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ABSTRACT

Creativity is central to design innovation and is increasingly mediated by digital
technologies, including both traditional creativity support tools and Al-based systems.
However, existing studies often distinguish tools according to technological type, which
obscures how different systems may support similar creative cognitive processes. To
address this limitation, this study proposes a taxonomy of digital tools for creative
design grounded in the Geneplore model of creative cognition. Drawing on a systematic
literature review of 19 studies, a total of 57 digital creativity support tools were identified
and analyzed using qualitative content analysis. The framework distinguishes between
tools facilitating generative processes and those supporting exploratory processes, and
further organizes these functions into eight cognitive support dimensions.The resulting
taxonomy maps digital tools to specific components of the creative process, revealing
how different tools scaffold ideation, exploration, and refinement in design activities.
The analysis shows that Al-based and traditional digital tools are not discrete categories
but form a functional continuum across creative cognition. By mapping tool functions
to specific cognitive processes, this study provides a theoretical basis for analyzing,
selecting, and designing Al-augmented creativity support systems in design contexts.

Keywords: Design creativity, Creativity support tools (CST), Geneplore model, Taxonomy, Digital
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INTRODUCTION

Creativity is widely recognized as a key driver of design innovation and
knowledge creation, commonly defined as the production of ideas that
are both novel and useful (Runco & Jaeger, 2012). In design practice,
creativity unfolds through iterative cycles of ideation, representation, and
evaluation, forming the cognitive foundation of design thinking (Cross,
2023; Lawson, 2006). As digital technologies increasingly mediate creative
work, computational tools have become central in supporting creative design
processes.

In human-computer interaction research, Creativity Support Tools (CST)
describe interactive systems that enhance human creative capabilities
(Shneiderman, 2007). CST studies examine how digital tools scaffold activities
such as ideation, exploration, and evaluation during design tasks (Frich et al.,
2019). Recent Al advances, including generative models and interactive
systems, have expanded this landscape, giving rise to human-Al co-creative
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systems (Rezwana & Mabher, 2023; Lin & Riedl, 2023). However, many
studies treat Al tools as a distinct category, limiting systematic comparison
and obscuring the cognitive continuity underlying creative processes.

To address this gap, this study examines how digital tools support creative
design processes through the lens of the Geneplore model of creative cognition
(Finke et al., 1992). Rather than separating Al-based and traditional tools as
distinct technological categories, the study classifies tools according to the
generative and exploratory processes they support. Based on a systematic
literature review and qualitative content analysis (Tranfield et al., 2003),
this paper contributes: (1) a cognitive-process taxonomy of digital creativity
support tools; (2) an analysis of eight support dimensions that characterize
tool functions across creative design activities; and (3) a perspective on the
functional continuity between Al-based and non-Al tools, offering guidance
for selecting and designing Al-augmented creativity support systems.

THEORETICAL BACKGROUND AND LITERATURE REVIEW
Creativity SupportTools and Design Creativity

Creativity has long been recognized as a core capability in design, where
novel and useful outcomes emerge through iterative problem framing,
idea development, and evaluation (Runco & Jaeger, 2012; Cross, 2023).
Design research highlights that creative work unfolds through cycles of
representation and reinterpretation, in which external artifacts such as
sketches, diagrams, and prototypes function as cognitive resources (Lawson,
2006; Dorst, 2011). Creativity is therefore shaped not only by individual
cognition but also by task characteristics and social context (Amabile, 1996;
Sawyer, 2023), implying that tools mediating representation and interaction
can significantly influence creative outcomes.

Within human-computer interaction research, this perspective is formalized
through Creativity Support Tools (CSTs), defined as interactive systems that
enhance discovery and innovation by supporting the generation, exploration,
and refinement of ideas (Shneiderman, 2007). Subsequent research has
mapped the CST design space and evaluation methods. For example, Frich
et al. (2019) provide a comprehensive overview of tool characteristics and
usage contexts, while frameworks such as the Creativity Support Index
evaluate user-perceived support for creativity (Cherry & Latulipe, 2014).
These studies collectively demonstrate how digital tools scaffold creative
cognition and design practice.

Creativity research also increasingly frames creativity as a socio-technical
phenomenon emerging from interactions among people, artifacts, and
computational agents (Fischer et al., 2005; Giaccardi & Fischer, 2008). In
this perspective, digital tools are not merely aids but integral components
shaping the cognitive and collaborative dynamics of creative design.
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The Geneplore Model and Creative Cognition

Creativity supportindesigninvolvesdiversesystemsandinteraction paradigms,
making comparison challenging without a shared cognitive framework. The
Geneplore model (Finke et al., 1996) provides such a framework, describing
creative cognition as an iterative cycle between generative and exploratory
processes. Generative processes produce preinventive structures, including
mental images, conceptual combinations, sketches, or partial configurations,
which serve as candidates for interpretation and refinement. In design, these
intermediate representations align with externalization, reframing, and
progressive structuring of possibilities (Lawson, 2006; Cross, 2023; Dorst,
2011).

Exploratory processes operate on these preinventive structures to
interpret, evaluate, and transform them, revealing emergent properties and
developing coherent solutions. Activities include attribute finding, conceptual
interpretation,and constraint satisfaction, consistent with reflective evaluation
and iterative refinement in design (Lawson, 2006; Dorst, 2011). This dual-
process perspective situates creative cognition within broader theories of
creativity, emphasizing mechanisms rather than spontaneous insight (Boden,
2004; Sawyer and Danah, 2023), and complements stage-based accounts of
creative thinking (Wallas, 1926).

For tool research, the Geneplore model is valuable because it foregrounds
the role of representations and cognitive operations, allowing digital tools to be
evaluated by the processes they scaffold rather than surface-level technology.
A tool supports creativity if it facilitates the generation, exploration, and
reinterpretation of candidate structures. This perspective aligns with CST
research, where tools often integrate multiple functions supporting both
ideation and evaluation within a workflow (Shneiderman, 2007; Frich et al.,
2019). Consequently, the Geneplore model provides a cognitively grounded
framework for systematically classifying CST capabilities, including
Al-augmented tools, based on their support for generative and exploratory
processes rather than technological labels.

Rationale for a Cognitive-Process Taxonomy

The rise of Al-augmented tools has heightened interest in how digital systems
shape creative design. Human-Al co-creativity research has examined
interaction frameworks, roles, and coordination between designers and
computational agents (Rezwana & Mabher, 2023; Lin & Riedl, 2023; Haase
& Pokutta, 2026). These studies treat Al not merely as automation but
as an active participant in co-creative activity, raising issues of initiative,
communication, and shared control. Empirical work shows that designers
perceive Al as a “creative partner” during divergent thinking while balancing
concerns about direction and value (Khan et al., 2025). Recent analyses also
highlight tensions between exploration and fixation, motivating designs that
scaffold both divergent and convergent thinking (Wen et al., 2025).
However, much of the literature categorizes tools primarily by technological
type, such as Al versus traditional digital systems. This distinction may
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obscure functional continuity across tools. Traditional digital tools already
support generative and exploratory activities through visualization, search,
versioning, and collaboration (Shneiderman, 2007; Frich et al., 2019), while
Al tools extend these capabilities by accelerating alternative generation and
enabling richer interactive exploration.

METHOD
Systematic Literature Review

This study employs a systematic literature review combined with qualitative
content analysis to synthesize research on digital tools supporting creative
design. Systematic reviews enable structured synthesis of fragmented
research and are widely used in interdisciplinary domains (Tranfield et al.,
2003). The review followed established guidelines (Keele, 2007) and covered
ACM Digital Library, Scopus, Web of Science, and Google Scholar, using
keyword combinations related to creativity support tools, creative design
tools, design ideation, human-Al co-creation, and Al creativity tools.
Publications from 2000 to 2025 were included, covering both traditional
digital tools and Al-augmented systems aligned with the HCI Creativity
Support Tools research agenda (Shneiderman, 2007). Records were screened
through identification, title and abstract screening, and full-text eligibility
assessment following a PRISMA-informed procedure.

Inclusion Criteria and Study Selection

The selection process followed a structured screening procedure inspired by
the PRISMA framework, comprising three stages: identification, screening,
and eligibility assessment. Duplicate records were removed after aggregating
results from all databases. Titles and abstracts were screened for relevance,
retaining studies describing interactive systems, design tools, or computational
frameworks explicitly supporting creative work.

Full-text articles were evaluated using predefined inclusion and exclusion
criteria. Studies were included if they: (1) described a digital or computational
tool used in creative processes; (2) provided information on functionality or
interaction design; and (3) discussed the tool in relation to creativity, ideation,
or design activities. Studies focusing solely on algorithmic performance or
general productivity software were excluded.
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Figure 1: Article screening process of the scoping review.

Data Extraction

Structured data extraction was conducted to capture key characteristics of
the tools and their usage contexts, ensuring consistency across heterogeneous
studies (Keele, 2007). Extracted variables included tool/system name,
application domain (e.g., product, U/UX, art), supported creative task
(e.g., ideation, sketching, concept generation), interaction modality (e.g.,
visualization, generative suggestion, collaborative interaction), type of
contribution (conceptual, prototype, empirical), and reported evidence type.
These data facilitated comparative analysis across domains while preserving
contextual details.

Content Analysis and Coding

To identify patterns in how digital tools support creative cognition, this
study employed qualitative content analysis (Mayring, 2014). The coding
framework was developed using a theory-guided approach based on the
Geneplore model of creative cognition (Finke et al., 1996), distinguishing
generative and exploratory processes. Codes were iteratively refined through
examination of the reviewed literature, resulting in eight support dimensions
describing how digital tools facilitate different aspects of creative cognition,
including idea generation, exploration of design alternatives, and evaluation/
refinement.

To enhance consistency and reliability, a subset of articles was independently
coded by multiple researchers, and inter-coder agreement was evaluated
using established procedures (Krippendorff, 2018). Iterative refinement
and theory-driven coding ensured that the resulting framework provides
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a coherent and reusable structure for analyzing digital tools that support
creative design processes.

RESULTS
Overview of Included Studies

After applying the screening protocol, 19 studies were included in the final
analysis, from which 57 digital creativity support tools were identified.
A tool was counted when it had a distinguishable system name, interaction
mechanism, or functional role in supporting creative design activities.
The included studies span human-computer interaction, design research,
computational creativity, and Al-supported design systems.

Across the reviewed literature, digital tools can be broadly categorized
into two technological groups: Al-based tools and traditional digital CSTs.
Al-based tools include generative image systems (e.g., Midjourney, DALL-E,
Stable Diffusion), large language model-based assistants, and contextual
recommendation systems that generate visual concepts, textual ideas, or
design suggestions to stimulate ideation. Traditional CSTs include sketching
environments, VR-based design platforms, collaborative whiteboards, and
integrated design software that support visualization, manipulation, and
communication of design ideas.

Despite these technological differences, both categories serve a shared
purpose of scaffolding creative cognition. Digital tools support designers
by providing inspirational stimuli, enabling the externalization of ideas,
facilitating exploration of design alternatives, and supporting reflection
and collaboration throughout the creative process. For example, the
system proposed in May AI? recommends inspirational materials through
cooperative contextual bandits, expanding conceptual associations during
early ideation. Similarly, VR sketching tools allow designers to interact with
spatial representations, supporting transitions between perceptual, physical,
and conceptual reasoning. Human-Al co-creative systems further function
as interactive partners by generating suggestions, offering critiques, and
prompting reflection. These findings highlight the complementary roles of
Al-based and traditional CSTs in supporting different stages of creative
cognition.

Geneplore-Based Taxonomy of Digital Tools

To systematically categorize digital CSTs, the 57 identified tools were mapped
to the Geneplore model of creative cognition, which distinguishes between
generative processes and exploratory processes. Generative processes involve
producing novel ideas or representations, whereas exploratory processes
emphasize evaluation, refinement, and elaboration of emerging concepts.
Using a dominant-function classification, 35 tools were primarily associated
with generative processes, accounting for 61.4% of the identified tools, while
22 tools were primarily associated with exploratory processes, accounting
for 38.6%. Generative tools mainly support idea creation, inspirational
stimulation, externalization, and conceptual variation. Exploratory tools
mainly support evaluation, manipulation, refinement, collaboration, and
contextual integration. However, this distinction should not be understood
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as rigid. Several tools provide functions across both phases, suggesting
that digital creativity support often operates through transitions between
generation and exploration rather than through isolated stages.

Eight Cognitive Support Dimensions

To further analyze how digital tools scaffold creative cognition, their
functionalities were distilled into eight cognitive support dimensions aligned
with the Geneplore framework.

The generative dimensions include Idea Generation, Stimulus-based
Inspiration, Representational Externalization, and Conceptual Variation
and Expansion, which primarily support early-stage ideation and divergent
thinking. The exploratory dimensions include Analytical Evaluation, Iterative
Refinement, Collaborative Alignment, and Contextual Integration, which
support the assessment, development, and contextualization of design concepts.

Table 1: Geneplore-based taxonomy of digital tool functions.

Phase Dimension Cognitive Function Theoretical Representative Digital
Foundation Tools
Generative  Ideation Support Supports the Creative ChatGPT; DALL-E;
Processes generation of Cognition Midjourney;
initial design ideas, Theory CreativeConnect; Recipe
prompts, and (Finke, 2.0; generative.fashion;
conceptual starting Ward & Promptify
points Smith,
1996)
Stimulus-based  Provides external ~ Associative Bach Doodle; LuminAlj
Inspiration stimuli that trigger Theory of FilmFinder; Wander
associative thinking Creativity = 2.0; Design Galleries;
and creative (Mednick, Pinterest; Flickr
inspiration 1962)
Representational Enables Distributed 3DALL-E; Figma;
Externalization externalization Cognition Photoshop; Artinter;
of abstract ideas (Hutchins, PromptPaint;
into visual or 1995) ChatScratch; Drawcto;
manipulable Magical Brush;
representations DeepThlInk; Bio
sketchbook; Unity;
TaleBrush; Mixboard;
After Effects
Conceptual Supports Divergent  Stable Diffusion;
Variation and ~ generation of Thinking  Coconet; Latent
Expansion multiple design Theory Organism; Spellburst;
alternatives and (Guilford, XCreation;
concept expansion 1967) PlantoGraphy;
PColorizor

(Continued)
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Table 1: Continued.

Phase Dimension Cognitive Function Theoretical Representative Digital
Foundation Tools
Exploratory  Analytical Supports Creative  Rayyan; BIM; BIG BIM,;
Processes Evaluation evaluation and Problem SimuLearn; Benoit;
comparison of Solving iSphere
design alternatives Models
(Osborn,
1953;
Parnes,
1967)
Iterative Supports iterative  Reflective ~ Fusion360; Cococo;
Refinement refinement of Practice MMM-C; crea.blender;
design concepts (Schon, Hafez; Comicolorization
2017)
Collaborative Facilitates Distributed Miro; We-toon; Cobbie;
Alignment collaborative Cognition  Logic Pro; VRChat
communication / Collective

and team alignment Creativity

(Sawyer &
DeZutter,
2009)
Contextual Connects design Situated Arduino; Processing;
Integration concepts to real-  Cognition Raspberry Pi; Phidgets;
world contexts (Brown, Croma
and physical Collins &
prototyping Duguid,
1989)

Mapping digital tools to these dimensions reveals distinct coverage
patterns. Tools supporting generative processes predominantly facilitate
idea generation, inspirational stimuli, externalization, and concept variation,
whereas tools supporting exploratory processes emphasize evaluation,
refinement, collaboration, and contextual integration. Several tools support
both processes, providing broader cognitive support across the design process.
Overall, early-stage ideation functions are most frequently supported, while
contextual integration and personalization appear less consistently addressed,
indicating potential directions for future tool development.

DISCUSSION
Functional Continuity: Al vs Non-AlTools

The analysis reveals functional continuity between Al-based and traditional
digital CSTs. Although AI tools are often associated with generation and
traditional tools with exploration, many tools support both processes. VR
sketching environments and generative Al systems both enable externalization
and concept variation through different mechanisms. This continuity suggests
that designers move across Al and non-Al tools during ideation, evaluation,
and refinement rather than treating them as discrete categories.
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Implications for Tool Selection and Tool Design

The taxonomy suggests that creative design is better supported by tool
ecologies than by isolated tools. In early ideation, Al-based systems can expand
the conceptual search space by generating textual or visual alternatives.
During concept development, representational and collaborative tools help
designers externalize, compare, and negotiate ideas. In later stages, modeling,
simulation, and prototyping platforms support evaluation, refinement, and
contextual integration. For tool designers, the key challenge is therefore not
only to add generative capabilities, but also to support smooth transitions
between generation, exploration, collaboration, and refinement.

Cognitive Impact Layers: Individual, Collaborative, and Tool-Mediated

Analyzing CSTs according to their impact on different cognitive layers
provides additional theoretical insight. At the individual cognition level,
tools support idea generation, concept variation, and externalization, directly
influencing divergent thinking and mental representation development. At the
team or collaborative level, tools facilitate alignment, communication, and
shared understanding, enhancing collective exploration and convergence. At
the tool intelligence or assistance level, automation, inspiration provision,
and knowledge augmentation allow designers to focus cognitive resources
on higher-order reasoning, problem framing, and conceptual combination.
This layered perspective highlights how digital tools mediate human
cognition and collaborative strategies, offering a framework to understand
their complementary roles in supporting creativity across multiple levels of
design activity.

CONCLUSION

This study developed a Geneplore model-based taxonomy of digital creativity
support tools by reviewing 19 studies and analyzing 57 tools. The taxonomy
maps tool functions onto generative and exploratory processes and identifies
eight cognitive support dimensions across creative design activities. The
findings show that Al-based and traditional digital tools should not be
understood as separate categories, but as part of a functional continuum
that supports ideation, externalization, exploration, evaluation, refinement,
collaboration, and contextual integration. The taxonomy provides a
theoretical lens for analyzing how digital tools mediate creative cognition
and offers practical guidance for selecting and designing Al-augmented
creativity support systems. At the same time, the study is limited by the size
of the reviewed corpus and by its reliance on tool descriptions reported in
prior literature rather than direct empirical observation of tool use. Future
research should validate the proposed dimensions through expert review and
empirical studies with design practitioners.
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