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Abstract

Digital technologies play a dual role in sustainability transitions: they can enable more sus-
tainable practices while simultaneously reinforcing unsustainable patterns of use. Although
design is increasingly recognized as a critical lever for steering sustainability-oriented be-
havior, little is known about how users perceive and prioritize sustainability design cues
when these compete with functional, performance-oriented, and hedonic cues. Thus, this
study examines how digital design cues shape sustainability-oriented decision-making
by analyzing participatory design data from 18 sustainability-focused workshops with
secondary-school students. Drawing on an affordance-based analytical lens, we conducted
an affordance-oriented qualitative content analysis of 109 digital product concepts and
374 peer evaluation statements using an iterative coding procedure to identify sustainability
affordances and competing affordances and examine how they are prioritized during evalu-
ative judgments of digital product concepts. The findings reveal distinct context-dependent
shifts in affordance salience. While sustainability affordances were most prominent in
prototype concepts, where they accounted for 58% of all sustainability-related codes, they
declined to 32% in positive evaluations and 10% in negative evaluations. Conversely,
functional and performance affordances gained prominence during evaluative judgments.
These patterns indicate that affordance salience varies across contexts and help explain why
sustainability considerations may become less salient in evaluative decision settings. Inter-
preting these patterns through the concept of affordance competition, the study shows how
multiple perceived action possibilities simultaneously compete for attention. By applying
an affordance-based perspective to digital sustainability, the study contributes to research
on sustainability-oriented design by highlighting how competing affordances shape the
visibility and evaluation of sustainability considerations across different contexts. The
findings offer practical implications for designing digital artifacts that make sustainabil-
ity affordances more visible, meaningful, and competitive in everyday decision contexts,
particularly for future generations of users.

Keywords: digital sustainability; design cues; affordances; affordance competition;
participatory design; sustainability-oriented design

1. Introduction
Digitalization has become a defining driver of economic and societal transformation.

Digital platforms, services, and data infrastructures enable new forms of value creation
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while simultaneously amplifying energy consumption, electronic waste, and social in-
equalities [1]. Hence, digitalization is increasingly understood as an ambivalent driver of
sustainability transitions, capable of both enabling and undermining long-term societal
goals [2,3]. This ambivalence has been conceptualized as the sustainability–digitalization
paradox [3–5], i.e., digitalization can both advance and threaten sustainability goals. For
example, cloud computing and data analytics optimize logistics and resource flows but
also expand the carbon footprint of data centers [6]. Artificial intelligence contributes
to environmental solutions such as climate modeling, energy optimization, and resource
forecasting [7,8] but simultaneously demands immense computational power and en-
ergy for model training [9,10]. These tensions illustrate a central challenge of contempo-
rary digitalization: aligning technological innovation with long-term environmental and
social responsibility.

Existing research has addressed this challenge primarily at the organizational and
systemic level, focusing on digital responsibility strategies, ESG (Environmental, Social,
and Governance) performance, and green IT infrastructures [11,12]. While this work has
generated important insights, sustainability outcomes are also shaped through everyday
interactions between users and digital artifacts. Individuals repeatedly make micro-level
decisions, such as configuring devices, updating apps, adjusting settings, and repairing
or discarding hardware, that cumulatively influence environmental outcomes. Although
such decisions are deeply intertwined with technological design, we still know little about
how users perceive and respond to sustainability design cues in digital products, or how
these cues compete with functional, performance, hedonic, and convenience-oriented cues
that dominate contemporary interfaces. In this study, design cues refer to perceivable
manifestations of product features that attract users’ attention and shape how they interpret
the action possibilities offered by a digital artifact. Thus, design cues are distinguished from
affordances, which denote the perceived action possibilities emerging from the interaction
between users and digital artifacts.

Furthermore, most sustainability-oriented research in the digital domain contin-
ues to emphasize technology adoption, organizational governance, or policy-level
interventions [3,13]. What remains underexplored is how users perceive and evaluate
sustainability design cues and competing design cues in digital products.

Research from Human–Computer Interaction (HCI) and environmental psychology
confirms a persistent sustainability-value gap, i.e., even individuals who value sustainabil-
ity may opt for less responsible choices when design cues emphasize speed, pleasure or
novelty rather than responsibility [14–16]. Consistent with the broader attitude–behavior
gap and value–action gap literature [16,17], the term sustainability-value gap is used here to
refer to this discrepancy in the specific context of sustainability affordances and competing
affordances in digital product evaluation. This suggests that sustainability-oriented digital
decision-making requires examining how design shapes users’ evaluations and judgments
and how different design cues become salient in decision contexts [18]. Digitalization is
increasingly understood not only as an enabler of technical innovation but also as part of
broader socio-technical transitions toward sustainability. This dual role situates design at
the intersection of material innovation and sustainable practice [19,20]. Beyond motiva-
tional explanations, this study explores whether the gap may also be partly explained by
context-dependent shifts in affordance salience—that is, whether sustainability design cues
that are prominent during design become less perceptually visible during evaluation.

Young users provide a particularly revealing lens for studying this phenomenon. They
are among the most intensive users of digital technologies and represent future consumers,
citizens, and decision-makers whose practices will shape long-term sustainability trajec-
tories. Empirical studies indicate that adolescents express strong environmental concern
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but still favor convenience and entertainment in their digital choices [21,22]. Studies of
digital platforms reveal how technical and visual features (ease of use, aesthetic appeal)
strongly influence young users’ behavioral intentions in ways that may sideline sustain-
able options [23]. Investigating how they interpret and prioritize sustainability therefore
provides insights into how sustainability considerations are weighed against competing
design priorities in digital contexts.

Against this background, this study examines how users navigate trade-offs between
sustainability considerations and competing design demands in digital artifacts. Rather
than focusing on market adoption or organizational governance, the study adopts a user-
centered and future-oriented perspective that highlights design as a critical leverage point
for shaping sustainability-oriented decision-making. Sustainability is understood here in its
environmental, social, and economic dimensions [24] and is examined in relation to design
cues associated with usability, convenience, and perceived innovativeness. Accordingly,
the study addresses the following research question: How do digital product design cues
influence the way users evaluate and prioritize sustainability in decision-making contexts?
In this study, design cues are examined through an affordance perspective [25–28], whereby
perceivable product characteristics are interpreted in terms of the action possibilities they
make salient to users during evaluation.

To explore this question, we analyze data from 18 Prototyping Sustainability—
Designing Sustainable IT (ProS) workshops in which secondary-school students co-
designed and evaluated sustainability-oriented digital product concepts. These partic-
ipatory settings function as exploratory micro-contexts in which future-oriented digital
practices are imagined, discussed, and assessed. To distinguish between the theoretical
and empirical levels of analysis, this paper uses the term digital artifact to refer to the
general theoretical object of study—that is, any digital product or system considered from
an affordance perspective. The terms digital product concept and prototype concept refer
to the conceptual artifacts created by participants in the ProS workshops and constitute the
empirical units analyzed in this study. Unless otherwise specified, the term digital product
refers to commercial or real-world products. The dataset comprises 109 digital product
concepts (prototype concepts) and 374 peer evaluation statements, reflecting participants’
dual roles as designers and evaluators.

To interpret how users perceive and prioritize competing design cues, the study draws
on affordance theory [25–28] which conceptualizes technologies as offering perceived action
possibilities relative to users’ goals and capabilities. Sustainability affordances refer to
perceived possibilities for environmentally or socially responsible action [29]. Although
many digital systems embed such affordances, they often remain unnoticed or unused. We
interpret these patterns through the concept of affordance competition [30,31]: multiple
design cues within an interface (e.g., “save energy,” “customize instantly,” “upgrade now”)
compete for perceptual salience and cognitive priority. Users tend to favor affordances that
are visually salient, emotionally rewarding, or cognitively effortless [31–35]. Sustainability
affordances, in contrast, frequently lack such attributes and are overshadowed by hedonic
or performance-oriented cues [34].

By analyzing how young participants design and evaluate digital product concepts,
this study contributes to Information Systems (IS) research on digital sustainability in three
ways. First, the study provides empirical evidence on how sustainability affordances and
competing affordances are perceived and prioritized across design and evaluative contexts.
Second, it demonstrates the usefulness of an affordance-based perspective for interpreting
context-dependent shifts in affordance salience between design and evaluation activities.
Third, it contributes empirical insights from participatory design workshops that reveal
how sustainability considerations are articulated and negotiated among young users.
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The remainder of the paper is structured as follows. Section 2 reviews the state of the
art on the sustainability–digitalization paradox, participatory design, affordance theory, and
affordance competition, and establishes the conceptual foundations of the study. Section 3
develops the analytical framework by introducing affordance competition as the guiding
analytical lens, outlining the derivation of sustainability affordances, and formulating
literature-derived propositions that guide the empirical analysis. Section 4 describes the
research design, data collection, and analytical procedures. Section 5 presents the findings,
Section 6 discusses the results and their implications for digital sustainability research and
practice, and Section 7 concludes the paper.

2. State of the Art and Conceptual Foundations
This section reviews the state of the art in sustainability–digitalization research, partic-

ipatory design, and affordance theory and identifies the conceptual foundations relevant to
the present study. Together, these perspectives provide a lens for examining how sustain-
ability affordances and competing affordances are perceived, interpreted, and evaluated in
digital product contexts. The section first outlines the sustainability–digitalization paradox
as the broader socio-technical context, then positions participatory design as a setting in
which sustainability considerations become observable, and finally develops an affordance-
based perspective for analyzing how users perceive and prioritize sustainability-related
action possibilities.

2.1. The Sustainability–Digitalization Paradox

Digitalization simultaneously supports and threatens sustainable development, cre-
ating what Information Systems scholars describe as the sustainability–digitalization
paradox [3–5]. This paradox reflects a classic performing tension [36] in which organiza-
tions and societies pursue multiple, conflicting objectives: technological innovation and
environmental responsibility. Digital systems can optimize energy consumption, reduce
paper use, and enable remote collaboration. At the same time, they rely on energy-intensive
infrastructures and resource-heavy hardware [6,37]. This paradox is reflected in what [38]
identify as Jevons’ paradox, or the rebound effect, whereby efficiency gains achieved through
digitalization can lead to increased overall resource consumption when cost reductions or
convenience stimulate additional usage.

While IS scholarship has richly explored organizational responses, for example, green
IT infrastructures, ESG reporting, and digital responsibility frameworks [13,39], the micro-
foundations of this paradox remain under-examined. Everyday digital choices such as
upgrading devices, managing data, or enabling eco-modes aggregate into macro-level
sustainability outcomes. Understanding the perceptual and evaluative processes that shape
such decisions is therefore crucial. Moreover, work on sustainability transitions underscores
the need to connect present design decisions with long-term sustainability pathways and
transition frameworks [20].

Taken together, the sustainability–digitalization paradox highlights that sustainability
outcomes are shaped not only by technological infrastructures and organizational strategies
but also by everyday interactions with digital technologies. While prior research has
predominantly examined sustainability challenges associated with digitalization through
organizational, governance, and system-level perspectives [3,5,11,13,39], less attention has
been paid to how sustainability considerations are perceived and evaluated in relation
to competing design priorities at the user level. This study addresses this perspective by
examining how sustainability affordances and competing affordances are prioritized in
digital product contexts.
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2.2. Participatory Design as Value-Reflective Setting

Participatory design (PD) offers a research environment where such micro-level rea-
soning can be observed. PD emphasizes inclusion, creativity, and shared ownership of
design outcomes [40]. PD has been widely applied in sustainable design contexts to surface
value tensions and catalyze systemic change [41,42]. From a theoretical standpoint, PD
aligns with sensemaking theory [43]: participants construct meaning through iterative
dialog and reflection.

In the ProS workshops, participants act both as designers creating prototype con-
cepts and as evaluators assessing peer ideas through simulated buying decisions. This
dual participation mode generates a dataset that captures how participants identify and
evaluate sustainability design cues in digital prototypes. Recent research on youth PD
in sustainability contexts shows that involving adolescents in co-design activities can
foster sustainability learning, future-oriented thinking, and the articulation of transition
visions, positioning participatory settings as formative spaces for imagining and evaluating
sustainable socio-technical futures [44].

Accordingly, PD provides a particularly suitable setting for examining how sustainabil-
ity considerations are articulated, discussed, and evaluated. By capturing both prototype
creation and peer evaluation activities, PD provides the possibility for the observation
of how sustainability affordances and competing affordances are interpreted and negoti-
ated by young users. In this way, it offers an empirical context for exploring the role of
sustainability in digital product evaluation.

2.3. Affordance Theory: Perceived Possibilities for Actions

Originally introduced by [26] as the action possibilities an environment offers rela-
tive to an actor’s capabilities, the concept has been adapted in Information Systems to
explain how digital artifacts enable, constrain, and mediate user behavior. Foundational IS
work conceptualizes affordances as relational and emergent, arising through users’ goals,
material features, and social contexts [25,27,45].

To clarify the relationship between design and affordances, we use the term design
cue to denote a perceivable feature or characteristic of a digital artifact that attracts users’
attention and informs their interpretation of potential action possibilities. Design cues may
relate to interface elements, functional characteristics, performance attributes, sustainability
features, social signals, economic considerations, or innovation aspects. From an affordance
perspective, these cues constitute the observable manifestations through which users infer
what actions are possible, desirable, or valuable in a given context. When design cues are
interpreted in terms of the sustainability-related action possibilities they make available to
users, they are conceptualized as sustainability affordances. Throughout this paper, the
term design cue is preferred when referring to the perceivable manifestations of product
features, whereas affordance denotes the perceived action possibilities emerging from users’
interactions with digital artifacts. The term sustainability design features is used only when
referring to observable product characteristics prior to their affordance interpretation. The
terms design feature and product feature are occasionally retained where they better reflect the
context, established terminology in the cited literature, or the wording used by participants.

This relational perspective highlights why sustainability design cues may or may not
influence how users evaluate digital products: an eco-mode, repair reminder, or privacy-friendly
data setting affords sustainable action only if a user notices it and interprets it as meaningful in
the given situation [29]. Affordances thus provide a conceptual lens for linking digital design
with human agency and for analyzing how young users derive value from particular design
cues. Prior work demonstrates how digital affordances can enable sustainable practices [46],
reinforcing the relevance of affordances in sustainability-oriented design contexts.
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2.4. Sustainability Affordances and Affordance Competition

Building on these insights, sustainability affordances can be defined as perceived
possibilities for environmentally, socially, or economically responsible action (Kaaronen,
2017 [29]; Seidel et al., 2013 [46]). Design’s role in enabling sustainable futures is also
evident in materials-oriented and socio-technical frameworks that seek to integrate sus-
tainability across multiple scales, underscoring that design choices, whether at the level of
artifacts, interfaces, or systems, can shape broader transition pathways [19,47]. In practical
terms, sustainability affordances may be conveyed through various design cues, such
as how features that promote repair, reuse, or energy efficiency address environmental
goals [48,49]; features supporting inclusivity or ethical data use contribute to social sus-
tainability [50]; and design attributes such as product longevity or transparency foster
economic responsibility [38]. When users perceive such affordances as actionable and
relevant, digital systems can promote more responsible behavior.

However, users seldom encounter sustainability affordances in isolation. Interfaces
simultaneously present multiple affordances that compete for attention, for example, share
instantly, upgrade now, save energy. The decision of which action to take can be interpreted
through the concept of affordance competition [30], whereby alternative affordances com-
pete for salience within the user’s perceptual field. Empirical studies in Human–Computer
Interaction demonstrate that visual prominence, feedback timing, and reward anticipation
strongly shape which affordances are actualized [31,51,52].

From a sustainability perspective, this interplay generates persistent value
tensions [14,16,17]. Consistent with the attitude–behavior gap and value–action gap
literature [16,17], users endorse sustainability in principle yet prioritize convenience, in-
novation, or aesthetics in practice. Understanding affordance competition provides a
theoretical and conceptual lens for examining why sustainability considerations may be-
come less salient when users encounter competing design priorities [14,53,54]. This lens
will guide the interpretation of the evaluation data: how co-designers, acting as simulated
consumers, make their choices among competing design attributes. Together, affordance
theory, sustainability affordances, and affordance competition provide the conceptual foun-
dation for the present study. This perspective emphasizes how users interpret, prioritize,
and evaluate perceived action possibilities in relation to their goals and the context of use.
In the present study, this conceptual lens is used to examine how sustainability affordances
and competing affordances vary in salience across prototype creation and evaluation activi-
ties, and how these differences are reflected in participants’ evaluative judgments. The next
section builds on these conceptual foundations by developing the theoretical propositions
and analytical framework that guide the empirical analysis.

3. Analytical Framework and Theoretical Propositions
The previous section reviewed the state of the art and established the conceptual

foundations relevant to this study, including the sustainability–digitalization paradox,
participatory design, affordance theory, and affordance competition. Building on these
perspectives, this section synthesizes the reviewed literature into a set of literature-derived
propositions that guide the empirical analysis. The propositions translate existing insights
into analytically informed expectations for examining how sustainability affordances and
competing affordances are perceived, evaluated, and prioritized in digital product concepts
and evaluative judgments. From a methodological perspective, they provide an analytical
lens for interpreting the coded workshop data. Affordance competition serves as the
overarching analytical perspective through which the empirical findings are interpreted.
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3.1. Affordance Competition and the Salience of Sustainability in Participatory Digital Design

Building on the state of the art and conceptual foundations presented in the previous
section, affordance competition is used here as an analytical perspective for examining
how sustainability affordances and competing affordances are perceived, evaluated, and
prioritized in digital product contexts. The central assumption is not that users respond
equally to all available affordances, but that different affordances vary in salience depending
on contextual, perceptual, and evaluative conditions.

In the context of digital sustainability, this perspective is particularly relevant because
sustainability affordances frequently coexist with functional, performance, hedonic, so-
cial, and economic affordances. Prior research suggests that the design cues associated
with different affordances differ in their visibility, immediacy of reward, and perceived
relevance [31,34,52,55], which may influence how users prioritize alternative action possibil-
ities during evaluation [14,16,29]. Participatory design settings such as the ProS workshops
provide an opportunity to examine these dynamics because participants engage both in
designing digital product concepts and evaluating the concepts created by others. This dual
role makes it possible to explore how affordance salience varies across reflective design
and evaluative contexts.

3.2. Deriving Sustainability Affordances

To derive potential sustainability affordances, we followed the modified design-for-
affordances framework proposed by [56]. We first defined the IT artifacts under investi-
gation, namely smartphone, website, and app. We then applied the three dimensions of
sustainability [24] to classify product features according to their potential impact on one
or more dimensions, and used the SDGs to situate the function–task interactions within a
broader sustainability context [56].

To define the relevant tasks and required functions, we adopted a design thinking ap-
proach and developed personas together with their requirements for interacting with the ar-
tifacts. These requirements were translated into classical product features and subsequently
analyzed in terms of their sustainability affordances, that is, the sustainability-related action
possibilities made available through these design cues.

Because product features can be realized through different technical implementations,
this process resulted in a set of design cues describing the technological features of the
artifacts and their realization across different sustainability foci. These design cues were
then clustered into artifact-specific catalogs and are provided together with the persona
definitions in the Zenodo data repository. In this sense, the design cue catalogs correspond
to the affordance repositories proposed by [56] and can be reused by designers.

This affordance-oriented perspective provides the conceptual basis for the following
literature-derived propositions, which guide the empirical analysis.

3.3. Theoretical Propositions

Synthesizing these insights, we derive three propositions specifying how sustainability
affordances may be perceived, evaluated, and prioritized when users encounter competing
design cues. These propositions provide theoretically grounded expectations that guide
the analysis of the ProS workshop data.

P1—Perceptual salience disadvantage of sustainability affordances: Sustainability af-
fordances are often present in digital product designs but exhibit lower perceptual salience
than functional, performance, or aesthetic affordances. In visually dense digital interfaces,
immediately engaging cues, such as personalization, convenience, or aesthetic enhancement,
tend to dominate users’ attention. Sustainability design cues, in contrast, often lack strong
visual markers or require interpretive effort, reducing the likelihood of being noticed [31,55].
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P2—Dominance of immediate functional and hedonic rewards: Affordances associated
with immediate functional or hedonic reward are prioritized over sustainability affordances.
Hedonic and performance affordances promise direct, tangible benefits, for example, speed,
convenience, novelty, or enjoyment, that typically dominate moment-to-moment judgments.
Even when users hold pro-sustainability attitudes, these immediate experiential design
cues tend to override more abstract or delayed sustainability benefits [14,16].

P3—Reflective amplification in participatory contexts: Participatory reflection can
enhance the visibility and perceived desirability of sustainability affordances by prompting
users to interpret them more consciously and critically. Sensemaking and value-sensitive
design research suggests that such reflective engagement can increase the interpretive
richness and relevance of sustainability affordances [40,57].

These propositions translate the conceptual foundations into analytical expectations
linking design cues, affordance salience, and reflective interpretation. P1 and P2 articulate
analytical expectations that can be explored in the workshop data, namely how sustain-
ability affordances compete with more salient hedonic and performance-oriented cues. P3,
in contrast, represents a theoretically grounded expectation that is more difficult to assess
directly with the available data. While participatory reflection may heighten the visibility
and interpretive richness of sustainability affordances, the present study can only pro-
vide indirect indications of such processes. Future research could therefore examine more
systematically the specific reflective processes and conditions under which sustainability
affordances become more desirable or actionable.

4. Sustainability Design and User Perception: Research Methodology
This section outlines the methodological approach adopted to examine how sustain-

ability design cues shape user perception and evaluation in participatory contexts. Building
on the theoretical propositions in Section 3, the methodology combines a design-based
multiple-case study analysis with qualitative content analysis of workshop data.

Rather than aiming to capture revealed market behavior, the methodological design is
intentionally exploratory and future-oriented. The workshop setting enables the examina-
tion of perceptual and evaluative patterns underlying sustainability design choices. This
approach is particularly suited to studying sustainability affordances and trade-offs that
are difficult to observe in real-world usage contexts, where such features are often implicit
or overshadowed by established routines.

4.1. Empirical Context: The Prototyping Sustainability Workshops

The empirical foundation of this study is the Prototyping Sustainability—Designing
Sustainable IT (ProS) workshop series, which provides a participatory and reflec-
tive context for exploring digital sustainability [58]. Designed within the InNoWest
(https://innowest-brandenburg.de/ (accessed on 15 May 2026)) project at the Branden-
burg University of Applied Sciences, the workshops combine creative prototyping with
structured evaluation activities, enabling the observation of how sustainability affordances
are articulated, perceived, and discussed.

4.1.1. Setting and Participants

Empirical data were collected through the ProS workshop series conducted between
2024 and 2025 at the Brandenburg University of Applied Sciences with partnering secondary
schools in Brandenburg. Adolescents were selected deliberately, as they represent future
users and consumers whose perceptions and evaluative reasoning provide early insight
into emerging sustainability expectations and design sensitivities relevant for long-term
digital futures [44].
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Each standard format workshop hosted approximately 20–25 students (ages 14–18,
grades 8–12), resulting in roughly 360 participants across 18 regular implementations.
The classes were intentionally having different school types (Gymnasium, Montessori,
general secondary school) to represent a range of digital competencies and interests. Par-
ticipants worked in teams of 3–4 students, supported by trained facilitators from the
research team. Workshops were conducted in innovation-lab-like settings designed for
creative collaboration. Large tables, flexible seating, building blocks, paper, stickers, cut-
out kits, markers, and whiteboards were used to support ideation and prototyping. In
addition to the standard format, several shorter or adapted formats were piloted during
public events. Only the 18 standard workshops were included in the analysis to ensure
structural comparability.

4.1.2. Workshop Design and Process

The workshop concept followed a structured, five-phase format that integrates experi-
ential learning, participatory design, and sustainability reflection. Each session lasted a full
day (approximately six hours):

Phase 1—Activation and self-reflection: Activities surface prior experiences and intu-
itive associations with sustainability and digital technologies establishing shared awareness.

Phase 2—Interactive knowledge input: Facilitators introduce key concepts of digital
sustainability including three sustainability dimensions (economic, environmental, and
social) [24].

Phase 3—Collaborative design and prototyping: Teams develop prototype concepts of
apps, websites, or smartphones using cut-out kits, paper, and markers. This phase yields
prototype concepts for analysis.

Phase 4—Presentation and peer voting: Teams pitch prototypes; peers complete struc-
tured evaluation sheets with a simulated buying decision (as an evaluative judgment) and
written rationale. These simulated buying decisions are treated analytically as evaluative
judgments that reveal perceived affordance salience rather than as indicators of actual
purchase behavior. This produces the second dataset. Accordingly, the term simulated
buying decision refers exclusively to the workshop instrument. All analytical discussions
use evaluative judgment, with outcomes labeled positive or negative accordingly.

Phase 5—Reflection and learning outcomes: Participants reflect on tensions between
sustainability and competing design cues.

Across all phases, the workshop design enables participants to move between intuitive,
cognitive, and creative modes of engagement.

4.2. Data Sources and Preparation

Data collection focused on Phase 3 (prototype creation) and Phase 4 (peer evaluation).
The analysis draws on two complementary datasets (Table 1). The prototype concepts
represented three types of digital product concepts: approximately 50 smartphone concepts,
35 mobile application concepts, and 24 website concepts (109 in total). As the study focused
on affordance patterns across prototype concepts, product type was included only as
descriptive background information and was not analyzed as a separate variable.

Although the collected prototype concepts included visual elements such as sketches,
layouts, and interface representations, the analysis focused primarily on the design cues,
functionalities, and sustainability-related concepts communicated through textual annota-
tions, labels, and accompanying descriptions. Visual design characteristics such as color
schemes, aesthetic style, or interface composition were not systematically coded. The
visual artifacts were used to support the interpretation of prototype concepts but did not
constitute a separate unit of analysis.
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Table 1. Data sources.

Dataset Description Quantity

Prototype concepts
Scanned presentation templates including sketches
and textual descriptions of features, implementation,
and sustainability principles used in design

109

Evaluation sheets
Peer voting templates containing simulated buying
decision as well as the corresponding rationale
behind it

374

All materials were anonymized, digitized, and imported into MAXQDA 2024 for
qualitative analysis. Each workshop and prototype concept received a unique name and
ID. Because prototype concepts and evaluation sheets were collected anonymously, evalua-
tors could not be identified. The prototype concept dataset represents design intentions,
i.e., how participants expressed sustainability in prototype concepts, and the evaluation
sheet dataset captures perceived salience, i.e., how peers recognized and valued those
features when making evaluative judgments.

4.3. Analytical Strategy

The analytical process (see Figure 1 for an overview) followed a three-stage cycle
consistent with the theoretical propositions related to affordance competition in Section 3.3.

 

Figure 1. Coding process diagram.

Cycle 1—Open, axial, and selective coding

Cycle 1 focused on identifying the references to affordances across the two datasets.
Open coding constituted the first analytic step in which prototype descriptions and eval-
uation comments were broken into small, meaningful units and labeled with descriptive
codes that remained close to participants’ language [59,60]. This step captured all relevant
design cues such as technical, functional, aesthetic, and sustainability without imposing
predefined categories. The second step, axial coding, involved grouping these descriptive
codes into inductively emerging preliminary themes, such as environmental, social, and
economic sustainability aspects, hedonic design characteristics, and indicators of novelty
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or innovation. These themes represent intermediate interpretive clusters, not the final
analytical categories. Table 2 illustrates a short excerpt of these preliminary clusters. In
a third step, selective coding, the preliminary themes were consolidated into the seven
affordance categories (sustainability, performance/technical, functional, hedonic/aesthetic,
innovation, social/identity, economic/pragmatic) that are presented in Section 5. This
final step anchored the inductive patterns in a theoretically informed affordance lens while
remaining grounded in participants’ language. While the initial coding stages were in-
ductive, the final consolidation of themes into affordance categories was informed by
the theoretical lens adopted in this study. The analysis therefore followed an abductive
logic in which empirically emerging patterns were iteratively interpreted and refined
through engagement with affordance theory. The resulting categories should thus be under-
stood as theoretically informed interpretations of recurring empirical patterns. Within this
process, a crucial analytical distinction concerned the relationship between features and
affordances. Prototype concepts contain product features (e.g., “solar charging”, “repair
service”), whereas the evaluation sheets reveal the affordances participants perceived from
these features (e.g., energy efficiency, repairability). Both types of statements were coded,
and during axial and selective coding, feature-level expressions were abstracted into seven
affordance categories.

Table 2. Extract of preliminary themes from axial coding (illustrative snippet).

Preliminary Theme
(Axial Coding Stage) Example Codes Illustrative Phrases

Environmental sustainability energy saving, recycling, eco-mode
“charging process”, “low energy consumption”,
“much recycled”, “you can give it back”, “sleep
mode”, “dark mode”

Social sustainability data privacy, working conditions “no data storage”, “anonymous”, “fair working
conditions”, “no slavery obvious”

Economic sustainability durability, repairability,
transparency

“long lasting”, “stable”, “robust”, “easy to
repair”, “self-repair”, “options to repair”,
“transparency for customers”

Hedonic/aesthetic gamification, fun, appearance
“learn together”, “learn with music”, “learn
and do sports”, “good interface”, “modern
design”, “clearness”

Innovation idea, timeliness “awesome idea”, “modern” “transformation”,
“creative innovative idea”, “advantage”

The codebook was iteratively refined through coder discussions. Intercoder reliability
indicated strong agreement across categories, achieving a Cohen’s kappa of κ = 0.83 [61].

Cycle 2—Salience mapping

The second analytic cycle focused on assessing the relative salience of different af-
fordances. After translating the initial feature-level codes into the affordance categories
(Cycle 1), we examined how frequently each affordance type appeared across both proto-
type descriptions and evaluation texts. Frequency counts were generated directly from the
coded segments in MAXQDA.

Because automated n-gram combinations in MAXDictio did not produce conceptually
meaningful patterns for this dataset, salience was assessed through simple frequency
patterns and through the degree of emphasis participants placed on particular affordances
in their descriptions (e.g., repeated mentions or emphasis markers such as “important,”
“useful,” “cool,” “fast”).
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Salience therefore did not refer to affective valence, but to the perceptual prominence of
affordances in participants’ language. The output of this cycle was a comparative overview
of affordance prominence across the dataset, which then served as input for the interpretive
synthesis in Cycle 3.

The analysis does not directly measure cognitive attention, psychological salience, or
decision priorities. The frequency and distribution of affordance references are interpreted
as indicators of the relative prominence of different affordance categories within partici-
pants’ prototype descriptions and evaluation statements. Accordingly, the findings should
be understood as reflecting patterns of affordance articulation and evaluative emphasis.

Cycle 3—Interpretative synthesis

Cycle 3 moved beyond coding to examine how the previously identified affordances
shaped participants’ evaluative reasoning. Using the affordance categories developed in
Cycle 1 as an analytical frame, we compared justifications across positive, negative, and
ambivalent decisions to identify recurring reasoning patterns. This step did not generate
new codes; instead, it analyzed the distribution and argumentative use of affordances across
evaluations. The synthesis focused on (a) which affordances participants mobilized when
justifying positive or negative evaluation, (b) how different affordances were foregrounded
or backgrounded, and (c) how these tendencies aligned with the theoretical propositions
on salience and affordance competition.

This interpretive step thus connected the coded affordance structure to the evaluation
logic expressed by participants, providing a basis for the thematic patterns reported in
Section 5. While the justification data provided clear empirical grounding for propositions
related to perceptual salience and reward dominance (P1–P2), evidence for reflective
amplification (P3) was more limited and appeared primarily in isolated statements rather
than systematic patterns.

Accordingly, the study aims to generate insight into how sustainability affordances
and competing design cues are perceived, interpreted, and prioritized in evaluative con-
texts, which provides insight into evaluative processes relevant to sustainability-oriented
decision-making.

5. Findings
This section presents how participants embedded and interpreted design cues during

the workshops and relates the empirical patterns directly to the theoretical propositions on
affordance salience and competition developed in Section 3. As outlined in the method-
ological section (Section 4.3), prototype design cues were analytically interpreted as affor-
dances, i.e., perceived action possibilities, to enable consistent comparison between design
expressions and evaluative reasoning. Accordingly, the findings refer to these analyti-
cally derived affordances when discussing patterns across prototype concepts and buying
decision justifications.

5.1. Identified Affordance Categories

The analysis of the prototype concepts and the peer evaluation datasets revealed a
recurring set of affordance types through which participants interpreted the sustainability-
oriented designs. Across the 109 prototype concepts and the 374 evaluation sheets, seven
affordance categories consistently appeared. These reflect both the design cues embedded
in the prototypes and the affordances perceived by peers during the simulated buying deci-
sions. Sustainability affordances refer to possibilities for responsible or resource-efficient
action [26,29]. Performance affordances relate to efficiency, low cognitive effort, and ef-
fective operation [27,62]. Functional affordances concern concrete task execution and
interaction possibilities [27,63]. Hedonic and aesthetic affordances refer to pleasurable and
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emotionally rewarding interactions [64,65]. Innovation affordances denote novelty, explo-
ration, and emerging smart capabilities [46,65–67]. Social and identity affordances enable
connection, visibility, and self-presentation [68–72]. Economic and pragmatic affordances
relate to cost-efficiency, value, and long-term feasibility [62,73,74]. Table 3 synthesizes these
affordance categories, their action possibilities, the codes from data, and their interpretive
meaning for this study.

Table 3. Affordance categories identified across prototype concepts and evaluation statements.

Affordance Category Action Possibility Data Codes Interpretation

1. Sustainability
Affordances

enable responsible,
resource-efficient,
ethical action

energy efficiency; renewable energy;
CO2-neutral production; ethics, labor
conditions; recycled materials;
modularity/repair; data minimization;
regional production; health-
related sustainability

affords acting
sustainably, choosing
responsible options,
reducing impact

2. Performance
Affordances

allow fast, efficient,
low-effort use

loading speed; processor; reliability;
system stability; storage; battery; offline
mode; efficient UI; hosting/
infrastructure; compatibility

affords efficiency,
reduced effort, speed

3. Functional
Affordances

enable concrete
operations and
interactions

calls, chats, video; feedback;
notifications; configuration options;
sensors; camera; dark/light mode;
autoplay; connectivity

affords
communication,
navigation,
personalization,
task completion

4. Hedonic/Aesthetic
Affordances

enable pleasure,
enjoyment, emotional
resonance

cool design; simple design; beautiful
graphics; entertainment content; recipes;
creative content; fun; attractiveness;
sound quality

affords pleasure,
visual/emotional
satisfaction

5. Innovation
Affordances

enable novelty, new
experiences,
technological surprise

originality; innovation; timeliness;
uniqueness; AI features;
“smart” functions

affords exploration,
novel experience,
feeling up-to-date

6. Social/Identity
Affordances

enable social
connection or identity
expression

partnerships; social interactions;
target-group fit; content for groups;
community; profile functions

affords belonging,
representation,
connection

7. Economic/Pragmatic
Affordances

enable practical,
cost-efficient,
long-term use

price; packaging; durability; warranty;
feasibility; material quality; accessibility;
transport costs

affords saving money,
pragmatic
decision-making

While sustainability affordances encompass environmental, social, and economic
aspects, these dimensions were aggregated into a single category for the purposes of this
study. The objective was not to compare different sustainability dimensions with one
another, but to examine how sustainability affordances as a broader category compete with
other affordance types in evaluative contexts. Future research could investigate potential
differences between environmental, social, and economic sustainability affordances in
greater detail.

The next step examines how frequently each affordance type appears across the dataset
to understand which cues become salient in different cognitive and evaluative contexts.

5.2. Salience of Affordance Types Across the Dataset

A total of 7607 coded segments were analyzed, to which 8548 affordance codes were
assigned. Across the 109 prototype concepts and their associated evaluation materials,
this corresponds to an average of approximately 70 coded segments and 78 affordance
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codes per concept. Because multiple affordances could be attributed to single segments,
the number of affordance codes exceeds the number of textual units. This reflects the
multidimensionality of participants’ interpretations, where a single feature or justification
often invoked several action possibilities.

Across the full dataset, sustainability affordances constitute the largest category (30%),
followed by functional (19%), performance/technical (18%), and hedonic/aesthetic affor-
dances (13%). Social/identity and economic/pragmatic affordances each represent 9%, and
innovation affordances remain marginal (2%) (see Figure 2). The aggregate distribution
demonstrates that, despite the workshop’s focus on sustainability, participants addressed a
broad spectrum of competing affordances when interpreting digital products.

 
Figure 2. Distribution of affordance types (n = 8548 codes).

However, these overall proportions reveal strong context dependencies. Sustainability
affordances dominate the prototype concepts (58% of all sustainability-related codes) but
remain secondary in positive evaluative judgements (32%) and almost absent in negative
evaluative judgements (10%) (see Figure 3). Conversely, functional and performance affor-
dances dominate positive evaluations but appear less prominently in prototypes. These
patterns reveal that affordance salience is not intrinsic to particular design cues but is
shaped by the cognitive mode of engagement, i.e., whether participants were evaluating
existing products or designing new ones. Thus, the proportions reflect the relative fre-
quency of each affordance category across the three datasets (prototype concepts, positive
evaluations, and negative evaluations), illustrating strong task-dependent variation in
affordance salience. This context-dependent shift directly reflects the perceptual salience
disadvantage of sustainability affordances proposed in P1: while sustainability design cues
are highly salient in reflective design tasks, they lose prominence in evaluative decision
contexts where functional and performance cues dominate attention.

While Figure 3 presents the relative distribution of affordance categories across positive
evaluations, negative evaluations, and prototype concepts, Table 4 reports the correspond-
ing absolute frequencies.

To address the contextual effects presented in Figure 3 and Table 4, the following
subsections examine how affordance salience differs between positive simulated buying
decisions, negative simulated buying decisions, and prototype concepts, beginning with the
positive evaluative judgements, i.e., the declaration by the participants of their willingness
to potentially buy the designed digital product.
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Figure 3. Affordance salience across the three evaluative contexts (“prototype”, “negative evaluative
judgement”, “positive evaluative judgement”) within each affordance category.

Table 4. Absolute frequencies underlying Figure 3.

Affordance Category Positive Evaluative
Judgements

Negative Evaluative
Judgements

Prototype
Concepts Total

Sustainability Affordances 807 261 1461 2529
Functional Affordances 980 363 303 1646
Performance/Technical Affordances 832 251 429 1512
Hedonic/Aesthetic Affordances 421 178 493 1092
Economic/Pragmatic Affordances 347 230 216 793
Social/Identity Affordances 344 207 233 784
Innovation Affordances 115 65 12 192

5.3. Simulated Buying Decisions: Justifications for “Positive Evaluative Judgements”

The positive evaluation dataset (3656 coded segments and 3846 affordance codes)
shows a coherent evaluative pattern in which positive simulated buying decisions are
grounded primarily in instrumental and sustainability-oriented affordances, supplemented
by experiential qualities. Functional affordances, i.e., clarity, usability, and task effectiveness,
constitute the largest share of positive evaluative judgements-related reasoning (25%),
indicating that participants tended to evaluate products positively when they perceived
them as easy to use and operationally reliable. Performance and technical affordances
follow closely (22%), reinforcing the importance of efficiency, responsiveness, and technical
smoothness as key conditions for choosing existing digital products.

Sustainability affordances represent a substantial proportion of positive evaluative
judgements (21%), suggesting that sustainability considerations play a meaningful, though
not dominant, role in positive decisions. Participants frequently acknowledged environ-
mentally or socially responsible features as desirable attributes, but these considerations
do not yet overcome the instrumental foundation of their evaluative logic. These findings
suggest that sustainability affordances do not hinder participants’ willingness to evaluate a
product positively. Rather, they function as supportive attributes that strengthen positive
evaluations when core functional expectations are satisfied.

Hedonic and aesthetic affordances account for 11% of positive evaluative judgements
codes. While participants appreciated visually appealing, enjoyable, or emotionally reso-
nant designs/content, these qualities primarily strengthen rather than drive the evalua-
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tion. Economic/pragmatic and social/identity affordances (each 9%) appear as additional,
lower-frequency justification layers. Participants occasionally highlighted value for money,
perceived fairness, or target-group fit when supporting existing products, but such consider-
ations were secondary to the primary instrumental and sustainability-oriented evaluations.
Innovation affordances remain least influential (3%) and do not play a significant role in
affirmative decision-making.

Overall, positive simulated buying decisions reveal an instrumentally anchored eval-
uative structure in which functional and performance affordances dominate perceived
desirability, while sustainability affordances operate as supportive but secondary consider-
ations. Hedonic, social, economic, and innovative dimensions further complement these
judgments but rarely function as primary drivers of positive evaluation. This pattern
supports Proposition P2, indicating that affordances associated with immediate functional
efficiency and experiential reward systematically dominate evaluative reasoning, while
sustainability affordances operate primarily as supportive rather than decisive criteria. To
understand how participants address affordances in rejecting digital products, the next
subsection examines the negative evaluative judgements, i.e., the declaration by the partici-
pants of not potentially buying the designed product, and whether they follow similar or
contrasting evaluative logics.

5.4. Simulated Buying Decisions: Justifications for “Negative Evaluative Judgements”

The negative evaluative judgements dataset (1385 coded segments and 1555 affordance
codes) presents a more diffuse and multidimensional evaluative structure than the positive
evaluative judgements dataset. Although functional considerations again play a central
role, constituting 23% of all negative evaluation-related affordances, the pattern of negative
evaluations reflects a broader constellation of concerns. Participants frequently rejected
products due to unclear operation, perceived unreliability, or a lack of intuitive interaction,
suggesting that functional shortcomings have a stronger influence on negative than on
positive evaluative judgements.

Sustainability affordances represent 17% of negative evaluation-related codes. While
this is lower than the proportion found in the positive evaluative judgements dataset (21%),
sustainability concerns nonetheless play a notable role in negative evaluations. Participants
often pointed to shortcomings related to environmental responsibility, ethical issues, or
resource use when they already perceived a product as problematic. Sustainability-related
concerns contributed to negative evaluative judgements in two ways: participants criticized
products either for insufficient or ethically unclear sustainability practices (e.g., working
conditions, data handling) or for sustainability design cues perceived as unrealistic or
unworkable (e.g., solar charging). Sustainability thus functioned primarily as a secondary
reinforcing dimension that intensified negative evaluative judgements once instrumental
or pragmatic concerns were already present, rather than as an independent trigger of
negative judgements.

Economic and pragmatic considerations account for 15% of negative evaluation related
reasoning. Participants rejected products they deemed insufficiently durable, overpriced,
or lacking in long-term value, underscoring the relevance of perceived feasibility and
cost–benefit assessments. Social and identity affordances (13%) similarly shaped negative
evaluative judgements when products were perceived as misaligned with personal identity,
target-group expectations, or social relevance.

Technical performance and hedonic/aesthetic concerns appear with the following
frequency: 16% and 11%, respectively. Performance-related negative evaluative judgements
typically referred to products perceived as too slow, unstable, or technologically outdated,
whereas hedonic shortcomings involved products viewed as unattractive, uninteresting,
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or insufficiently engaging. Innovation affordances remain the least frequent negative
evaluation trigger (4%), suggesting that a perceived lack of novelty rarely acts as a sufficient
reason for rejecting a product on its own.

Taken together, negative evaluative judgements exhibit a less concentrated and more
distributed evaluative logic than positive ones. Rather than being shaped by a single
dominant criterion, negative evaluative judgements arise from overlapping issues across
functional, sustainability, performance, economic, social, and hedonic dimensions. This
broader evaluative mix suggests that participants identify multiple forms of misalignment
between a product solution and their expectations before deciding against it.

5.5. Cross-Context Affordance Competition

Integrating the affordance patterns across the three datasets reveals how participants’
evaluation logic shifts depending on whether they are assessing existing digital products or
designing new ones. These shifts underscore that affordances do not hold stable perceptual
weight. Rather, they compete for salience depending on the cognitive mode in which
participants engage with digital products. The conceptual structure of this competition is
visualized in Figure 4. The figure synthesizes dominant affordance patterns across contexts.

 
Figure 4. Conceptual affordance competition map.

In design-oriented prototype work, sustainability affordances rise to the forefront and
become the primary organizing principle of participants’ conceptual reasoning. The higher
presence of sustainability affordances in the prototype dataset reflects the sustainability-
oriented design cues participants chose to include. These affordances are not designed
directly but emerge through the analytical interpretation of those design cues.

Further analysis of positive evaluative judgements shows that they are structured
by a more balanced instrumental–sustainability logic, in which functional, performance,
and sustainability affordances jointly support perceived desirability. Negative evaluative
judgements, however, exhibit the most heterogeneous structure: participants draw on a
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broad mix of functional, sustainability, performance, economic, and social affordances
when explaining why a product does not meet their expectations. These differences
confirm that prototype design and product evaluation activate distinct cognitive modes:
reflective and value-oriented in design, instrumental and experience-oriented in evaluation.
While moments of reflective engagement in the workshop context occasionally heightened
attention to sustainability affordances, such amplification remained situational and did not
consistently override instrumental evaluation patterns, providing only limited empirical
support for Proposition P3.

Together, these patterns illustrate that affordance salience seems to be strongly context-
dependent. Sustainability has been shown to dominate reflective and imaginative design
tasks, but becomes one influential dimension among several in everyday evaluative con-
texts. Positive decisions rely on alignment with instrumental and sustainability cues,
whereas negative decisions arise from accumulated misalignments across multiple affor-
dance types. These patterns are consistent with the notion of affordance competition:
sustainability affordances dominate reflective and imaginative design contexts but sys-
tematically lose salience in evaluative decision-making when competing with immedi-
ately rewarding functional and experiential cues. This dynamic may help explain why
sustainability-oriented design cues, although cognitively available and valued in principle,
rarely become decisive in evaluative judgments of digital product concepts.

6. Discussion
This section discusses the findings in light of the research question, i.e., How do

digital product design cues influence the way users evaluate and prioritize sustainability in
decision-making contexts?, and connects them to the theoretical propositions and situates
them within broader research on sustainable digital futures, design for sustainability, and
affordance competition.

6.1. Integrating Findings with the Theoretical Propositions

This study set out to understand how young users perceive, prioritize, and evaluate
sustainability design cues when confronted with competing affordances in digital product
concepts. By analyzing both prototype design cues and evaluative justifications, the
findings illuminate how sustainability affordances compete with functional, performance,
and hedonic cues and how these competitions shape evaluative reasoning. Taken together,
the results provide substantial support for the first two propositions and more limited
support for the third.

P1—Perceptual salience disadvantage of sustainability affordances: The findings
strongly support P1. While sustainability considerations dominated the prototype con-
cepts, this pattern should be interpreted in light of the explicit framing of the design task
and the sustainability-focused workshop context. Participants received an introduction to
digital sustainability and were specifically asked to develop sustainability-oriented digital
products. Consequently, the prominence of sustainability affordances in the prototype
dataset cannot be interpreted as a direct reflection of spontaneous user preferences. Rather,
it reflects the salience of sustainability considerations within a deliberately sustainability-
oriented design setting. However, this contextual influence makes the subsequent evalua-
tion results particularly noteworthy. Despite sustainability being strongly foregrounded
during the design process, sustainability affordances became far less prominent when
participants shifted into evaluative mode. In positive evaluative judgements, sustainability
affordances formed a meaningful but secondary layer of reasoning, and in negative evalua-
tive judgements they appeared only marginally. Functional and performance affordances,
by contrast, were highly salient across evaluative contexts.
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This perceptual asymmetry aligns with the proposition that sustainability affordances
face a salience disadvantage in fast, experience-driven evaluations. Prior HCI research
on visual prominence and attentional bias similarly demonstrates that sustainability cues
often lose perceptual competition to more intuitive or emotionally rewarding cues such
as speed, usability, or aesthetics [31,55]. The results therefore confirm that sustainability
affordances require active foregrounding to be noticed in ordinary evaluative settings.

P2—Dominance of immediate functional and hedonic rewards: The findings also offer
support for P2. Across positive evaluative judgements, participants consistently prioritized
affordances associated with immediate functional or performance-related experiential
rewards over sustainability affordances. Even when sustainability was acknowledged as
desirable, it was rarely decisive for positive evaluative judgements. This pattern indicates
that motivational competition systematically favors affordances offering immediate payoff
over more abstract or delayed sustainability benefits.

This dynamic is consistent with prior behavioral research suggesting that immediate
convenience cues can override sustainability intentions, even among individuals expressing
strong pro-environmental attitudes [14,16]. It also resonates with theoretical models of
affordance competition, which argue that affordances associated with stronger reward
signals gain activation priority in the decision field [30]. Digital nudging research similarly
shows that design cues highlighting convenience or pleasure bias evaluative reasoning
toward those options [31].

Together, these insights reinforce that sustainability affordances are not rejected
by default but are consistently outcompeted by affordances promising immediate
functional value.

P3—Reflective amplification in participatory contexts: Support for P3 is more nuanced.
During prototype design, participants embedded far more sustainability features than
they later emphasized in their evaluative judgements. This suggests that reflective and
imaginative design activities momentarily elevate the perceived relevance of sustainability
affordances. Participatory design provides cognitive and social support activities such as
discussion, co-creation, and peer comparison that can foreground sustainability and enrich
its interpretive meaning. However, the evaluation sheets show only limited evidence that
this reflective salience persists when participants adopt the role of consumers. Sustainability
affordances remained secondary in positive evaluative judgements (after functional and
performance affordances) and highly fragmented in negative evaluative judgements. Thus,
while participatory design tasks can amplify sustainability considerations during creation,
this amplification does not automatically translate into evaluative behavior.

This finding aligns with value-sensitive design and transformative learning research,
which suggests that reflective engagement can broaden value awareness but may require
stronger structural or contextual support to shift everyday decision patterns [40,57]. Future
research could examine the specific reflective conditions under which such salience shifts
become more stable and whether they translate into actual behavioral outcomes.

While these findings provide insight into how participants perceived and prioritized
competing affordances, they should be interpreted in light of the nature of the empirical
material. Participants evaluated conceptual prototype representations and written de-
scriptions rather than fully functional digital products. Consequently, the results reflect
perceived affordance salience and evaluative reasoning under hypothetical conditions
rather than observed behavior in real-world usage contexts. The study therefore offers
insight into how sustainability design cues are interpreted and discussed, but does not
allow direct conclusions about actual adoption, usage, or purchasing behavior. Future
research could examine whether similar affordance competition patterns emerge when
users interact with functioning digital systems or make real consumption decisions.
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In combination, these findings refine the affordance-competition explanation of how
sustainability affordances and competing affordances are prioritized during the evaluation
of digital product concepts. Sustainability affordances face both perceptual (P1) and motiva-
tional (P2) disadvantages, which limit their influence in evaluative contexts. Participatory
environments can temporarily boost their salience (P3), but this effect remains fragile and
uneven. These insights form the conceptual basis for deriving design strategies intended to
strengthen the usability, visibility, and desirability of sustainability affordances.

6.2. Implications for Design and Digital Sustainability

The findings provide insights into how sustainability affordances and competing
affordances were articulated and evaluated by participants. When interpreted alongside
established research on sustainable interaction design [75], sustainable HCI [14,15], digital
nudging [31], and sustainability-oriented Information Systems [46], several implications
for digital product design emerge.

(1) Sustainability per default: Participants prioritized minimal effort and clarity in
their positive evaluative judgements (codes “easy operation”, “simple, user-friendly
design”). Prior research suggests that default settings can effectively support
sustainability-oriented decisions by reducing the effort required to select environmen-
tally preferable option [76]. Integrating sustainability settings, such as energy-saving
modes enabled by default, automatic activation of dark mode, or default restrictions
on unnecessary data collection, may therefore increase their visibility and relevance in
digital products.

(2) Cognitive effort and friction reduction: At the same time, negative evaluative judge-
ments reflected functional or usability concerns (codes “complex operation”, “complex
design”). Consistent with digital nudging research [31,77], minimizing the effort
required to access sustainability features, for example, one-click repair information
or simplified battery optimization settings, may help reduce potential barriers to
their consideration.

(3) Increasing the visibility of sustainability affordances: Sustainability affordances ap-
peared less prominently in evaluation contexts than functional or performance affor-
dances. Prior research suggests that visibility and interface prominence influence how
users interpret and evaluate digital features [52,55]. Making sustainability-related
information more noticeable, for example, through displaying energy consumption
indicators next to battery information, highlighting repairability scores, or making
sustainability labels visible during configuration choices, may therefore increase its
presence in evaluative processes.

(4) Sustainability links to hedonic or emotional value: Participants frequently valued
attractiveness, enjoyment, and engaging user experiences. Sustainable HCI research
suggests that sustainability features may become more appealing when linked to
positive emotional experiences rather than being framed solely as constraints or
sacrifices [15,34], for example, gamified sustainability achievements, visual progress
indicators, or creative challenges linked to sustainable digital practices.

(5) Immediate sustainability feedback: Feedback and notifications (codes “feedback”,
“notifications”) were appreciated by the young consumers and highlighted in their
positive evaluative judgements correspondingly. Research on eco-feedback systems
indicates that timely information about resource consumption or sustainability im-
pacts can support sustainability-oriented reflection and awareness [78]. Providing
immediate feedback, for instance, “you saved 12% more energy today”, may therefore
increase the perceived relevance of sustainability design cues.
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(6) Embedding sustainability into core functionality: The findings indicate that partici-
pants often focused on functional qualities when evaluating digital products. Con-
sistent with sustainable design research, sustainability affordances, such as battery
optimization, data minimization, or device longevity features, may therefore be more
effective when integrated into core functionality (primary system settings) rather than
presented as optional or peripheral features [46,79].

Together, these implications suggest that sustainability affordances may become more
visible and relevant when they are integrated into core user experiences, supported by
low-friction interaction patterns, and aligned with established principles from sustainable
digital design research.

6.3. Theoretical Contributions and Directions for Future Research

This study contributes to research on digital sustainability and sustainability-oriented
design by providing empirical insights into how sustainability affordances and competing
affordances are perceived, prioritized, and evaluated in digital product contexts. Drawing
on an affordance-based perspective, the findings illuminate how affordance salience varies
across design and evaluation activities and how sustainability considerations are articulated
and negotiated in participatory settings. Together, these contributions advance understand-
ing of how sustainability design features are interpreted in relation to competing design
priorities and how such interpretations vary across contexts.

Contribution 1: Empirical evidence on sustainability affordances and competing
affordances in digital product contexts. While previous research has highlighted the
importance of sustainability-oriented design features [14,16,29], relatively little empirical
evidence exists on how such features are perceived in relation to competing affordances
during evaluative processes. By analyzing both prototype concepts and peer evaluation
statements, this study provides empirical evidence that sustainability affordances coexist
with functional, performance, hedonic, social, economic, and innovation affordances, but
are not prioritized equally across contexts. Sustainability affordances were particularly
prominent during prototype creation, whereas functional and performance affordances
became more salient during evaluative judgments. These findings contribute to a more
nuanced understanding of how different affordance categories are prioritized when users
engage with sustainability-oriented digital product concepts.

Contribution 2: An affordance-based perspective on context-dependent affordance
salience. The study further demonstrates the usefulness of an affordance-based perspective
for interpreting context-dependent shifts in affordance salience. Building on affordance
theory [25,27,45] and affordance competition and digital nudging perspectives [30,31],
the findings suggest that affordances do not possess fixed levels of relevance or visibility.
Rather, their salience depends on the context in which users engage with digital product
concepts. The comparison between prototype concept creation and evaluative judgments
illustrates how different affordances become more or less prominent depending on task
framing and interpretive orientation. In this sense, the study demonstrates the usefulness
of affordance competition as an interpretive lens for understanding why sustainability
affordances and competing affordances are prioritized differently across contexts. The
findings thereby contribute to Information Systems and HCI research by highlighting the
contextual and dynamic nature of affordance salience in sustainability-oriented digital
design settings.

Contribution 3: Participatory design as a context for examining sustainability af-
fordances. Participatory design (PD), long recognized for its capacity to support inclu-
sive and value-oriented design processes [80–82], is shown here to provide a valuable
context for examining how sustainability considerations are articulated, negotiated, and
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evaluated among young users. In the ProS workshops, participants engaged both in cre-
ating sustainability-oriented digital product concepts and in evaluating peer-generated
ideas. This dual role generates insights into how sustainability features gain meaning
during reflective design activities and how their perceived relevance changes when par-
ticipants adopt an evaluative perspective. The findings therefore contribute to research
at the intersection of participatory design and sustainability [42,70] by illustrating both
the potential and limitations of participatory reflection as a means of foregrounding
sustainability considerations.

Taken together, these contributions provide a user-centered perspective on the
sustainability–digitalization paradox [3–5]. While prior research has primarily exam-
ined this paradox at organizational and systemic levels, the present study illustrates how
tensions between sustainability considerations and competing design priorities become
visible in everyday evaluative contexts. The findings suggest that shifts in affordance
salience across contexts may also play an important role in shaping how sustainability
considerations are evaluated in digital product settings.

The findings open several promising directions for future research on digital sus-
tainability and affordance-based design. First, controlled experiments could systemati-
cally test how manipulating affordance salience, for instance, through default settings,
visual prominence, or friction reduction, influences evaluative judgments. Such studies
could further investigate the context-dependent patterns identified in this study. Second,
longitudinal research is needed to assess the durability of the reflective amplification
observed in participatory contexts. Understanding whether and how reflective design
activities influence longer-term evaluations and preferences would deepen knowledge
of sustainability-oriented value formation in digital environments. Third, comparative
studies across demographic or cultural groups could reveal how affordance hierarchies
differ across age, expertise, or societal contexts. Adolescents represent an important user
segment, but adults, professionals, or low-digital-literacy groups may prioritize affordances
differently. Fourth, future research could explore how affordance-based perspectives relate
to complementary theoretical approaches such as dual-process theories [71,72], habit for-
mation models [83,84], and digital nudging frameworks [31]. Finally, future work should
investigate affordance landscapes in commercial digital platforms to examine how sus-
tainability affordances and competing affordances are presented, prioritized, or obscured
through design choices. Such analyses could provide practical guidance for identifying
design patterns that support or hinder sustainability-oriented evaluations, including the
role of dark-pattern strategies in shaping user attention and decision-making [85,86].

7. Conclusions
This study examined how young users perceive and prioritize sustainability affor-

dances and competing affordances in digital product contexts. By analyzing 109 prototype
concepts and 374 evaluation statements from participatory design workshops, the findings
show that sustainability affordances are widely embedded in design ideas but systemati-
cally lose salience when participants engage in evaluative decision-making. While reflective
prototype creation foregrounded sustainability as a central organizing principle, evaluative
judgements were guided primarily by functional and performance affordances, with sus-
tainability operating as an important but secondary criterion rather than a decisive driver.
Negative evaluative judgements exhibited the most heterogeneous evaluative patterns, in-
dicating that multiple forms of misalignment typically accumulate before a digital product
concept is dismissed.

https://doi.org/10.3390/su18147256

https://doi.org/10.3390/su18147256


Sustainability 2026, 18, 7256 23 of 27

Beyond the relative importance of specific affordance categories, the findings highlight
the contextual nature of affordance salience. The participants emphasized different affor-
dances depending on whether they were engaged in designing digital product concepts or
evaluating them. Sustainability affordances were particularly prominent during reflective
design activities, whereas functional and performance affordances became more salient
during evaluative judgments. This suggests that affordance salience is dynamic rather
than fixed and depends on the context in which digital products are considered. The
sustainability-value gap may therefore not simply reflect a lack of sustainability awareness
but also shifts in which affordances become salient across different contexts. Hence, the
findings complement motivational accounts of the sustainability-value gap by identifying
a contextual factor: the relative salience of sustainability affordances shifts systematically
depending on whether users are creating or evaluating digital products.

Together, these results suggest that sustainability affordances become less prominent
in evaluative contexts where participants emphasize functional and performance-related
considerations. Interpreted through an affordance competition perspective, the findings
indicate that sustainability considerations may receive less attention when evaluated along-
side competing design priorities. At the same time, the findings highlight the potential role
of digital design in supporting sustainability-oriented evaluations and decision-making:
when sustainability features are made visible, seamlessly integrated, and aligned with
users’ core functional expectations, they can increase the visibility and perceived relevance
of sustainability considerations in evaluative decision contexts rather than relying solely
on conscious sacrifice or moral motivation.

While the findings are based on conceptual prototype representations and evaluative
judgements rather than interactions with fully functional digital products, they nevertheless
provide valuable insight into how sustainability affordances are perceived, prioritized, and
evaluated in relation to competing affordances and design cues.

For research on digital sustainability, the study demonstrates the usefulness of
affordance-based and competition-oriented perspectives for interpreting how sustainability
affordances and competing affordances are prioritized across different evaluative contexts.
For designers and practitioners, it underscores the importance of embedding sustainability
affordances in ways that enhance their visibility, immediacy, and integration with core
functionality. Future research should examine these affordance dynamics in real-world
digital environments and across diverse user groups to assess how design strategies can
more effectively translate sustainability-oriented features into sustainable digital practices.
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