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ABSTRACT

Conceptual combination is one of the easiest and most employed approaches for ideation. Researchers
have been focusing on modeling combination as various computational methods for synthesizing design
concepts, which has led to contributions to the implementation of creative design. However, when
discussing specific forms of combination, the process of synthesizing conceptual elements together
remains ambiguous. This paper presents ASM-Canvas, an ontology-based tool for understanding
conceptual combination in design creativity, emphasizing combination modalities composed of
fundamental attributes, structures, and manipulations. We discuss potential usages and contributions of
ASM-Canvas in bridging creative operation with conceptual combination, laying a foundation for
advancing combinational creativity in design.

Keywords: Conceptual Combination, Design, Creativity, Methods Integrated Tool

1 INTRODUCTION

Whether the object is a product, service, system, or experience, design is fundamentally a creative
cognitive process [1]. Designers need to continuously integrate existing knowledge, experience, and
inspiration to construct novel and meaningful design outcomes [2]. Conceptual combination, also known
as conceptual blending, is regarded as one of the most fundamental and straightforward approaches in
creative ideation [3]. By reorganizing and blending two or more existing concepts, designers can create
novel solutions and forms of expression, thereby driving the advancement of design innovation [4].
Nevertheless, it is still unclear how conceptual combination works in design practice. A significant
amount of research has focused on developing computational models and tools to support design concept
generation, such as methods based on analogy [5], graph theory [6], and semantic networks [7], to
simulate and facilitate combinational operations in human design thinking. However, these methods
mostly remain at the level of abstract modeling, neglecting the intrinsic relationships between key
ontologies involved in the combination process such as combinational element, representation, and
transition. In other words, current research on combinational design creativity is outcome-oriented. Few
discussions address the questions of "how to combine" and "what to combine".

This paper introduces Attribute—Structure—-Manipulation Canvas (ASM-Canvas), a novel tool designed
to systematically analyze and represent the process of conceptual combination in design creativity. The
tool decomposes the conceptual combination process into two ideas, two attributes, four structures, and
six manipulations by three ontologies defined within the context of combinational creativity, forming a
combinational design space. ASM-Canvas is discussed as a guide for design research across three
application scenarios: as a generation tool, as an evaluation and analysis tool, and as a review tool. It
reveals the multi-layered interactions among combinational elements, providing a theoretical foundation
for understanding how to drive the conceptual combination in design.
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2 BACKGROUND LITERATURE

2.1 Conceptual combination

Conceptual combination is one of the core research topics in cognitive science, referring to the cognitive
process of integrating two or more existing concepts into a new, complex concept [8]. The essence of
conceptual combination lies in generating new meaning structures from existing knowledge [9]. This
process not only forms the foundation of human creative thinking but also serves as a crucial supporting
mechanism for cognitive functions such as language comprehension [10], analogical reasoning [11], and
knowledge transfer [12]. Conceptual combination has been widely applied in creative design, scientific
discovery, artistic creation, and artificial intelligence generation systems. For example, many
groundbreaking discoveries emerged from combining seemingly unrelated concepts in science. A
classic case is the discovery of the benzene ring: August Kekulé famously conceived of the ring structure
of benzene by combining the concept of a snake biting its own tail (the Ouroboros) with the puzzling
chemical data of benzene [13].

The two-element combination represents the fundamental and mature domain within conceptual
combination research, primarily investigating how two ideas integrate within cognitive structures to
generate new concepts. Smith and Gregorio [14] introduced the concept of Bisociation to explain how
creative thinking occurs through the "collision" of concepts from two logically independent contexts,
sparking eureka effect [15] (i.e., a moment of sudden realization, inspiration, insight, recognition, or
comprehension). However, the study did not elaborate on the specific combination of raw materials
required. To address this gap, Medin & Shoben [16] explored how individuals comprehend adjective-
noun conceptual combinations (e.g., red apple or pet fish). Their research emphasized that conceptual
combinations are not merely simple attribute superpositions, but rather dynamic processes dependent
on context and knowledge structures. Beyond adjective-noun combinations, Han et al. [17] proposed a
“base and additive” noun-noun combination representation in the context of computational creativity
and product design. They argued that creative combinations can be structurally divided into: the Base,
the core idea forming the backbone of the design, and the Additive, the novel element(s) introduced to
modify, transform, or extend the base idea. For example, in designing a "solar umbrella", umbrella
serves as the base, while solar functionality acts as the additive. In contrast to the two-element
combination, multi-element combination involves high-level semantic interactions, often manifesting
as compound metaphors [18] or concept blending [19]. Chen et al. [20] proposed a multi-dimensional
representation in design generation systems with construction of complex creative combinations by
integrating information across multiple dimensions such as shape, function, and emotional semantics.
To further elucidate the mechanisms of conceptual combination, Hutchins [21] introduced the concept
of “material anchoring”, emphasising that blending operations depend upon stable representations.
However, this work does not systematically address how the properties of conceptual objects in blending
are determined or selected, nor does it explain the internal organisation and formation mechanisms of
combinational structures. Although this work demonstrates the externalisation process of blending at
perceptual and operational levels through numerous examples, it fails to specify the concrete
mechanisms of ‘how blending is executed’ at the level of design behaviour.

The review suggests that while current conceptual combination research identifies combination elements
and mechanisms, few studies discusses how conceptual objects are manipulated and combined in the
context of design.

2.2 Design tools in conceptual combination

With the development of the integration between computer science and cognitive science, tools that
support the generation of conceptual combination have emerged as a research paradigm in creative
design. Such tools demonstrate the potential to simulate the human process of integrating diverse
concepts through structured mechanisms, and are widely applied in design innovation, intelligent co-
creation, and cultural content production. For example, Combinator [22] is a bisociation-based
combinatorial tool that explores creative image synthesis in industrial product design. However, the
image synthesis only allows simple pixel superposition. The combined design concepts often lack
semantic analysis and reasoning of the combinational elements, resulting in poor generation quality. To
address this issue, an extended version, CombinatorX, has been proposed [23]. The tool enables users
to input creative intent via natural language by integrating foundation models. It automatically identifies
potential combinational representation structures and leverages multimodal foundation models to build
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more expressive and creative design generation. The system significantly elevates the design capabilities
of combinatorial creativity tools, proving particularly effective for generating concepts in open-ended
domains.

Additionally, PopBlends, a generative concept blending tool based on pop-culture [24], is especially
suited for scenarios requiring extensive semantic recreation, such as advertising creative design, brand
design, and content writing. This tool is different from traditional combinational creative tools that rely
on concrete inputs. It emphasizes utilizing widely distributed "popular concepts" in open domains as
semantic blocks. This kind of tool places particular emphasis on the “generative creativity” of its outputs,
meaning generated content must not only be syntactically correct but also exhibit a degree of
imagination and linguistic unexpectedness. ViMimic [25] is a large language models-based (LLMs)
system that support analogical reasoning and conceptual combination. It implements combination
behavior through analogy simulation, restructuring concepts across source and target domains to inspire
novel design concepts.

Although these conceptual combination tools have been widely used to stimulate novel conceptual
designs, the internal mechanisms and model structures of the combination process remain poorly
understood and underdeveloped. Existing works usually treat conceptual combination as a "black-box"
process, neglecting theoretical modeling of the combination mechanism. In other words, current
combination design tools primarily focus on generating outcomes as the orientation, lacking theoretical
underpinnings and systematic modeling for fundamental questions on "how the combination process
unfolds" and "what combination patterns be organized".

3 ASM-CANVAS: A TOOL FOR UNDERSTANDING CONCEPTUAL

COMBINATION
We propose ASM-Canvas (Attribute, Structure, and Manipulation-Ontology Canvas), a novel analytical
tool that systematically captures the dynamic components of combinational creativity. As illustrated in
Figure 1, the framework organizes combinational components into three interrelated dimensions:
Combinational Attributes, Combinational Structures, and Combinational Manipulations, where they are
operated through a set of combinational ideas. ASM-Canvas offers a unified tool for analyzing and
classifying conceptual combinations in design, innovation, and cognitive research.
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Figure 1. The framework of ASM-Canvas

3.1 Elements in conceptual combination

The concept of conceptual combination is based on Boden’s combinational creativity [3] which can be
described as the behavior of producing creative ideas by making new combinations of familiar ones.
Han [26] expanded the combination mechanism to be more specific: Two noun-noun objects, the Base
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and the Additive, constitute conceptual synthesis. In this framework, a combinational design idea is
defined as a composite construct comprising a unique Base idea and a non-empty set of Additive idea.
The constraints of this model require the presence of exactly one Base, while allowing for one or more
Additives. They will interact with ASM-Canvas components.

Idea: 1)The Base: The Base is the starting point of an idea, which is the main object or primary idea
being developed. It represents what designers already have or central element they want to design. 2)The
Additive(s): The Additive is an additional element combined with the Base to spark creativity.
Representation modality: The representation of ideas is commonly understood as the process by which
individuals externalize internal cognitive activities, rendering them perceptible, communicable, or
manipulable. In this view, ideas themselves as abstract psychological constructs require specific
symbolic systems or media to be expressed and externalised in order to enter into reasoning, ideation,
and iterative processes [27]. In addition, another perspective emphasizes that representation is not
merely the outcome of thought but also a medium through which thinking occurs. For example, activities
such as sketching or modeling are often conceptualized as thinking through representation in design
research. In cognitive science, the Dual Coding Theory [28] posits that human cognition operates
through two distinct channels: a verbal/semantic channel [29] (e.g., language, symbol, and label) and a
non-verbal perceptual/visual channel [30] (e.g., shape, color, texture, and image). Accordingly, we adopt
these two modalities as the fundamental representation forms in ASM-Canvas. For example, using
language to describe ideas is a typical semantic form of representing concepts; Sketching, painting, and
physical/digital 3D modeling are effective ways to externalize design ideas with perceptual features.

3.2 Components in ASM-Canvas

3.2.1 Combinational attribute

In cognitive science, idea representation and categorization rely on multiple dimensions of information.
Functional and perceptual attributes constitute two fundamental aspects of conceptual knowledge [31].
Functional information requires reasoning that places ideas within systems of use. Perceptual
information allows fast, bottom-up recognition and offers immediate guidance for action.

Function: Function refers to information related to an idea's purpose or functionality. Function can be
either apparent or non-apparent. The apparent function refers to operativity and manipulability. In other
words, perceptual features such as shape, color, and surface structure reveal possible actions, which are
immediately accessible to the senses through organized learning and recognition. This concept comes
from affordances in ecological psychology [32, 33]. For example, the long shape of a handle suggests
grasping, while the flat surface of a chair suggests sitting. In contrast, the non-apparent function describe
the uses, actions, or purposes, which are difficultly perceived from perceptual forms of an object. People
often need to infer the non-apparent function by drawing on prior knowledge, context, or cultural
practices [34]. For example, people cannot know that an elevator only by looking at its shape of cubic
metal pod. The knowledge comes from linking it to mechanical systems and the practice of vertical
transportation.

Morphology: Morphology can be viewed as a visual information about appearance, such as shape, color,
size, external structure, texture, and other properties that can be perceived visually [35]. As a perceptual
features, morphology may affect users' intuitive experience, serving as the direct and prominent source
of information when people cognitively engage with ideas. It not only conveys an idea's perceptual
attributes but also embodies certain aesthetic orientations and cultural connotations through its spatial
composition and surface features.

Although function and morphology reflect important attributes of an entity concept, expressing them
across different representations may result in limitations. For example, the shape of a complex
mechanical device such as Automatic Transmission is difficult to describe in brief language, but an
image or animation can convey it intuitively. A primary reason for these limitations is due to the
interpretability of representations across different dimensions. Table 1 shows how semantic and
perceptual representations describe the attributes in ASM-Canvas.
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Table 1. The descriptiveness of the attributes in different representations

resentation modality Semantic form Perceptual form
Attribute (Language, symbol, label) (Shape, color, texture, image)
) Apparent O N
Function
Non-apparent O X
Morphology N O

A the apparent function of an object can be described by the perceived affordance of perceptual features.
N the morphology of an object can be described by using some rough words such as shape, color,
appearance can be viewed as the describable case; hardly to describe morphology when the product is
obscure, or the design is complex can be considered non-describable case.

3.2.2 Combinational Structure

Combinational Structures emerge when Ideas-Attributes pairings are organized into homogeneous (i.e.,
Function-Function (FF) or Morphology-Morphology (MM)) or heterogeneous (i.e., Function-
Morphology (FM or MF)) configurations. These structures capture instances where combinations
involve similar attributes or cross-attribute integration, thereby enabling the characterization of
combination patterns.

I-A Space: Four Idea-Attribute spaces (I-A Space), Base-Function (B-F), Base-Morphology (B-M),
Additive-Function (A-F), and Additive-Morphology (A-M), are identified to serve as foundation of
conceptual combination.

Homogeneous: Homogeneous configuration refers to the pairing of the Base and the Additive(s)
attributes within the same dimension. FF combinations typically manifest as the superposition, extension,
or transformation of existing operations or functions, thereby generating new operational potential or
enhancing original performance. For example, the functional design of a rainproof socket named Anti-
rain Ares, as shown in Figure 2(a), integrates the characteristics of an umbrella (the additive concept)
and a socket (the base concept). MM combinations focus on the integration of appearance, structure, or
texture, generating new visual expressions through the interaction of similar morphological elements. A
practical example is Egg Chair designed by Arne Jacobsen, as known in Figure 2(b), which combines
the shape of an egg (the additive concept) with the form of a chair (the base concept).

Heterogeneous: Heterogeneous configuration involves pairing attributes across different dimensions to
establish synthesis between the operational and perceptual aspects of design. FM combination
emphasizes integrating a specific form into the core concept, enabling the expression of function to gain
new manifestations and carriers through form. Figure 2(¢) illustrates an example of Martin's Chocolatier
creatively packages to make the chocolate (the base concept) look like planets of the solar system (the
additive concept). MF combination integrates the functionality of other concepts without altering the
appearance of the conceptual entity. For example, Stanley H2.0 thermos consists of the concepts of a
cup (the base concept) and a heating element (the additive concept), as shown in Figure 2(d).

F M F M F M F M
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umbrella solar system heat reflective
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Combinational ( N S
Design -
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(a) Anti-Rain Ares Power Strip (b) Arne Jacobsen’s Egg Chair (c) Martin's Chocolatier chocolate (d) Stanley Quencher H2.0

Figure 2. Examples of homogeneous and heterogeneous combination
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3.2.3 Combinational Manipulation

Inspired by the structured approach of SCAMPER [36], this framework incorporates six types of
combinational manipulations, including Splice, Interlace, Replace, Deform, Superimpose, and Fuse, as
shown in Table 2. These manipulations describe the operative strategies where structures are
transformed into novel outcomes. By mapping manipulations onto structural categories, ASM-Canvas
provides a checklist-based function that enables guided analysis of creative combination. From the
perspective of cognitive science and psychology, combinational manipulation can be seen as a set of
mental strategies that help humans create meaning, solve problems, and innovate. Each type of
manipulation reflects a different way that the brain processes, organizes, and reinterprets information.
Splice relies on the principle of chunking [37], a cognitive process where bind individual separate pieces
of information together to create a meaningful concept. Just as we remember sequences of numbers by
dividing them into clusters, splicing allows the mind to reduce complexity by integrating fragments into
a coherent whole. This process supports memory efficiency and promotes a sense of unity.

Interlace engages with the psychology of pattern recognition [38]. The brain is highly sensitive to
alternating rhythms, contrasts, and repetitions, which help us identify relationships between seemingly
unrelated concepts. Interlacing enables transitional associations by exploiting our preference for
symmetry and balance.

Replace is closely connected to the mechanism of conceptual substitution [39], where one mental
representation takes the place of another. In psychology, this is linked to analogical reasoning. By
replacing an expected element with a new one, the brain is prompted to shift perspective, reinterpreting
the familiar in an unfamiliar context. This cognitive surprise often leads to novel insights and creative
reinterpretations.

Deform corresponds to mental imagery [40] and transformation [41] processes, such as mental rotation,
morphing, or dynamic imagery. Cognitive psychology shows that people can mentally simulate gradual
changes in shape or form, which allows them to anticipate outcomes or understand transitions between
states. Deformation also relates to two ideas evolve into a hybrid over time, emphasizing fluidity and
adaptation.

Superimpose makes use of dual coding [28]. When two forms are placed on top of each other, the brain
processes them simultaneously, holding multiple interpretations at once. It interacts with how humans
manage ambiguity. Computer graphics are particularly good at processing the superimposition of image
colors. For example, in RGB mode, pixel rendering depends on the combination of color layers covered
by the current pixel unit.

Fuse reflects the process of integration [42], where attributes from different domains are combined into
a single, unified schema. In cognitive science, this relates to conceptual blending, where mental spaces
merge to create emergent structures not present in the original sources. Fusion draws on the brain’s
ability to synthesize inputs into a new identity, producing hybrids that feel natural and novel.

Table 2. Explanations and examples of the combinational manipulations

Manipulation Explanation Diagram Example Source
Seamlessly connect Hengping Cooking Pot by
S Tenon ; L.
. multiple independent . Mortise and tenon joint,
Splice . . combines .
units or fragments into a Mortise IDA Design Award,
whole. Maoxin Yuan, 2022
A kind of filling or
connecting, which can be Black Chessboard, the squares

used to establish .
Interlace combines

.. . alternate between black and
transitional associations

between different White white
concepts.
Replace the original Pepsi
Replace fragment part with a new combines Joy, visual ad, Pepsi
fragment. Joy
Logo deformation from
The process of gradually .~ | Olympics : runner to 'Jing' Chinese
Deform or linearly forming from ol S ) =7 | combines character, the Beijing
concept A to concept B. Beijing H Summer Olympics, Guo
Chunning, 2008
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Involves layering one Man The Son of Man, René

Superimpose piece of information on combines Magritte, 1964

top of another. Apple

€

ieiegtfsrgﬁ tf"gnszﬁfces ' Chair The BASKET CHAIR, IF
Fuse y . Dle s + A ¥ combines Design Award, Gaber,

or combines functional an ¥

. 4 Basket 2015
attributes or appearances. r

4 DISCUSSION

The are diverse possibilities for the use of ASM-Canvas in practical applications. The canvas offers
three usage scenarios, demonstrating its potential across various levels of design research. These are
discussed in turn.

Generative Use: In design practice, creative generation often requires rapidly expanding the space of
possibilities within limited time. ASM-Canvas proposed in this paper can serve as a generation support
tool during this process. It guides designers to explore combinations within a structured framework
through predefined components and conceptual settings, thereby sparking new ideas and potential
directions. An example of complete generative workflow is shown in Figure 3(a). Given two concepts,
the canvas allows designers to map them from the Attribute module to the Structure module, finally
provoking conceptual designs. Designers are able to synthesize the elements using combinational
manipulations referenced by the canvas, forming several preliminary combinational design proposals.
Unlike traditional creative generation tools such as the mind maps [43] and sticky notes [44], ASM-
Canvas offers a progressive and traceable conceptual synthesis process. Its structured feature highlights
the comprehensiveness of the combination while maintaining sufficient flexibility, enabling designers
to adjust and reorganize elements according to project specifics. Furthermore, by leveraging the rapid
advancements in generative Al, particularly large language models [45] and text-to-image models [46],
a promising direction is to utilize the canvas as an intermediate layer framework to guide and inspire the
design and development of generative Al-driven conceptual design tools. For example, design engineers
can configure different reasoning capabilities for each component of the tool through fine-tuning or
prompting, making the Al-driven creative process more controllable and interpretable.

Analytical Use: Considering ASM-Canvas's capability for decomposing combinational features, we
suggest utilizing the canvas as a tool for evaluating and analyzing existing design proposals. A design
or concept can be analyzed through the tool's various modules. Designers are allowed to conduct
systematic evaluations based on their attributes, structure, and manipulations. As shown in Figure 3(b),
designers can extract and identify the fundamental combinational ideas from any existing design case.
These ideas are then mapped into corresponding attribute spaces, followed by discussions of their
combination structures and the six predefined combination forms. Decomposed data such as ideas,
representations, attributes, structures, and combination forms can be further structured as datasets of
model training for data-driven design and Al-enabled design. Instead of relying on intuitive or
experience-driven evaluations [47, 48], ASM-Canvas helps identify the combinational characteristics of
any design ideas, facilitating discussions from both "whether an idea is combinational or not" and "what
creative aspects does a combinational idea have". The value of analysis lies in the structured inspection
this tool provides. These findings are consistent with previous studies showing that the canvas method
is robust across different contextual analysis [49]. However, one limitation is that this analysis only
allows for qualitative assessment (i.e., analyzing which combination forms are present in a design case).
These forms cannot be quantified in the current version of the canvas.

Review Use: There is a substantial literature on combinational design research on theoretical models
[50], applications [20], and design practices [51]. However, those findings are often presented using
different research styles and frameworks, making it difficult to form clear comparisons during literature
reviews. Therefore, one potential usage is to consider ASM-Canvas as a tool for reviewing and
organizing literature. Figure 3(c) presents a literature analysis workflow. Based on the different design
research types within the literature, combinational design studies are categorized into methodology,
empirical research, and application (or case studies). The literature can be analyzed according to the
combinational modules of the canvas, thereby revealing the features and differences in conceptual
design across studies. For example, in reviewing combination strategies in design proposed by different
scholars, ASM-Canvas can be used to uncover the division and structure of the research across patterns,
capabilities, and operations. Researchers can not only identify the focus of existing work more
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efficiently but also uncover research gaps or potential opportunities for integration. Compared to
traditional linear narrative literature reviews, the canvas supports an intuitive and structured knowledge
map.

)

(@) Generative Representation / I-A Space — Structure g Combinational design

use l ¢
Attribute Manipulation
Elements generation Combination sorting Combination detailing Design generation
Combinational design [Eamd Representation / I-A Space Attribute
use
Manipulation
Material Primary check Idea deconstruction Feature labelling Summary analysis
Design Literature Theory I-A space
Empirical study Attribute ] ] X
(¢) Review : Review discussion
use Case study Structure
Application Manipulation
Material Search & selection Coding & categorizing Review analysis

Figure 3. Three usage scenarios of ASM-Canvas

5 CONCLUSION

This work presents ASM-Canvas, a novel tool for understanding conceptual combination in design
creativity. An ontology of attribute, structure, and manipulation are defined in the canvas for structuring
the cognitive process of combination, which offers a unified workflow for dissecting and classifying
conceptual designs. The approach extends existing models of creativity by articulating how elements
are combined and how functional and morphological features are synthesized. Three use cases of the
canvas are discussed, thereby opening new pathways for empirical research and practical applications
in design, innovation, and cognitive studies.
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