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Abstract

Interactive art is a form inwhich aesthetic content emerges through audience participation
within technology‑based installations designed for interactive engagement. Recent devel‑
opments in AI have increasingly shaped this field, influencing audience participation, the
dynamic interplay between installations and algorithms, and the formation of aesthetic
experience. However, relatively little research has examined how AI affects these design
dimensions in interactive art. To address this gap, this study proposes the exploratory
4A framework, comprising audience participation, art object embodiment, AI inquiry and
response, and aesthetic experience. Rather than advancing a wholly new theory of inter‑
action, the framework extends earlier models by treating AI as an analytically distinct en‑
tity to examine the technical and experiential conditions specific to AI‑driven artworks.
Drawing on publicly available documentation, we analyzed three artworks presented at
the CVPR 2024 AI Art Gallery as illustrative cases to demonstrate the framework’s appli‑
cation. The analyses elaborate interpretive design propositions concerning AI temporality,
modality conversion, and AI‑mediated aesthetic experience. These propositions suggest
potential approaches to designing AI‑driven interactive installations, while the framework
provides a structured basis for further analysis. The study’s limited case selection and
documentary basis highlight the need for broader application, framework refinement, and
empirical investigation of audience experience.

Keywords: artificial intelligence; interactive art; interaction design; audience participation;
aesthetic experience

1. Introduction
1.1. Definition and Aesthetic Effects of Interactive Artworks

Interactive art is a genre in which artistic content is generated in real time through
the direct participation of an audience, mediated by algorithms and digital technologies
within an interactive installation [1–3]. Because audience involvement is foundational,
these works are characterized as participatory art that continuously evolves. Unlike tra‑
ditional artworks, which primarily emphasize appreciation and interpretation, contempo‑
rary interactive art elevates real‑time participation to a central element in the creation of
artistic content and subsequent aesthetic experience. This shift signifies the emergence of
a new form of aesthetic value.
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Aesthetic interaction instantiates the human effort to find meaning when encounter‑
ing art; a viewer’s interpretive ventures are discursive accomplishments that integrate the
aesthetic dimension of life into the broader human experience [4].

Interactive art installations have continually evolved through the application of dig‑
ital technologies. Consequently, prior research has explored the design and function
of installations that enable interactivity [5–9]. By combining various technologies, these
interactive installations can reflect audience actions and, in doing so, generate novel
aesthetic experiences.

The implementation of interactive art has spurred continued research into new tech‑
nological applications, the nature of interaction, and the temporal and spatial dimensions
of content experience [10–14].

A fundamental relationship between the audience and the installation has been estab‑
lished in this field since thework of Fels [15]. This foundational structure has since evolved
into increasingly complex and participatory forms, as documented by Edmonds [16]. The
application of diverse technologies has enabled new participation modes and facilitated
the integration of different content types within the structure of interactive art. Conse‑
quently, audience participation, technological mediation, and artistic representation have
emerged as central research themes [5–17].

In particular, recent advancements in artificial intelligence (AI) technologies have in‑
troduced significant changes and expanded the possibilities for production techniques,
modes of audience participation, and the nature of the aesthetic experience in interactive
art. From the perspective of installation design, integrating various AI algorithms has en‑
abled new forms of engagement that generate aesthetic experiences distinct from those
possible with traditional interactive art.

1.2. Integrating AI into Artistic Practice

AI technologies, propelled by an explosive increase in data, enhanced computing
power, and breakthrough model architectures, are influencing virtually every aspect of
modern life. At its core, AI aims to develop intelligent agents (systems) capable of rea‑
soning, evolving, and functioning autonomously through learning. This integration of
AI has catalyzed new forms of artistic transformation in interactive artworks [18–24], and
academic research is actively investigating the influence of AI in the arts, including its im‑
plications for ethics and creativity [25,26].

Even before the advent of generative AI, machine learning (ML) methods—including
supervised learning, unsupervised learning, and reinforcement learning [27]—were em‑
ployed in the arts. These methods were particularly used to produce personalized content,
generate creative output, and support artistic ideation [28]. The socio‑technical conditions
established for producing art‑based ML prototypes have paved the way for an interactive
understanding of ML, one that embraces the differences between design and engineering
practices through diffractive practice [29].

InteractiveML has also been used to design and build new gestural controls, allowing
artists and dancers to define embodied interactions through improvisation and evaluate
models in real time by experimenting with controllers [30]. The application of deep learn‑
ing in art is enhancing artistic creativity, influencing both ideation and visualization by
enabling new modes of expression [31,32].

More recently, the emergence of generative AI—driven bymodels such as variational
autoencoders (VAEs), generative adversarial networks, diffusionmodels, and transformer‑
based large language models (LLMs)—has begun to challenge traditional notions of hu‑
man creativity. Generative AI has opened new opportunities for audience engagement
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through image generation, transforming how audiences create and experience visual
content [33].

Furthermore, co‑creation between humans and AI is provoking ongoing discourse re‑
garding the evolving roles of human creativity and technological agency [26,34,35]. As the
scope of AI‑driven art production and exhibition expands, it prompts sustained academic
exploration of its aesthetic significance [36,37]. Consequently, transformative changes are
occurring across the entire artistic process, from data collection and AI system design to
technological procedures, aesthetic representation, and modes of audience participation.

1.3. Study Aims

This study aims to advance the analysis of AI‑driven interactive art by examining re‑
cent interactive installations that incorporate AI. Although prior research has established
important frameworks for traditional interactive art, relatively few studies have addressed
howAI specifically reshapes interaction design, system behavior, and aesthetic experience
in interactive installations. This gap persists owing to the limited capacity of traditional
interactive art frameworks to address AI‑specific design implications and the lack of estab‑
lished methodologies for examining how AI integration influences audience participation
and aesthetic experience.

To address this gap, this study proposes an exploratory analytical framework for AI‑
integrated interactive art, informed by initial artwork reviews and engagement with exist‑
ing models of interactive art. Rather than advancing a wholly new theory of interaction,
the framework organizes the technical and possible experiential conditions of AI‑driven
artworks. Its development and application were interrelated. Although the final frame‑
work is presented before the detailed case analyses for clarity, this order of presentation
does not describe a strictly linear order of discovery. The research developed through the
following overlapping stages:

1. Identify interactive AI artworks among works featured in the AI Art Gallery of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR) 2024.

2. Conduct initial reviews of selected artworks using a common exploratory template.
3. Develop and refine a more concrete analytical framework in relation to these reviews

and the relevant literature on interactive art, AI, and aesthetic experience.
4. Analyze three cases in detail using the framework to demonstrate its application.
5. Elaborate design‑oriented interpretations concerning interaction temporality, modal‑

ity conversion, and AI‑mediated aesthetic experience.

1.4. Scope and Limitations

The scope of this study is as follows:

(1) The analysis is based on official artwork descriptions, related publications, and pub‑
licly available video documentation, not on primary audience interviews, surveys, or
behavioral measurements. It is a documentary and interpretive analysis. Descrip‑
tions of system operations are distinguished from researchers’ interpretations of pos‑
sible experiences. The case analyses demonstrate the exploratory framework’s appli‑
cation; they do not independently validate it or establish actual audience responses.

(2) Ethical issues related to the use of AI, including consent, privacy, and bias, are highly
significant in contemporary AI art. While these concerns are acknowledged and
briefly discussed in this study, they are not examined as a primary analytical focus.

(3) Although theoretical questions concerning artist agency, authorship, and aesthetic
value are central to ongoing discussions on AI‑based interactive art, they are not the
main focus of this study. The study is intended to advance an analytical framework
rather than to propose new theories regarding these issues.
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2. Literature Review
To analyze AI‑integrated interactive art installations, a literature review was con‑

ducted across two related strands of literature: interactive art more broadly and AI‑
integrated interactive art installations specifically. The review aimed to examine the inter‑
action structures of interactive art installations, explore the roles of AI technologies within
these structures, and identify characteristics associated with AI integration. It also consid‑
ered how AI reconfigures relationships among audiences, artworks, and computational
systems, and how these relationships shape aesthetic experience. The review adopted a
narrative approach and conceptual synthesis rather than a systematic review designed to
provide an exhaustive synthesis of evidence.

Relevant literature was identified through searches in Google Scholar, Scopus, IEEE
Xplore, and the ACM Digital Library, supplemented by citation tracking of key publica‑
tions. Search terms included combinations of “interactive art,” “AI interactive art,” “artifi‑
cial intelligence interactive installation,” “generativeAI art,” “human–AI interaction,” “au‑
dience participation,” “interactive aesthetic experience,” “computational creativity,” and
“AI‑mediated interaction.” Reference lists of key publications were also examined to iden‑
tify foundational studies and established models relevant to the conceptual analysis of
AI‑mediated interactive systems.

The review first examines established models and conceptual accounts of interactive
art installations, including input–output processes, audience participation, embodiment,
and artwork–audience relationships. It then considers studies of AI‑based interactive in‑
stallations, examining howAI technologies are incorporated into artistic practices and con‑
tribute to co‑creation, audience engagement, and aesthetic experience. Together, these
strands provide the conceptual foundations and examples that inform this study’s pro‑
posed analytical framework for examining the relationships between AI technologies, in‑
teraction design, and the artistic and conceptual implications of interactive installations.

2.1. Research on Interactive Art Installations

Over the past decade, interactive art installations have become a significant research
topic at the intersection of art, technology, and human–computer interaction (HCI). Such
installations employ various technologies to capture and respond to audience activities,
generating new aesthetic experiences through dynamic interaction.

Saltz [37] conceptualized a process in which a sensing or input device translates as‑
pects of a person’s behavior into a digital form understood by a computer; the computer
then outputs data that are systematically related to the input, which are then translated
back into real‑world phenomena. Graham [38] explored the development of interactive
artworks enhanced by collective usage, applying a metaphor of “conversation/host” to
the creation of the artwork; Graham also conducted further case studies and developed
a taxonomy to illustrate differences in artwork–audience and audience–audience relation‑
ships. Fels [15] discussed three artworks—Iamascope, Video Cubism, and The Forklift
Ballet—that combine technology and art to illustrate issues of intimacy and embodiment.
Edmonds et al. [39] discussed the role of interaction in art systems and new methods for
building them, while Edmonds [16] later developed a framework defining audience partic‑
ipation through sequential phases: adaptation, learning, anticipation, and deeper under‑
standing. Xiaobo and Yuelin [17] investigated a basic interaction framework integrating
time, space, and information within interactive systems to enable varied artistic experi‑
ences. Ahmed [5] analyzed how interaction and interactivity are defined in different fields,
examining their relevance and applicability in the context of digital interactive art.

These interactive art installations incorporated various technologies to reflect audi‑
ence actions, creating new aesthetic experiences through dynamic interactions.
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2.2. Research on AI‑Based Interactive Art Installations

AI has been increasingly employed in the field of arts, functioning both as a compu‑
tational instrument and an autonomous system capable of producing aesthetic outcomes.
AI technologies have also been incorporated into installation works that create interactive
and adaptive experiences. Advances in AI have further facilitated interactions between hu‑
mans and intelligent systems, establishing new paradigms for creative collaboration and
audience engagement.

The application of AI in this context can be categorized into broad tiers, including
AI, ML, deep learning (DL), and generative AI approaches. For instance, Chen et al. [40]
built a new interactive art creation system with AI as the core medium, using a method‑
ological approach of “cognition of human–computer symbiosis, innovation supported by
intelligent technology, collaboration among creative subjects, and constraints on creative
behavior,” where artists, robots, and the audience are co‑creation subjects. Xie et al. [41]
examined the integration of VAEs and particle swarm optimization in generative and in‑
teractive digital installations, revealing that this hybrid model enhances user engagement
and aesthetic satisfaction. Canet Sola and Guljajeva [42] proposed the Dream Painter, an
interactive robotic art installation that turns spoken dreams into a collective painting. They
explored the interactive potential of AI and robotics, sparking a broader discussion on DL
applications. In their other work, Visions of Destruction [43], they used artistic research
methods to communicate a focus on the Anthropocene through audience interaction and
generative AI [18]. Sun et al. [22] presented AI Nüshu, an emerging language system in‑
spired by Nüshu, a unique language used exclusively by ancient Chinese women. Their
work highlighted the role of AI in preserving cultural heritage and redefining human–
machine dynamics in a language‑making interactive artwork. Zhang et al. [24] described
the conceptual background, AI system design, and visualization strategies of ReCollec‑
tion, an interactive AI art installation. The artwork assembles collective visual memories
from the language input of participants, blurring the boundaries between remembrance
and imagination.

These works have employed generative AI technologies to create artistic content such
as images, sound, and video, thereby offering new functionalities within interactive instal‑
lations and expanding the aesthetic experiences of the audience.

While research on interactive art installations has received considerable attention,
studies that focus specifically on the underlying frameworks of AI‑based interactive art‑
works to better understand the impact of AI technology on interaction design and aesthetic
effects remain limited.

Moreover, prior research has largely focused on the technical implementation of AI‑
based artworks, rather than offering a comprehensive analytical perspective. To address these
gaps, this study proposes an exploratory analytical framework and case‑based approach to
examine the artistic and conceptual implications of AI‑driven interactive installations.

3. Research Framework
This section reviews existing research frameworks for interactive art and presents a

new framework for analyzing interactive installation art that incorporates AI technologies.

3.1. Research Framework Development

The framework originated in exploratory initial reviews of selected interactive AI art‑
works presented at CVPR 2024 using a common template: input, output, temporality, AI
technologies, and key points. These were researcher‑devised descriptive fields and an
open‑ended analytical note section, rather than a validated or exhaustive taxonomy. They
provided an initial structure for examining how audience contributions enter an instal‑
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lation, how computational responses are produced and presented, and how interaction
unfolds over time.

Input and output were relevant to the study’s focus on the relationship between audi‑
ence participation and the installation’s response, consistent with the interaction process
discussed by Saltz [37]. Temporality directed attention to timing and sequencing rather
than input and output modalities alone, while AI technologies identified the models and
functions through which AI participated in the system. The key‑points section recorded
technical observations, interaction‑related observations, uncertainties, and aesthetic inter‑
pretations; it was not treated as an additional dimension of the artwork.

Framework development combined case‑informed interpretation with literature‑
based conceptual synthesis. The initial reviews provided descriptive observations and
provisional analytical concerns, which were subsequently organized and reconsidered in
relation to existing models of interactive art and literature on aesthetic experience. Amore
concrete frameworkwas initially conceived as the principal research output andwas subse‑
quently used and refined through detailed case analysis. This relationship between devel‑
opment and application has precedents in HCI: Hornecker and Buur [44] developed their
framework through system studies and literature synthesis and subsequently used related
cases to demonstrate its application, while Benford et al. [45] refined an emerging concep‑
tual framework through retrospective examination of published studies. In the present
study, the detailed cases similarly serve as worked applications of an evolving framework,
rather than as an independent validation dataset.

Previous studies have proposed fundamental models of interaction between humans
and objects. Fels [15] categorized four types of relationships based on the extent to which
an object is embodied within a person or the person within the object:

1. The person engages in dialogue with the object,
2. the person embodies the object,
3. the object communicates with the person, and
4. the object embodies the person.

This foundational model provided a methodology for categorizing communication
between audience, object, and installation.

Edmonds et al. [39] delineated the relational structure between artwork, artist, viewer,
and environment in interactive art using four categories: static, dynamic‑passive, dynamic‑
interactive, and dynamic‑interactive (varying). These categories reflect the extent and na‑
ture of the interaction achieved.

Xiaobo andYuelin [17] structured their “InteractionAesthetics Framework” into three
components: interaction (classified into time, information, and space); interactive system
(classified into function, form, and structure); and aesthetics (classified into visual, audi‑
tory, and tactile domains). This framework made it possible to distinguish characteristics
of audience engagement and systematically articulating aesthetic experiences shaped by
the audience.

Ahmed [5] focused on the communicative relationship between humans and media
within the context of interactive art, proposing a five‑stage classification model:

1. Human–Human Interaction,
2. Human–Media Interaction,
3. Device‑Mediated Communication,
4. Human–Machine Interaction, and
5. Triggers for Change.

This model enabled a nuanced understanding of the interrelationships between audi‑
ence, installation, environment, and aesthetics.
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Guljajeva and Canet Sola [42] introduced a triangular framework of interactive art
comprising author, artwork, and audience. In this model, feedback between author and
artwork is generated through code and variables, whereas feedback between author and
audience emerges through parameters, system stress, and user interaction. They proposed
that the aesthetics of interactive artworks are shaped by the reciprocal exchange of input
and output between audience and artwork. Fundamentally, their study conceptualized
interactive art as a structure wherein installations—including digital devices designed in
alignment with the intent of the artist—generate artistic content through audience interac‑
tion, which is then realized and experienced through participation.

The fundamental models discussed above are summarized and compared in Table 1.
Within these models, AI may be understood either as part of the art object, that is, as a
component of the installation system, or as a software‑based agent embedded within it.
However, this perspective becomes insufficient for AI‑driven interactive artworks, where
AI is notmerely embedded in the installation system but activelymediates interaction, gen‑
eration, and interpretation. The incorporation of AI has expanded interaction modalities,
introduced new thematic and conceptual concerns, and enabled artworks to operate with
partial autonomy while forming dynamic relationships with viewers [46]. Therefore, AI
should not be reduced to a generative algorithm or technical subsystem within the art ob‑
ject. It must be treated as a distinct analytical entity, since its inferential processes, genera‑
tive uncertainty, and relative autonomy exert a direct influence on how interaction unfolds
and how aesthetic experience is produced.

Table 1. Summary of fundamental models.

Categories Fels [15] Edmonds et al. [39] Xiaobo &
Yuelin [17] Ahmed [5] Canet Sola &

Guljajeva [42]

Human Person Viewer, artist
(human agent) Audience Artist,

audience
Author,
audience

Objects Object
Art object,

environment,
software agent

Interactive
system

Artwork,
environment Artwork

Relationships
Engagement,
embodiment,

communication

Interaction (Static,
dynamic‑passive,

dynamic‑interactive,
dynamic‑interactive

(varying))

Interaction,
aesthetics

Interaction,
communica‑

tion
Feedback

To address this gap, we propose the exploratory 4A framework for the analysis of AI‑
based interactive art. The framework consists of three key entities: audience, art object, and
AI, and four key design elements: participation, embodiment, AI inquiry and response,
and aesthetic experience (see Figure 1). Its proposed contribution lies in analytically dis‑
tinguishing AI’s inferential and generative operations from the installation’s material pre‑
sentation, while examining how these operations relate to audience participation and po‑
tential aesthetic experience. Compared with the models reviewed above, the framework
treats AI as an analytically distinct entity rather than subsuming it within the art object or
installation system. Table 2 summarizes the framework, which is offered for structured
analysis and further development rather than as an empirically validated model.
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Figure 1. Proposed 4A Framework. The dotted arrow indicates that aesthetic experience may arise
across all stages of interaction among the audience, art object, and AI, rather than only from the
final output.

Table 2.Core Elements of the 4A Framework.

Key Design
Elements Analysis Elements Description

Audience participation Input

Audience participation is closely tied to the system’s input.
This element is categorized by the format and modality of
the input data, including participant choices that
influence the artwork’s overall shaping process.

Art object embodiment Output Final format and modality of the system’s output.

AI inquiry and response

AI technologies AI models or methods employed.

Data processing Data pre‑/post‑processing for inquiry and inference.

Temporality
Timing and sequencing of audience input, AI
processing, and output updates; continuity and delay
are distinguished.

Aesthetic experience Sensory, perceptual, and
cognitive experience

Interpretation of possible sensory, perceptual, and
cognitive experiences in relation to documented
interaction and presentation. Not a measurement of
actual audience response.

3.2. Elements of the 4A Framework

Each element within the proposed 4A framework is described as follows:

1. Audience Participation

Interaction between the audience and the artwork is initiated and mediated by the in‑
put data provided by participants. This framework analyzes the structural characteristics
of input data (format) and sensory channels (modality) to develop a deeper understanding
of the interaction process. This also includes choices thatmay influence the overall shaping
process of the artwork system.

2. Art object embodiment

The framework investigates how outputs are generated and presented within the in‑
stallation system. Similarly to the analysis of inputs, this involves a detailed examination of
the format and modality of output data, including sensory channels (e.g., visual, auditory)
and structural forms through which the results are materialized or experienced.

3. AI inquiry and response

(a) AI Technologies: The framework identifies the specific AI models, algorithms,
and tools integrated into the interactive installation. It distinguishes the func‑
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tional types of AI technologies (e.g., image generation, object recognition, speech
processing) and, where applicable, subtypes (e.g., image‑to‑image or text‑to‑
image generation). These can be realized via publicly available pre‑trained mod‑
els (e.g., Stable Diffusion [47], BLIP‑2 [48]) or artist‑developed, fine‑tunedmodels
designed to meet particular conceptual and aesthetic intentions.

(b) Data Processing: The framework examines how audience input data are prepro‑
cessed before being fed to the AI model. It also investigates whether supple‑
mentary data are incorporated and whether the output of the AI model is used
directly to materialize the artwork or requires additional post‑processing. Fur‑
thermore, the framework considers whether accumulated data from previous in‑
teractions or environmental sensing are integrated with new inputs during the
ongoing interaction.

(c) Temporality: The framework addresses the temporal characteristics of interac‑
tion within AI‑driven installations. While temporality is also shaped by the
broader processes of audience engagement and artworkmanifestation, the frame‑
work treats AI as the primary factor and therefore locates temporality within AI
inquiry and response rather than the art object itself. This also includes the time
required to process the audience input and produce output, and the temporal
design of interaction modes and pacing of the manifestation of the artwork. In‑
teraction processes are categorized as procedural, delayed, near‑immediate, and
real‑time, depending on system responsiveness and the continuity of user en‑
gagement. However, these categories are illustrative temporal arrangements,
not mutually exclusive latency classes. No quantitative latency thresholds are
inferred without supporting evidence.

4. Aesthetic Experience

Aesthetic experience is inherently subjective andmay vary considerably in interactive
art through different forms of audience participation. Previous studies describe aesthetic
experience as involving interconnected sensory, perceptual, cognitive, and affective pro‑
cesses through which audiences perceive stimuli and construct meaning [49–57]. These
dimensions provide a conceptual basis for considering potential aesthetic experience in
interactive artworks without assuming uniform audience responses.

In AI‑integrated installations, these processes may be further shaped by technologi‑
cal mediation. AI systems generate and transform content through datasets, model archi‑
tectures, prompts, and probabilistic inference, potentially introducing uncertainty, biases,
and unexpected associations [25,46,58]. Such characteristics may influence both the sen‑
sory outputs of an artwork and the conditions through which they are perceptually and
cognitively interpreted, potentially affording experiences such as surprise, curiosity, con‑
fusion, or interpretive ambiguity.

Accordingly, this study relates documented system characteristics, including genera‑
tive uncertainty andmultimodal interaction, to potential aesthetic experience. The analysis
distinguishes documented technological, interactional, and contextual information from
the authors’ interpretations. Because no primary audience data were collected, affective
and experiential qualities are treated as potential experiential affordances rather than em‑
pirically validated audience responses.

4. Case Studies
This section distinguishes the broader candidate inventory, the six exploratory re‑

views that informed framework development, and the three detailed illustrative analyses.
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4.1. Selection and Role of the Detailed Cases

The broader candidate inventory comprised 13 works identified as interactive instal‑
lations incorporating AI within the 116 entries in the CVPR 2024 AI Art Gallery, based on
the online descriptions and available video documentation. Table A1 in Appendix A lists
this inventory. The gallery context identifies the source of the works; it should not be read
as evidence that all 13 received equivalent detailed analysis.

Six works received initial reviews using the shared exploratory template: Unreal
Pareidolia ‑shadows‑, ReCollection, Beyond Characters: The Unseen Labyrinth, Visions
of Destruction, AI Nüshu, and The Endless Collaborative Book: Wushu. This exploratory
subset was not assembled through a predefined systematic sampling protocol. The
initial reviews, including those of works that were not retained for detailed presenta‑
tion, informed framework development. Appendix B summarizes the six exploratory
reviews that informed framework development, retaining the original template and
recorded uncertainties.

To keep the manuscript focused, we limited the detailed case presentations to three
works. The principal selection consideration was that the exploratory reviews revealed
contrasting strategies for organizing the temporal relationship among audience input, AI
processing, and visible output. We characterized these as procedural or delayed interac‑
tion, pseudo‑real‑time interaction, and continuous or real‑time interaction. These labels
refer primarily to the temporal organization of interaction rather than to mutually exclu‑
sive latency ranges:

1. Unreal Pareidolia ‑shadows‑ [59,60] illustrates procedural, staged interaction: partic‑
ipants explicitly confirm a physical arrangement, after which caption generation and
image generation occur sequentially before the final output is presented.

2. ReCollection [24,61,62] illustrates pseudo‑real‑time interaction: speech capture, tran‑
scription, narrative processing, and image generation form a sequential pipeline, with
an approximately 20‑second generation delay. During this interval, visual memories
from the previous input fade and dissolve into the newly generated imagery, bridging
the delay through a continuous visual transition.

3. Visions of Destruction [18,43,63] illustrates continuous interaction: real‑time gaze
sensing is coupled with near‑real‑time AI inpainting and continuously evolving im‑
agery. Thus, sensing, processing, and visual updating operate at different temporal
rates within an ongoing interaction loop.

The selection was thus temporality‑guided but was not governed by a formal sam‑
pling codebook or an exhaustive comparison across all 13 works. The three cases provide
illustrative contrasts rather than an exhaustive temporal taxonomy or representative cov‑
erage of interactive AI art. Figure 2 summarizes the relationship among the exploratory
reviews, framework development, and detailed case analyses, while Table 3 identifies the
three selected cases.

Table 3.Artworks Retained for Detailed, Temporality‑Guided Illustration.

Artist(s) Artwork Title Year

Scott Allen Unreal Pareidolia ‑shadows‑ 2023
Weidi Zhang and Rodger Luo ReCollection 2022–2024
Varvara Guljajeva and Mar Canet Visions of Destruction 2023

Limiting the detailed presentation to threeworkswas a decision about the focus of the
paper, not a demonstration of sample sufficiency or analytic generalization. The cases are
situated within qualitative, design‑oriented inquiry at the intersection of art and HCI [64].
In this study, however, their role is to demonstrate an evolving analytical framework and
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elaborate design propositions, not independently validate its dimensions or establish the
prevalence of the proposed patterns.

Figure 2. Overview of exploratory framework development and case analysis. The inventory pro‑
vides context, not evidence of an independently coded 13‑case selection protocol.

4.2. Analytical Approach

The detailed analyses draw on official artwork descriptions, related publications, and
publicly available video documentation. They are organized by the evolving 4A frame‑
work. The shared initial review template provided descriptive structure, but the study
did not employ a predefined formal coding scheme or an inter‑rater assessment. The an‑
alytical questions below clarify the framework’s application; they should not be read as a
retrospectively asserted independent coding protocol.

For each detailed case, the analysis addresses the following elements:

1. Audience participation: Describe the participant’s actions and contributions, the cap‑
tured input, and the choices that influence the installation. Distinguish an audience
action from the data representation supplied to an AI model.

2. Art object embodiment: Describe the format and modality of the output and how
it is presented. Distinguish generated content from animation, projection, or other
presentation processes.

3. AI inquiry and response: Examine AI functions, data transformations, and temporal
organization:

a. AI technologies: Identify reported models and functions. Do not infer an archi‑
tecture, training dataset, or fine‑tuning procedure from the artwork’s theme or a
model name.

b. Data processing: Trace the described relationships among captured input, pre‑
processing, model conditioning, inference output, and post‑processing. Record
gaps rather than filling in undocumented implementation details.

c. Temporality: Describe initiation, input continuity, processing sequence, update
timing, and output continuity separately. Distinguish source‑reported respon‑
siveness from measured latency and from inferred audience perception.

4. Aesthetic experience: Relate the described interaction and sensory presentation to
possible perceptual and cognitive interpretations. Attribute artistic intentions to the
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source and label researchers’ interpretations as potential experiential affordances, not
observed audience effects.

Across these elements, reported system operations, artist‑stated intentions, and re‑
searchers’ interpretations are distinguished in thewording of the analysis. The subsequent
discussion elaborates temporal concerns that informed selection and develops additional
interpretations concerning modality conversion and AI‑mediated aesthetics. Proposed ap‑
plications beyond the analyzed works are design propositions, not implementations or
effects demonstrated by these cases.

Table 4 summarizes the analytical questions and evidentiary boundaries in this re‑
vised presentation. It provides guidance for reading and applying the exploratory frame‑
work, rather than a validated coding instrument. Operational definitions, source‑linked
coding, and independent application remain priorities for subsequent research.

Table 4.Analytical Questions and Evidentiary Boundaries for the Exploratory 4A Framework.

Analysis Structure Key Design Elements Analytical Questions and Evidentiary Boundaries

Research
framework

Audience participation What does the audience do or contribute, and what data are
captured? Distinguish actions, sensed signals, and model inputs.

Art object embodiment What is generated, and how is it presented? Separate content
generation from output format, modality, and presentation effects.

AI inquiry and
response

Which AI functions and data transformations are reported? How
are input, processing, and updates organized over time?
Unreported implementation details and latency remain unknown.

Aesthetic experience
What possible sensory, perceptual, and cognitive interpretations
follow from the described arrangement? Distinguish artistic
intention and researcher interpretation from audience evidence.

Analytical notes
Record interpretive connections, uncertainties, and proposed
applications. These notes elaborate the analysis; they do not
independently validate the framework.

4.3. Case Analyses
4.3.1. Unreal Pareidolia ‑shadows‑ (2023) by Scott Allen

ScottAllen’sUnreal Pareidolia ‑shadows‑ is an interactive art installation that converts
the shadows of everyday objects into AI‑generated images and captions [59,60] (Figure 3).
The documented interaction flow is as follows: A participant arranges everyday items and
toys in front of a lamp on a table, where their overlapping shadows are projected onto a
wall. Upon completing the configuration, the participant presses a button on the table to
signal completion. The system captures the composite shadow image (a shadowgraph)
via a webcam. This image is sent to an image‑to‑text model, BLIP‑2 [48], which generates
a caption displayed over the shadows on the wall in English and Japanese. Next, the cap‑
tion and the shadowgraph are used as inputs (a prompt and an input image, respectively)
for Stable Diffusion [47], which generates a final image. This image is projected onto the
same wall as the light turns off. After a few seconds, the light turns back on, indicating
that a new configuration can be made and allowing the audience to continue the inter‑
action. Although the use of BLIP‑2 and Stable Diffusion is documented, whether these
pre‑trained models were specifically fine‑tuned for the installation is not specified in the
available sources [59,60]. Table 5 presents an analysis of the work.
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Figure 3. Scott Allen, Unreal Pareidolia ‑shadows‑ (2023). Image courtesy of the artist. © Scott Allen.

Table 5. 4A Framework‑based Analysis of Unreal Pareidolia ‑shadows‑ (2023).

Key Design Elements Analysis Elements Analysis of the Work

Audience participation Input Everyday items and toys arranged by the audience.
Shadows of the items/toys projected on a wall.

Art object embodiment Output Generated caption, overlaid on the wall.
Final AI‑generated image.

AI inquiry and response

AI technologies

Image‑to‑image generation using Stable Diffusion;
image‑to‑text (caption) generation using BLIP‑2.
Both are available as pre‑trained, open‑weight models;
whether either was fine‑tuned for this artwork is not specified
in the available documentation.

Data processing

Projected shadow image (shadowgraph) captured by a camera
and used as an input image for BLIP‑2 and Stable Diffusion.
Generated caption describing the shadowgraph; used as a
prompt for Stable Diffusion.

Temporality
The interaction is procedural, as the participant must press a
button to confirm their input, after which captions and images
are generated and displayed sequentially.

In our interpretation, the aesthetic experience of the work may center on its main con‑
cept, “pareidolia,” the psychological phenomenon of perceiving familiar patterns, such as
faces or silhouettes, in random visual stimuli. While selecting and placing objects on the
table is a sensory and perceptual activity, observing the resulting shadows and AI images
may require cognitive effort to discover recognizable patterns in the shadowgraph and re‑
late them to the image produced by Stable Diffusion. Notably, the AI may defamiliarize
these familiar objects by producing captions or images that differ from what a participant
might expect or imagine from the shadowgraph. From a technical perspective, we inter‑
pret this discrepancy in relation to an “out‑of‑distribution” or “out‑of‑domain” problem,
wherein the inference inputs differ from the training domain of the model. The work can
therefore be interpreted as creatively incorporating AI uncertainty and variation into its
artistic structure. Although no direct audience data were collected in this study, these
discrepancies may afford potential experiences of unfamiliarity, perceptual estrangement,
surprise, or cognitive disruption.

Several analytical points follow. First, the work exemplifies the combined use of cap‑
tion generation and image synthesis from a single input (the shadowgraph). Second, the
tangible interaction positions the audience as the primary creator of the input data. Third,
the explicit submission and sequential presentation separate preparation from the later AI
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response. This staged organization makes the case an illustrative example of this tempo‑
ral arrangement. It may afford anticipation or reflection, but those experiences were not
measured in this study.

4.3.2. ReCollection (2022–2024) by Weidi Zhang and Rodger Luo

ReCollection is an interactive AI art installation that assembles synthetic collec‑
tive memories from language input provided by the audience. It blurs the boundaries
between remembrance and imagination through its system design and experimental
visualization [24,61,62]. Figure 4 presents a representative image of the artwork. Accord‑
ing to the artists’ technical documentation [24], interaction with the AI system proceeds
through four main stages. First, a participant whispers a brief personal memory into a mi‑
crophone, producing approximately 10 s of recorded speech. Second, the system converts
this speech to text using OpenAI’s Whisper model [65]. Third, it optionally completes
or structures the narrative using a GPT‑4 model [66] fine‑tuned on documentaries of vi‑
sual memories of Alzheimer’s patients and their descriptions. Finally, the resulting text
prompt is fed into Stable Diffusion [47] to generate an image sequence. These images are
presented as an evolving visual composition that draws on fine art techniques, such as
monotype‑inspired treatments and slit‑scan effects. Although the AI system generally re‑
quires approximately 20 s to generate a new visualization [24], the installation maintains
a continuously evolving visual display during this interval. Visual memories generated
from the previous participant gradually fade and dissolve into the newly generated im‑
agery, allowing the transition toward the current participant’s “imagined memory” to un‑
fold continuously. We interpret this design as a form of pseudo‑real‑time interaction: the
installation incorporates that delay into a continuous visual transition between successive
participants’ generated memories. A summary of the analysis is presented in Table 6.

 

Figure 4. Weidi Zhang and Rodger Luo, ReCollection (2022–2024). Image courtesy of the artists. ©
Weidi Zhang and Rodger Luo.

From our interpretive perspective, the theme of the work centers on the creative
reimagination of the memories of the audience—which are verbally described and often
incomplete—through the lens of generative AI trained on descriptions of the memories of
Alzheimer’s patients. During this visual reinterpretation, the audience may engage with
the aesthetic qualities of the work on multiple levels. First, whispering a personal mem‑
ory may afford intimacy and self‑reflection at a high level of cognition, as participants
recognize they are disclosing private information to an AI, consider what to remember,
and decide what to share. Observing the AI‑generated image sequences may then involve
perceiving the emerging visuals and interpreting how the system reimagines, extends, or
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distorts that narrative by comparing it with one’s own recollection. The core role of the AI
can be interpreted as inferringmissing details and synthesizing new visual memories from
a broader corpus, using thememory of the participant as a seed for imagination. This inter‑
play between human remembrance and machine imagination may foreground subjective
interpretation and highlight howmeaning emerges from the interaction between audience
input and AI‑driven visualization. Although no direct audience data were collected in this
study, such cognitive engagement may enable potential aesthetic experiences marked by
the unfamiliarity of reconstructedmemories, surprise or confusion produced by distortion
and reinterpretation, or empathetic resonance with the experiences of others.

Table 6. 4A Framework‑based Analysis of ReCollection (2022–2024).

Key Design Elements Analysis Elements Analysis of the Work

Audience participation Input Audience’s speech (personal memory) whispered into
a microphone.

Art object embodiment Output

Generative image sequences displayed as evolving visual
compositions, with animation effects that may contribute to
perceived immediacy; this effect is not empirically established
by audience data.

AI inquiry and response

AI technologies

Speech‑to‑text processing using Whisper; narrative processing
using a fine‑tuned GPT‑4‑based model; text‑to‑image
generation using Stable Diffusion.
The artwork’s AI pipeline runs in the cloud.
Whisper and Stable Diffusion are available as pre‑trained,
open‑weight models.

Data processing Text prompt generated via speech‑to‑text conversion and
optional narrative completion.

Temporality
Pseudo‑real‑time: A sequential speech‑to‑image pipeline
includes a ~20 s generation delay, bridged by continuous
transitions from previous to newly generated imagery.

Several interesting points merit discussion. First, from a technical perspective, the
work employs a fine‑tuned GPT‑4 model trained on specific documentary data related to
Alzheimer’s disease. This curatorial approach to the training data aligns with the thematic
focus on fragmented memories, drawing attention to both the theme and the issues sur‑
rounding the community from which the data originate. Second, Whisper’s multilingual
support demonstrates the capacity of AI to increase accessibility for a broader audience
without substantial localization efforts [24]. Third, the work shows how voice user inter‑
faces can be effectively applied to LLM‑based AI art installations, integrating speech‑to‑
text and text auto‑completion rather than merely accepting raw prompts. Finally, the step‑
wise yet responsive pipeline—from speech capture to animated imagery—may support
perceived continuity or immersion and afford reflection, enabling participants to consider
how their narratives are transformed into synthetic, collectively inflected visual memories.

4.3.3. Visions of Destruction (2023) by Varvara Guljajeva and Mar Canet

Visions of Destruction is an interactive AI artwork that links spectatorship to envi‑
ronmental changes within synthetic landscapes [18,43,63]. The documented interaction
flow is as follows. The installation continuously renders landscape scenes using Stable
Diffusion [47]. As shown in Figure 5, when a viewer looks at specific regions on the dis‑
play, an eye‑tracking system tracks their gaze and aggregates fixations into a mask. The
system then applies AI inpainting to those masked areas, replacing healthy terrain with
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polluted, degraded motifs selected from a topic‑relevant prompt set. If no gaze is detected
for a specific period, the scene gradually regenerates through ongoing text‑to‑image syn‑
thesis and smooth latent interpolations. The simple act of looking becomes a catalyst for
damage, while looking away enables recovery. The system uses a pre‑trained Stable Dif‑
fusion model running locally on a machine with an NVIDIA RTX 4090 GPU [18]. Table 7
summarizes the described arrangement.

 

Figure 5. Varvara Guljajeva and Mar Canet, Visions of Destruction (2023). Image courtesy of the
artists. © Varvara Guljajeva and Mar Canet.

Table 7. 4A Framework‑based Analysis of Visions of Destruction (2023).

Key Design
Elements Analysis Elements Analysis of the Work

Audience participation Input Viewer’s gaze and head position, captured via an eye tracker.

Art object embodiment Output Generative landscapes, either continuously updated with
smooth animation or locally modified via AI inpainting.

AI inquiry and response

AI technologies

Text‑to‑image generation using Stable Diffusion (with preset
landscape prompt sets); latent‑space interpolation used to
create smooth animations; image inpainting using Stable
Diffusion, guided by gaze‑derived masks and
predefined prompts.
Stable Diffusion is available as a pre‑trained, open‑weight
model. The artwork runs it locally on a machine with an
NVIDIA RTX 4090 GPU.

Data processing Aggregated gaze mask, computed from gaze fixations with a
slight delay.

Temporality

Continuous gaze sensing is combined with gaze aggregation,
inpainting updates, and ongoing landscape presentation.
Real‑time sensing does not establish immediate inference; The
available documentation does not report measured
end‑to‑end latency.

In our interpretation, the aesthetic experience of the work may emerge from a tightly
coupled loop between seeing and altering. On a sensory level, viewers encounter lumi‑
nous, slowly shifting panoramas punctuated by local, gaze‑triggered transformations. Per‑
ceptually, participants may recognize a contingent rule: wherever their attention lingers,
decay spreads. Cognitively, the piece may invite reflection on the observer effect and hu‑
man responsibility for ecological harm. The act of averting one’s gaze to allow recovery
may produce a deliberate tension between curiosity and restraint, turning self‑regulation
into an ethical and conceptual gesture. Through its generative AI‑driven cycle of destruc‑
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tion and recovery, the artwork may afford potential experiences of shock and fear, as well
as relief through restoration. In repeatedly exposing audiences to the consequences of
their own participation, the work may invite reflection on the ethical implications of their
actions and may foster experiences of ethical awareness, empathy, and self‑reflection.

Several aspects merit attention. First, the installation demonstrates a coherent inte‑
gration of gaze tracking with diffusion‑based image generation and inpainting. Latent
interpolation sustains continuity, while inpainting localizes change without resetting the
entire scene. Second, the interaction model can also be interpreted as minimal, with gaze
serving as both a sensor and interaction mechanism, potentially lowering the barrier to en‑
try while maintaining participant agency. Third, the temporal design balances immediacy
and delay. Specifically, real‑time tracking provides responsiveness, whereas the slight lag
in mask aggregation and inpaintingmay encourage anticipation and reflection rather than
frantic scanning. Finally, the regeneration mechanism may reframe noninteraction as a
meaningful choice. Withholding attention can be interpreted as an act of care, which may
deepen the conceptual reading of the work and broaden the range of audience experiences
within the system.

5. Discussion
This discussion brings together three design‑oriented considerations developed

through the exploratory reviews and subsequent case analyses: AI temporality, modal‑
ity conversion, and AI‑mediated aesthetic experience. In relation to the 4A framework, AI
temporality concerns the timing and sequencing of audience participation, AI processing,
and output presentation; modality conversion concerns the transformation of audience
input through computational processing into artistic output; and AI‑mediated aesthetic
experience concerns the potential sensory, perceptual, and cognitive experiences afforded
by these arrangements. The temporal contrasts informed case selection and are further
elaborated here, while modality conversion and AI‑mediated aesthetic experience were
developed as additional strands through subsequent analysis andwriting. Together, these
considerations inform exploratory design propositions rather than empirically validated
design principles.

The case analyses also raised ethical and practical considerations that extend beyond
these three design‑oriented aspects. Accordingly, the discussion addresses potential eth‑
ical issues associated with AI‑mediated audience interaction and practical and technical
constraints that may affect the deployment and sustained operation of AI‑driven instal‑
lations in exhibition environments. As these concerns were not a primary focus of the
framework or the case analyses, their treatment is selective and exploratory rather than
comprehensive, focusing on issues that arose from examining the selected works.

5.1. AI Temporality in System Design and User Interaction

In interactive installations incorporating AI, the time from user input to system out‑
put is critically dependent on the temporality of the AI technologies involved. This tempo‑
rality becomes a key determinant of both system design and user interaction, ultimately
shaping the aesthetic experience. System design must account for inference delays, which
vary with factors such as model architecture, deployment mode, and available computing
resources. These constraints raise several questions: How should an installation handle
delay or latency introduced by AI inference processes? How might artists leverage or
mitigate the temporal constraints of AI models to achieve aesthetic goals? How do the
temporal characteristics of AI systems influence artistic practice and the experience of the
viewer? The following three approaches elaborate the provisional temporal contrasts that
informed case selection. They describe arrangements of interaction rather than measured
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speed classes, can overlap within a single work, and do not independently validate a three‑
part temporal taxonomy.

Approach 1, Procedural, Event‑driven, or Delayed Interaction: A system can inten‑
tionally structure multiple steps between user input and AI output. This approach may be
effective when real‑time inference is infeasible on local hardware or when models run re‑
motely via application programming interfaces (APIs) or other networked services. Inter‑
action can be procedural, with step‑by‑step instructions guiding input preparation; event‑
driven, with graphical user interface elements enabling users to enter, modify, and con‑
firm input; or delayed, with the system visualizing processing while computation pro‑
ceeds. For example, in Unreal Pareidolia ‑shadows‑, participants first arrange physical
objects and then press a button to confirm their arrangement [59,60]. A caption for the
shadowgraph must be generated by BLIP‑2 [48] before Stable Diffusion [47] can synthe‑
size the image, which introduces a delay. The system displays the caption before the
generated image [59,60]. Drawing on the distinction between subjective and objective
temporality [67], this sequencing may reduce “felt time” by cueing expectations about the
forthcoming output, without necessarily shortening the “measurable time” required for
image generation.

Figure 6 presents a schematic design proposition informed by this temporal arrange‑
ment. Progress indicators, countdowns, or preview states are possible extensions for mak‑
ing computational stages legible. Where submissions are queued or batched, indicating
queue position may help manage expectations and reduce frustration. More broadly, stag‑
ing and interim feedback may transform AI‑related latency from a disruption into a tem‑
poral structure that supports anticipation and reflection.

 

Figure 6. Procedural, event‑driven, or delayed interaction. A schematic design proposition organiz‑
ing input preparation, explicit submission, sequential AI processing, and output presentation into
distinct stages. Intermediate results or progress feedback could make computational stages legible
while the final output is being generated.
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Approach 2, Pseudo‑Real‑Time Interaction: As shown in Figure 7, AI‑based instal‑
lations may maintain a sense of temporal continuity even when generation itself is not
immediate. In ReCollection, participants provide approximately 10 s of voice input, after
which the cloud‑based AI system generally requires around 20 s to generate a new visu‑
alization [24]. Rather than leaving the display static during this interval, the installation
gradually fades and dissolves visual memories generated from the previous participant’s
input into imagery generated from the current participant’s input [24]. The installation
therefore does not eliminate computational latency; instead, it incorporates the waiting pe‑
riod into an evolving visual transition. This approach suggests that computational delay
can be treated as part of an artwork’s temporal composition rather than solely as a tech‑
nical limitation. Continuous or transitional visual states may bridge separate generative
responses and maintain continuity across successive interactions.

 

Figure 7. Pseudo‑real‑time interaction. A schematic design proposition combining a sequential
speech‑to‑image pipeline with a continuity layer, such as animation or ambient motion, to bridge
computational delay. “Pseudo‑real‑time” describes continuous presentation during delayed pro‑
cessing, rather than instantaneous inference or an empirically established perception of immediacy.

Possible extensions include streamingpartial results, progressive refinement, prefetch‑
ing predictable assets, and double‑buffering visual states for smooth transitions. Contin‑
uous ambient soundscapes, low‑salience auditory layers, or background motion may also
be used while new results are produced. These strategies may contribute to a sense of live‑
ness and immersion by keeping the installation perceptually active during computational
delay, while potentially shifting participants’ attention toward the evolving presentation
of incoming AI‑generated content.

Approach 3, Continuous or Real‑Time Interaction: Installations can employ AI capa‑
bilities that support near‑real‑time output while accommodating continuous user input.
In this approach, user actions directly generate new content or modify the existing content
in place. As illustrated in Figure 8, AI can function as a tool that produces a steady stream
of frames for smooth animation or an agent that alters content using algorithms such as
inpainting. In Visions of Destruction, real‑time gaze tracking drives Stable Diffusion [47]
inpainting within specific regions, while latent‑space interpolation sustains smooth land‑
scape animation [18]. Together, these mechanisms maintain real‑time interactivity.
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Figure 8.Continuous or real‑time interaction. A schematic design proposition coupling continuous
participant input with signal conditioning, update scheduling, and localized modification or ongo‑
ing content generation. Sensing, AI processing, and display updates may operate at different rates
within this arrangement.

Potential design extensions include throttling update rates, applying temporal eas‑
ing, restricting updates to local regions within a frame‑time budget, and using low‑pass
filtering or debounce constraints on sensor input. Caching prompts or seeds and consid‑
ering distilled or on‑device models are further implementation possibilities. This imme‑
diate interaction may support a sense of agency, contingency, and presence. The tight
input–output coupling could make the relationship between participant actions and sys‑
tem responses more legible, support improvisation, and allow feedback to function as an
expressive element of the interaction.

Taken together, these cases suggest that AI temporality can function as both a tech‑
nical constraint and an expressive material shaping interaction and meaning. Procedu‑
ral or delayed sequencing may support anticipation; pseudo‑real‑time orchestration may
maintain continuity across computational delays; and immediate input‑output coupling
may strengthen the legibility of participant agency and presence. More broadly, sequenc‑
ing, continuity cues, and stabilized updates can incorporate computational latency into the
temporal structure of an artwork, potentially contributing to its aesthetic character.

5.2. Modality Conversion in AI Interaction

Across the three case studies, interaction with generative AI extends far beyond sim‑
ple text entry. Generative AI pipelines often rely on joint text–image representations and
transformer‑based models to achieve multimodal generation (e.g., text‑to‑image and text‑
to‑sound). However, text need not be the primary input modality of the audience. In‑
stead, systems can convert tangible, verbal, or embodied signals into internal representa‑
tions that condition or contribute to the generation process. This conversion chain may
be central to how human and machine agency, artwork meaning, and interaction timing
are experienced.
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Approach 1, Tangible Interaction: Tangibility can be an integral mode of interaction
inAI‑based installations, couplingmaterialmanipulationwith computational imagination.
In Unreal Pareidolia ‑shadows‑, participants arrange physical objects to produce a shadow‑
graph, which is then captured by a camera, captioned by an image‑to‑text model, and used
to condition image synthesis [59,60]. This approach transduces a tactile action into a visual
latent representation and a textual prompt, which together steer the output. Figure 9 illus‑
trates this conversion from tangible input to the desired output modality.

 

Figure 9. Modality conversion through tangible interaction. A schematic pathway from physical
object arrangements to intermediate artifacts, such as shadowgraphs and captions, that condition
AI‑generated output. The diagram illustrates how material manipulation can be translated into rep‑
resentations used by generative models.

Tangible interaction could support modality conversion beyond image synthesis. For
instance, drawings depicting the mood of a participant could serve as inputs for image‑
to‑sound or image‑to‑music generation. Physical collages could be segmented into layout
prompts for story or caption generation. Clay or modular sculptures scanned in situ could
be used to initialize 3D scene or object synthesis via image‑to‑3D pipelines. Vectorized tex‑
tile or weaving artifacts could be used to condition the generation ofmaterials and textures
for 3D assets. Additionally, tangible user interfaces with buttons, sliders, or knobs could
enable participants to engage directly with AI content generation bymanipulating control‑
lable parameters rather than serving only as providers of raw input, supporting iterative,
hands‑on exploration and fine‑grained manipulation of the output.

Approach 2, Verbal Interaction: As illustrated in Figure 10, verbal interfaces can po‑
sition speech as the primary conduit into generative AI pipelines by converting acoustic
signals into textual or semantic representations. In ReCollection, the system records awhis‑
pered memory, performs speech recognition, optionally restructures the narrative with an
LLM, and then drives image generation [24]. Thus, speech becomes a narrative text that
conditions a visual output, demonstrating how conversationalAI interfaces can be adapted
to installation contexts.

Verbal interaction has broader applications. For example, spoken scene descriptions
could be translated into structured scripts for text‑to‑video generation; prosodic features
(e.g., tempo and intensity) could modulate style parameters for music or affective color
palettes for images; and multilingual speech could be normalized into prompts that con‑
trol 3D scene synthesis or texture generation. Moreover, voice‑driven refinement loops,
wherein the system exposes interim transcripts or candidate paraphrases for confirmation,
could support iterative engagement without restarting the process to provide new input.

Approach 3, Embodied Interaction: As shown in Figure 11, embodied interfaces can
mobilize sensorimotor signals as continuous control fields that directly modulate gener‑
ative AI processes. In Visions of Destruction, gaze is tracked in real time, aggregated
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into spatial masks, and used to localize inpainting within a continuously generated land‑
scape [18]. Thus, embodied signals function as control layers over the evolving scene.

Figure 10. Modality conversion through verbal interaction. A schematic pathway in which speech
is converted into intermediate textual representations, such as transcripts or structured narratives,
that condition AI‑generated content in a chosen output modality.

Figure 11. Modality conversion through embodied interaction. A schematic pathway from sensor
inputs, such as gaze, body pose, or electroencephalography (EEG) signals, through intermediate
representations to AI‑generated output. The mappings illustrate possibilities for translating bodily
input into representations that could guide content generation or modification.

Beyond gaze, designers could incorporate various embodied interactions. For in‑
stance, whole‑body poses could guide character synthesis or choreography in video gener‑
ation; proxemic distance and orientation could adjust guidance strength, field of view, or
depth of field in image synthesis; and motion‑captured props could instantiate or reposi‑
tion 3D objects within text‑conditioned scene construction. Physiological inputs, including
heart rate, respiration, electroencephalogram (EEG) signals, or electromyography signals,
could modulate tempo, contrast, saturation, or noise schedules in outputs that track body
state. To sustain expressive control, systems could expose calibrated mappings between
embodied signals and generative parameters, allowing participants to continuously shape
content rather than merely trigger it.

These modality conversions suggest several considerations for interaction design.
First, the accuracy, lossiness, and bias of each converter may influence how faithfully in‑
tent is conveyed. Second, the granularity of control depends on the representation; contin‑
uous masks may afford different forms of agency from those afforded by discrete prompts.
Third, transparency regarding intermediate artifacts (e.g., captions, transcripts, or masks)
could make conversion a collaborative step, allowing participants to steer the system be‑
fore final rendering. Finally, because conversion stages impose their own latencies, or‑
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chestration strategies such as progressive refinement, preview states, or continuous back‑
ground motion could help manage perceived delay.

By foregrounding modality conversion, interactive AI artworks could move beyond
prompt‑centric interfaces toward plural, situated forms of engagement that align audi‑
ence capabilities with the representational affordances of generative models. Multimodal
redundancy may support accessibility by providing alternate pathways for participation,
whereas mixed‑initiative repair loops may mitigate conversion errors.

5.3. AI‑Mediated Aesthetics

Building upon the proposed analytical framework, this study considers how AI may
mediate potential forms of aesthetic experience in interactive art. Across the three illus‑
trative cases, three design‑oriented approaches are considered: (1) exploring differences
between human and machine perception, (2) enabling personalized aesthetic experiences,
and (3) sustaining or expanding aesthetic interaction. These approaches are interpre‑
tive considerations rather than empirically confirmed audience effects, and the aesthetic
responses discussed below should therefore be understood as anticipated or potential
experiential affordances.

Approach 1, Exploring Differences between Human and Machine Perception:
Machine perception processes sensory data through computational representations

and probabilistic inference, differing from human perception grounded in embodied ex‑
perience, cultural context, and accumulated knowledge [68–72]. Because AI outputs are
constrained by training data and computational processes, differences between human
and machine perception may create unexpected or unfamiliar representations. In Unreal
Pareidolia ‑shadows‑, for example, AI transforms silhouette information into textual de‑
scriptions and generated images that may diverge from participants’ expectations [59,60].
Such discrepancies can be interpreted as a form of defamiliarization andmay afford poten‑
tial experiences of unfamiliarity, surprise, or perceptual ambiguity. In thisway, differences
between human and machine perception may serve as aesthetic resources in AI‑mediated
interactive art. Although machine vision is not inherently aesthetic, its integration may
therefore provide artists with opportunities to explore tensions between human and non‑
human cognition and expand creative possibilities through algorithmic mediation.

Approach 2, Enabling Personalized Aesthetic Experiences: AI may support person‑
alized aesthetic experiences by responding dynamically to user‑specific data. Unlike tra‑
ditional interactive installations that often rely on predefined scenarios, AI‑based systems
can process individual inputs and generate context‑sensitive outputs that may be person‑
ally or emotionally relevant. In ReCollection, multilingual AI models process audience
voices and transform personal memories into individualized visual and auditory com‑
positions [24]. These AI‑mediated representations may afford intimate or reflective en‑
gagement, although such experiential effects were not measured through audience data.
More broadly, culturally diverse datasets may provide opportunities to encounter per‑
spectives beyond one’s own and potentially support cross‑cultural empathy. These pos‑
sibilities illustrate how AI may support participant‑specific and context‑aware forms of
interactive art.

Approach 3, Sustaining or Expanding Aesthetic Interaction: AI‑driven interactivity
may support continuous and evolving engagement, rather than discrete, one‑time inter‑
actions. Traditional interactive systems often rely on fixed content, whereas AI allows
artworks to adapt dynamically over time, potentially encouraging sustained participation
and iterative exploration. Visions of Destruction illustrates how continuously changing
AI‑mediated responses may encourage repeated interaction between audience attention
and the evolving artwork [18]. Conversely, in Unreal Pareidolia ‑shadows‑ [59,60], AI un‑
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predictability may produce responses that extend beyond both the artist’s intention and
audience expectations. Such responses can be interpreted in relation to prior notions of
unintended experience [10,16], as seen in earlier works such as Legible City [73] and Rain
Room [74], wherein participants deliberately subverted system constraints. From a design
perspective, AI may therefore provide a dynamic space between artistic control and emer‑
gent interaction, suggesting the need to consider how system autonomy and user agency
are balanced within evolving aesthetic experiences.

Across these three approaches, AI can be understood as a co‑creative agent that may
extend perceptual possibilities, support personalized interaction, and sustain evolving
forms of engagement. The three illustrative cases suggest potential conditions for emer‑
gent, affective, and reflective experiences rather than empirically confirmed audience ef‑
fects. These interpretations provide an exploratory basis for considering aesthetic interac‑
tion as an important dimension of human–AI collaboration in interactive art.

5.4. Ethical Considerations

AI‑driven interactive art may raise ethical concerns when audience participation
involves the collection, interpretation, or transformation of human‑generated or per‑
sonal data. Key considerations include privacy, informed consent, algorithmic bias,
data ownership, authorship, agency, and the appropriate representation of sensitive
information [25,26]. These concerns may become particularly relevant when AI systems
interpret audience input, generate representations based on personal data, or collect be‑
havioral and physiological information.

Several of these ethical concerns can be considered in relation to the selected cases. Al‑
gorithmic bias and the limitations of AI interpretation are relevant when AI‑generated out‑
puts represent or transform audience input; for example, in Unreal Pareidolia
‑shadows‑ [59,60], generated captions and images may differ from the participant’s orig‑
inal input or intended interpretation. Privacy, data ownership, and the representation of
sensitive information become important when personal or sensitive data are incorporated
into artistic production, as illustrated by ReCollection and its use of memory‑related ma‑
terial associated with individuals with Alzheimer’s disease [24]. Informed consent and
audience‑data collection are particularly relevant to sensor‑based interaction; Visions of
Destruction, for example, uses gaze tracking as part of its interaction mechanism, illustrat‑
ing the need to consider how behavioral data are collected and used [18]. These examples
suggest that ethical concerns in AI‑mediated art may vary according to the types of data,
AI processes, and interaction mechanisms involved.

The present study does not empirically or systematically evaluate the ethical impacts
of these artworks; rather, these issues are identified as potential considerations arising
from the case analyses. Ethical considerations should therefore be taken into accountwhen
designing and deploying AI‑driven interactive installations, particularly where personal
data, behavioral input, or algorithmically generated representations are involved. Further
research is needed to examine these issues systematically and to develop appropriate eth‑
ical guidance for AI‑driven interactive art.

5.5. Practical and Technical Constraints

AI‑driven interactive installations may face practical and technical constraints involv‑
ing system reliability, processing latency, model unpredictability, sensing accuracy, acces‑
sibility, and hardware or network dependencies. The documented configurations of the
three cases suggest distinct potential challenges. In Unreal Pareidolia ‑shadows‑, image
capture, caption generation, image synthesis, and projection form a sequential pipeline
in which interruptions at one stage could disrupt subsequent stages [59,60]. ReCollection

https://doi.org/10.3390/mti10100103

https://doi.org/10.3390/mti10100103


Multimodal Technol. Interact. 2026, 10, 103 25 of 33

requires coordination between its cloud‑based speech‑to‑image pipeline and ongoing vi‑
sualization. The artists report a generation time of approximately 20 s, which varies with
internet connection speed [24]. For Visions of Destruction, the coupling of gaze sensing
with generative updates raises practical considerations concerning processing coordina‑
tion and tracking consistency across participant positions, movements, and environmental
conditions [18]. These are potential constraints inferred from the system’s configuration,
rather than observed failures.

Across and beyond these cases, excessive latency, component failures, and unavail‑
able network services may interrupt interaction, while unpredictable model outputs may
challenge artistic consistency. However, unpredictability should not automatically be
equated with technical failure, as variation may also serve as an aesthetic resource.

Exhibition planning should therefore consider adequate computational and network
resources, sensor calibration, lighting and sound conditions, interface accessibility, and
procedures for monitoring, maintenance, and recovery. Alternative input options or staff‑
supported participation could accommodate audiences who cannot readily use the re‑
quired interaction modes. These considerations are selective and exploratory, as technical
performance and accessibility were not primary concerns of the framework or analyses.
Further research should evaluate how these constraints affect installation operation and
whether the proposed measures support interaction continuity and accessibility in actual
exhibition environments.

6. Conclusions
6.1. Implications

This study proposed the 4A framework as an exploratory analytical framework for
examining howAI technologies shape interaction processes and aesthetic experience in in‑
teractive artworks. The framework comprises three key entities (audience, art object, and
AI) and four design elements (participation, embodiment, AI inquiry and response, and
aesthetic experience), extending existing approaches to account more explicitly for the me‑
diating role of AI. The analysis of three illustrative cases—Unreal Pareidolia ‑shadows‑,
ReCollection, and Visions of Destruction—suggests that AI may function not merely as a
technical tool but also as a critical mediating element that connects artistic intention, sys‑
tem architecture, and audience participation. In relation to the 4A framework elements,
the selected cases provide a basis for consideringAI temporality, modality conversion, and
AI‑mediated aesthetic experience as design propositions rather than as generalizable find‑
ings. Based on these observations, the following implications are proposed as exploratory
considerations for the analysis and design of AI‑driven interactive art.

CreativeUse of CognitiveGaps: Discrepancies between human andAI reasoningmay
be considered potential aesthetic resources rather than mere limitations. They may evoke
ambiguity, surprise, and interpretive openness, thereby creating opportunities for audi‑
ence imagination and engagement. In AI‑driven interactive installations, these cognitive
contrasts may support aesthetic possibilities that operate at a perceptual or conceptual
level distinct from human cognition. At the same time, these gaps may also function as
points of failure, potentially leading to confusion or frustration rather than aesthetic en‑
gagement. When carefully mediated through appropriate interaction design strategies,
such as procedural or delayed interaction, they may instead contribute to novel forms of
aesthetic experience.

Integrated Design of Multimodal Inputs: Combining multimodal and embodied in‑
put methods, such as voice, gaze, and bodily movement, may broaden participation and
support immersive engagement. These multimodal interfaces offer different physical and
sensory ways of contributing to an artwork. Their integration requires attention to how
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heterogeneous inputs are interpreted by AI systems and mapped to artistic outputs. Com‑
plementary inputs could provide distinct forms of expressive control, while redundant
pathways could accommodate varied participant capabilities and help sustain interaction
when one input channel is unavailable or unreliable. Such arrangements may support
diverse forms of artistic expression, with their experiential effects depending on the instal‑
lation’s design and context.

Embracing Implicit andNonverbal User Behaviors: Audience input should not be lim‑
ited to explicit actions. Subtle, unconscious, or nonverbal gestures may also providemean‑
ingful input for AI‑mediated artistic responses. Such approachesmay create opportunities
for serendipity and improvisation and expand the range of aesthetic possibilities emerging
from interactions between audiences and AI‑driven installations. However, their effective‑
ness and experiential implications require further examination across different interaction
contexts and audience populations.

Maintaining Artistic Consistency Amid Uncertainty: AI systems could be designed
to support artistic intent and maintain coherent behavior when audience input is exces‑
sive, insufficient, or ambiguous. Such design may help sustain aesthetic continuity un‑
der uncertain interaction conditions. At the same time, audience interpretations and re‑
sponses may extend beyond the artist’s intentions. Artists could therefore consider how
to maintain a recognizable creative direction while incorporating selected forms of unpre‑
dictability into the work’s design, allowing unexpected interactions to contribute to its
aesthetic possibilities.

Together, these insights suggest design considerations and creative approaches for
AI‑based interactive art installations. They also point to possibilities for exploring how
AI‑mediated interaction may shape aesthetic experience within specific artistic and
interactional contexts.

6.2. Limitations and Future Work

The limited number of analyzed artworks represents an important limitation of this
study. The three selected works were used as illustrative cases to examine the application
of the 4A framework and should not be considered representative of AI‑driven interac‑
tive art as a whole. Accordingly, the case analyses are intended to support exploratory
examination rather than broad empirical generalization. Future research should apply the
framework to a wider andmore diverse range of AI‑based interactive artworks, exhibition
contexts, and interaction configurations to examine its transferability, refine its analytical
dimensions, and assess its potential applicability across different contexts.

Another limitation lies in the treatment of aesthetic experience. Because it was not
feasible within the scope of this research to collect primary empirical data, such as au‑
dience interviews, surveys, or behavioral measurements, the analysis relied on the offi‑
cial descriptions of the artworks, related publications, and publicly available video docu‑
mentation of the installations. Accordingly, interpretations of aesthetic experience should
be understood as potential or analytically inferred experiential affordances rather than
as empirically validated accounts of audience experience. Future research should in‑
corporate audience‑centered empirical studies to examine how these experiential pos‑
sibilities are perceived by participants and to evaluate the framework through direct
audience evidence.

The technical analysis of the selected artworkswas also constrained by the availability
of public documentation. Although the detailed analysis provides additional information
on theAImodels, data processing, and implementation characteristics where documented,
detailed information regardingmodel architectures, datasets, training procedures, and im‑
plementationwas not consistently available across all cases. The study therefore limited its
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technical descriptions to verifiable information reported in publicly accessible sources and
explicitly distinguished documented information from the authors’ analytical interpreta‑
tions. Future research could extend this analysis through access to more detailed technical
documentation or direct collaboration with artists and developers.

Finally, ethical considerations remain important in AI‑driven interactive art, particu‑
larly when artworks involve personal or sensitive audience data and AI‑mediated artistic
production. Although the present study discusses relevant ethical issues, it does not sys‑
tematically or empirically evaluate their effects across different artistic contexts. Future
research should therefore further examine how ethical considerations can be incorporated
into the analysis and design of AI‑driven interactive art while preserving its experimental
and aesthetic potential.
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Appendix A
Table A1 lists the 13 artworks identified as interactive AI installations in the CVPR

2024 AI Art Gallery.

Table A1.AI‑based Interactive Art Installations in the CVPR 2024 AI Art Gallery.

No. Title Artist(s) Year

1 Unreal Pareidolia ‑shadows‑ Scott Allen 2023

2 Visions of Destruction Varvara & Mar 2023
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Table A1.Cont.

No. Title Artist(s) Year

3 AI Nüshu (AI女书) Yuqian Sun 2023

4 The Endless Collaborative
Book: Wushu Aven Le Zhou 2023

5 Connections Yamin Xu 2023

6 Neuracappella Zihou Ng 2023

7 Speculative Evolution,
Prototype 1 Marc Lee 2024

8 YouTube Mirror Sihwa Park 2022–2023

9 Gender Tapestry J. Rosenbaum 2023–2024

10 ReCollection Weidi Zhang, Rodger Luo 2022–2024

11 On The Existence of Self‑Identity Julia Chylak, Mateusz Błajda, Eryk Imos,
Beata Bajno, Paulina Wachnicka 2023

12 Beyond Characters: The
Unseen Labyrinth Mingyong Cheng, Zetao Yu 2023–2024

13 LVX‑1 LB2 2024

Appendix B
This appendix summarizes the six exploratory artwork reviews that informed frame‑

work development. The summaries retain the original categories of input, output, inter‑
action temporality, AI technologies, and key points, including the technical, interaction‑
related, and aesthetic observations recorded in the notes. They document preliminary de‑
scriptions and interpretations rather than complete applications of the final 4A framework.
Temporal labels reflect initial qualitative assessments rather than independentlymeasured
latency, and aesthetic observations are interpretations rather than established audience re‑
sponses. Uncertainties recorded during the reviews are retained.

Appendix B.1. Unreal Pareidolia ‑shadows‑ (2023)

Input: Everyday items and toys arranged by participants, the resulting shadows,
a camera‑captured shadowgraph, and an AI‑generated caption used as a prompt for
image generation.

Output: A caption describing the shadowgraph and an AI‑generated image superim‑
posed on the shadows through projection mapping.

Interaction temporality: The initial review described the interaction as “non‑real‑
time” because generation followed a button press. The artwork description quoted in the
notes, however, described image and caption generation as occurring in real time. These
descriptions were recorded without quantitative latency measurements.

AI technologies: Stable Diffusion for image‑to‑image generation and BLIP‑2 for
image captioning.

Key points: The review highlighted the combined use of caption and image gener‑
ation from the same shadowgraph and the audience’s tangible contribution to creating
input data. Aesthetic observations concerned the defamiliarization of familiar objects and
the use of unexpected captions and images in relation to pareidolia. The interpretation that
these discrepancies involved uncertainty or an “out‑of‑domain” problem was recorded as
an exploratory analytical explanation.
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Appendix B.2. ReCollection (2022–2024)

Input: Participants’ speech captured through a microphone and converted into
textual prompts.

Output: Generative image sequences modified through visualization techniques
drawing on monotype printmaking and slit‑scan photography.

Interaction temporality: Initially characterized as “near immediate,” with speech pro‑
cessing followed by image generation and display. The review interpreted real‑time ani‑
mation as contributing to an appearance of immediacy, while leaving the role of a button
press in initiating voice recording uncertain.

AI technologies: Whisper for speech‑to‑text processing, GPT‑4 for text auto‑
completion, and Stable Diffusion for text‑to‑image generation. The notes referred to a
fine‑tuned transformer‑based model, but its identification as a fine‑tuned GPT‑4 variant
remained tentative.

Key points: The review emphasized the combination of a voice interface, multilingual
speech processing, and participant‑specific narrative input. It also noted the use of docu‑
mentarymaterial concerning the visual memories of people with Alzheimer’s disease. The
aesthetic interpretation focused on the relationship between fragmented personal recollec‑
tions and AI‑generated visual imagination, through which details could be supplemented
or transformed into synthetic memories.

Appendix B.3. Beyond Characters: The Unseen Labyrinth (2023–2024)

Input: Participants’ gaze.
Output: AI‑generated fairy‑tale text, associated images, and soundscapes. The review

explicitly questioned whether the accompanying images were AI‑generated.
Interaction temporality: The notes described real‑time webcam tracking of gaze and

head movement, gaze‑responsive distortion of text, and continuous fairy‑tale generation.
Whether gaze also affected the images and sound remained unclear.

AI technologies: Fairy‑tale text generation and a provisionally identified text‑to‑
image function; specific models were not recorded, and the image‑generation process
remained uncertain.

Key points: The review focused on the artistic interpretation of reading challenges as‑
sociatedwith dyslexia and describedAI as a tool operating as a separatemodulewithin the
installation. The quoted artwork description situated the transformations of text, imagery,
and sound within an intention to communicate dyslexic perception and foster empathy;
these were artistic aims rather than audience effects established by the review.

Appendix B.4. Visions of Destruction (2023)

Input: Participants’ gaze.
Output: Generative landscape images that are continuously updated or partiallymod‑

ified through smooth animation.
Interaction temporality: The review distinguished continuous landscape genera‑

tion when no viewer was detected, real‑time gaze sensing, a small delay in aggregating
gaze into a mask, and subsequent inpainting of the masked region using artist‑defined
prompts. AI technologies: Stable Diffusion for text‑to‑image generation and inpaint‑
ing, together with latent‑space navigation and interpolation between prompts to produce
smooth transitions.

Key points: Technical observations emphasized animation through interpolation and
the use of gaze to guide localized image modification. The aesthetic interpretation con‑
nected gaze‑induced landscape destruction and regeneration during viewer absence to the

https://doi.org/10.3390/mti10100103

https://doi.org/10.3390/mti10100103


Multimodal Technol. Interact. 2026, 10, 103 30 of 33

artists’ metaphor of human environmental impact. The notes treated looking and looking
away as meaningful components of the artwork’s conceptual arrangement.

Appendix B.5. AI Nüshu (AI (女书) (2023)

Input: An image of participants and their surroundings, anAI‑generated caption, and
Nüshu scripts.

Output: The captured image and caption, a generated poem, encoded characters in
the AI Nüshu dictionary, newly generated symbols, and guessed character meanings.

Interaction temporality: The review described single‑image capture rather than con‑
tinuous input. Subsequent processes were characterized as almost real‑time, with some
delay before the resulting symbol was visualized.

AI technologies: BLIP for image captioning, GPT‑4 for poem generation, BERT‑
Chinese‑Base for language embeddings, and principal component analysis for
dimensionality reduction.

Key points: The review emphasized the visualization of a speaker‑encoding and
listener‑decoding process as a language‑learning game. It described direct audience in‑
teraction as limited, while identifying the transformation of audience imagery into new
Nüshu‑inspired symbols as an aesthetic point of interest. The quoted artwork description
situated this language‑generation process within a non‑Western feminist context.

Appendix B.6. Wushu (2023)

Input: Participants’ body and hand movements.
Output: Captured images of participants, calligraphic ink strokes and effects, and

generated bilingual English–Chinese characters arranged in a book‑page layout.
Interaction temporality: Real‑time hand tracking and calligraphic effects were distin‑

guished from delayed text generation.
AI technologies: The recorded artwork description identified two customized neu‑

ral networks and a “Motion Caption” process. The review tentatively interpreted this as
image‑to‑text generation or image captioning, while noting that the implementation was
not clearly described.

Key points: The review identified separate “writing” and “reading” stages: partic‑
ipants first produce motion‑based calligraphic strokes and subsequently examine gener‑
ated text. It highlighted the transformation of bodily movement into calligraphy and tex‑
tual content. A comparison with Unreal Pareidolia ‑shadows‑ raised the possibility of re‑
purposing model uncertainty or input‑domain mismatch as an aesthetic resource, but this
remained tentative because the training process and dataset were unclear.
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