rationality, which applies to nudging.

On the one hand, the literature shows that ABM approaches
have been proposed to address this limitation in sustainability anal-
ysis, whether coupled with or not with LCA [4, 15]. On the other
hand, an interesting gap exists in methodologies based on ABM and
MAS for analyzing the effectiveness of sustainability policies that
aim to influence behavioral change, particularly considering value
alignment and urban mobility. Some publications highlight the
significance of social norms and psychological factors in shaping
commuting behavior [11, 20], and others suggest that integrating
irrational and habit-driven decision models is essential for assess-
ing individual behavior and broader systemic effects in sustainable
mobility [22, 30, 31].

Therefore, there remains a lack of integrated methodological
frameworks capable of systematically analyzing how nudging-
based policies can influence sustainability in socio-technical urban
mobility systems throughABM,while explicitly incorporating value
alignment and social justice considerations. This paper advances a
research agenda to address this gap by means of an agent-based con-
ceptual and methodological framework to examine how behavioral
policy instruments can steer emergent system dynamics toward
more sustainable outcomes.

3 PROPOSED RESEARCH AGENDA
This section outlines the proposed research agenda, including its
guiding questions, conceptual modeling perspective, and method-
ological approach toward using agent-based simulation to support
behavioral policy design in socio-technical urban mobility systems.

3.1 Research Objectives and Conceptual
Modeling Perspective

Since the social aspects of STS do not always respond effectively
to purely normative optimization strategies, an alternative is to ex-
plicitly address bounded rationality and socially mediated decision-
making. Based on that, this research addresses two questions.

(RQ1)What soft control strategies can act as agents of change
in making smart socio-technical systems more sustainable?

(RQ2) What nudging mechanisms are most appropriate to steer
the emerging behavior of multiagent systems to make them more
sustainable?

Our hypothesis is that appropriately designed nudging mecha-
nisms can shape agents’ utility perceptions and social awareness,
leading to emergent system behaviors more closely aligned with
the collective good.

To address the research questions, this study pursues four main
objectives:



(1) define NM to represent policies promoting sustainability by
influencing populational behavioral changes;

(2) design an agent-based social simulation model to support
the design of more sustainable STS and test the hypothesis;

(3) incorporate social dynamics into the STS by aligning the NM
with human values through value alignment; and

(4) identify relevant urban sustainability indicators (USI) [14] to
quantitatively assess the impact of populational behavioral
change on STS’s sustainability.

The choice of urban mobility for the application domain is par-
ticularly interesting, since its social aspects are closely related to
the concepts of soft control, agents of change, and accessibility
[21]. Additionally, it will be possible to leverage data (both real and
synthetic) generated by the AET project in sustainable multimodal
mobility to validate and evaluate the proposed model.

3.2 Methodological Approach
The conceptual, parametric framework for this research will be
developed to represent the smart socio-technical system as a MAS,
in which individual agents (e.g., individuals, households, organi-
zations) interact within a defined environment, drawing on Sousa
[8]. It should be generalizable across different urban mobility con-
texts, enabling the integration of various factors that affect the
system’s sustainability. Agents’ decision-making will be guided by
utility perceptions and social awareness, influenced by the nudging
mechanisms implemented.

The incorporation of value alignment into the model, inspired
by Holgado-Sánchez et al. [13], will be guided by key steps, such as
defining relevant sustainability and social justice values and devel-
oping a contextual computational representation of these values.
Additionally, modeling individual agents’ value systems, so their
particular preferences are reflected over collective values. Finally,
investigating how NM can influence agents’ perceived utility, caus-
ing their behavior to align with the collective values. The agents’
decision-making processes may be further informed by behavioral
theories, such as Triandis’ Theory of Interpersonal Behavior [20],
thereby allowing the inclusion of elements such as intention, affect,
habit, and social factors in their choices.

The problem of influencing the STS towards sustainability will
be formalized by drawing on Urbano [29], which should involve
quantifying sustainability using relevant USI, formulating NM’s
impact on agent behavior, and operationalizing the concept of the
collective good in terms of the chosen USI and social justice prin-
ciples. The relevance criteria for USI selection will be guided by
their alignment with the TBL approach. The simulations should be
run under a baseline scenario without NM, and others that feature
varied nudging interventions, enabling the collection of comprehen-
sive data on agentic behavior and the overall system’s sustainability
performance.

In that sense, this study can rely on a Dynamic Synthetic Popu-
lation of Porto [24], which consists of synthetically generated data
that statistically reproduces distributions observed in real-world
data while preserving privacy. Its dynamic nature allows the popu-
lation to evolve over time by incorporating demographic changes,
making it suitable for prospective scenario analysis and long-term
sustainability assessments. Synthetic populations are widely used

as inputs for agent-based simulations, including models of energy
consumption and traffic pollution [27, 33]. Therefore, the baseline
scenario for this study will be able to reproduce observed mobility
patterns in Porto, Portugal’s second-largest city, and the activity
chains embedded in the synthetic population will provide the behav-
ioral baseline fromwhich KPIs can be derived, ensuring consistency
with observed urban dynamics.

While this paper focuses on the conceptual and methodologi-
cal foundations, subsequent work will involve developing detailed
simulation models, empirical validation, and integration with sus-
tainability assessment metrics to fully realize the proposed research
agenda.

3.3 Expected Contributions to MAS for Societal
Impact

The main contributions of the proposed work will be the concep-
tualization of an appropriate set of nudging mechanisms to make
multiagent systems more sustainable, considering principles of
social justice, and the development of an agent-based social sim-
ulation model incorporating value alignment. Since suitable USI
will be selected to assess the system’s sustainability, the resulting
selection itself is also considered an additional contribution of this
research.

More broadly, we aim to advance the analysis of the expected
impacts of public policies focused on the social aspects of STS, con-
tributing to the field of urban mobility. This aligns with the goals
of the AET Agenda and the SDG 11 – Sustainable Cities and Com-
munities, which focuses on creating inclusive, safe, and sustainable
cities, addressing current pressing urbanization challenges [28].

Finally, this research can generate relevant social and technolog-
ical impact, supporting actionable policy-making and potentially
promoting the social good. For instance, a possible future devel-
opment of the work could be its integration into ABM and LCA
coupled models [2]. Although this is not its focus, such a possibility
further enriches our proposal.

4 DISCUSSION: OPPORTUNITIES AND OPEN
CHALLENGES

The proposed research agenda also raises some methodological and
practical challenges that open promising avenues for future work.
A central concern relates to model validation and verification, and
data availability. Integrating methods for generating synthetic data
and synthetic populations emerges as a key strategy to comple-
ment real-world datasets and enable the exploration of alternative
scenarios, as discussed in the methodological framework.

Beyond data availability, the sensitivity of sustainability analyses
to contextual specificities introduces a persistent trade-off between
generalizability and contextual specificity. While the proposed hier-
archical and parametric framework aims for generalizability across
different contexts in urban mobility, focusing on a specific appli-
cation domain might limit the direct transferability of nudging
strategies and simulation results to other sustainability challenges.

The proposed agent-based nudging framework, while grounded
in sustainable urban mobility, may also extend to other forms of
urban movement shaped by bounded rationality and socially medi-
ated decision-making, such as tourist mobility, where route choices



are influenced not only by efficiency but also by experiential, social,
and contextual factors [34]. As part of the same socio-technical
system as daily commuting, tourist routing decisions contribute to
congestion, environmental pressure, and spatial inequalities, partic-
ularly in cities affected by overtourism, making this domain suitable
for exploring soft-control interventions. Although tourism contexts
lie beyond the scope of this study, this possible extension highlights
a promising direction for future research integrating agent-based
nudging frameworks with tourist route planning and management
systems.

Finally, the design and deployment of behavior-influencingmech-
anisms raise important ethical and societal considerations. Ensuring
transparency, fairness, and alignment with sustainability values
will be essential to preventing unintended consequences and sup-
porting responsible policy design. Addressing these challenges can
advance multiagent methodologies that inform decision-support
tools and policy strategies for more sustainable and equitable urban
mobility systems.

5 CONCLUSION
This paper addressed a persistent gap in sustainability analysis: the
limitations associated with assessing behavior-oriented policies in
socio-technical systems. Our research agenda proposes a framework
based on agent-based modeling to investigate the effectiveness of
nudging mechanisms in fostering sustainability awareness and
promoting more sustainable outcomes within smart socio-technical
systems, particularly in urban mobility.

This study aims to conceptualize a structured set of nudging
strategies that can influence agents toward behaviors that priori-
tize the collective good, with special attention to integrating value
alignment and social justice principles. Our hypothesis is that strate-
gically inserting such mechanisms can steer the emergent behavior
of a multiagent system toward more sustainable performance by
shaping agents’ interpretation of utility and social awareness. The
main expected contributions of this research are the operational-
ization of value-aligned nudging mechanisms and the development
of an agent-based social simulation framework to test their effects
on sustainability-oriented behaviors within socio-technical urban
mobility systems.
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