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Abstract: In a context where almost everything is presented as smart, packaging allows in-
telligence to be reconsidered beyond its technological dimension, shifting attention from
devices to the design infrastructures that shape socio-technical change. From a Transi-
tion Design perspective, the intelligence of packaging is understood as its capacity to ar-
ticulate relationships, enable responsible behaviours, and mediate values within complex
socio-technical systems. Grounded in the principles of Advanced Design, this approach
frames packaging smartness as a systemic, anticipatory and culturally situated form of
intelligence. The FuturE-Pack project reconceptualises packaging as an active interface
between brand, supply chain and user, capable of integrating environmental information,
traceability, sustainability narratives and circularity criteria. The research produced two
main outcomes: an interactive digital platform that organises knowledge, case studies and
regulatory frameworks, and a design toolkit that translates systemic visions into applicable
operational processes. These tools function as cultural and design-driven infrastructures
that support organisations in navigating complexity and fostering circular innovation.
Validation in the Italian fashion sector demonstrated how packaging can mediate trust,
transparency and territorial collaboration, generating new ecologies of relation and ac-
tion. The article positions these results within the field of Transition Design and proposes
an expanded understanding of packaging “intelligence” as responsible, circular, relational
and anticipatory, capable of guiding long-term change toward more sustainable futures.
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1. Introduction

Over the past two decades, the adjective smart has become pervasive across design, in-
novation, and policy discourses. Applied to objects, services, systems, and environments
alike, it is routinely used to denote technological enhancement, digital connectivity, or
data-driven performance. Although this semantic expansion has contributed to the vis-
ibility and institutional legitimacy of innovation processes, it has also resulted in a pro-
gressive flattening of meaning. Smartness is increasingly treated as a self-evident quality,
tacitly linked to sensors, connectivity, automation, or computational capacity, with limited
critical examination of its conceptual implications.

Within the domain of packaging, this flattening has had particularly significant conse-
quences. Smart packaging is frequently framed as a technical upgrade of conventional
packaging, defined by the integration of devices capable of monitoring conditions, stor-
ing or transmitting information, and supporting traceability across supply chains. Such
framings are consolidated through standards, technical taxonomies, and sectoral classifi-
cations, which provide a necessary operational vocabulary and support industrial uptake.
However, when adopted as dominant interpretative frames, they tend to reduce packaging
smartness to a set of functional features, marginalising the broader social, cultural, and
systemic dimensions through which packaging operates.

This reduction becomes particularly salient in the context of sustainability-oriented tran-
sitions. Packaging functions as a socio-technical artefact that mediates relationships be-
tween production systems, regulatory frameworks, brands, logistics infrastructures, and
everyday practices of consumption and disposal. Design decisions embedded in packaging
influence material flows, user behaviour, responsibility distribution, and the construction
of value and meaning across supply chains. Framing smart packaging primarily through
technological criteria narrows the analytical focus on these broader systemic dynamics.
Normative and technical framings of smart packaging play a key role in providing shared
terminology, enabling standardisation, and supporting interoperability. They do not, how-
ever, address the fundamental question of what kind of intelligence is required when pack-
aging is expected to contribute to sustainability, circularity, and long-term socio-technical
change. As research on wicked problems has long shown, challenges characterised by in-
terdependence, uncertainty, and conflicting values cannot be resolved through optimi-
sation alone (Buchanan, 1992). When considered within sustainability transitions, smart
packaging exhibits many of these characteristics.

This article proposes a rethinking of smart packaging as a form of systemic, relational,
and anticipatory intelligence. Smartness emerges from how packaging is designed to op-
erate within complex systems, rather than from the mere presence of specific devices or
materials. It involves the capacity to make relationships visible, to support informed and
responsible action, and to enable coordination across heterogeneous actors and temporal
horizons. This understanding is consistent with broader developments in design research
that foreground meaning, mediation, and responsibility alongside functional performance
(Krippendorff, 2006; Manzini, 2015).

Reframing packaging smartness in this way brings ethical and temporal dimensions of
design into sharper focus. Decisions made in packaging design generate effects that unfold
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over time and across contexts, often extending beyond the immediate scope of designers
or organisations. Anticipation refers to the capacity to consider downstream consequences
and evolving conditions as part of the design process (Poli, 2019; Poli, 2010; Zamenopou-
los y Alexiou, 2007). Smart packaging thus relates to supporting informed judgment in
situations characterised by uncertainty and distributed responsibility.

This reframing has significant implications for the organisation of design research and
innovation. Smart packaging challenges often unfold at a systemic level, where isolated
solutions and project-based experimentation struggle to produce sustained change. Al-
though pilot projects and prototypes remain valuable for exploring possibilities, their
outcomes frequently remain context-specific and difficult to transfer. Knowledge tends
to accumulate unevenly, evaluation criteria differ across actors, and lessons learned are
seldom stabilised in ways that support collective learning. Innovation processes, therefore,
tend to unfold in episodic forms, with recurring tensions across projects and limited con-
solidation over time.

This article addresses this gap by focusing on design infrastructures as a strategic response
to the complexity of smart packaging systems. Design infrastructures are understood here
as shared frameworks, tools, and environments that organise knowledge, support coordi-
nation, and enable anticipatory decision-making. Their role lies in shaping the conditions
under which solutions are conceived, assessed, and adapted. By relocating intelligence
from individual artefacts to the systems that govern design processes, infrastructures offer
a way to align technological possibilities with sustainability-oriented transitions.

The argument developed in this article is grounded in the FuturE-Pack research project,
which constitutes the empirical and projectual basis of the contribution. FuturE-Pack is a
design-driven research initiative focused on rethinking smart packaging within the con-
text of circular and sustainable Made in Italy production systems. Besides defining smart
packaging in conceptual terms and proposing exemplary technological applications, the
project develops and validates two complementary design infrastructures, a digital plat-
form and a design toolkit, intended to support coordination, anticipation, and informed
decision-making across smart packaging systems (Ciravegna, 2025).

FuturE-Pack was developed within the framework of MICS-Made in Italy Circolare e Sos-
tenibile', and specifically Spoke I-Digital Advanced Design: Technologies, Processes, and
Tools?, which addresses product, process, and system innovation for sustainability-orient-
ed transitions. The project, developed by Alma Mater Studiorum-Universita di Bologna,
Politecnico di Torino, and Universita degli Studi di Firenze, engages with production con-
texts characterised by distributed supply chains, strong territorial identities, and increas-
ing regulatory and cultural pressure for transparency and circularity. The fashion sector,
with its complex material flows and symbolic density, provided a particularly demanding
context for validating infrastructural design approaches. The relevance of this context lies
in its capacity to expose structural challenges shared by other packaging-intensive sectors.
Within FuturE-Pack, the platform and the toolkit are conceived as infrastructural research
outputs, designed to be used, adapted, and interpreted by different actors. Validation,
therefore, takes the form of a design-led and systemic process, grounded in use and itera-
tion and distinct from empirical testing based on predefined hypotheses. The project thus
offers a concrete case through which to examine how design infrastructures can operate
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as mediators within socio-technical transitions, while preserving complexity and avoiding
prescriptive or solutionist approaches.

The contribution of this article is therefore twofold. Conceptually, it advances a refram-
ing of packaging smartness that foregrounds systemic relationships, responsibility, and
anticipation. Projectually, it articulates how design infrastructures can operationalise this
reframing, supporting sustainability-oriented innovation beyond isolated projects. In do-
ing so, the article positions itself within Transition Design (Irwin, Kossoff & Tonkinwise,
2022; Irwin, 2015; Kossoff, 2011) and Advanced Design (Celaschi, 2015; Celi, 2010) de-
bates, contributing to ongoing discussions about the role of design in shaping long-term
socio-technical change.

The article unfolds through a progressive articulation of this argument. It first interrogates
dominant interpretations of smart packaging and outlines the need for a systemic refram-
ing of smartness. It then examines why smart packaging challenges exceed object-level
solutions and require infrastructural responses. The core of the contribution is devoted to
articulating the design infrastructures developed within FuturE-Pack and to discussing
their validation and implications for sustainability-oriented innovation. The concluding
section reflects on the broader relevance of this approach for design research and prac-
tice, positioning smart packaging as a critical field for experimenting with design’s role in
socio-technical transitions.

By approaching smart packaging as a design problem embedded in complex systems, this
article contributes to a more responsible and future-oriented understanding of intelligence
in design. Rather than advancing definitive answers, it aims to open a space for reflecting
on how design can support collective action in contexts where sustainability operates as a
condition to be continually negotiated over time.

2. Rethinking packaging smartness

The notion of smart packaging has increasingly been associated with an understanding
of intelligence grounded primarily in technological capability. Within dominant indus-
trial and regulatory discourses, smartness is frequently associated with the integration of
devices such as sensors, indicators, and data carriers, enabling packaging to monitor con-
ditions, collect information, and communicate data across the supply chain. While these
developments have expanded the functional scope of packaging, they have also reinforced
a reductive interpretation of smartness as an intrinsic property of artefacts, measured pri-
marily through performance and efficiency.

This interpretation reflects a broader tendency to equate intelligence with automation,
connectivity, and responsiveness. Packaging becomes smart as it can detect changes, trig-
ger alerts, or exchange information in real time. This framing privileges technological so-
phistication and tends to marginalise the relational, cultural, and systemic dimensions
through which packaging operates. Smart packaging is often approached primarily as a
technical addition, while its role as a design intervention within complex socio-technical
systems remains underexplored.
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This form of technological determinism becomes particularly problematic when smart
packaging is framed as a lever for sustainability and circularity. The assumption that in-
creased intelligence automatically leads to improved environmental performance over-
looks the multiple mediations through which packaging influences material flows, user
practices, and organisational decision-making. Smart devices may enable more precise
monitoring or enhanced traceability, but their effectiveness depends on how information
is interpreted, acted upon, and integrated into broader systems of production and con-
sumption.

Reconsidering packaging smartness involves shifting the analytical focus from objects
to the relationships they configure. Smartness emerges through the capacity of packag-
ing to mediate interactions between actors, to make processes intelligible, and to support
informed judgment. Packaging functions as an interface between material systems and
social practices, shaping the distribution of responsibility and the construction of value
across the lifecycle.

This relational view of smartness highlights design as a mediating practice. Decisions em-
bedded in packaging affect functional performance, but also shape meanings, behaviours,
and expectations. Through design, certain information is made salient, specific actors are
prompted to respond, and particular conditions of action are established. Smart packaging
contributes to shaping what becomes visible or invisible within socio-technical systems,
influencing how action is enabled or constrained.

A systemic perspective further complicates the notion of smartness by highlighting inter-
dependencies and trade-offs. Packaging operates within networks that include materials,
logistics infrastructures, regulatory frameworks, market dynamics, and cultural norms. In-
troducing smart technologies into these networks can generate unintended consequences,
such as increased material complexity, higher energy consumption, or new forms of exclu-
sion. Evaluating smartness solely in terms of technological performance fails to account
for these systemic effects.

From a design research standpoint, smart packaging constitutes a wicked problem, char-
acterised by incomplete information, conflicting objectives, and solutions that reshape the
problem itself. Addressing such conditions calls for approaches capable of engaging with
uncertainty and ambiguity, instead of seeking their removal. Smartness concerns discern-
ment and responsibility and cannot be adequately captured through optimisation alone.
This reframing draws attention to the temporal dimension of smart packaging. Design
decisions generate effects that unfold over time and often extend beyond the immedi-
ate scope of projects or organisations. Anticipation becomes a key aspect of smartness,
understood as the ability to consider future conditions, delayed consequences, and evolv-
ing constraints. Packaging intended to support sustainability, therefore, needs to facilitate
reflection on long-term implications, alongside considerations of short-term efficiency.
Smart packaging can be framed as an anticipatory artefact that supports learning and re-
flection as conditions of use evolve. Its relevance lies less in predictive accuracy than in its
capacity to enable informed and adaptive action over time. Viewed in this way, packaging
smartness aligns with broader understandings of intelligence as situated, relational, and
ethically grounded.
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Rethinking packaging smartness requires shifting attention from the technologies em-
bedded in packaging to how packaging participates in shaping socio-technical systems.
Smartness emerges from the alignment of design intentions, technological capabilities,
and systemic contexts. Recognising this shift is a necessary step for positioning smart
packaging as a meaningful contributor to sustainability-oriented transitions.

3. From research to design infrastructure

In technical and scientific literature, smart packaging is commonly described as the evolu-
tion of conventional packaging through the integration of digital and intelligent technolo-
gies that enable monitoring, data exchange, and interaction across supply chains. Research
addressing the convergence of digitalisation, logistics, and circular economy describes
smart packaging as a set of technologically mediated solutions aimed at enhancing tracea-
bility, information transparency, operational coordination, and decision-making through-
out the product lifecycle (Agrawal et al, 2023; Behl et al., 2023). In this framing, intelli-
gence is associated with the capacity of packaging to function as an active informational
interface, supporting data-driven processes within increasingly complex and distributed
production and consumption systems.

Within this body of literature, international standards serve a terminological and consoli-
dating role in relation to smart packaging. ISO 6608-1:2024 defines smart packaging as “a
general term to describe a large category of packaging that leverages technology to pro-
vide enhanced functionality that goes beyond simply housing a product” (International
Organization for Standardization [ISO], 2024). The standard refers to the integration of
chemical, physical, electronic, and digital technologies enabling the monitoring of product
conditions, the exchange of information across the supply chain, the mediation of user
experience across the lifecycle, and the support of sustainable behaviours and circular
strategies. The standard formalises a shared vocabulary and stabilises usage across techni-
cal and regulatory domains, without addressing the broader design, socio-technical, and
sustainability implications that exceed functional description and compliance.

When smart packaging is examined at the level of devices and applications, the limits of
this baseline definition become more apparent. The literature highlights how the techno-
logical landscape of smart packaging is characterised by a heterogeneous constellation of
devices, such as indicators, sensors, and data carriers, which differ significantly in function,
material composition, lifespan, and infrastructural requirements. These devices add new
layers of complexity to already dense systems, reshaping how packaging operates across
the supply chain. Each device category implies specific dependencies on materials, energy,
data infrastructures, and interpretative competences, thereby reshaping the conditions un-
der which packaging operates across the supply chain.

This complexity is amplified when smart packaging technologies are situated within con-
crete application domains. Studies on smart packaging indicate that, in food systems, smart
devices intersect with issues of safety, shelf-life management, regulatory compliance, and
consumer trust. In logistics contexts, they interact with traceability infrastructures, data
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interoperability, and organisational coordination among multiple actors. In consumer in-
formation settings, they mediate transparency, accessibility, and user engagement, raising
questions related to inclusivity, literacy, and interpretative overload. Across these domains,
smart packaging technologies give rise to tensions and trade-offs that must be addressed
through processes of evaluation, coordination, and decision-making at the system level.
Such tensions show that object-level solutions are insufficient to address smart packag-
ing challenges. Research on smart packaging devices indicates that the same device may
perform effectively in technical terms while generating unintended consequences at the
systemic level. Increased material complexity may compromise recyclability; enhanced
data collection may require infrastructures that are unevenly distributed; improved in-
formation availability may exacerbate cognitive or accessibility barriers for certain user
groups. Such risks are inherent to the deployment of smart packaging technologies in
sustainability-oriented contexts.

The evaluation of smart packaging extends beyond the use of performance metrics alone.
The literature shows that criteria such as technical reliability, usability, and environmental
implications are closely interrelated and cannot be addressed in isolation. Performance
improvements achieved through smart devices may coincide with increased material
complexity or higher energy demand. Similarly, enhancements in usability often rely on
assumptions about user behaviour that vary significantly across contexts. Environmen-
tal benefits, in turn, may depend on system-level conditions that lie outside the scope
of individual design projects. Considered collectively, these interdependencies position
evaluation itself as a complex design problem, one that resists resolution through isolated
assessments or standardised checklists.

This condition reveals the limits of project-based research and isolated smart solutions.
While experimental projects are effective in testing devices or applications within bound-
ed contexts, they struggle to account for the cumulative and cross-contextual effects that
emerge when smart packaging technologies scale or interact. Knowledge generated in one
application domain often remains difficult to translate to others, and lessons learned about
trade-offs or risks are rarely formalised in ways that can inform subsequent decisions. As
a result, innovation trajectories risk reproducing similar tensions across projects without
building collective capacity to address them.

Design infrastructures emerge here as a necessary response to the systemic nature of these
challenges. Within a sustainability framework, they represent the foundational systems
and processes enabling the creation of ecologically and socially responsible built environ-
ments and products. They extend beyond physical structures to include the collaborative
networks, data resources, and decision-making protocols that support sustainable design
outcomes. This concept acknowledges that achieving genuine sustainability requires a
comprehensive approach, integrating environmental considerations with economic vi-
ability and social equity’.

In the FuturE-Pack research project, design infrastructures respond to device-level com-
plexity by enabling the organisation and comparison of diverse smart packaging configu-
rations, a means to organise, compare, and contextualise diverse smart packaging con-
figurations across applications and criteria. They support the articulation of relationships
between device typologies, application domains, and evaluation dimensions, without col-
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lapsing this complexity into prescriptive models. In doing so, they enable designers and
organisations to navigate trade-offs consciously, making explicit the implications of their
choices across performance, usability, and environmental dimensions.

Moreover, by embedding evaluation criteria within shared frameworks that extend across
projects, design infrastructures enable cumulative forms of learning. Insights concerning
risks, trade-offs, and contextual dependencies can be retained, revisited, and reinterpreted
over time, moving beyond the scope of individual initiatives. This cumulative capacity is
essential for sustainability transitions, which rely on the progressive alignment of prac-
tices, technologies, and evaluative cultures across systems.

Smart packaging technologies generate intelligence only as far as the systems that govern
their adoption can coordinate decisions, anticipate consequences, and negotiate trade-offs
across domains. Design infrastructures provide the conditions under which this coordina-
tion becomes possible, reframing smart packaging from a collection of devices into a field
of informed and responsible action within socio-technical systems.

4. Design infrastructures for smart packaging systems

The infrastructural perspective outlined so far finds concrete articulation in the design
outcomes of the FuturE-Pack research project. The project focuses on the development
of design infrastructures capable of supporting coordination, anticipation, and informed
decision-making within complex smart packaging systems, instead of proposing individ-
ual solutions or exemplary applications. These infrastructures take the form of two inter-
related outputs: an interactive platform and a structured design toolkit. Both function as
enabling devices that shape how smart packaging is understood, evaluated, and enacted
across contexts and over time.

Within FuturE-Pack, the notion of infrastructure is adopted to address a structural gap
observed in smart packaging innovation. While technological capabilities and device-level
experimentation continue to expand, the conditions required to integrate such develop-
ments into sustainability-oriented transitions remain underdeveloped. Knowledge is often
fragmented, evaluation criteria are inconsistently applied, and decision-making processes
are distributed across actors who lack shared reference frameworks. The platform and the
toolkit respond to this condition by operating at a level that precedes individual projects,
shaping the cognitive and organisational environment in which projects are conceived.
The FuturE-Pack platform* functions as a coordinating infrastructure for knowledge and
interpretation. Its primary role is to organise heterogeneous forms of knowledge (con-
ceptual, methodological, and empirical) into a navigable environment that supports
sense-making within smart packaging systems. By structuring access to research outputs,
mapped practices, and design-relevant insights, the platform enables users to approach
smart packaging from multiple entry points without fragmenting the overall system per-
spective.

As an infrastructure, the platform foregrounds relationships between device typologies
and application domains, design intentions and systemic implications, and performance
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objectives and sustainability constraints. This relational organisation keeps complexity
visible, avoiding premature categorisation or ranking. In doing so, the platform supports
reflective comparison and critical judgment, enabling actors to situate their decisions
within a broader field of possibilities and consequences.

The platform supports anticipatory reasoning by clarifying how smart packaging con-
figurations relate to regulatory frameworks, supply-chain structures, and user practices.
Rather than offering predictive models or prescriptive scenarios, it provides organised
access to research materials that help users reflect on the potential implications of present
design choices over time.

Complementing the platform, the FuturE-Pack design toolkit constitutes an operational
infrastructure for action. While the platform supports interpretation and orientation, the
toolkit is designed to structure decision-making within concrete design processes. Its
function is to provide shared reference points that enable coordination among actors op-
erating within distinct roles, constraints, and value systems.

The toolkit is organised around design needs identified through the analysis of smart
packaging systems. This structure reflects a deliberate move away from object-centred ap-
proaches and towards a form of purpose-driven reasoning. By framing design activity in
relation to needs, responsibilities, and lifecycle implications, the toolkit supports design-
ers and organisations in considering how smart packaging decisions extend beyond the
boundaries of individual projects.

As an infrastructure, the toolkit integrates evaluation directly into the design process. It
brings together considerations of performance, usability, and environmental implications
as interrelated dimensions that are addressed in parallel throughout design activity. This
approach is particularly relevant in sustainability-oriented contexts, where interventions
aimed at improving one aspect frequently produce tensions or trade-offs in others. By
structuring how these relationships are examined, the toolkit offers a shared space in
which such tensions can be made explicit, discussed, and negotiated within ongoing de-
sign work.

The relationship between platform and toolkit is deliberately complementary. The plat-
form offers a broad, exploratory environment in which knowledge is organised and con-
textualised, while the toolkit translates this knowledge into operational guidance that can
be mobilised within specific projects. Neither infrastructure is effective in isolation: the
toolkit relies on the platform to situate its use within a broader knowledge landscape,
while the platform gains relevance through the practices and feedback generated by the
toolkit application. Together, they form a multi-layered infrastructure that connects reflec-
tion and action without collapsing one into the other.

Importantly, both the platform and the toolkit are conceived as open and evolvable. They
are designed to remain adaptable, accommodating emerging devices, regulatory changes,
and shifting sustainability priorities across sectors and technological contexts. This open-
ness is intrinsic to the infrastructural role of the platform and the toolkit. Within socio-
technical transitions, their relevance depends on their ability to evolve alongside the sys-
tems they engage with, responding to changing conditions over time.

By framing the platform and the toolkit as design infrastructures, FuturE-Pack positions
design as a strategic mediator within smart packaging systems. These infrastructures make
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complexity operable by establishing shared conditions for coordination, anticipation, and
responsibility. Smart packaging is configured as a field of collective and informed action
that supports long-term sustainability transitions.

5. Validation and implications for transition design

The validation of the design infrastructures developed within FuturE-Pack does not fol-
low conventional models of empirical testing or performance benchmarking. Their effec-
tiveness is instead assessed in relation to how they reconfigure practices of interpretation,
coordination, and decision-making within smart packaging systems. Validation is inher-
ently design-led: it emerges from situated use, iterative refinement, and the observation
of how the platform and the toolkit operate as mediating devices within complex socio-
technical settings.

Within FuturE-Pack, validation was conducted through deployment and use within a spe-
cific research and innovation context characterised by high symbolic value, fragmented
supply chains, and strong sustainability pressures. The project was situated within the
Made in Italy production ecosystem and developed in connection with the MICS research
framework, with a particular focus on the fashion sector. This context provided a stringent
testbed for infrastructural design, as it combines advanced manufacturing practices with
distributed networks of small and medium enterprises, intense regulatory scrutiny, and
growing demands for transparency and circularity.

Validation was conducted by observing how the platform and the toolkit were appropri-
ated by different actors and how they influenced the framing of design problems and deci-
sions. Designers, companies, and researchers engaged with the infrastructures as evolv-
ing environments that structured dialogue and reflection over time. Validation, therefore,
concerned the extent to which these infrastructures supported informed, coordinated, and
anticipatory reasoning across organisational and disciplinary boundaries.

One of the main outcomes of the validation process concerns coordination. Shared refer-
ence frameworks and articulated design needs contributed to greater alignment among
actors who usually operate with different priorities and professional languages. The in-
frastructures provided common points of orientation that enabled comparison and dia-
logue, making it possible to address tensions and trade-offs explicitly. This dynamic was
particularly visible in situations where smart packaging decisions intersected with mate-
rial choices, regulatory constraints, and brand narratives, illustrating the mediating role of
design infrastructures across heterogeneous rationalities.

Validation also highlighted the role of the platform in supporting transparency. The plat-
form operated as a device that makes relationships between technological options, sys-
temic implications, and sustainability objectives visible and intelligible. Transparency is
understood here as the capacity to grasp complexity and to make sense of interconnected
conditions. By organising knowledge through relational structures, the infrastructure al-
lowed users to recognise the range of available choices and to understand the consequenc-
es associated with specific decisions. This form of transparency is central to sustainability-
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oriented innovation, where responsibility depends on the ability to comprehend indirect
and delayed effects of design decisions.

Effects were also evident in the ways design decisions were framed and discussed through-
out the process. The toolkit supported reflective and anticipatory modes of action by inte-
grating evaluation criteria directly within design activities and connecting them to broad-
er system-level considerations. This integration prompted designers and organisations to
address long-term implications together with immediate project constraints. Decision-
making took the form of situated judgments informed by multiple dimensions, consistent
with an understanding of intelligence grounded in discernment and responsibility within
transition-oriented design thinking.

These observations describe a form of validation that is qualitative, systemic, and pro-
cess-oriented. The relevance of the infrastructures emerges through their ability to sustain
learning over time. As the platform and the toolkit were used repeatedly, knowledge was
progressively accumulated and reinterpreted, leading to incremental changes in how smart
packaging challenges were framed and addressed. This cumulative dynamic differentiates
infrastructural validation from project-based evaluation and highlights the importance of
continuity for sustainability transitions.

These observations point to broader implications for Transition Design. By demonstrat-
ing how design infrastructures can operate as mediators within complex systems, FuturE-
Pack provides an example of how transition-oriented design can move beyond speculative
visioning or abstract frameworks. The platform and the toolkit translate transition princi-
ples, such as long-term orientation, systemic awareness, and stakeholder engagement, into
operational conditions that can be enacted within real-world contexts. They illustrate how
Transition Design can be grounded in concrete design practices without losing its critical
and anticipatory orientation.

Implications also extend to Advanced Design, particularly in relation to the role of de-
sign research outputs. Within this field, increasing attention is devoted to shaping the
conditions under which innovation takes place, with artefacts and scenarios framed as
components of broader and ongoing design processes. The FuturE-Pack infrastructures
exemplify this orientation by operating as meta-design artefacts that organise and support
design activity over time. This perspective reinforces the role of designers as curators of
complexity and enablers of collective intelligence, broadening their contribution beyond
the development of individual solutions.

From the perspective of sustainability-oriented innovation, the validation of the platform
and the toolkit underscores the limits of technology-driven approaches. Smart packag-
ing technologies become meaningful contributors to sustainability transitions only when
embedded within systems capable of negotiating values, coordinating decisions, and ad-
dressing future consequences. Validation is inseparable from ethics: design infrastructures
provide a means to cultivate such systems, aligning technological possibilities with social
and environmental responsibilities.

The FuturE-Pack experience indicates that validation in design-driven research unfolds
over time and through continued engagement. Because the platform and the toolkit are
conceived as open and adaptable, their effectiveness depends on how they are used, re-
vised, and critically discussed in practice. This open-ended character supports relevance
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in socio-technical contexts marked by ongoing change. By treating validation as a situated
and iterative practice, the project contributes to a broader understanding of responsible
design action within sustainability transitions, with implications that extend beyond the
specific field of smart packaging.

Conclusion

This article proposes a design-driven rethinking of smart packaging by questioning the
widespread association between smartness and technological sophistication. The focus
shifts from the technological features of artefacts or devices to intelligence understood as a
socio-technical condition, dependent on how technologies are embedded, interpreted, and
governed within systems of production, regulation, and use. Technological enhancement
alone cannot be considered a sufficient or reliable pathway towards sustainability-oriented
transformation.

This reframing highlights that smart packaging challenges extend beyond isolated solu-
tions or project-based innovation. The complexity arising from device typologies, appli-
cation domains, and evaluation criteria generates tensions and trade-offs that exceed the
scope of object-level design. Such tensions constitute structural features of sustainability
transitions, where competing values, uneven capabilities, and long-term consequences
must be addressed through ongoing negotiation. Understanding smart packaging as a
socio-technical problem, therefore, calls for design approaches capable of operating across
multiple scales, involving diverse actors and accommodating extended temporal horizons.
The article positions design infrastructures as a critical contribution to sustainability-ori-
ented innovation. They are understood as mediating frameworks that organise knowledge,
support coordination, and enable anticipatory judgement across complex socio-technical
contexts. This shift in focus relocates intelligence from individual artefacts to design pro-
cesses and infrastructures. They provide shared reference systems through which com-
plexity becomes operable. This allows designers and organisations to engage responsibly
with uncertainty and systemic interdependence.

The discussion of the FuturE-Pack research project illustrates how this infrastructur-
al logic can be operationalised within a concrete research and innovation context. The
platform and the design toolkit function as complementary infrastructures that support
sense-making and action while leaving outcomes open to interpretation and adaptation.
Their validation, understood as design-led and systemic, has highlighted effects on co-
ordination, transparency, and decision-making that are directly relevant to sustainability
transitions. These effects point to the growing importance of design research outputs in
shaping collective practices and shared evaluative cultures over time.

From a Transition Design perspective, the article contributes by translating transition-
oriented principles into operational design conditions. Long-term orientation, systemic
awareness, and stakeholder engagement are articulated as qualities that can be embed-
ded in infrastructures supporting everyday design practice. This framing strengthens the
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pragmatic dimension of Transition Design, demonstrating how it can inform concrete
interventions while retaining its critical and ethical stance.

Within Advanced Design debates, the contribution reinforces a shift from designing ob-
jects and scenarios to designing the infrastructures that enable innovation to unfold. By
framing the platform and the toolkit as meta-design artefacts, the article positions Ad-
vanced Design as a field concerned with shaping the environments in which future-ori-
ented decisions are made. This orientation expands the role of designers from problem-
solvers to facilitators of collective intelligence and mediators of complexity.

With respect to sustainability-oriented innovation, the article underscores the limits of
technology-driven narratives and highlights the necessity of design-led coordination.
Smart packaging becomes meaningful for sustainability only when embedded within sys-
tems that can align technological possibilities with social responsibility and environmen-
tal care. Design infrastructures provide a means to cultivate such alignment, supporting
forms of innovation that are reflexive, anticipatory, and accountable over time.

By rethinking smart packaging beyond technological determinism and articulating the
role of design infrastructures in socio-technical transitions, this article positions design
research as a critical contributor to sustainability challenges. Its contribution lies in re-
framing how intelligence, responsibility, and innovation are conceived within design prac-
tice. The relevance of the proposed approach extends beyond packaging to domains in
which sustainability transitions depend on the capacity to design the conditions shaping
collective futures.
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4. https://adu.unibo.it/pack/en
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Resumen: En un contexto en el que casi todo se presenta como smart, el packaging permite
reconsiderar la inteligencia mas alla de su dimension tecnoldgica, desplazando la atencién
desde los dispositivos hacia las infraestructuras de disefio que configuran el cambio so-
ciotécnico. Desde una perspectiva de Disefio para la Transicion, la inteligencia del packa-
ging se entiende como su capacidad para articular relaciones, habilitar comportamientos
responsables y mediar valores dentro de sistemas sociotécnicos complejos. Basado en los
principios del Disefio Avanzado, este enfoque concibe la inteligencia del packaging como
una forma de inteligencia sistémica, anticipatoria y culturalmente situada. El proyecto
FuturE-Pack reconceptualiza el packaging como una interfaz activa entre marca, cadena
de suministro y usuario, capaz de integrar informacion ambiental, trazabilidad, narrativas
de sostenibilidad y criterios de circularidad. La investigacién produjo dos resultados prin-
cipales: una plataforma digital interactiva que organiza conocimientos, estudios de caso
y marcos normativos, y un toolkit de disefio que traduce visiones sistémicas en procesos
operativos aplicables. Estas herramientas funcionan como infraestructuras culturales y
orientadas al disefio que apoyan a las organizaciones en la gestion de la complejidad y en
el impulso de la innovacion circular. La validacion en el sector de la moda italiana mos-
tré como el packaging puede mediar confianza, transparencia y colaboracion territorial,
generando nuevas ecologias de relacion y accion. El articulo sitda estos resultados dentro
del campo del Diseio para la Transicion y propone una comprension ampliada de la “in-
teligencia” del packaging como responsable, circular, relacional y anticipatoria, capaz de
orientar transformaciones de largo plazo hacia futuros mas sostenibles.

Palabras clave: Packaging inteligente - Disefio para la Transicion - Disefio Avanzado -
Infraestructuras de disefio - Plataformas digitales - Sistemas sociotécnicos - Innovacién
responsable - Economia circular - Sostenibilidad - Made in Italy

Resumo: Em um contexto no qual quase tudo é apresentado como smart, a embalagem
permite reconsiderar a inteligéncia para além de sua dimenséo tecnoldgica, deslocando a
atencdo dos dispositivos para as infraestruturas de design que moldam as mudangas so-
ciotécnicas. A partir de uma perspectiva de Transition Design, a inteligéncia da embalagem
¢é compreendida como sua capacidade de articular relagdes, possibilitar comportamentos
responséveis e mediar valores dentro de sistemas sociotécnicos complexos. Fundamenta-
da nos principios do Advanced Design, essa abordagem enquadra a inteligéncia da emba-
lagem como uma forma sistémica, antecipatdria e culturalmente situada de inteligéncia.
O projeto FuturE-Pack reconceitualiza a embalagem como uma interface ativa entre mar-
ca, cadeia de suprimentos e usudrio, capaz de integrar informagoes ambientais, rastrea-
bilidade, narrativas de sustentabilidade e critérios de circularidade. A pesquisa produziu
dois resultados principais: uma plataforma digital interativa que organiza conhecimentos,
estudos de caso e marcos regulatorios, e um design toolkit que traduz visdes sistémicas em
processos operacionais aplicéveis. Essas ferramentas funcionam como infraestruturas cul-
turais e orientadas pelo design, que apoiam organiza¢des na navegac¢do da complexidade
e no fomento a inovagao circular.
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A validagdo no setor da moda italiana demonstrou como a embalagem pode mediar con-
fianga, transparéncia e colaboragdo territorial, gerando novas ecologias de relagdo e agio.
O artigo posiciona esses resultados no campo do Transition Design e propde uma com-
preensdo ampliada da “inteligéncia” da embalagem como responsavel, circular, relacional e
antecipatoria, capaz de orientar mudangas de longo prazo rumo a futuros mais sustentaveis.

Palavras-chave: Smart packaging - Transition Design - Advanced Design - Infraestrutu-
ras de design - Plataformas digitais - Sistemas sociotécnicos - Inovagio responsével - Eco-
nomia circular - Sustentabilidade - Made in Italy
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