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ABSTRACT

While typing is the most common modality to instruct an LLM,
there are applications where text can limit our interaction with
Al Especially during design, individuals might rely on visual
thinking, imagination, and intuition, all of which do not follow

a scqucntial chain oi‘thought and can be challcnging to express
through sentences. Can tangib]e interfaces use embodiment to
structure and craft prompts that challcngc the lincar thinking
encoded into conversational LLM interfaces? We designed 3
object prompts that lcvcragc tangibility to enable LLM interaction
while mitigating information overload. The first group of
objects, Al Expert Personas embodicd as figurines, can fine-tune
models dcpcnding on spatia] position and distance. Second is a
rotary lighthouse tower that scarches for relevant work. Third,
we map customisable criteria onto Goal Tokens to automate
summarization and evaluation. We present “tangihle prompting”
as a framework for rcthinking to our increasing]y monotonous
interactions with LLMs.
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INTRODUCTION

Conversational chat interfaces have rapidly become the dominant
interface between humans and largc languagc models (LLMs).
While casy to understand, research on chat-based systems suggests
thcy encourage passive consumption rather than active reflection.
Users frequcntly cognitivcly disengagc from gcnerated outputs,
skim content, overlook details, sometimes even forgct what

promptcd them, and lose the thread of their own thinking [12].

This limitation becomes cspccially prominent in Al-assisted
creative thinking. There are good reasons dcsigncrs reach fora
whiteboard rather than a word processor whena problcm teels
hard. Spatial tools like Miro demonstrate that non-linear, visual
thinking environments unlock modes of reasoning that sequcntial
text cannot — ideas coexist without hicrarchy, connections emerge

from proximity, and the whole composition remains visible at once.

Current LLM interfaces enforce a cognitive queuc fundamentally
at odds with how creative thinking unfolds.

Espccially in a time when artificial intclligcncc and automation
make intclligcncc and productivity sccmingly chcapcr than ever,
the skills that remain distinctly human - creative synthcsis, critical
judgmcnt, lateral thinking - become ever more important to
cultivate. Knowing which parts of your thinking to share with an
Al and which to dcvclop yoursclf, is hccoming onc of the most

important literacies of our time.

Xiao Xiao
Devinci Institute of
Technology

Hiroshi Ishii
MIT Media Lab
Cambridge, USA
Paris, France ishii@media.mit.edu

Xiao.xiao@devinci.fr

We present Tangible Co-Ideation, a spatial LLM interface paired
with tangihle objccts that structure the prompting process through
physical manipu]ation rather than typing. Drawing on embodied
cognition, we aim to make brainstorming more playful and
narrative-driven. The Tangible Co-Ideation begins with an idea. The
user draws a quick sketch and describes their idea in a few words.
Then the journey hcginsn.
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2. RETHINK

2.1 Cognitive Engagement through Embodiment
Recent studies found that LLM users showed severe deficits in
critical thinking, coherent rcasoning, and i:eelings ofownership
(3,4,12], suggesting that passive, text-based Al interaction actively
disengages users from their own thinking. This stands in contrast
to what we know about physical interaction: tangihle interfaces
offer real benefits for learning and can simplify prohlcm-solving
[14]; natural lcarning engages multiple senses [20]; haptic and
visual perception share abstract representations [5]; and physical
ohjccts are recalled better than pictures, and pictures better than
words [2]. Although it remains debated whether these benefits

stem from physicality itself or from the active engagement it affords

[16, 19], what is consistent is that embodied interaction correlates

with deeper cognitive processing

and a VV‘:ly to l(CCp tllC human

meaningfully in the loop.

diverg®

2.3 Al Expert Personas

Generative Al has been shown to support both divergent and
convergent thinking in creative processes, particularly for novices
[2,17,21]. Tools like PersonaFlow demonstrate how LLM-
simulated expert perspectives can enhance early-stagc conccptual
exploration [13], and AT has been shown to act as a sustained
collaborative presence that shapes users’ conccptual strategies.
However, Al-mediated ideation carries real risks: Shin et al.
found no evidence that LLMs alone improve prohlcm rcframing
and observed reduced agency among lcss-experienccd users [15],
while mcaningful Al guidancc requires careful calibration of
trust. These findings underscore the need to dcsign Al personas
that actively support critical engagement rather than passive
reliance. We draw on this hy embodying distince value systems
and expert lenses as physical personas, prompting users to reason
through their ideas from multiplc perspectives rather than
converging prematurcly on A[-suggcsted directions.

2.2 Underlying System: Creativity as Divergent Convergent Cycles

Crcativity is widcly understood as an iterative process alternating between divcrgcnt thinking (gencrating ideas) and convergent thinking (cvaluating and rcﬁning them) [6,10]. HCI research on Creativity Support
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2.4 Al for synthesizing large data

Particularly interesting for ideation is how LLMs excel at
synthesizing large volumes of information through Cross-
referencing and associative knowledge generation across disparate
sources [ 15]. Tools like Elicit demonstrate this for literature review.
How can we leverage this skill in real time during ideation?

2.5 Al for summarizing and evaluation

Another area where LLMs shine is in automated meeting summary
tools such as Otter.Al, or Fathom. They have been widely adopted
to reduce cognitive overhead in professional workflows. Yet this
convenience carries a risk: when Al handles synthesis, users risk
losing meaningful contact with the underlying material and the
time usually spent with it [6]. We designed our tangible interface
to navigate this tension — using Al to surface and organise relevant
knowledge, while keeping users in control of how that knowledge
is interpreted and applied to their creative process.

Tools confirms these phases are intcrdcpcndcnt rather chan scquential [7,8,19}. Supporting crcativity, therefore, rcquires interaction structures that afford both cxpansion and evaluation within an cvolving design

space [23-25]. We dcsigncd our tangihlc interface around this: each physical ol)ject corrcsponds to a distinct phasc of the creative cyclc, allowing users to move l'luidly between cxploration and evaluation without

the lincar constraints of a chat interface.
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3. REMAKE - Al PIPELINES FOR
CREATIVE THINKING

Al Mentor

During Tangibic Co-Ideation, the AI-Mentors serve as expert
personas offcring dcsign critiques that represent different value
systems, ranging from academic profcssors and artists to business-
oriented entreprencurs.

To dcvclop Al-Mentors, we dcploycd a Rctricval—Augmcntcd
Generation (RAG) system, combined with supcrviscd ﬁnc-tuning
[13] and prompt cnginccring, to deliver prccisc, context-aware
responses groundcd in curated materials [1,18]. Relevant data,
including academic papers, transcribed talks, sketches, and
ChatGPT conversations, were collected, digitizcd, and indexed in a
unified databasc [6]. The PDF of publications builds the foundation
of the expert knowlcdgc base. Recorded talks were transcribed

to improve overall aiignmcnt and response accuracy. Sketches of
human mentors served as a source ofin-progrcss thinking. Thcy
were first proccsscd using OCRand image analysis to extract
textual and visual features. Then clustcring aigorithms and manual
tagging were appiicd to organizc sketches hy topic and concept,
and cach visual element was linked to related documents to enable
cross-modal retrieval [11,19]. Lastly, human mentors' ChatGPT
conversation iogs were used to understand communication styic.

To ensure conﬁdcntiality, we builta custom application tool to

=] || |
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clean conversation iogs. This tool removes irrelevant and pcrsonai
cxchangcs under human supervision, resulting in a dataset for
model training. Based on this curated data, AI-Mentor agents with
defined expertise, background, and communication styic were
trained. In the last step, prompt engineering guidcd responses

in the AI-Mentor’s voice and ensured appropriate rcfcrcncing

of documents and sketches. Prompts were iterativciy tested and
refined to optimize contextual grounding and response ﬁdciity,

Lighthouse

The second feature is the Lighthousc (described in section 5.3),
which hclps users to search for relevant work during brainstorming.
It uses a ChatGPT API call to analyse and identify topic clusters
related to the user’s idea. The clusters are semi-structured as main,
contextual, and technical. Then we use Semantic Scholar API,
arXiv, and Crossref to find at least 5 publications per cluster. These
more speciﬁc tools can better accommodate users’ imaginative
ideas without lcading to hallucinations.

™

Goal Tokens

The third feature, Goal Tokens (dcscrihcd in section 5.4), usces
LLMs as an automated summary and evaluation tool. To wrap

up an ideation session, users placc Goal Tokens that represent
different criteria, e.g. originality, puhiishahiiity, commerciality,
ctc., onto the field. Through prompt engineering, a summary of the
brainstorming session, structured as advantagcs and disadvantagcs,

as W(.ll as next SthS, is p['CSCﬂth to tl’lC uscr.
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3.2 Capactive Sensing for Tangible Interaction

In our first prototype, we impicmcntcd an ArUco marker tracking
system with an overhead camera. This approach enabled reliable
identification ol"objcct idcntity, hcight, and 3D orientation. However,
it rcquircd the top surface of cach tangibic to remain visible for
tracking. Because our system cmphasizcs expressive, embodied
manipulation, this constraint ncgativciy impacts the interaction
experience. In our second prototype, we cxpiorcd a conductive
filament-based approach. We 3D printcd tangihics with three
conductive contact points on their base, cncoding objcct idcntity
and orientation through the relative distances between these points.
When piaccd ona capacitive touch screen, the system distinguishcs
tangibics based on their unique footprint gcomctry.This approach
allows more natural interaction and works on most standard
capacitive touch screens. A limitation is that most screens support
oniy ten simultancous touch points, restricting tracking to three
tangibics atonce. In practice, this was managcabic, as our interaction
scenarios rarciy rcquircd more than three concurrent objccts, and
simpic software strategies hcipcd maintain ohjcct state. To preserve
visual expressiveness, we carcfuiiy dcsigncd cach tangihic so that oniy
necessary conductive regions remain cxposcd, while the main l)ody
uses non conductive colored materials. We gcncratcd and evaluated
ten distinct footprint conﬁgurations with sufficient spatiai separation
to ensure reliable differentiation during interaction.

unique angles to for
recognizing geometry

3D printed

) resistive PLA
capactive touch

three points recognized
by capacitive screen as
multitouch input

X X v v v

5mm 8mm 10mm 12mm 15mm
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4.REMAKE - ITERATIONS

Software Design

The interface went through two dcsign iterations. Each one addressed
concrete problcms identified during use. In the first iteration, we
established the concept of “rooms” to structure tangible co-ideation.
Ideas start with user input in rooms, where Al Mentors can join to
give teedback. Rectangular rooms serve as containers for individual
ideas. Each room could contain any combination of text, imagcs, and
frechand sketches, providing the context to prompt the mentors.
Users could open multiplc conversations per room and manually

merge context from diffcrcnt thrcads to steer tl‘lC gcncration.

el

In the second iteration, we tried to embed an ideation sequence
into the interaction, c.g., when the mentor was moved into a room, 3
bubble ideas were gcncratcd. Idea bubbles could be mcrgcd. When
amentor moved on an idea, it would emita spccch bubble with the
mentors opinion on theidea,anda proposal of anew direction. A
lens objcct lets users visualize a live sketch of an idea.

A backpacl( mechanism allowed storing and carrying
conversational threads across the canvas. One kcy limitation

became clear through use: the many functions made it difficult to
intuitivcly understand where to focus and how to use the system.

Hardware Design

The system includes two categorics of physical objccts with different
dcsign logics. The tokens (the Lighthousc and the Goal Tokens) are
designed to draw from established conccptual mctaphors [25,26]:a
lighthousc tower that rotates and beams light is alrcady understood
as somcthing that searches or reveals, and a shelf that can tip is alrcady
understood as somcthing that holds a state that can be inverted.
These objccts do not require instruction because users carry prior

embodied schemas for what thcy do [27,30].

The mentor ﬁgurincs work diffcrcntly, since thcy representa person,
or more accuratcly, aslice ofa person ora biggcr value system. We
started with a humanoid-looking representation; however, we
quickly moved to more symbolic representations. In the case of
Hiroshi Ishii AI-Mentor, rather than being a digital twin of the real
person, our RAG system creates an expert persona who represents
an academic value system. After several rounds of form-ﬁnding, we
chose the abacus. This tangiblc calculating device is often referenced
by Prof. Ishii as the embodiment of his rescarch visions. We wanted
to be transparent that these Al-Mentors do not represent the entirety
ofa person, but rathera very spcciﬁc aspect, in this case, Prof. Ishii’s
research side. Moreover, with more abstract ﬂgurincs, we hopc to
encourage playful imagination and storytclling to idcntify problcms
rather than solve them during brainstorming.

Learnings

When we brought the software and hardware togcthcr, we quickly
realized that when the software is dcvclopcd without a tangible
interface in mind and vice versa, there are many intcgration issues that
break the experience.

+  Moving Ul clements does not fit well with tangiblc objccts

. Tangiblc Ul needs to be clcarly connected with the screen, cg,
digital shadow

. The objccts should be dcsigncd with lcgs thatlook like tlicy are
coming out of the screen rather than a flat surface, which covers
alot of screen real estate

. The objccts need to be casily graspablc and stable for optimal

capacitive recognition
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We started with humanoid-like objcct.
Since we were limited with black
conductive filmament, we playcd witha
2nd color to make it more appcaling.

chs were implcmcntcd to make reduce
covering up screen real-estatect which

can be used to (lisplay a digital shadow.

To abstract forms
did not convey the
playful feel ingwe
believe would make
brainstorming more
fun and enjoyable.

We used playdoh to model shapcs that
invites pcoplc to hold while bcing mindful
of the constraints ofcapactivc sensing.

The version before the
final shapc, an abacus with
moving beads. The shapc is
casy to grasp and the three
points for detection are
niccly concealed within
the geometry.
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5.REDESIGN - TANGIBLE CO-IDEATION

5.1 Ideation mode
Tangil)lc Co-ideation starts l)y drawing a circle on the screen. We
call the circle a room, the starting point of an idea. The user then

sketches an idea into the room and describes it in a few words.

Next, an Al-Mentor figurine is physically placed in the room,
which triggers a brainstorming sequence: the Al-Mentor reads

the room’s content and generates threc ideas from its perspective.
The ideas are shown as smaller circles, or bubbles, connected to the
room. Each generated bubble is color-coded to indicate who said

which comment and connects back to its source tlirough avisible
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branch, so the chain ofthought from the original room to any

downstream idea StklyS traceable.

Next, the user picks oncidea they are most intrigued by and
guides the Al-Mentor figurine towards the bubble. Depending

on the direction the mentor ﬁgurine approaches the bubble, the
Al-Mentor will generate responses from different perspectives,
convergg, diverge, or respond to user«speeiﬁe requests (talk
mode). In converge mode, the mentor produees aresponsc that
builds toward the idea and links it to a new bubble derived from
that convergent reasoning, In diverge mode, it ehallenges or
reframes the idea and generates a bubble exploring an alternative
direction. In talk mode, the user can direct the mentor with a
speeil‘ie question or request, including asking the mentor to sketch
aresponsc direetly on the canvas. These perspectives ehallenge the
user to make decisions and provide structure during brainstorming.
The mentor’s digital shadow and its animated digital gaze serveas

visual indicators.

Multiple mentors can be active on the canvas at the same time and
can each interact with the same ideas independently, simulating a
design critique experience with experts from different perspectives.
Furthermore, bubbles can be merged or used to instantiate new
rooms to kick offa parallel or next iteration ofbrainstorming.
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5.2 Debate Mode

Arena mode is triggcrcd by a physical gesture: two mentor ﬁgurincs
placed facing cach other, and the debate on the nearest idea bubble
bcgins. The two mentors take turns generating responscs, cach
arguing from the perspective of their trained persona. With two
mentors, their spatial orientation continues to serve as tangible
prompting languagc throughout the session:

o when both ﬁgurincs face cach other, the current spcal(cr is
promptcd toagree and build on the previous point; when
both turn away, the stance l‘lips to disagrccmcnt.

. Asymmctric orientations producc one mentor trying to
convince while the other refuses to engage. In addition, there
are four physical gestures in debate mode.

o Moving a ﬁgurinc back and forth horizontally, similar
to shai(ing the head, triggcrs a sccptical gesture: the next
response opens with doubt, challcngcs a spcciﬁc claim, and
refuses to accept the previous point.

. Tracing a circular motion with a ﬁgurinc triggers an exciting,
gesture: the next turn becomes shore, punchy, and increases
enthusiasm for a thread of thought.

. Picl(ing upa l‘igurinc and tapping it back down twice triggers
an intcrruption: the current spcal(cr is cut off midstream, and
the tapping mentor immcdiatcly takes the floor.

. Physical contact between two ﬁgurincs triggers a
confrontation gesture: the next response opens with a blunt

contradiction and escalates the disagrccmcnt dircctly.

These embodied gestures extend the argument that physical
manipulation ofohjccts can clicit a different level ofcognitivc
engagement than verbal input. As with children playing with
ﬁgurincs, the tone, urgency, and stance become parameters that

construct prompts.

The debate ends in one of two ways. Moving one of the ﬁgurincs
into the conclusion zone at the bottom—right corner of the screen
and holding it there for three seconds closes the session. The mode
can also auto-conclude if one mentor wins an argument over the
other. On exit, a new room appears with a sketch and dcscription,
containing an Al—gcncratcd synthcsis of the debate. Three idea
bubbles are placcd around it to kick off a new round of ideation.
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Two physical objects complcment the mentor ﬁgurincs.

5.3 Lighthouse Mode

A lighthousc guidcs ships through the dark hy pointing in a
direction. During hrainstorming, the userisin a comparahlc
position: generating ideas without l(nowing what alrcady exists
around them in the rescarch landscapc. When the lighthousc

is placcd on the surface, black smoke blurs the entire canvas.
Ovcrlaycd on the ideas, four clusters appear. A 90-dcgrcc beam
sweeps from the tower to the cdgc of the screen, cutting through
the darkness and illuminating whichever cluster it lands on in
ycllow. Rotating the physical tower rotates the beam, lctting the

uscr SWCCP through tl’lC canvas and Cl’l()()SC VVl'llCh ClUStC[' to surfacc.

DIS’2021

5.4 Goal Tokens Mode

Two Goal Tokens, reprcsentcd through shelves, sit on the surface
alongsidc the mentor ﬁgurincs and lighthousc: a bookshelf for
publishability anda supcrmarkct shelf for commercialization.
Placing cither on an idea bubble immcdiatcly starts an evaluation
sequence. For the publishability shelf, reports appear as notcpads.
For the supermarkct shelf, thcy appear as receipts. The format
inside each is fixed: four sections of three short bullets each. For
the bookshelf, those sections are Strcngths, Research questions,
Hypothcscs, and To dcvclop. For the supcrmarkct shelf: Market
size, Targct audience, Revenue potcntial, and Go-to-market.
Tipping the shelf over regenerates all reports undera negative
framing: the publishability sections become Weaknesses, Missing
clements, Logical flaws, and Not publishablc because. The
commercialization sections become Market barriers, Target issues,
Revenue risks, and Fatal flaws. The Goal Tokens summarize a
brainstorming session by presenting its strcngths and weaknesses
through the lens of set goalsl It hclps users to converge and start the
next round of ideation with continuity.

: June 28-July 2, 2021
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CONCLUSION

In today’s educational landscape, Al is an inseparable component.
Students rapidly learn how to use these tools to their advantage.
The risk is not that they will use Al poorly. Itis that they will usc it
SO llucntly that many don't realize their own thinking might quictly
disappcar. Knowing how to use Al to think more clearly and
which tasks should be done yourself is becoming one of the most
important literacies of our time.

Creative synthcsis, critical judgmcnt, and the capacity to hold an
unresolved problem long enough to understand it are not skills
fostered by current Human-Al interfaces. They require time, effort,
and friction. Tangible Co-Idcation is built on these premiscs.

Evcry interaction requires a physical act: placing amentor, tapping
ﬁgurincs, rotating a lighthouse, tipping ashelf, or moving two
mentors toward each other. Spatial rclationships are levcragcd to
promptin tangible ways. The angle a ﬁgurine faces sliapes what gets
gcncrated. The direction the lighthousc points determines what
literature surfaces; the orientation of two mentors mid-debate
edits the tone of the argument in real time. Shneiderman argucd
at CHI 1998 that the pursuit of transformational technologies
must remain oriented toward human ﬂourishing rather than

mere automation. That question has only become more urgent

in the decades since. “Our greatest resource is human creativity.
Appropriate tcchnology can empower more pcople to experience
the thrill of creative work and enable each of us to make a

difference” [16].

Future: seamless imy p/emw tations across hardware p/uz tf& s with ca ipactive sensing capa bilities
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