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ABSTRACT
We introduce fCrit, a dialogue-based AI system designed to cri-
tique furniture design with a focus on explainability. Grounded
in reflective learning and formal analysis, fCrit employs a multi-
agent architecture informed by a structured design knowledge base.
We argue that explainability in the arts should not only make AI
reasoning transparent but also adapt to the ways users think and
talk about their designs. We demonstrate how fCrit scaffolds this
process by adapting explanations to users’ design language and
awareness levels through a functional prototype. This work con-
tributes to Human-Centred Explainable AI (HCXAI) in creative
practice, advancing domain-specific methods for situated, dialogic,
and visually grounded AI support.
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1 INTRODUCTION
Explainability is intrinsic to design critique [18]. Furniture design-
ers commonly employ Formal Critique—an exercise focussing on
formal elements to develop formal awareness [6]. This involves
articulating tacit formal elements and analysing their relationships
with design intent, often identifying both successful formal rela-
tionships and contradictions as opportunities for refinement. Based
on this understanding, effective explainability must not only make
formal concepts and patterns transparent, but also scaffold the de-
signer’s ability to identify and articulate these elements themselves.
As recent work in Human-Centred Explainable AI (HCXAI) sug-
gests [2, 11], explanations should align with the user’s awareness,
language, and intents.
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In this paper, we present a functional prototype of fCrit, an AI
critiquing system for furniture design that supports visual think-
ing through reflective and adaptive feedback. Our system is based
on the premise that explainability in the arts requires interpre-
tive alignment, dialogic responsiveness, and domain knowledge
structured from established formal critique methodology [6, 19].
Our contributions are twofold: (1) a theoretical framework com-
bining reflective learning, formal critique, and a mixed-initiative
creative interface that adapts mixed-initiative interaction principles
for design practice; and (2) a system architecture enabling adaptive
explainability grounded in visual design concepts and patterns.

2 RELATEDWORK
Evaluating design solutions and enhancing designer’s task per-
formance are key functions of critiquing systems [12, 16]. Their
architecture comprises an analyser module that matches user input
against reference knowledge base, and a dialogue module for error
detection [16]. While these systems have found widespread appli-
cation in design—from design sketching [8] to architectural layout
planning [20], essential aspects of creativity support—feedback
modality [9], cognitive ergonomics [17], and contextual awareness
[5]—remain neglected in their development.

Tutoring system emerged from the need for personal support
system for learners, with capabilities enhanced by large language
models (LLMs) [1]. Nevertheless, design critique demands more so-
phisticated knowledge structures than conventional error-detection
approach, especially for translating between designer’s informal
expressions and visual language.

This limitation highlights the need for design-oriented learning
systems that accommodate designers’ natural thought processes,
communication patterns, and domain-specific vocabulary. Adept
design critique systems must entail competencies on adaptive de-
sign thinking [14], deep reflection [10], and problem framing [3]. In
the following sections, we demonstrate how fCrit addresses these
shortcomings through a structured knowledge base and a respon-
sive dialogic architecture, using Gebrüder Thonet’s M-209 armchair
(Fig. 1) as our illustrative case study.

3 THEORETICAL FRAMEWORK
Our framework encompasses recent calls for XAI approaches that
support sensemaking in creative domains [2, 11]. A system must
adapt its language to match the user’s awareness and choice of
words, and encourage deeper reflection. We integrate three frame-
works that support explainability in furniture formal critique:
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Figure 1: Gebrüder Thonet’s M-209 bentwood armchair (circa 1900).
The dialogue demonstration in Section 6 shows how fCrit interprets
informal descriptions of its curvilinear elements (“noodle-y,” “play-
ful”) and scaffolds formal design analysis.
https://www.thonet.de/en/all-products/detail/209.

Reflective Learning. Following Schön [13] and Moon [7], critique
should enhance reflection-in-action and support the articulation of
tacit knowledge. Rather than prescribing solutions, fCrit scaffolds
design reflection by mirroring insights, prompting elaboration, and
constructing visual analogies.

Mixed-Initiative Creative Interface: Inspired by [4], rather than a
unidirectional exchange, we frame andmodel the interaction as a co-
constructive dialogue where both human and AI can take initiative
towards insight discovery—the system dynamically adjusts its level
of intervention and critiquing tone based on the designer’s need
and evolving observations.

Formal Critique Terminology: fCrit uses a domain-specific vocabu-
lary derived from prominent formal critique literature [6, 19]. The
knowledge base encodes visual concepts (e.g., line, shape, form)
and patterns (e.g., balance, contrast, unity), with multiple levels
of abstraction and formal awareness. Lastly, formal critique is un-
concerned with regional-stylistic or period-based labelling (e.g.,
Scandinavian or Victorian). This approach enables the system to
interpret colloquial language and make formal connections without
constraining creative freedom through stylistic designation.

4 CRITIQUE KNOWLEDGE BASE
Inspired by the key principle of tailored explanation [2, 11] and struc-
tured after formal critique methodology [6, 19], a knowledge base
for formal critique is built to capture visual concepts and patterns
as a structured embedding containing multiple ontological per-
spectives. Each embedding includes formal definitions, perceptual
effects, applications, examples, and awareness-specific terminol-
ogy. This structure supports adaptive explanations while ensuring

design principle consistency. For instance, Figure 2 shows a hi-
erarchical representation of properties for Curvilinear Line, that
could be used to describe some aspects of the chair in Figure 1.
This case example is demonstrated in Section 6 to illustrate how
the system connects user descriptions like “noodle-y” and “play-
ful” to formal concepts such as curvilinearity and rhythmic repeti-
tion—exemplifying how the knowledge base promotes tacit insight
interpretation and visual literacy.

Property: Curvilinear

Element: Line

Furniture Application: “Creates organic flow and so�ness
in armrests, backrests, and decorative elements”

Perceptual Effect: “Evokes organic flow, visual continuity,
and compositional harmony”

Definition: “Lines that follow a curved path”

Formal Awareness Levels:
Novice: “The curved or rounded lines”
Intermediate: “Curved elements that create organic movement”
Expert: “Curvilinear pathways that establish seamless organic
narrative introducing so�ness and continuity”

Examples: “Rounded armchair backs”, “Curved table edges”,
“Flowing cabinet handles”, “Arched chair legs”

Figure 2: Hierarchical representation of Curvilinear Line in fCrit’s
knowledge base, showing how visual concepts are structured with
formal definitions, perceptual effects, awareness-tailored language,
applications, and examples to support adaptive design critique.

5 SYSTEM ARCHITECTURE
fCrit is implemented on n8n,1 a workflow automation platform
connecting modular API endpoints. Within n8n, fCrit orchestrates
an agentic workflow that coordinates the following five specialized
AI agents.

Command Hub. Serves as the central entry point and orchestra-
tion layer; determines which agents should be activated to ensure
efficient context-aware resource allocation

Design Concept Mapper. Translates user terminology into formal
design critique knowledge; extracts visual concepts (e.g., diagonal
line, negative space, etc.) from the knowledge base, assigns a con-
fidence score to each extraction, and tailors outputs according to
user awareness level

Pattern Recognition Engine. Extracts visual patterns (e.g., unity, con-
trast, repetition, etc.) based on user observation from the knowledge
base; assigns a confidence score to each extraction

Etiquette Classifier. Determines the appropriate language mode
(i.e., casual, detailed, or expert); recommends response length and
formality; fosters positive emotional states by reinforcing a shared
language space

1https://github.com/n8n-io/n8n
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Dialogue Agent. Synthesizes insights from previous components
to craft user-centred responses and scaffolds reflective learning
progressively through three techniques: rephrasing user input using
design-related language to nudge further elaboration (e.g., “I can
see why...”), asking generative questions to promote convergent
thinking (e.g., “What makes you think...?”), and creating visual
analogies to stimulate divergent thinking (e.g., “The flowing lines
resemble...”).

As illustrated in Fig. 3, these agents operate in a three-tier work-
flow: input processing, knowledge access/adaptation, and dialogue
generation. Each tier is powered by purpose-specific Claude models:
Claude 3.5 Haiku for fast input processing, Claude 3 Haiku for basic
knowledge retrieval, and Claude 3.7 Sonnet for the Dialogue Agent,
which requires broader context and more nuanced generation. The
Design Concept Mapper and Pattern Recognition Engine agents
retrieve information from the vector-based knowledge store only
when relevant. This on-demand querying avoids cognitive overload,
keeps feedback focused, and facilitates introspection through confi-
dence scoring. These scores enable ongoing evaluation of system
performance and knowledge base coverage.

This architecture emphasizes co-creative engagement by combin-
ing modular control, distributed reasoning, and consistent prompt-
ing. It constrains the scope of each interaction to maintain clarity
and progressively build shared understanding. Rather than pre-
senting multiple perspectives simultaneously, fCrit guides users
through one exploration at a time, thereby enhancing reflection
and reducing noise.

By integrating a structured critiquing knowledge base with a
retrieval-based architecture, fCrit enables just-in-time, context-
sensitive support. Each dialogue turn adds nuance and continuity,
facilitating collaboration without compromising creative agency.

database

Vector
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User Input

System Output

Command Hub

Etiquette
Classifier

Design Concept
Mapper

Pattern Recognition
Engine

input processing

reflexivity adaptationknowledge access

Dialogue Agent

dialogue generation

knowledge access
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aggregated

Figure 3: fCrit architecture: Five specializedAI agents work in a three-
tiered workflow to process user input, access design knowledge,
and generate furniture critiquing dialogues with adaptive levels of
reflexivity. Two of them gain on-request access to a domain-specific
knowledge base.

The system follows the designer’s lead, offering formal insights
only when they enrich the current trajectory of thought.

6 DIALOGUE DEMONSTRATION
The following dialogue presents a four-turn interaction between a
user and fCrit, using Fig. 1 as the case example.

Designer: Hi, I like this design (with Fig. 1 attached).
fCrit: What specifically attracts you to this chair design?
I notice it has those beautifully bent wood elements that
create a continuous flowing line from the backrest to the
armrests. The natural light wood tone gives it a timeless
quality too.
Designer: Well I’m drawn to how noodle-y it looks. It’s
playful yet elegant!
fCrit: I love your description of it as “noodle-y”! That’s a
great way to capture those continuous curved lines. The way
the wood bends and flows without interruption creates that
playful character you’ve noticed, while still maintaining an
elegant presence. Do you think it’s the smoothness of the
curves or the rhythmic repetition of the lines that gives it
that playful quality?
Designer: I think it’s in the way the curved lines traverse
across different parts of the chair, tying it together to create
a story. What do you think about this linear narrative?
fCrit: That’s very perceptive! Those curved lines do more
than just connect physical elements—they create a visual
journey through the chair’s form. The way each curve flows
into the next creates a sense of continuity that tells a story of
movement and rhythm. It’s almost as if the designer wanted
us to experience the chair as a single gesture rather than
separate parts. The curves also guide the eye around the
entire piece, revealing how intentionally unified the design
is. Do you feel this narrative quality makes the chair more
inviting or more sculptural in nature?
Designer: This narrative definitely invites closer inspection.
There’s something else about the nature of curve that feels
amiable. I can’t quite find the right word.
fCrit: There’s a certain warmth and hospitality in organic
curves that straight lines often lack. Perhaps what you’re
sensing might be described as “haptic invitation”—the way
these gentle curves seem to welcome touch and interaction.
The curves have a natural ergonomic quality that resonates
with our bodies and movement patterns, creating an imme-
diate sense of comfort even before physical contact.
The gradual, predictable nature of these curves also cre-
ates visual ease—our eyes can follow them without abrupt
interruptions, which might contribute to that feeling of ami-
ability you’re describing. Does that resonance with human
movement patterns and visual comfort capture some of what
you’re feeling about these curves?

This interaction highlights several critiquing techniques that
fCrit employs to interpret and translate affective and metaphorical
language into formal design terms, and guide reflective inquiry
while building trust and fostering positive engagement [7].

The opening exchange demonstrates fCrit’s question-first pro-
tocol. When designer interest is ambiguous, the system prioritises
understanding the designer’s perspective before offering formal
analysis. This is supported by response length control, which pre-
vents the system from overwhelming initial exchanges while still
building trust and advancing critique.
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The second turn exhibits designer-centred language adaptation,
where fCrit focusses on the designer’s natural expression (“noodle-
y”) rather than immediately imposing formal terminology. The
subsequent turns show grounded interpretation where the system
builds on the designer’s metaphor (“linear narrative”) by introduc-
ing formal concepts (“haptic invitation”) to expand analytical scope.

Throughout, fCrit uses generative questioning to encourage deeper
reflection with questions like “Do you think it’s the smoothness of
the curves...?” or “Does that capture some of what you’re feeling...?”
inviting the designer to reframe and refine their own observations.

This dialogue demonstration exemplifies fCrit’s core principle
of reflective learning through adaptive formal critique. Rather than
imposing stylistic classifications, fCrit’s critique offers pragmatic
formal insights that furniture designer often need while encourag-
ing designers to develop their own analytical framework from their
intuitive vocabulary.

7 CONCLUSION & FUTUREWORK
Our immediate goal is to evaluate fCrit through a user study with
both novice and expert designers, assessing its helpfulness, align-
ment with design intent, and support for reflection. Results will
guide further development, particularly for deployment in edu-
cational and industry contexts, and inform adaptations for other
design disciplines. This next development phase extends our core
research aim: advancing AI tools that augment, rather than replace,
creative judgment. By integrating visual explainability with reflec-
tive dialogue and formal analysis, fCrit models an XAI approach
that foregrounds subjective interpretation, social interaction, and
critical reflection—core dimensions of design critique.

Beyond furniture design, the system’s architecture and method-
ology point to broader applications across creative domains. As AI
tools for designers continue to concentrate on content generation
over other aspects of design practice [15], tools like fCrit may play a
pivotal role in promoting design literacy, fostering problem-finding,
and reshaping designer-AI collaboration. Such systems could en-
hance conceptual understanding, support deeper engagement with
design thinking, and expand the scope of creative sensemaking in
both academic and professional settings.

REFERENCES
[1] Tarek Ait Baha, Mohamed El Hajji, Youssef Es-Saady, and Hammou Fadili. 2024.

The impact of educational chatbot on student learning experience. Education
and Information Technologies 29, 8 (June 2024), 10153–10176. https://doi.org/

10.1007/s10639-023-12166-w

[2] Nick Bryan-Kinns. 2024. Reflections on explainable AI for the arts (XAIxArts).
Interactions 31, 1 (Jan. 2024), 43–47. https://doi.org/10.1145/3636457

[3] Nigel Cross. 2006. Designerly Ways of Knowing. Springer Science & Business
Media.

[4] Sebastian Deterding, Jonathan Hook, Rebecca Fiebrink, Marco Gillies, Jeremy
Gow, Memo Akten, Gillian Smith, Antonios Liapis, and Kate Compton. 2017.
Mixed-initiative creative interfaces. In Proceedings of the 2017 CHI Conference
Extended Abstracts on Human Factors in Computing Systems (CHI EA ’17). ACM,
New York, NY, USA, 628–635. https://doi.org/10.1145/3027063.3027072

[5] Gerhard Fischer. 2012. Context-aware systems: The ‘right’ information, at the
‘right’ time, in the ‘right’ place, in the ‘right’ way, to the ‘right’ person. In
Proceedings of the International Working Conference on Advanced Visual Interfaces
(AVI ’12). ACM, 287–294. https://doi.org/10.1145/2254556.2254611

[6] Gail Greet Hannah. 2002. Elements of Design: Rowena Reed Kostellow and the
Structure of Visual Relationships. Princeton Architectural Press.

[7] Jennifer A. Moon. 2013. A Handbook of Reflective and Experiential Learning:
Theory and Practice. Routledge. https://doi.org/10.4324/9780203416150

[8] Yeonjoo Oh, Ellen Do, and Mark Gross. 2004. Intelligent critiquing of design
sketches. In AAAI Fall Symposium - Making Pen-Based Interaction Intelligent and
Natural, 2004.

[9] Yeonjoo Oh and Youkeun Oh. 2017. A computational model of design critiquing.
Artificial Intelligence Review 48 (Dec. 2017). https://doi.org/10.1007/s10462-

016-9509-3

[10] Johan Redström. 2017. Making Design Theory. The MIT Press. https://doi.org/

10.7551/mitpress/11160.001.0001

[11] Michael Ridley. 2025. Human-centered explainable artificial intelligence: An
annual review of information Science and Technology (ARIST) paper. Journal
of the Association for Information Science and Technology 76, 1 (2025), 98–120.
https://doi.org/10.1002/asi.24889

[12] J. E Robbins and D. F Redmiles. 2000. Cognitive support, UML adherence, and
XMI interchange in Argo/UML. Information and Software Technology 42, 2 (Jan.
2000), 79–89. https://doi.org/10.1016/S0950-5849(99)00083-X

[13] Donald A. Schön. 1992. The Reflective Practitioner: How Professionals Think in
Action. Routledge. https://doi.org/10.4324/9781315237473

[14] John Sharp and Colleen Macklin. 2019. Iterate: Ten Lessons in Design and Failure.
MIT Press.

[15] Yang Shi, Tian Gao, Xiaohan Jiao, and Nan Cao. 2023. Understanding Design
Collaboration Between Designers and Artificial Intelligence: A Systematic Liter-
ature Review. Proceedings of the ACM Human-Computer Interaction 7, CSCW2
(Oct. 2023), 368:1–368:35. https://doi.org/10.1145/3610217

[16] Barry G. Silverman. 1992. Survey of expert critiquing systems: Practical and
theoretical frontiers. Communications of the ACM 35, 4 (April 1992), 106–127.
https://doi.org/10.1145/129852.129861

[17] Huaglory Tianfield and Ruwen Wang. 2004. Critic systems: Towards human-
computer collaborative problem solving. Artificial Intelligence Review 22, 4 (Dec.
2004), 271–295. https://doi.org/10.1007/s10462-004-4330-9
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