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Abstract. Creativity support tools (CSTs) play a fundamental role in
supporting creativity in human-computer interaction (HCI). The rapid
development of artificial intelligence (Al), particularly Large Language
Models (LLMs), has significantly transformed human-computer
interactions and, consequently, CSTs. However, little attention has been
paid to how LLM-based CSTs reconfigure convergent thinking, decision-
making, and agency dynamics throughout the design process, especially in
sustainability-oriented contexts. We present a theory-driven conceptual
synthesis to analyze how LLM-based CSTs transform Al-assisted
convergent thinking. Based on existing research on these dynamics, we
propose a conceptual reconfiguration of individual evaluation towards
mediated decision-agency. This conceptual framework culminates in five
theoretical implications for the design of LLM-based CSTs, proposing
principles to support mediated decision-agency, promote situated
transparency, and reinforce human autonomy in sustainability-oriented
convergence processes.
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1 Introduction

With the excessive use of natural resources, sustainability has become a central
concern for society [1]. It is considered an interdisciplinary domain marked by
variability and conflicting values, fitting the definition of "wicked problems" [2] -
problems that cannot be solved through traditional analytical methods. This
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context requires innovative solutions and careful evaluation of competing
criteria, with creativity, as recent research [3] suggests, seen as a problem-
solving paradigm for achieving sustainability goals. In this context, creativity is
framed as a cognitive process that includes the generation, evaluation, and
selection of ideas [4, 5], allowing the reformulation of problems, the exploration
of application spaces (i.e., design space) [6], and the progressive narrowing of
alternatives through evaluative convergence. Addressing these sustainability
challenges requires design processes capable of exploring, evaluating, and
refining competing alternatives [7]. However, due to the complexity of the
process and the design space as a whole, the need for structured support
throughout the design process has arisen. Given this scenario, technology
emerges as a central component of the creative process, particularly CSTs [8],
which expand human capacity throughout the process. Recent advances in Al are
fundamentally reshaping CSTs' capabilities by enabling new forms of Human-AI
co-creativity, in which Al actively contributes to both idea generation and the
evaluation and selection of alternatives [9-11]. While these capabilities expand
creative support, they also raise fundamental questions regarding transparency,
trust, human control, and the perception of Al systems as black boxes [12]. These
challenges become particularly critical in sustainability-oriented design, where
decisions involve competing values, multiple evaluation criteria, and long-term
consequences. This paradigm shift requires a deeper understanding of how LLM-
based CSTs mediated convergent thinking and decision-making. In these
contexts, LLM-based CSTs may influence not only the generation of alternatives
but also the structure and prioritization of evaluative criteria during
convergence. Despite the growing adoption of LLM-based CSTs, existing research
has largely focused on idea generation, leaving the role of LLMs in supporting
convergent thinking and decision-making comparatively underexplored. The
emergence of LLMs fundamentally reconfigures this process by shifting
convergent thinking from an exclusively individual activity toward mediated
decision-agency, in which evaluation and selection emerge through the
interaction between human judgment and Al support. To address this
transformation, this paper offers three main contributions: (1) a structured
relational mapping of the conceptual correlations underlying CSTs, examining
how control, transparency, and trust develop into dynamic tensions; (2) a
reconceptualization of decision-making as a transformative mediating parameter
that shapes agency dynamics within the human-Al co-creative process; and (3)
five design-oriented implications for LLM-based CSTs to promote human-
centered autonomy in sustainable contexts.

2 Background and Related Work

In light of the investigation's goal, we first reviewed the underlying theory and
prior work on the impact of creativity on sustainability. We then examined the
positioning of creativity as a process within the design process, next explored
how computational tools (i.e., CSTs) support the design process, and finally
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analyzed the evolution of these tools in light of new technologies (e.g.,
GenAl/LLMs).

2.1 Sustainability-oriented Creativity

Sustainability is broadly defined as “development that meets the needs of the
present without compromising the ability of future generations to meet their
own needs,” and is interpreted as a multifaceted challenge involving the
interaction of three pillars - environmental impact, economic benefits, and social
effects [3, 13]. It is an interdisciplinary domain characterized by variability and
conflicting values, which fits the definition of a wicked problem [2].

Within design research, sustainability has established itself as a distinct field
through Design for Sustainability (DfS), which extends beyond the development
of environmentally enhanced products to encompass product-service systems,
organizational innovation, and broader socio-technical transitions [14]. This
evolution aligns closely with Transitional Design, which frames sustainability
challenges as long-term systemic transformations that require designers to
address interconnected social, environmental, and economic concerns at
multiple scales [15]. Similarly, perspectives from the Circular Economy reinforce
lifecycle thinking and the circularity of resources, demanding that design
decisions consider impacts that extend beyond individual artifacts and situate
them within broader, interconnected systems [16]. Consequently, design focused
on sustainability is characterized not only by the need to generate innovative
solutions, but also by the need to evaluate alternatives and balance multiple,
often conflicting, criteria across environmental, economic, and social dimensions.

Given this scenario, sustainability challenges cannot be addressed through
traditional analytical methods alone. In this context, creativity (i.e., defined as the
manifestation of new and valuable ideas—valuable in their context of application
[4, 5]) plays a crucial role in addressing sustainability challenges, involving two
distinct and interrelated cognitive processes [4]: divergent thinking that
supports the generation of ideas and convergent thinking that supports the
evaluation and selection of these ideas. However, research has focused on the
divergent phase rather than the convergent phase [5, 17]. In sustainability-
oriented creative processes, the convergent phase is particularly critical because
designers must compare alternatives while balancing multiple, often competing,
environmental, economic, and social criteria [18, 19]. Instead of seeking a single
optimal solution, sustainability-oriented decision-making requires negotiating
trade-offs among conflicting values throughout the creative workflow and relies
on structured evaluation mechanisms that support the systematic comparison
and justification of design alternatives. Recent research has explored different
forms of computational support for this purpose. For example, Rodrigues et al.
[20] proposed integrating sustainability-oriented evaluation metrics directly
into the idea selection process, while Corujeira et al. [21] developed the
interactive tool FreeCAD-LCA, which incorporates Life Cycle Assessment (LCA)
methods into a CAD environment to support environmental evaluation during
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the early stages of product development. More recently, Preuss et al. [22]
explored the potential of LLMs to support data structuring and decision-making
tasks within LCA workflows, while highlighting important challenges related to
data quality, transparency, and potential bias. Despite growing availability of
computational support for sustainability assessment, decision-making remains
characterized by conflicting values, uncertainty, and a lack of transparency,
underscoring the need for mechanisms that support human judgment alongside
computational capabilities—a perspective this article seeks to develop.

2.2 Creativity as a Process in Design

In this investigation, design is understood as a cognitive and iterative process in
which problems and solutions co-evolve through cycles of construction,
reformulation, and evaluation under conditions of uncertainty [23]. Design is
therefore not limited to the application of search or optimization techniques to
defined problems. Instead, it involves continuous reformulation of both design
goals and the means available to achieve them, making creativity a fundamental
dimension of the design process [6, 23]. Creativity extends beyond idea
generation, encompassing the continuous negotiation between novelty,
appropriateness, and the evolving understanding of the design problem [24].
Accordingly, contemporary perspectives describe creativity as a co-evolution
between the problem and solution spaces, unfolding through iterative cycles that
progressively shape both the problem framing and the direction of emerging
solutions [13,23,25]. This process-oriented perspective suggests that creativity
should be understood and supported as a continuous process throughout the
design lifecycle. Building on this perspective, creativity support should extend
across both the problem and solution spaces, encompassing not only ideation
but also the evaluative activities that characterize convergent thinking [10, 26].
Consequently, the need for support mechanisms that can accompany the
continuous evolution of both problems and solutions throughout the design
process becomes evident.

2.3 Creativity Support Tools (CSTs) in the Design Process

To address the need for continuous support throughout the design process, CSTs
have been developed to assist creative work while preserving user control,
transparency, and iterative exploration across the design space. Originally
introduced by Shneiderman [8], CSTs are currently defined as “tools run on one
or more digital systems, fulfill one or more creativity-focused capabilities, and
are employed to positively influence users of varying experience in one or more
distinct phases of the creative process” [27]. The CSTs ecosystem has been
systematically mapped in recent years, synthesizing research published between
1999 and 2018 [27]. The studies highlight the diversity of existing approaches
and the different forms of support offered throughout the creative process,
particularly for ideation, brainstorming, and the early exploration of alternatives.
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More recent research [17] has sought to address this gap by proposing design
recommendations that incorporate contextual information, decision criteria, and
process evolution to support creativity. Collectively, these studies indicate that
CSTs can progressively evolve a more holistic approach to supporting creativity
in the design process.

2.4 LLM-based CSTs and Human-AI Co-Creativity

Traditional CSTs focus on divergent thinking, offering limited support for the
evaluation and selection of ideas [10, 17]. In this context, Al has become a major
tool promising deeper support [28]. Unlike traditional CST approaches [8], LLM-
based CSTs can engage in evaluative, interpretive, and reflective activities, acting
as co-creative partners in the design process [11]. Recent work has explored this
paradigm [28-30], investigated how an LLM-based CST supports the idea
evaluation and selection process in different scenarios and levels, and the
system's reasoning, perceptions of opacity, and tensions related to users' trust in
the ideas generated by the system. However, they reveal that the tool does not
always provide results that are explicitly legible or controllable for the user.
Glassberg et al. [31] also demonstrated that perceived transparency depends not
only on access to information but also on how the system's reasoning is shared.
In this sense, LLM-based CSTs, while expanding support for the creative process,
have raised fundamental challenges related to process transparency, human
control over the system, and human trust in decision-making. These challenges
reinforce the perception of co-creative systems as a "black box" in the design
process, highlighting the need to address them through models that are more
explainable and auditable for users. However, these issues go beyond the
interface or technical explainability. They reflect a deeper transformation in how
users interact with LLM-based CSTs, making particularly evident the role of
technology in mediating evaluation, justification, and decision-making processes
during the convergent phase of the creative process. This interpretation finds
support in various theoretical traditions that conceive of human activity as a
relational process among individuals, artifacts, and contexts. Among them are
Distributed Cognition [32], which presents cognition as distributed between
humans and artifacts; Mediated Action [33], which emphasizes the mediating
role of tools in human action; and Sociotechnical Systems Theory [34], which
analyzes the interdependence between social and technological systems.
Together, these perspectives offer a framework for understanding that
technology does not merely play an instrumental role but actively shapes human
activity. In our research, we adopt these perspectives as a framework for
understanding how LLM-based CSTs mediate the evaluation processes and
decision justification during the convergent phase of creativity. It is in this
context that we propose the concept of mediated decision-agency, which we
develop in the following sections.
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3 Relational Mapping of LLM-based CSTs

In this section, we provide a conceptual and relational analysis that structures
the creative process driven by LLMs, in which tensions over control,
transparency, and trust give rise to the black box perception observed in LLM-
based CSTs.

3.1 Analysis Approach

The objective of this article was to develop a relational framework for how LLM-
based CSTs transform convergence, the agency dynamics of the creative process,
and the reconfiguration of user control, transparency, and trust during Al-
assisted design. To this end, we adopted a theory-driven conceptual synthesis
approach, informed by a review of the relevant literature rather than an
exhaustive systematic review [35]. Consistent with this approach, the purpose of
the review was not to identify all available studies but to construct a purposively
selected conceptual corpus to support the development of the proposed
framework.

The literature review followed an iterative process throughout the
manuscript's development. Relevant publications were iteratively identified
through searches in widely recognized databases, including ACM Digital Library,
IEEE Xplore, Scopus, ScienceDirect, and Google Scholar, complemented by
backward citation tracking of influential publications. Searches combined terms
such as co-creative human-Al, convergent thinking, creativity, CSTs, LLM-based
decision-making, sustainability-oriented creativity, and black box perception.

The literature was selected according to its conceptual relevance to four
interrelated themes: (1) creativity and the creative process; (2) LLM-based
Creativity Support Tools; (3) Al-assisted idea evaluation and selection; and (4)
human-AI interaction mechanisms related to control, transparency, and trust.
The final conceptual corpus comprised 41 publications, which were
comparatively analyzed to identify recurring concepts, relationships, and
tensions underpinning the proposed framework. Additional references were
incorporated to contextualize the research, support the methodological
approach, and further discuss the implications of the proposed conceptual
framework. Rather than producing a quantitative synthesis, the selected
literature was examined through comparative and interpretative analyses to
identify recurring concepts, relationships, and tensions across the reviewed
studies. Recurring concepts identified in the literature were then iteratively
grouped by conceptual affinity into broader analytical dimensions. The analytical
relationships identified through the conceptual synthesis (Table 1) are
interpreted through four analytical layers. Their conceptual correlations are
subsequently synthesized in Table 2 and integrated into the conceptual
framework presented in Figure 1.
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Table 1. Development of the analytical labels through the conceptual synthesis.

Analytical Recurring concepts identified in ~ Representative  Analytical
Relationship the literature references Label
Sustainability - Wicked problems; conflicting  [2], [3], [22], [36] Contextual
Creativity values; long-term impact; dependency
multi-criteria evaluation;
sustainability trade-offs
Creativity - Creative Problem framing; idea [6], [23], [24], Processual
Process generation; iterative [37] grounding
development; reformulation;
co-evaluation;
Creative Process - Evaluation; idea selection; [17], [20], [26], Progressive
Decision-making convergence; trade-offs; [29], [38] convergence
judgment; progressive
refinement
Decision-Making - Human oversight; shared [12], [39], [40], Agency
Control agency; autonomy; [41] tension
intervention; human-centred
Al
Decision-Making - Explainability; reasoning [12], [31], [41], Interpretabilit
Transparency visibility; justification; [42], [43] y requirement
interpretability; explainable
Al
Decision-Making - Trust calibration; reliance; [39], [40], [41], Reliance
Trust confidence; responsibility; [44] formation
acceptance of Al;
recommendations
Control - Black Box Reduce oversight; automation; [45], [46], [47] Inverse
Perception loss of recommendations relationship
Transparency - Black  Explainability; legibility; [12], [31], [45], Mediating
Box Perception reasoning disclosure; user [47] relationship
understanding
Trust - Black Box Over-reliance; uncertainty; [39], [45], [46], Ambivalent
Perception confidence despite opacity; [47] relationship
trust calibration
Sustainability - Long-term consequences; [2], [3], [20],[22], Normative
Decision-Making competing values; ethical [29], [36] amplifications

responsibility; environmental
impact; multi-criteria
judgment; trade-offs

The resulting relational mapping synthesizes the conceptual architecture of
mediated decision-agency in LLM-assisted convergent thinking, forming the
basis of the discussion presented in Section 4. The identified relationships should
not be read as independent analytical categories. Instead, they function as
interdependent explanatory mechanisms that show how LLM-based CSTs
progressively reshape convergent decision-making. Taken together, these
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mechanisms explain how control, transparency, trust, and various forms of
opacity interact to mediate decision-agency in sustainability-oriented design.

1. Sustainability-oriented Convergent Thinking
Conceptual and theoretical foundations

Sustainability in Design

Environmental, economic

Creativity as a Process

LLM-based CSTs
Al-mediated evaluation,

and social Divergent generation and | .. ‘comparison,
trade-offs and long-term ideas of recommendation and
effects explanation of ideas
4. Emergent Conditions
Mediating Conditions that give rise to black box agency
Core contribution of
the model Technical Opacity Subjective Opacity Normative Opactty Black box Perception
Limited visibility into User-related factors ues, critena, Perceived lack of
[*|| data, algorithms, that hinder normative choices understanding
model behaviour and comprehension and embedded in the unpredictability and loss
system limitations control system that are not of agenc
- " visible or contestable gency
Human decision-making
agency is reconfigured . .
through the mediation of :
LLM-based CSTS during — =
evaluation and selection v P el
i eep humans in the loop
5. Design and provide meaningful
Implications control to steer and
Addressing the challenge system
forms of opacity suggestions
Human-centred Reveal the right information
Decision-Making @ at the right time
3. Relational 8 Progressive  Support appropriate
i Transparency @ reliance through uncertainty
Mechanisms visualization, confidence
o . cues and calibration
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Trust Make system actions and
Control ey I ifuisnch expic - prevent
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decisions integrity trade-offs explicit and
t 1 contestable within the
ility context
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Fig. 1. Conceptual model, organized into five conceptual levels: (1) the context of
convergent thinking oriented towards sustainability, (2) the central construct of mediated
decision-making agency, (3) the relational mechanisms (control, transparency and trust),
(4) the forms of opacity that emerge during LLM-assisted decision-making (technical,
subjective and normative opacity), and (5) the design implications that respond to each of
these forms of opacity.

3.2 Results and Synthesis

We report findings from a four-layer analysis examining transparency, control,
trust, and perceptions of black boxes in relation to CST-based LLMs. Each layer
addresses the emergence of one dimension, and their interactions are visually
represented in Table 2. We discuss how these dimensions conceptually correlate
to characterize the mediated agency in LLM-assisted decision-making.

Table 2. Conceptual correlations underlying LLM-based CSTs.

Conceptual Relationship with Conceptual Analytical Interpretation
Origin Correlation
Sustainability Creativity Contextual The complexity, ambiguity, and
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dependency conflict of values surrounding
sustainability shape the type of
creativity required [3, 36].
Creativity Creative Process  Processual Creativity manifests itself through
grounding an iterative process, notin a
single moment [5, 20].
Creative Process Decision-Making  Progressive The creative process inevitably
convergence leads to moments of decision and
compromise [20, 38].
Decision- Control Agency tension The system's involvement in
Making evaluation and selection affects
the perception of human control
[29].
Decision- Transparency Interpretability Decisions require an
Making requirement understanding of the underlying
criteria and reasoning [17, 20].
Decision- Trust Reliance formation Trust emerges when the user
Making accepts or delegates judgment to
the system [39].
Control Perceived black Inverse Perceived lack of control
box relationship intensifies the perception of
opacity [45].
Transparency Perceived black Mediating Transparency acts as a mediator
box relationship of the perception of a black box
[31, 46].
Trust Perceived black Ambivalent High trust can mask opacity,
box relationship reducing questioning [31, 46].
Sustainability Decision-Making  Normative Sustainability decisions are
amplifications normatively amplified due to

their ethical implications and
long-term temporal impact [36].

Framing Correlations. Framing what counts as a problem, what counts as a
solution, and how sustainability is assessed [6]. This relationship operates at the
contextual and normative level, considering sustainability as complex, with
conflicting values and a systemic nature [3]. In this sense, creativity assumes a
central role in improving correlation, reframing sustainability problems through
informed decision-making throughout the process [20]. According to Bollen et al.
[36], sustainable decisions are influenced by factors (e.g., individual attitudes
and attention mechanisms), which highlights the importance of information. In
this context, a layered creative framework serves as the conceptual basis for
analyzing Al-based creativity-support tools and the tensions surrounding trust,
transparency, and black box perception.

Internal Dynamics Correlations. Internal dynamic correlations describe the
procedural grounding throughout the design process, working towards
progressive convergence through the structure of the creative process. In light of
design, creativity is framed as a situated practice, composed of iterative phases

20



Interaction Design and Architecture(s) Journal - IxXD&A, N.69, 2026, pp. 12 - 30
DOI: 10.55612/s-5002-069-001

[37]. It is described not only as moments of idea generation, but also as moments
of evaluation and respective selection of these ideas [26]. Widely adopted
models in these practices, such as the Double Diamond [48, 49], illustrate the
divergence-convergence dynamic throughout the design process and highlight
the gradual progression. In this sense, creativity is structured by processes,
decisions, and constraints, without being reduced to a merely internal cognitive
phenomenon [38]. Recent research on creativity support tools [26] has
demonstrated how these tools support both the generation and the evaluation
and selection of ideas. Demonstrating that as the creative process progresses, the
iterative cycles progressively narrow the space of possibilities, leading to
moments of choice - reinforcing the understanding of the cognitive process as a
case of procedural grounding.

Al-assisted Decisions Correlations. These correlations associated with Al-
assisted decision-making describe the transition of the creative process as a
socio-technical space, where decisions remain human but are mediated by
structured information from the computational system. This mediation not only
informs human judgment but also reorganizes the conditions under which
judgment is exercised. By structuring evaluative criteria, LLM-based systems
help shape decisional agency. Convergent thinking, traditionally understood as
an internal cognitive narrowing of alternatives, is now partially structured
through computational mediation. Normally, the decision is interpreted as the
final phase of the creative process, resting solely on personal opinion [50].
However, with the introduction of Generative Artificial Intelligence (GenAl), this
phase has become more autonomous and critical, with visible tensions emerging
related to control, transparency, and trust [12, 25, 46]. Given the research
context - sustainability - it is necessary to develop structured support for
decision-making, as both the evaluative and selective processes involve multiple
criteria. In this sense, the introduction of contextualized metrics transforms
creative decision-making into a process mediated by structured information
[20]. In recent years, Al-assisted decision-making has become a driving force,
where decisions have real impacts on people's lives [40]. It is precisely because
Al enters the decision-making phase that the tension of agency emerges. This
situation became evident in Al-based creativity support tools [29, 51, 52, 53],
where the system intervenes in the convergent phase, traditionally associated
with human judgment. Transparency emerges as a fundamental requirement.
Rodrigues et al. [29] emphasize that acceptance of the system's
recommendations depends on users' ability to understand the criteria
underlying them. However, according to [41], transparency is not limited to the
technical exposition of Al's internal workings, but rather is achieved through a
design element in the interface, situated at the moment of decision [42]. It is
from this causal relationship between perceived control and situated
transparency that human trust in the system's recommendations arises. In Al-
assisted decision-making scenarios, trust results from the perceived consistency
and alignment with the initially defined objectives [47]. In addition to concerns
regarding transparency and trust, this analysis indicates that decision-making
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serves as a locus for the articulation of authority. Although formal decisional
power may reside with the human user, the organization of evaluative criteria,
comparisons, and rationales establishes a mediated layer that partially
configures epistemic and justificatory authority. This insight provides a
foundation for re-examining the transformation of convergence in LLM-based
computer-supported technologies (CSTs).

Emergent and Non-linear Correlations. These correlations result from the
dynamic interplay among control over outcomes, process transparency, and
trust in Al-assisted decision-making, shaping users’ perceptions of LLM-based
CSTs and contributing to black box perceptions [46]. Although the black box is
often treated as a single challenge, the reviewed literature suggests that different
forms of opacity underlie it, requiring distinct design responses. We distinguish
three complementary forms: technical opacity, relating to the limited visibility of
the system's internal reasoning processes, which reinforces the need for
explainability and transparency [12, 41]; subjective opacity, relating to users'
ability to interpret and trust Al recommendations, influencing trust calibration
and perceived understanding [31, 39, 40]; and normative opacity, referring to
the values, assumptions, and commitments implicit in Al-assisted decision-
making, especially in sustainability contexts where environmental, social, and
economic criteria coexist [2, 3, 22, 36]. This distinction underlies the
interpretation of the following relationships. The relationship between control
and black box perception is inverse: the less human control, the greater the
perception of opacity. Systems that generate autonomous recommendations,
without allowing intervention or critical evaluation, limit users' ability to
understand and justify the decision-making process, reinforcing this perception
[45, 46]. Transparency mediates perceptions of black boxes, making Al reasoning
more accessible and interpretable. However, it should not be understood merely
as the exposure of technical information, but as the ability to allow users to
understand the criteria underlying the recommendations in the context of the
design task [12, 47]. Thus, explainability reduces technical opacity and favors
more informed interaction. The relationship between trust and black box
perception is more complex: trust does not increase simply because opacity
decreases, nor does it necessarily eliminate it. Trust emerges before repeated
interaction, users' understanding of the system, and the perceived legitimacy of
recommendations [44, 54]. Therefore, subjective opacity depends not only on
access to explanations but also on users' ability to properly interpret and
calibrate this trust. These relationships indicate that black box perception is an
emergent phenomenon, resulting from the interaction among the technical,
subjective, and normative dimensions of opacity—a multidimensional
perspective that underlies the design implications presented in Section 4.
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4 Discussion

In the context of this investigation, sustainability-oriented creativity, the
mechanisms underlying the perception of the black box - control, transparency,
and trust - are reconfigured in an interdependent, situational manner, taking
into account Al's role in the convergent phase of the creative process.
Specifically, we seek to frame the impacts and effects of these relationships as
design requirements for developing new LLM-based CSTs. Much of the current
discussion on Al-assisted creativity focuses on idea generation and expansion.
However, our analysis suggests that the potentially most significant shift may
occur during convergence. It is at the moment when alternatives are evaluated,
justified, and selected that responsibility becomes concrete. In sustainability-
oriented contexts, this phase carries particular weight, as decisions often involve
long-term environmental, economic, social, and ethical consequences. When
LLM-based CSTs operate at this stage, they do not simply add information; they
also help shape how commitments are formed and defended.

4.1 Reframing Control, Transparency, and Trust

The analysis suggests the need to reformulate the classical notions of
mechanisms in the context of LLM-based CSTs. These mechanisms are
understood as relational rather than static, emerging as dynamic relationships
situated particularly in the convergent phase of the creative process [12]. In this
sense, it is fundamental that LLMs and the applications that use them (e.g., CSTs)
are developed and implemented responsibly. The proposed reframing suggests
that offering control is different from fully controlling the process, process
transparency is different from opening the black box, and trust is different from
understanding everything. These mechanisms are then understood as attributes
of Human-AlI collaboration, depending on the context of use and the moment at
which the decision is made [43]. In this framework between control,
transparency, and trust, opacity emerges as a design requirement. The design of
the new CSTs must enable them to manage their levels to respond to deliberate
decisions about what is made visible, when this information is presented, and
how it supports decision-making.

4.2 Decision-Making as a Mediating Core

Based on the analysis presented, decision-making can be understood as the
phase in which value conflicts become operational, evaluative criteria are
articulated, and user responsibility emerges. When LLM-based CSTs are
incorporated at this stage of convergent thinking, human-Al co-creativity,
turning decision-making into a mediating core that organizes user-system
interaction, aligning with Human-Centered Al approaches [55]. This mediating
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core positions decision-making as a regulator og tensions, balancing the co-
agency that LLM-based CSTs should support.

This reconfiguration signals a transition from delegated agency, in which the
tool merely executes commands, to mediated decision-agency, where both the
user and the LLM participate in shaping how decisions are evaluated and
justified. This aligns with recent frameworks that position prompting not merely
as a technical command, but as a form of cognitive mediation in human-AI
interaction [56]. However, mediated decision-agency is not inherently benign. It
carries the risk of ethical erosion resulting from automation bias, in which the
system’s structured rationales may lead users to passively accept algorithmic
trade-offs. To address this concern, mediated decision-agency should be
designed to promote productive friction, encouraging deliberate interactions
that prompt users to question the Al's framing. In this way, the critical re-
evaluation of ethical boundaries remains an intentional human responsibility
rather than an unnoticed consequence of system mediation.

Within this context, decision-making serves as a mediating core, since the
system not only assists users but also actively structures the evaluative scenario.
By emphasizing specific criteria or offering structured justifications, LLM-based
CSTs become co-shapers of the ethical and technical boundaries of design
decisions, requiring a new form of critical oversight by the human agent (e.g., if
the system assumes excessive responsibility for evaluation, trust can become
passive). If, on the contrary, humans hold all the power, the potential of LLMs
remains underutilized [25].

This productive friction, therefore essential. As LLM-based CSTs increasingly
structure the evaluative landscape, preserving opportunities for critical
oversight helps prevent trust from becoming passive while maintaining
meaningful human responsibility. In a sustainability-oriented context, where
decisions involve competing environmental, economic, and social factors [17],
Al-assisted decision-making should be understood as a transformative socio-
technical balancing mechanism that actively supports the negotiation of these
competing values while preserving human responsibility. These findings suggest
that LLM-based CSTs should not be understood merely as recommendation
systems, but as normative mediation systems that actively shape how design
decisions are interpreted and justified. From this perspective, explainability goes
beyond simply presenting model results and becomes a fundamental design
requirement to support informed, responsible, and value-conscious decision-
making in a sustainability-oriented convergent thinking,

4.3 Implications for the Design of LLM-based CSTs

Based on the conceptual analysis, five design implications are proposed for the
development of LLM-based CSTs. These principles derive directly from the
tensions identified among perceptions of control, transparency, trust, and black
box perception in Al-assisted decision-making. As presented in Section 3.2.4,
black box perception emerges from complementary forms of technical,
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subjective, and normative opacity. Consequently, the following design
implications address different sources of opacity, offering distinct responses to
the challenges introduced by LLM-assisted convergent thinking in sustainability-
oriented design.

Illustrative Design Scenario. To illustrate how the proposed conceptual
framework can guide the design of LLM-based CSTs, we developed an illustrative
scenario situated in a sustainability-oriented design context. The scenario
demonstrates how mediated decision agency and the proposed design
implications can support Al-assisted convergent thinking during idea evaluation
and selection. Imagine a product designer responsible for developing a new
sustainable packaging solution for a food product. After an initial ideation
session, four design alternatives remain under consideration. Instead of
generating additional ideas, the LLM-based CST supports the convergent phase
of the process, assisting the designer in evaluating alternatives against the pillars
of sustainability (environmental impact, economic benefit, and social effects)
[22]. Instead of recommending a single “optimal” solution, the system presents
the underlying reasoning for each evaluation, highlights the uncertainties
associated with life cycle predictions, and exposes the trade-offs between
competing sustainability criteria. Throughout the process, the designer remains
responsible for interpreting these recommendations, questioning the proposed
evaluations, and selecting the final concept.

Design Implications. Designing for human-centered decision support - The
central objective of this principle is to mitigate normative opacity, ensuring that
evaluative control remains the designer's responsibility. As LLMs integrate into
the convergent phase, agency shifts from individual evaluation to mediated
decision-agency, where the system supports rather than replaces human
judgment. Consequently, LLM-based CSTs should be designed to structure
evaluative reasoning without determining the final decision. Based on the
previously presented scenario, instead of recommending a single "best" solution,
the system could present multiple design alternatives along with evaluation
criteria, underlying justification, and associated trade-offs, allowing designers to
compare, question, and justify their final selection. In this way, the authority to
evaluate, justify, and decide remains with the human, avoiding the silent transfer
of decision-making agency to the system. Designing for progressive and situated
transparency - This principle addresses technical opacity by making the
underlying logic of Al-assisted evaluations understandable within the context of
the design task. Transparency should allow designers to understand why
alternatives are evaluated differently and what criteria influence those
evaluations. In the illustrative scenario presented above, transparency can be
achieved through interface mechanisms, such as contrasting panels that compare
the performance of alternatives against the pillars of sustainability and
uncertainty visualizations that communicate the confidence associated with life-
cycle predictions or environmental assessments. These mechanisms transform
transparency into a contextual resource that supports informed evaluation
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during the convergence phase rather than treating it as a purely technical
requirement. Designing for trust as an emergent phenomenon - By fostering a
relationship of trust built through progressive understanding of the system's
behavior, rather than the automatic acceptance of its recommendations, this
principle addresses subjective opacity. In the illustrative scenario, trust results
from the explicit communication of the criteria used to evaluate alternatives, the
system's limitations, and the uncertainties associated with the presented
predictions. In this sense, LLM-based CSTs should communicate the degree of
confidence in their evaluations, explicitly state the limitations of the available
data, and encourage the user to critically question the recommendations before
making a final decision. Thus, trust ceases to depend on the authority attributed
to Al and begins to emerge from the interaction between the designer and the
system throughout the convergent process. Designing to avoid silent automation
- This principle simultaneously addresses subjective and normative opacity,
thereby preventing LLM-based CSTs from implicitly assuming authority in the
evaluation and selection of ideas. Based on the illustrative scenario, we can see
this implication: the system neither automatically recommends a single solution
nor hides the criteria that support its evaluations. By requiring the designer to
critically review recommendations before final selection, the system can
introduce productive friction that promotes reflection rather than silent
automation during the decision process. In this way, automation stops replacing
human judgment and starts supporting the evaluation process, preserving
creative autonomy and responsibility for the final decision. Designing for domain
contextualization - By making explicit the values, assumptions, and trade-offs
that influence decision-making in sustainability-oriented contexts, this principle
partially addresses normative opacity. According to the illustrative scenario
presented, this implication manifests when the LLM-based CST evaluates each
design alternative against multiple sustainability criteria rather than offering
generic or decontextualized recommendations. Thus, the system should highlight
the conflicts inherent in wicked problems, such as the balance between
environmental impact, economic benefits, and social effects, allowing the
designer to understand how different priorities lead to different decisions. In this
way, the LLM ceases to obscure the problem's normative complexity and begins
to support value-conscious decision-making that guides the convergence
process.

5 Conclusions

The integration of LLM-based CSTs is fundamentally reshaping the creative
process, particularly within complex domains such as sustainability. Rather than
simply assisting with the convergent phase of creativity, these systems
reconfigure decision-making through the mediated decision-agency concept, in
which human judgment and Al jointly shape the evaluation and selection of
alternatives. By articulating the conceptual relationships among sustainability,
creativity, and the design process, this work provides a structured analytical
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framework for understanding how control, transparency, trust, and different
forms of opacity interact in Al-assisted decision-making. Building on this
framework, five design implications were proposed to support the development
of LLM-based CSTs that foster informed, transparent, and value-conscious
convergent thinking while preserving human responsibility throughout the
decision-making process. Beyond sustainability-oriented design, the proposed
conceptual framework provides design guidance for Al-assisted CSTs in the
creative industries, where transparent, accountable, and human-centred
evaluation processes are increasingly required to support innovation. Future
work should empirically validate the proposed conceptual relationships, the
illustrative design scenario, and the practical applicability of the design
implications across different sustainability-oriented domains.
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