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Abstract

The role of Artificial Intelligence (Al) in design is clearly growing. One of the tenets of the paper is that
stimulation could be among the design processes mostly benefitting from the introduction of Al. Available
contributions have been reviewed to understand the current support Al can give in design inspiration and
ideation. We also reflected on what Al should and ahould not do in the future: a framework is proposed. Based
on the reviewed contributions, in no case, Al is seen as a substitute of designers. Most contributions originate
from the IT domain and have a demonstrative purpose.
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1. Introduction

According to Verganti et al., (2020), Artificial Intelligence (Al) has the potential to both boost the use
and effectiveness of established design methods, but also overturn established design practices. The
profoundness of this impact will likely depend on the way designers will manage Al and if they will be
able to use Al as a partner and not as a substitute of their skills and creativity.

The starting point of this paper is based on the recent work of Thoring et al. (2023), who explored the
potential of Al as a companion to augment designers' capabilities. Al is able to quickly generate
numerous variations of a design. However, these scholars argued that Al, in its current state, is not able
to perform the following tasks: distinguishing good and bad designs, making adequate choices, teaching
the rationale of decisions and concepts to others, and transferring concepts to other contexts. This does
not exclude that Al might (in the future) be able to support the human designer in these tasks, which
will lead to the concept of an "augmented designer”, i.e., a close human-Al collaboration. Still with
reference to Thoring et al. (2023), the relevance was emphasised of Al's creative capabilities in the
design field and the range of design artefacts that can be artificially generated, i.e., texts, images, sounds,
videos, and 3D models. These artefacts resonate well with the representations used in design (Goncalves
et al., 2014; Dorta et al., 2016) and with the forms of objects used as stimuli for ideation or sources of
inspiration (Borgianni et al., 2020). Consequently, with this paper, we aim to have a closer look at
stimuli in the context of Al-supported inspiration and ideation in early design stages. With this lens, we
took inspiration from (Tang et al., 2019) and identified four areas where Al can facilitate the human
designer: (1) ideation, (2) generation of stimuli (3) stimulation, and (4) search for stimuli. More details
are to be found in Section 3. More specifically, the goal of this paper is to understand through a
representative sample of papers gathered through a literature review to which extent can Al, in its current
development stage, influence the processes of design stimulation and ideation, and infer Al's further
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potential. In fact, inspiration already ranges among established Al-powered design activities in Yuksel
et al.'s (2023) recent review on Al contribution to engineering design. However, the understanding of
the variety of possible effects of Al on designers' creativity is still scattered. We go beyond existing
reviews, as we specifically address the role of Al for design inspiration and ideation as design activities,
rather than addressing specific domains (e.g., Pena et al., 2021).

2. Relevant background on design inspiration and stimuli

As widely accepted in the literature, ideation is critical to successful design outcomes, but the early
stages of the design process are poorly supported by methods and tools, because of design's inherent
high levels of ambiguity and uncertainty (O'Halloran et al., 2019). As an alternative to the adoption
of standardized methods, evidence suggests that designers engage in both spontaneous and deliberate
search for sources of inspiration while designing (Gongalves et al., 2016). Any priming action,
prompt, driver, trigger or source of inspiration will be generally referred to as "stimulus™ hereinafter.
Stimuli usually support designers in exploring the problem and solution spaces, mapping relations,
functions and paradigms. In this context, design experiments leveraging stimuli have targeted the
enhancement of ideation and problem-solving processes by fostering creativity and reducing fixation
phenomena (Crilly & Cardoso, 2017). Sun and Munster (2018) revealed the large number of
parameters that are leveraged and controlled in ideation and stimulation activities and elucidated the
complexity of the involved phenomena. Among others, the kind of cognitive stimulation, and
especially the distance between the stimulus source and what is currently designed and ideated, play
a relevant role in this sense (Gongalves et al., 2013), but the predictability of inspiration and fixation
phenomena is still hard to capture. Moreover, people benefit from stimulation mechanisms to different
extents and prefer certain forms of stimulation (pictures, videos, text, etc.) over others (Borgianni et
al., 2020; Blandino et al., 2023). The possibility to vary and adapt forms of stimulation is supposed
to overcome the pros and cons of the different modalities of stimulation regarding creativity and
fixation (Borgianni et al., 2020).

While the availability of a considerable quantity of stimuli in different forms seems beneficial,
designers typically lack the means to select and navigate them appropriately, resulting in ineffective
exploration (Goncalves et al., 2016). Then, to make the process more effective, the stimulation activity
should be ideally customized and articulated according to designers' preferences, idiosyncratic and
immediate needs that reflect different phases of the design process (e.g., incubation, specification of
ideas, exploration, elaboration). This suggests that ideation can substantially benefit from considering
cognitive aspects in design (Goncalves et al., 2016) to monitor immediate designers' cognitive aspects,
feelings, emotions, and behaviour. In design, the most studied cognitive phenomena are efforts, stress
and frustration designers may exhibit (Borgianni and Maccioni, 2020). In addition, cognition also
plays a role during ideation (Goncalves & Cash, 2021), for instance in activation of prior knowledge
and/or mental set in the promotion of insight and problem-solving. Creative ideation could be fostered
by a variety of methods: although some scholars have evidenced that a state of flow (immersion in
own thoughts) is tightly connected to ideation (Csikszentmihalyi, 1997), others suggested that
creativity could improve via feedback and ongoing stimulation (Fink et al., 2010). However, the
effectiveness of steering the stimulation process through cognitive data is both still to be fully
demonstrated and difficult to test, as it would require the use of biometric systems the designer should
be equipped with.

As tailored solutions for directed stimulated ideation are needed and cannot be developed by readapting
traditional methods, an opportunity can be represented by Al. In this context, we believe that Al can
disclose hidden links between required stimulation means and designers' actions. Al can propose an
abundance and a higher-level variation of stimuli also because of Al's ability to generate new things,
prompted by the designer. Because of the manifold ways Al can potentially interact with the process
involving the search for stimuli, cognition, inspiration and ideation, it is relevant to consider which areas
are currently being addressed and which questions deserve more attention in the future. Therefore, we
believe that an overview of the literature on Al in these design activities is valuable to fully understand
how Al can facilitate this intricate process.
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3. Overview of literature contributions on stimulation and ideation
supported by Artificial Intelligence

According to Tang et al. (2019), Al-based ideation is a process involving the generation of innovative
and practical design concepts. It is categorised into stimuli-based and interaction-based methods.
Stimuli-based approaches offer external inspiration to designers, while interaction-based methods
facilitate group collaboration and feedback. Al techniques can enhance both ideation types by retrieving
or generating stimuli, using natural language processing or image generation models, and creating
intelligent virtual moderators or chatbots for online brainstorming.

This background section is structured in line with the distinction of Al contributions proposed by Tang
etal. (2019) and in consideration of our focus on stimuli. The most pertinent examples of Al applications
in design stimulation for idea and concept generation are defined according to the different roles played
by Al systems, in line with the areas shown in the Introduction section.

1. Al-supported ideation: Al proposes ideas, designs or solutions following stimuli provided by
humans or other Al agents.

2. Al-supported generation of stimuli: Al generates stimuli autonomously or after the provision of
some inputs; designers can avail of these stimuli as a result.

3. Al-supported stimulation: Al selects, elaborates or improves stimuli after the elaboration of
various sources or datasets, which have not been initially constructed as stimuli databases.

4. Al-supported search for stimuli: Al is used as a human-activated support tool to search and
identify appropriate stimuli out of a predefined set or collection of designs, or to organize and
combine them.

We analysed the literature to identify the contributions pertinent to the areas above where a clear
application of Al in design was found and described: this was the main criterion for inclusion of papers
in this review. We used Google Scholar as a database, so that relevant terms (and combinations thereof)
such as "Al", "Artificial Intelligence", "design", "inspiration™ and "stimuli" could be searched in the full
text of papers. The terms were combined, and the search was stopped when no relevant new
contributions emerged from the search. More than 100 papers that appeared as pertinent contributions
based on their title were analysed, but many were subsequently excluded, mainly because the presented

Al applications did not directly support the design functions we focus on in this paper.

3.1. Al-supported ideation

In the first area, the following studies have explored Al's capabilities in proposing ideas and concepts.
Chen et al. (2019) proposed an approach encompassing a semantic ideation network and a visual
concepts combination model to enhance ideation through Al and data mining techniques. Stimuli are
provided by the study participants who used either predefined models for inspiration or results of an
Internet search. The latter gave rise to better results in terms of creativity.

The proposal presented in Zhu and Luo (2022) generates design ideas by using the United States Patent
and Trademark Office as an input. Ideas are generated in text form, which can be subsequently evaluated
by means of a technology semantic network based on patent data. As the outcomes of the Al system are
just partially satisfactory, designers' own input on the ideas generated is essential.

The potential of text-to-image generators for design tasks is investigated by Paananen et al. (2023). The
generators are tested in relation to supporting architectural design creativity during the early design
stages. The generated images are in form of possible graphical design solutions. Based on the results,
the research concludes that image generation can be a valuable part of the architectural design process,
provided that design constraints and imaginative ideation are carefully considered.

Koch et al. (2020) introduced a digital mood board tool to support collaborative and intelligent ideation
for designers. The system works following the collection of data including audio, video, interviews, and
questionnaires. The generated digital mood boards convey design concepts, ideas, and emotions related
to a design brief; hence, the outputs can be used as either design outcomes or stimuli for subsequent
design phases or redesign actions.

The overview of studies focusing on Al-supported ideation through stimuli highlight that attempts are
preliminary and in very different forms. Using Al tools to support ideation shows promise in how

ARTIFICIAL INTELLIGENCE AND DATA-DRIVEN DESIGN 1941

https://doi.org/10.1017/pds.2024.196 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2024.196

designers are able to nudge and adjust the interaction with Al, potentially supporting designers'
reflective practices. Although potentially stimulating, ideas generated by Al should be managed by
designers.

3.2. Al-supported generation of stimuli

Al's potential to generate stimuli based on given prompts has been explored in the following studies.
Maier et al. (2020) explained how Al can inspire creativity through various Al-based tools, such as
image generators, design tools, and inspirational quote generators. This contribution highlighted the use
of Al as a facilitation tool for co-located group brainstorming sessions, as demonstrated in the
experimental study that compared human facilitators with a cognitive assistant employing natural
language processing and Al.

Kim et al. (2021) introduced a co-creative design system known as the Collaborative Ideation Partner,
which supports idea generation by providing stimuli varying in similarity to the user's design in two
dimensions: conceptual and visual similarity. Additionally, the paper outlined an exploratory study
evaluating the impact of Al inspiration on creativity. The results showed that distinct types of Al-
generated stimuli have different effects on ideation outcomes and suggested further analysis of the
cognitive processes involved in co-creation with Collaborative Ideation Partner.

In the work of Yun et al. (2022), an ideation support tool is presented using generative Al text for design
inspiration aimed to support design creativity. The generated texts led to the gradual development of
ideas with an increasing detail level.

Debowski et al. (2022) proposed a Virtual Collaborator prototype based on Al to stimulate creativity
within idea generation. In particular, the system is capable of providing information, background
knowledge, examples, images, sounds, and diverse perspectives to facilitate creativity during ideation.
The prototype works through natural language processing, semantic analysis and keyword search to find
relevant content from various sources.

Duan and Zhang (2022) introduced an Al-based method for generating diverse, coherent, and mentally
evocative visual stimuli in the context of environment concept design. It addressed the challenges faced
by designers in this field and proposed a novel approach that utilizes generative adversarial networks to
produce images that can serve as inspiration during the design ideation process. The stimuli were
subsequently assessed through interviews with design professionals in terms of the presumed
effectiveness of the generated stimuli. The study found that the generated stimuli exhibited coherency,
completeness, and a mental image-like quality.

Knops et al. (2023) introduced a human-centred Al collaboration tool that enhances collaboration speed,
creativity, and effectiveness in co-ideation and co-creation sessions. It addressed key challenges in
human collaboration enhanced with Al, which include facilitating the design process, providing
inspiration for exploration, and assisting in requirement understanding and definition. The role of Al is
here to create stimuli for design inspiration, specifically through speech-to-text and text-to-image Al
models.

Wang and Han (2023) investigated the influence on the creative ideation process of two distinct types
of stimuli, namely pictorial and generative. The latter were created through adversarial neural generative
networks. The study involved a quantitative comparison of these two kinds of stimuli in the context of
combinational design and explores how designers' experience affects the effectiveness of these stimuli.
Based on the findings, generative stimuli contributed to a smoother creative process for designers
compared to image stimuli. In addition, designers with more extensive design education tended to derive
greater novelty and usefulness from generative stimuli.

In Lee and Chiu's (2023) study, Al is leveraged to create inspirational stimuli through a text-to-image
generator. The study compared the influence of Al-generated visual stimuli against online visual stimuli
(sourced from Pinterest) on product design, with a focus on the styling of a futuristic motorcycle. The
scholars concluded that none of the two categories of stimuli was superior and rather highlighted their
complementary nature.

Kim and Maher (2023) investigated the impact of an Al-based co-creative design tool that offers design
inspirations based on conceptual similarity during the ideation process. The tool enabled users to
collaborate with an Al partner during open-ended creative tasks, with the Al partner's role being to offer
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inspirational images based on conceptual similarity. The Al-driven stimulations significantly influenced
the novelty, variety, and quantity of ideas generated during human design ideation.

A peculiar case was presented by Zhou et al. (2020), where stimuli were provided in the fashion of
design feedback. The scholars proposed an Al-augmentation method and conducted an experiment
involving novice designers to evaluate the effects of Al feedback on their design outcomes, especially
regarding creativity. The results indicated that Al augmentation enhances performance in fluency and
style quality but not in flexibility and originality. The article emphasized that different forms of Al
feedback may yield varying effects on design iterations.

Most of the reviewed papers on Al-aided generation of stimuli describe applications focused on the
collaboration between Al and designers. The number of articles found and the way the outcomes of
studies are assessed demonstrate a relative maturity of this kind of applications with a relatively positive
impact on creativity.

3.3. Al-supported stimulation

A number of studies have focused on how Al can select, elaborate or improve stimuli to support
designers. For instance, Singh et al. (2019) explored the potential of an Al-based mobile app to offer
visual inspiration for design tasks, specifically by providing users with images that possess ambiguity,
diversity, and the ability to evoke various interpretations, moods, and emotions. The app performance
in image retrieval and its impact on design inspiration were assessed through a crowdsourcing
experiment and a pilot study involving 8 participants. The main outcome of the study was the need to
empower users to choose or update their image datasets.

In the work of Jin et al. (2021), an Al system was used to identify, extract and fine-tune visual stimuli
from patents to be used by User Experience designers. This system enhanced designers' capabilities by
providing guidance in generating innovative Al-powered ideas. The scholars proposed that Al can
generate suitable stimuli in given circumstances based on humans' initial inputs; the so-created stimuli
can be then evaluated by professionals.

Sarica et al.'s (2021) objective was to present a new Al-based methodology that leverages TechNet, a
network of technical terms from patent texts, for idea generation in engineering design. The system
provided stimuli and conceptual white spaces for ideation, which were then filled by designers with new
ideas. The white spaces were featured by different analogical distances from the field of the design tasks,
which prove to play a considerable role in terms of creativity metrics.

Wan and Lu (2023) introduced a web-based digital mood board that integrates Al-generated images into
the character design ideation process. The scholars' approach allowed designers to articulate their needs
and communicate explicitly with the Al, emphasizing the collaboration between human creativity and
Al assistance. The system is evaluated as enjoyable, explicit, and effective for exploring Al-generated
images.

The overview of papers on Al-supported stimulation is relatively small. Yet, it can be seen as
complementary to the works described in Section 3.2, which highlight the collaborative interaction
designers can have with an Al support. Based on this review, integrations among different contributions
are difficult to foresee because of the variety of the design representations and sources leveraged.

3.4. Al-supported search for stimuli

The last category of reviewed studies focusses on the potential of using Al to support the search and
selection of relevant stimuli. Liao et al. (2020) employed Al as an inspirational tool for designers during
the early stages of design, focusing on creativity and decision-making. The developed framework was
derived from think-aloud protocols extracted from 30 designers. Specific Al tools that turned useful in
this contribution include image translation, image synthesis, image editing, image creation, and style
transfer. Al's potential role in design ideation was categorized into representation creation, empathy
trigger, and engagement, which are key components of the proposed Al-augmented design support
framework.

In the work of Zhao et al. (2021), Al was utilized to extract features from designers' sketches through a
deep learning network. These features were used to retrieve visually similar images from a vast logo
database, providing image stimuli to enhance designers' ideas. As an original aspect of this contribution,
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Al analysed designers' visual behaviour when interacting with the image stimuli and selects images with
longer fixation times as the most valuable for stimulating creativity. Based on the results of experiments,
this stimulation process was mostly useful in divergent design phases.

In the study of Wahl et al. (2022), the primary objective was to examine the influence of diverse sets of
pre-structured idea stimuli, organized by an Al-supported clustering, on ideation outcomes. This
variation in idea stimuli revolved around quantity and semantic diversity. The findings indicated that
idea novelty benefited from exposure to a broad range of ideas originating from various clusters. This
effect was further amplified when participants possessed domain-specific knowledge. However, this
broader search was detrimental to idea feasibility and specificity. The study's implications suggest that
designers seeking innovative ideas can benefit from Al-supported clustering tools but should be cautious
of some elements of vagueness inherent to their functioning.

Kwon et al. (2023) investigated the process of designers searching for inspirational stimuli through an
Al-enabled multi-modal search platform. The study specifically explored how different input
modalities, as well as the level of design expertise, affect search behaviours and outcomes. The scholars
presented the results of a design exploration task where both student and professional designers used
the platform to find 3D-model parts for inspiring their solutions to a designated design challenge.
Keyword searches were more frequent and more often led to expected results. Workspace searches were
more likely to yield unexpected results, especially in new searches. Students differed from professionals
in their search behaviours, evaluation of results, and acceptance of their designs.

The contributions we gathered in this subsection are still quite explorative and do not appear to show
mature systems to support designers in the search for stimuli. Most studies focus on the behaviour of
designers who are given the chance to use Al while they willingly approach the inspiration process. As
such, it seems an area that deserves more attention.

4. Reflection and discussion

4.1. Main evidence from the literature

Based on the findings from the literature, Al support in stimulation and ideation processes was
successfully distilled in four areas in line with (Tang et al., 2019), see the numbered list in Section 3.
For area 1 (Al-supported ideation), the literature reported various cases where Al produced ideas based
on provided constraints, but the outcomes were just partially satisfactory. In most cases, the designers'
own input on the ideas generated was still required, and the given design constraints had to be carefully
considered. We found that researchers have mostly addressed questions and applications related to the
second area: Al-generated stimuli are the most common typology of Al support to ideation and various
techniques are proposed. The technology for this purpose appears to be mature for this task. The third
area (Al-supported and -generated stimuli) is not as elaborated in the found literature. In a few cases,
Al is used to provide suggestions to designers in terms of actions aimed to progress in the design process.
Rather, many Al systems browse and offer stimuli to designers but distinguishing good and bad stimuli
according to design objectives is not yet possible. The fourth area (Al-supported search for stimulation)
includes multiple cases, but the corresponding task is overall poorly covered. Many systems have
predefined forms of stimuli offered to designers, which are usually visual representations. Also, when
multiple forms of stimuli representations are provided, this is not affected by circumstances concerning
the designer. In one case only (Zhao et al., 2021), the choice of stimuli takes place after analysing the
designer's eye movement. In conclusion, it can be stated that no Al system analysed in the literature has
verified the capability to evaluate data with sufficient effectiveness in selecting the most appropriate
stimuli. Al can straightforwardly propose options, but human intervention remains essential. Overall,
we can state that the presumed Al capabilities of disclosing links between stimulation means and
designers' actions (see Section 2) have not been exploited and turned into desired design applications.
This is the starting point of our future work.

Moreover, no contribution sees Al as a substitute for human activities. Instead, it is viewed as a support
or ‘enhancement’ for designers, especially in the area of inspiration for concept creation, which is in line
with Thoring et al. (2023). Consequently, we argue that, despite ongoing research, the adaptation of Al
technologies for the scopes of stimulation in early design is still at an experimental stage of development.
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4.2. Moving forward and considering ethical issues: threats and opportunities

As a result of the findings from our review, it seemingly emerges that Al can support the designer with
several tasks, but some still need to be performed by the human designers themselves. The agenda for
future research by Thoring et al. (2023) presented several ideas on what needs to be achieved for Al to
be even more of a support for designers. But, in ethical terms, how far should we go? Are there any
tasks that maybe Al could take over in the future — but should not? In parallel to the exploration of how
Al can support ideation and design, a growing number of publications have focussed on ethical
considerations of using Al in this context. For instance, questions about biases, accountability and
transparency have emerged as crucial topics to leverage the rapid growth of Al tools (Loi et al., 2019;
Krongvist and Rousi, 2023). The potential biases are well known that can emerge from the available
databases and algorithmic choices Al systems currently use (Shneiderman, 2020). Likewise, there is a
risk of designers' over-reliance on Al tools, blindly trusting Al-generated responses, especially in the
case of novice designers (Popescu and Schut, 2023). Consequently, and looking forward, it is essential
to map what Al should or should not do in the context of design creativity. These considerations led us
to develop the framework of Al support for stimulation in design ideation illustrated in Table 1. The
framework is clearly the product of our thoughts after considering the risks associated with Al and the
reading of the literature.

Table 1. Framework of Al-support for stimulation in design ideation
What Al can do What Al cannot do - yet | What Al should do What Al should not do

Generate stimuli
based on given
prompts or

Select stimuli and
distinguish good from bad
ones

Support human designers
by providing stimulation

Replace human designers
by generating completely
finished design solutions.

constraints

Create variations of
specific stimuli

Offer stimuli choices to
the human designers

Transfer stimulation
concepts to other contexts

Nudge human designers
in specific/limiting
direction (risk of fixation)
Make decisions without
designers' appraisal

Externalise decisions for
selecting specific stimuli

Accelerate design
processes, by facilitating
reflective practices

Adapt to designers'
cognition and emotions to
provide suitable stimuli

Automatically provide
stimuli support

4.3. Additional reflections

We found surprisingly few considerations in the analysed literature in terms of what type of Al support
would be appropriate for what situation. In a few cases, Al comes into play based on specific design
phases. In other words, the way the Al system works does not depend on design situations or tasks. In
one case only, scholars have reflected on the most effective situations in which the Al system can
intervene and identified divergent phases as a preferred terrain (Zhao et al., 2021). However, also in this
contribution, there are no different modalities of using the Al system; it has been just realized when
better results are achieved.

A few more limitations become evident when looking at our literature analysis. First, many contributions
originate from research in computer science. In these cases, the focus is on the usability of a standard or
readapted Al tool in design ideation rather than its specific development for design purposes. Otherwise
said, design is viewed here as a potential field of application of Al technologies. In any case, also when
emphasis is not placed on design-related issues, many contributions evaluate outcomes through
creativity metrics, which allows comparisons and aligns well with the literature published in design
journals and conferences. Besides, creativity is considered as a reference target whatever the reference
scientific domain of the analysed contributions. Second, when experiments are conducted, the number
of participants is, on average, very low. In many cases, samples of participants include less than 10
people. This highlights the difficulty of generalizing the results and suggests that most proposed Al
systems are to be considered prototypes, which is directly reported in some contributions. This aspect is
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stressed by the fact that numerous contributions are published in conferences. On this basis and with
regard to the level of achievement of the above tasks, we can infer that we are far from the creation of a
standard effective Al system for ideation and stimulation in early design.

5. Conclusions and limitations

This review and critical analysis explore the role of Al in the creative design process, categorizing its
assistance into four main areas: ideation, generation of stimuli, stimulation, and searching for stimuli.
The boundaries of the Al applications considered in this study can be seen as a limitation of the paper.
Actually, other Al systems might aid the process of design ideation in indirect ways, for instance through
the identification, collection and management of customer needs (Li et al., 2021), which are commonly
handled in the early design phases. In this respect, the reviewed Al applications might provide just a
reduced framework of the activities Al can truly support to benefit design ideation and stimulation. Even
if we consider the analysed sample of articles sufficiently representative, some relevant contributions
might have not been identified in this non-comprehensive review because we closely looked at papers
mentioning Al without using search terms representing Al sub-areas, such as Deep Learning, Neural
Networks or Machine Learning. These terms will be properly considered in our future work, which
includes a systematic and comprehensive literature review to encompass not only functions closely
related to stimulation and ideation, but also ancillary functions, such as the identification of consumer
requirements and the organization of design teams. Once a comprehensive sample will be collected, it
will be useful to classify the contributions through categories and subcategories, including design
functions and Al-used algorithms. This could lead to identify the existence of potential connections
between design activities and most appropriate Al tools supporting them.

Based on the data collected and contributions analysed so far, Al demonstrates promising capabilities
in generating stimuli and supporting ideation, but it struggles in evaluating data to select the most
appropriate stimuli. Despite advancements in technology, we are far from achieving a seamless
collaborative interaction between designers and Al systems in the creative design process. Ethical
concerns are significant, raising questions about the suitable degree of Al integration in the creative
process. The reviewed literature positions Al as a support for designers, according to the perspective
that Al should enhance human capabilities rather than replace them. As the field progresses, ethical
considerations regarding the definition of Al's role in design become increasingly crucial.

However, the literature falls short in addressing the appropriateness of Al support in various situations,
emphasizing the experimental nature of current applications. Clear guidelines on when and how Al
should intervene in the design process are lacking and are, thus, suggested in this paper based on our
understanding and viewpoint. The analysis identifies limitations, with a focus on the usability of existing
Al tools rather than the development of purpose-built tools for design. The prevalence of prototypes and
a scarcity of participants in experiments highlight the distance from establishing a standardized,
effective Al system for ideation and stimulation in the early stages of design.

In conclusion, the integration of Al into the stimulation-based creative design process is still in its
experimental phases, demanding further research, ethical considerations, and the creation of specialized
Al tools to realize its full potential. The ongoing journey toward a standardized and effective Al system
for supporting ideation and stimulation tasks in early design presents both challenges and opportunities
yet to be fully explored.
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