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Figure 1: AirClick overview. Detachable modules connect to both personally fabricated (a) and retail inflatables (b) and integrate
with traditional furniture (c). Each module clicks onto an air connector (d) linked to a control unit (e) beneath the ground plate
grid (f). This setup enables space-efficient, interactive room transformation through tangible rearrangement and pneumatic
actuation.

Abstract
As living and working spaces become scarce and costly, interiors
transitioning between living, working, and sleeping configurations
while enabling customized setups are in demand. Traditional fur-
niture consumes space and is cumbersome to rearrange. Shape-
changing furniture could solve this, yet existing options lack resolu-
tion, stability, or adaptability. We present AirClick, which facilitates
on-demand room transformation using modular interactive inflat-
ables. Our fabrication process supports personally fabricated and
retrofitted retail inflatables. The touch-actuated modules connect
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to a floor-based air connector grid, facilitating interaction while
integrating with traditional furniture. In a lab study (N=20) across
four scenarios (office, meeting room, apartment room, multipur-
pose hall), participants rapidly transformed rooms and perceived
AirClick as significantly more usable with higher intention to use
in the everyday scenarios than in the hall, indicating suitability for
routine activities with low to medium requirements for robustness.
User feedback highlights AirClick ’s usefulness and scalability in
diverse settings, hence showing AirClick’s space-saving and cus-
tomizable design can enhance the functionality and adaptability of
living and working spaces.

CCS Concepts
•Human-centered computing→Ubiquitous andmobile com-
puting; • Hardware;
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1 Introduction
In recent years, the prices for living and work spaces have contin-
ued to rise while the available space has become scarcer [28]. Thus,
the available interior space should be used efficiently and effec-
tively to save time, money, and effort. However, traditional manual
reconfiguration of interior spaces is time-consuming, as moving
large, heavy furniture is cumbersome, and storing unneeded pieces
occupies valuable space.

Quick and easy transformations are essential to optimize space
usage and enable versatile interiors like meeting rooms and ex-
hibition areas. Extending existing furniture with add-ons rather
than complete replacement promotes flexibility and reduces waste.
Additionally, shape-changing systems allow furniture to be adapted,
making it easier to explore new interior configurations.

While existing systems like pin arrays [8, 15, 25], modular robotic
modules [17, 42, 44, 46], and dynamic 3D printing [45] offer on-
demand shape change, they primarily cater to haptic feedback in
Virtual Reality (VR) environments [52] or tangible prototyping [5]
and cannot create the shapes required for practical, aesthetic, and
ergonomic furniture like sofas and shelves. Large-scale inflatable
approaches, like Printflatables [38], Swaminathan et al. [48], and
AirTied [35], provide such shapes that are compact when deflated,
yet they struggle with actuation control and hose organization for
multiple furniture pieces. Floor-based systems can solve layout,
organization, and actuation issues for entire rooms, but pin-based
approaches like Elevate [15] require substantial space for their un-
derlying mechanisms. Instead, previous floor-based systems using
inflatable modules like LiftTiles [43] and TilePoP [52] solve this
space problem but are limited to fixed cuboid shapes, lack robust-
ness (e.g., 10 kg load-bearing [43]), and non-detachable modules,
thus offering little flexibility and not supporting the hybrid use of
existing furniture.

To overcome these challenges, we present AirClick, a system for
on-demand room transformation (see Figure 1). AirClick employs
novel detachable modules, which can connect to arbitrary inflat-
able shapes while providing sensor and air connections for their
interactive actuation. The modules mount personally fabricated and
retail inflatables. While personal fabrication enables custom shape
creation, catering to specific aesthetic and functional requirements,
retrofitting retail inflatables provides accessibility and convenience,
leveraging available products. This combined approach allows for
various module designs, from simple cuboids to complex, custom
shapes for furniture like sofas and shelves. Besides, a ground plate
eases module connection while hiding and organizing air hoses
and valves in a grid (see Figure 1) connected with a control soft-
ware to synchronize actuation. Each ground plate grid unit has a

circular air connector, enabling one Degree of Freedom (DoF) for
module rotations and two DoF for planar movements. Modules
can be detached while keeping their inflated state, which can be
prolonged by sealing the inlet. The modules cover the floor only
when needed, leaving the remaining area available for other uses.
Further, compact deflated modules allow space-saving storage.

Following a research through design approach, we built a 2x2 m
ground plate with 16 air connectors. To demonstrate the mounting
and use of diverse personally fabricated inflatables, we created a
chair, cube, room separator, shelf, and air-stack to showcase the
modules. Additionally, we retrofitted an inflatable bed, beanbag, and
footrest from retail as modules. The prototype underwent a tech-
nical evaluation, proving its low space requirements, deployment
ease, reasonable actuation speed, and robustness.

To understand how people would use AirClick in practice and to
probe its applicability to everyday rooms, we conducted a lab study
(N=20), where participants freely explored room transformation
with AirClick in four scenarios: office, meeting room, apartment
room, and multipurpose hall. They rated AirClick as usable and
would use it in the future. While highlighting its versatility, they see
challenges regarding robustness and moving object-filled table and
shelf modules. The participants’ room setups suggest that AirClick
suits a wide application range, from rearranging meeting rooms to
converting bedrooms into home offices.

Contribution Statement:
• The concept and implementation of AirClick, a floor-based
system for on-demand room transformation.

• Empirical findings from a formative user study (N=20) show-
ing AirClick ’s usability and versatility across four interior
scenarios (office, meeting, apartment, multipurpose hall),
revealing interaction patterns with modular inflatables.

• Design implications for everyday room-transformation sys-
tems, derived from the study and technical evaluation, guid-
ing future deployments of pneumatic environments.

2 Related Work
AirClick builds on shape-changing interface research (1) conducted
at a large scale in entire rooms, (2) with modular designs, (3) using
inflatables, or (4) having floor-based applications.

2.1 Large-Scale Shape-Changing Interfaces
Prior work investigated large-scale shape-changing interfaces for
interiors, highlighting the benefits of adaptive environments. For
example, Hong et al. [12] explored interaction with actuated walls,
and Nabil et al. [24] actuated decorative interior artifacts. Moreover,
Ori [41] and CityHome [19] provide systems for transforming entire
rooms. However, they require rail installations on suitable surfaces,
which do not fit every room due to narrow walls and small ceiling
height, and need pre-configuration of furniture behavior.

As these prior large-scale systems are primarily designed for spe-
cific room layouts [19, 41] and purposes (e.g., decoration [12, 24]),
they are limited in adapting or reconfiguring rooms dynamically
with custom objects besides walls, beds, and retractable tables. In
contrast, AirClick focuses on transforming entire rooms with mod-
ular inflatable components that can be rearranged on a grid.

https://doi.org/10.1145/3771882.3771888
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2.2 Modular Shape-Changing Interfaces
Modular 3D objects could be used for furniture, as they provide di-
verse shapes and can be easily rearranged [7, 11]. Researchers have
proposed modular systems like SwarmHaptics [17], ShapeBots [46],
and RoomShift [42] to build construction kits or provide haptic
feedback. However, RoomShift can only move existing furniture
and requires at least 30 cm underneath each piece individually for
robotic module connection, mainly suitable for tables and chairs. In
contrast, AirClick raises the entire floor by 15 cm to allow furniture
with less space than 30 cm underneath (e.g., shelves). Moreover,
actuators’ number [17, 46], size [17, 26, 46], load-bearing [26, 42],
and power requirements [49] remain significant challenges when
scaling these approaches to furniture.

Besides, self-reconfigurable modular robots (e.g., see [42, 46]),
mechatronic surfaces [40], or interactive blocks (e.g., see [11, 34, 37,
45]) create technical complexity due to actuation and communica-
tion requirements, imposing a greater risk of technical failures and
damages in a large-scale scenario that requires robust furniture.
Other works, such as TiltStacks [53] and Tangible Pixels [50], sug-
gested dynamically constructing furniture. However, their electro-
mechanical modules are relatively expensive and limited in size
as well as physical representations (e.g., because of the pixel-array
layout [53] or weight [50]). Also, the construction time increases
with the number of components, posing a challenge for rapid shape
generation [45]. To reduce module cost and deployment efforts and
increase shape versatility, AirClick employs inflatables on modules.
In contrast to approaches that require many components for one
object (e.g., [17, 37, 45, 46, 58]), this reduces the number of modules,
as entire inflatable furniture (e.g., tables or beds), also from retail,
can be mounted on modules.

Furthermore, prior work has explored fast and flexible connec-
tions between modular units. "Oh, Snap!" [39] introduces a mech-
anism for rapid attachment and detachment of small modules,
which aligns conceptually with our goal for swift reconfiguration.
Although "Oh, Snap!" does not employ inflatables, the principle of
rapid, flexible modularity is central to our approach of deploying
entire inflatable furniture on a structured grid.

2.3 Inflatables
Inflatable furniture has existed since the 1970s [14], forming com-
plex shapes [5, 51] and deploying large-scale objects on demand [38]
while allowing for compact storage. Moreover, pneumatic actuation
offers advantages over hydraulics [23] and low-boiling-point liquid
pneumatics [22] due to its safety, energy efficiency, simplicity, low
costs, and ease of maintenance. Unlike electromechanical actua-
tion (e.g., [15, 53]), pneumatics is less prone to mechanical issues.
Still, inflatables may consist of unappealing material and require
inspections for material leaks.

Previous research demonstrated inflatables in diverse shapes
and scales. PneUI [56] explored inflatables with diverse curvatures,
volumes, and textures, while AeroMorph [31] introduced folding
methods to create 3D shapes from 2D inflatable airbags. Regarding
applications, PuPoP [51] investigated inflatables as handheld props
in VR, and PneuSeries [5] introduced modularized inflatables serial-
connected via custom bidirectional check valves to form custom
3D shapes. However, these approaches are too small, not scalable

(see [51]), and need to be more robust (e.g., issues with air pres-
sure [5]) to be used as furniture. In contrast, Swaminathan et al. [48],
Printflatables [38], and AirTied [35] proposed fabrication methods
for large-scale pneumatic structures usable for furniture. Recent
work further underscores how inflatables enable versatile, com-
fortable, and easily stored large-scale objects. Poimo [27] presents
an inflatable, lightweight mobility device, and SnapInflatables [55]
investigates structural and functional inflatables with seamless on-
demand shape transformations while retaining robustness.

However, inflatables that are individually connected to air hoses
usually run disorganized on the floor and need separate actuation
(e.g., see Printflatables [38] or AirTied [35]). This complicates the
inflatables’ (automated) actuation control and creates hose clutter,
limiting the systems’ scalability when rooms requiremany furniture
pieces. To mitigate this, AirClick employs an air connector grid
on the floor, which organizes hoses and enables centralized and
automatic actuation of all modules, facilitating the transformation
of entire rooms. Although restricting module arrangement to a grid,
we argue that the benefits of simplified use and organized actuation
outweigh this.

2.4 Floor-Based Shape-Changing Interfaces
Grid-based air connectors have already been used for large-scale
systems that cover the floor to enable effortless actuation for on-
demand furniture. They can seamlessly integrate into interiors by
hiding and organizing air hoses, cables, and mechanisms.

Leveraging inflatables, TilePoP [52] constructed a floor-based
grid of cuboid shapes for human-scale haptics. Similarly, LiftTiles
[43] employed grid-based party-horn-like inflatables for large-scale
prototyping. However, their deflatedmodules are permanently fixed
to the floor, often unevenly, with gaps. This limits the combined use
with traditional furniture. Using small actuated blocks, Elevate [15]
provides walkable terrains for VR but lacks modularity (only cuboid
shapes) while requiring considerable space for underlying electro-
mechanical systems. Also, prior approaches only support a set of
low-resolution cuboids, which are uncomfortable as furniture.

Instead, AirClick uses detachable modules that occupy space
only when in use, allowing hybrid integration with traditional
furniture. The remaining ground plate surface stays usable for
movement. Although deflated modules still require storage, their
compact size keeps this needminimal. Moreover,AirClick’s modules
host arbitrary inflatable shapes, either personally fabricated or
retrofitted from retail. This enables flexible and efficient interior
reconfigurations combining basic shapes like cuboids (see [22, 43,
52]) as dynamic building blocks (e.g., augmenting chair modules
with footrests) with more complex shapes (see [38]) for specific
furniture like chairs, sofas, and shelves, or serially connectable
shapes like air-stack and cubes (see [5, 48]). Besides, unlike previous
works, we developed novel detachable modules that process touch
input, enabling direct control over furniture actuation.

While our system leverages a grid-based floor integration, an
alternative approach is to use mobile robots to carry inflatable mod-
ules without requiring fixed air hoses, as explored in Poimo [27] and
InflatableBots [9]. These robotic methods do not constrain module
placement to a predefined grid and simplify hose management by
eliminating fixed connections. However, compared to such robot
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Table 1: Comparison of large-scale shape-changing systems regarding on-demand room transformation (see Section 3). N/A
indicates such a system is not present. Blue indicates the best but comparable capabilities. Green indicates a sole benefit.

Printflatables [38] TilePoP [52] LiftTiles [43] Swaminathan [48] RoomShift [42] Elevate [15] TangiblePixels [50] Ori Apts. [41] AirClick

C1 Inactive
Module Size

Low
depending on
inflatable size

Low
9 cm

Low
15 cm

Low
depending on
inflatable size

High
modules
incompressible

High
max. pin height

High
40 cm

High
modules
incompressible

Low
min. 5 cm, inflatable
size dependent

C2 Module
Transport.

Easy
lightweight
inflatables

Hard
not removable

Medium
separate module
handling

Easy
lightweight
inflatables

Easy
automated
movement

Hard
not removable

Hard
not removable

Hard
not removable

Easy
lightweight
inflatables

C2
-4

Module
Deployment

Hard
separate module
air hose

Medium
automated,
not removable

Medium
automated,
not removable

Hard
separate module
air hose

Medium
automated,
30 cm underneath

Medium
automated,
not removable

Medium
automated,
not removable

Medium
automated,
not removable

Easy
click modules
at any place

C4 Ground Plate
Robustness N/A

Low
uneven,
6 cm spacing

Low
uneven N/A N/A

High
robust, even,
thin gaps

High
robust, even,
thin gaps

High
real furniture

High
robust, even,
seamless tiling

C4 Module
Load-Bearing

High
shape dependent,
average male 70 kg

High
shape dependent,
average male 70 kg

Low
10 kg

Low
7.6 kg for dome,
1.8 kg for canopy

Medium
30 kg during actuation

High
average male 70 kg
distributed on pins

High
average male 70 kg
distributed on modules

High
real furniture

High
shape dependent,
average male 70 kg

C4 Actuation
Speed

Medium
inflatable volume
dependent

Fast
5 s airbag inflation,
20 s deflation

Fast
16 s full extension,
4 s full retraction

Medium
inflatable volume
dependent

Medium
1.3 cm/s deployment
+ 20 cm/s movement

Medium
2.9 s for one pin’s
max. height

Fast
motor speed
dependent

Medium
motor speed &
mod. size dependent

Fast/Medium
inflatable volume
dependent

C5 Shape
Complexity

High
basic and
complex shapes

Low
only cuboids

Low
only cuboids

High
basic and
complex shapes

Low
requiring
30 cm underneath

Low
only cuboids

Low
only cuboids

Medium
only bed, shelf,
and tables

High
basic and
complex shapes

C6 Manipul.
Low
only physically
moving modules

Medium
proactive and reactive
but only haptic proxy

Medium
proactive and reactive
but only haptic proxy

High
touch, gesture,
and haptic input

High
touch, gesture,
and haptic input

Low
only haptic
feedback

Medium
touch input and
haptic feedback

Low
only triggering
module movement

Medium
touch input

C7 Reconfig.
High
separate modules
of any shape

Low
static setup

Medium
only rectangular
module arrangement

High
separate modules
of any shape

Medium
compatible with
tables and chairs

Low
static setup

Low
static setup

Low
static setup

High
separate modules
of any shape

systems, AirClick provides a more direct, robust, and maintenance-
friendly setup. By centralizing air supply and reducing mechanical
complexity, AirClick avoids the cost and operational overhead of
multiple mobile units navigating a room. This stationary approach
enhances long-term reliability and scalability, as it does not rely on
continuous robotic repositioning or navigation systems.

3 Challenges for On-Demand Room
Transformation

From a user needs elicitation (see Appendix A) and related shape-
changing approaches [5, 38, 42, 43, 52], we identified key challenges
(C1-C7) in creating an ideal room transformation system.

C1 Space: To facilitate dynamic room transformations and effi-
cient single-room space use, furniture must be as compact
as possible when not in use [43, 52] (see Table 5 A-E).

C2 Deployment: Furniture must be modular, deployable, and
allow quick assembly and disassembly [43, 52]. Modular
components should accommodate changing user needs (e.g.,
see [5, 42, 46] and Table 4 A-E).

C3 Low-Cost and Scalability: Systems must be cost-effective
(see Table 6) and scalable to entire rooms, accommodating
various furniture shapes, sizes, and interior applications (see
Table 4 A-E) [43, 45].

C4 Robustness and Speed: Furniture must (dynamically) form
robust structures capable of supporting body weight and
other loads [15, 38, 43, 52] (see Table 4 A-E). Rapid and seam-
less reconfigurations (e.g., see [42] and Table 5 C) are key to
adapting to new room purposes (e.g., converting a workspace
to a living area).

C5 Shape Complexity: Furniture shapes range from basic
cuboids to complex curvatures and cavities. Thus, a room
transformation system should support diverse shapes (e.g.,
see [45, 58] and Table 4 A-E).

C6 Manipulability: Furniture should be manipulable with ≥3
DoF, enabling free movement and rotation of items like
chairs and tables (see Table 4 and Table 5 A-E) without being
fixated on objects or surfaces (e.g., see [42, 58]).

C7 Reconfigurability: The system should ease reconfiguration
of furniture layouts as users’ needs and preferences change
(see Table 4 A-E), ensuring functionality and comfort in
various situations [43].

Table 1 shows a comparison of shape-changing furniture ap-
proaches with AirClick. While others (e.g., [38, 48]) address at most
five challenges, AirClick performs well at all seven, underscoring
its advantages in overcoming C1-C7.

4 The AirClick System
Guided by C1-C7 (see Section 3), AirClick enables on-demand
room transformation, featuring easy-to-handle modules as bases for
diverse inflatable shapes. The detachable modules click into a grid-
based ground plate for pneumatic actuation via custom-designed air
connectors. A control application coordinates air supply, module
identification, and sensor input, providing both automated and
manual control of room configurations.

4.1 Design Space and Interaction with AirClick
This section outlines the design space underlying AirClick ’s inter-
action capabilities, specifying how users can actuate, manipulate,
and reconfigure modules through combined physical and digital
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Figure 2: Three-dimensional design space of AirClick. The parameters combine freely for on-demand room transformation.

controls. In this work, we use the term interactive to refer to both
user-driven and system-driven actuation. Interaction with AirClick
occurs tangibly through physical manipulation and touch input,
as well as proactively through automated inflation and deflation
triggered by the control software.

Incorporating modularity and diverse inflatable shapes, AirClick
introduces a novel design space for interactive shape-changing
furniture. This draws on concepts from shape-changing interface
literature (e.g., large-scale morphing surfaces [12, 24] and modular
shape units [7, 11]) but is specifically tailored to AirClick ’s inflat-
able and floor-based approach. Rather than being an exhaustive
taxonomy of all shape-changing furniture, it highlights the key
parameters in our system. This design space has three dimensions:
(1) supported inflatable type, (2) shape-change capabilities, and (3)
user input (see Figure 2).

Single and multi-connector modules can be used in furniture
arrangements for one primary use (e.g., table or chair) and as
building blocks to create larger structures, augmenting other fur-
niture. We distinguish basic shapes as single air chamber inflata-
bles (e.g., a cushion or footrest), while complex shapes encompass
multi-chamber or multi-connector inflatables that can form elabo-
rate furniture (e.g., a multi-segment sofa or shelf with adjustable
compartments). Additionally, serial-connected inflatables enable
module-intrinsic shape change.

The 3 DoF modules enable lateral and longitudinal movements
when disconnected and 360-degree rotations when using a single-
connectedmodule (C6). They can be inflated/deflated through touch
interactions (C2 and C6). Focusing on these direct physical inter-
actions, we emphasize naturalistic, embodied control modalities
that link with the physical environment. While alternative inputs
such as voice or gesture commands are feasible future extensions,
we selected touch sensing as it can be intuitively integrated into
rearranging and using furniture.

The identified capabilities guided the module hardware and con-
trol software design presented in the following sections.

4.2 Modules
AirClick allows the formation of furniture arrangements from mod-
ules that enable quick disassembly, space-saving (C1), and adapt-
ability to user needs (C6 and C7). The modularity also facilitates

deployment (C2), valuable for those who often relocate or need tem-
porary furniture. Modules consist of a baseplate and an inflatable
(see Figure 3).

To improve stability (e.g., when sitting) due to the low weight of
inflatables, modules use a baseplate (C4). This also offers a single
connection point for easy deployment (C2), manipulation (C6), and
reconfiguration (C7). We mount a spring-based pneumatic plug in
the baseplate to connect the ground plate’s air supply (see Figure 4).
This coupling creates the ”click” feedback and ensures the module
can withstand lateral forces from objects. Electronic components,
like touch sensors, are powered through inductive coils around
the connector, eliminating the need for batteries, simplifying de-
ployment (C2), reducing weight (C2), and costs (C3). We used four
Mifare Ultralight RFID tags around the air coupling underneath
to identify the module’s type, function, orientation, and size for
automatic actuation. Unlike LiftTiles [43] or TilePoP [52], modules
are movable while inflated and disconnected. A manually inserted
rubber plug seals the air inlet.

We added a capacitive touch sensor to one side of the base-
plate (see Figure 3 b). Double-tapping inflates a module, and triple-
tapping deflates it. A single tap cancels or resumes an action. Users
must tap and hold for three seconds before detaching a module
from the ground plate to avoid accidental disconnection. The touch
sensor is fully functional regardless of module rotation, as data is
transferred wirelessly and power is permanently received by the
inductive coil around the connector inlet.

Mounting Inflatables on Modules. We use inflatables as they are
space-saving when deflated (C1), lightweight (C2), cost-effective
(C3, e.g., a bed costs $20), and support various shapes, providing
a versatile approach for furniture (C5). Unlike rigid mechanical
modules that are shape-limited [37, 50, 53] or purely deformable
surfaces [5, 52] that lack structural stability, AirClick merges them
by leveraging inflatables for dynamic shapes mounted on stable
baseplates for secure connections. This provides a novel, practical
room transformation approach without the overhead of robotic
mechanisms [42, 46] or permanent fixtures [41]. The mounting
process is depicted in (see Figure 4).

Types of Inflatables. AirClick supports any personal fabricated
and retrofitted retail inflatables, in sum offering comfortable and
aesthetic appealing furniture (C5 and C7). We fabricated inflatables
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Figure 3: (a) Expansion view of a 1x1 module. (b) Implementation of a basic shape cube module with 30 cm sides. Right: Module
demonstration. The modules can accommodate any inflatable shapes-personally fabricated or retrofitted from retail. Also,
support structures can increase stability or add texture: (d) Air-stack with strings to avoid tilting. (e) Chair with wooden backrest
for increased stability. (f) Room separator with a fabric sheet. (g) Shelf with cardboard dividers. (h) Inflatable cushion.

Figure 4: Process of mounting an inflatable on a module. The last two steps are the same for any module.

made of TPU-coated nylon fabric inspired by PneuSeries [5], which
could be automated (e.g., see [31, 38, 54]). Based on prior works,
we created a chair [38], cube [5], air-stack [52], separator, and shelf
(see Figure 3 a-f). Retrofitting retail inflatables promotes resource
reuse (C3, see Figure 3 g-j) and simplifies the fabrication process
for novices. We retrofitted an Intex Airbed, a Bestway Graffiti Air
Chair (beanbag), and three Maliton Footrest Pillows, each less than
$20 in 2025.

4.3 Ground Plate
The ground plate’s grid can scale to any room and eases module de-
ployment (C2), allowing for air supply via hidden hoses and valves
(see Figure 5). The grid cell size depends on the smallest module,
with smaller cells offering higher resolution at a higher cost. In
contrast to linear rails [41] or tracks [2] that limit repositioning
to one dimension and require carefully planned routes, the grid
provides omnidirectional placement freedom. Modules can connect
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Figure 5: Ground plate system overview. A server sends and receives airflow commands from modules and control software
wirelessly. Right, expansion view of a ground plate and control unit with technical components.

Figure 6: (a) Control software with module catalog and active (opaque) and inactive modules (transparent) visualizing room
transitions. (b) Module state representation. (c) Air supply requirement calculator for any ground plate scale, see Appendix E.

to any cell, be rotated, or moved to another cell. This approach
also simplifies handling modules simultaneously, as these indepen-
dently ”click” into connectors, reducing mechanical dependencies
and enabling truly modular reconfiguration. We created a 2x2 m
prototype that holds up to 16 1x1-sized modules.

AirClick integrates with existing furniture (see Figure 1), occu-
pying ground space only when needed. Unlike large-scale systems
that may create uneven ground surfaces (e.g., see [43, 52]), the
ground plate is flat, seamlessly tiled, and robust, made from durable
materials like wood (C4). This ensures that it complements interior
designs without compromising functionality or style. Counterparts
for the inductive power connection, microcontrollers for actuation
control, and module identification (MRFC-522 RFID reader) are
mounted near the hose opening. We used a Hercules Pro-Line Sil-
tek 24 (max. 150 l/min, 8 bar) compressor and a workshop vacuum
cleaner as a vacuum pump. The hose layout is depicted in Figure 5.

4.4 Control Software
The open-source control software built with Unity 2022.3.12f syn-
chronizes module states (see Figure 6) and enables mobile device
access. The control software can trigger proactive actuation, for
example, inflating modules automatically according to pre-defined
room layouts or schedules. This enables semi-autonomous trans-
formations, complementing direct, tangible user control.

The virtual ground plate is a 3D system representation. Users
can adjust module settings, like timed inflation, and manage inac-
tive modules. They can define custom commands for touch input
for each module. The virtual ground plate allows dragging and
dropping modules for room prototyping. The software provides a
selection of pre-defined modules, each accompanied by blueprints
for personal fabrication. The blueprints contain instructions for
mounting inflatables to modules, which the community can extend.
Figure 7 depicts the iterative usage of AirClick.
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Figure 7: AirClick usage process for inflating and handling a module. Before being movable, modules need to be detached. The
control software synchronizes the ground plate state and assists in module planning and inflation/deflation. For detaching a
module, the control software or a touch at the module is needed to decouple it, with optional deflation prior to storing.

5 Technical Evaluation
Similar to prior works [5, 43, 52], we evaluated the technical capabil-
ities of AirClick. Because prior work has already assessed inflatable
shapes [35, 38, 48], we focused on the modules’ properties and air
connection.

(1) We assessed the modules’ time for complete inflation and
deflation by placing a ruler next to it, indicating the intended height.
We recorded the elapsed time in seconds and compared it to the
expected time based on the compressor’s 192 l/min airflow rate.
The compressor was set to 4 bar. (2) We also assessed the modules’
height after complete deflation to evaluate their compactness. (3) To
evaluate the inflatable material attachment to the module baseplate,
we placed realistic loads on each, accounting for their different use
cases. We used 80 kg to simulate an average male, 5 kg for items on
a shelf, and manufacturer-intended loads for the retail inflatables.
We gradually tilted the inflatables 45 degrees to the left, and we
measured lift-offs from the baseplate in degrees. (4) To evaluate the
module connection’s integrity to the inflatable and ground plate,
we tested for leakage under the loads from (3). The compressor had
4 bars, and a rigid board distributed the loads evenly. Additionally,
to test the module connection’s durability, each load was left in
place for one week. The compressor was inactive and sealed.

Table 2: Technical evaluation results across modules. N/A
indicates non-applicable measures. ✔ indicates a successful
load-bearing test.

Chair Cube Separator Air-stack Shelf Bed Beanbag Footrest

Dimension 1x1 1x1 3x1 1x1 2x1 4x2 2x2 1x1
Connector Type Single Single Multi Single Multi Single Single Single
Fabrication Origin Custom Custom Custom Custom Custom Retail Retail Retail
Inflation Time (s) 110 20 6 50 25 180 190 33
Deflation Time (s) 215 41 14 112 56 370 385 68
Height-Deflated (cm) 5 4 7 8 10 16 14 5
Hor. Stability (deg) 20 8 N/A 45 11 10 5 13
Conn. Integrity (kg) 80 ✔ 80 ✔ N/A 80 ✔ 5 ✔ 136 ✔ 100 ✔ 80 ✔

Results. (1) Each inflation/deflation time (see Table 2) is suitable
for real-world use, enabling timely reconfiguration in line with
related inflatable systems [38, 43, 52]. Deflation was slower as the
vacuum pump generated less negative pressure. (2) All modules
were compact after deflation (≤ 16 cm). (3)When a one-sidedweight
is applied, the inflatables’ opposite sides have elevated from their
baseplate across all tested shapes. A stronger fixation could pre-
vent this, but might overstretch the material. The material around
the air connector experienced minimal stress. (4) The connectors

remained intact for all realistically heavy loads. Yet, additional
tests are required to establish the maximum load-bearing capacity.
All connectors withstood the loads for one week, implying even
longer-lasting integrity.

Scaling to Large Rooms. More powerful compressors enable up-
scaling the ground plate’s hose system, but increase size and noise.
Thus, we suggest AirClick primarily in small to medium-sized
rooms, where space-saving benefits are most needed. For instance,
in an average 64 m2 (8x8 m) apartment in New York City [36], the
longest air hose to a grid cell is 16 m. For our prototype’s 8-bar, 150
L/min, and 4 mm hose, the pressure drop is too high. A 6 mm hose
reduces this to Δ𝑃 ≈ 4.2 bar, leaving 𝑃out ≈ 2.3 bar, sufficient to
inflate a module but inadequate to sustain 150 L/min. To achieve
the target flow, we recommend increasing the hose diameter (≥ 8
mm); the ground plate can cover hoses up to 50 mm.

6 User Study
The study evaluates AirClick as an interactive medium for room
transformation (C1–C7, see Section 3), focusing on how users
manipulate and repurpose inflatable modules (i.e., combining pa-
rameters across the four dimensions, see Figure 2). This was guided
by the research questions (RQs):
RQ1 How do users rate the usability, usefulness, intention to use,

and scalability of AirClick after hands-on use?
RQ2 What patterns do users employ when transforming a room

with AirClick?

6.1 Participants and Procedure
We recruited 20 participants (11 males and 9 females; M=28.23,
SD=1.67 years; range: 25—35) from our local institution via mailing
lists. 12 had a background in computer science, and 8 in psychology.
None had prior experience with furniture design. Yet, all held prior
experience customizing furniture or interiors (e.g., rearranging liv-
ing areas and home decoration), and were comfortable with digital
tools. Participants received €15 compensation. The evaluation was
conducted in a quiet lab room, lasting 90 minutes per session.

(1) Sessions started with a familiarization using a 10-minute
show-and-tell of the 1x1 cube module. We explained the ground
plate and modules’ click, detach, inflate, deflate, and touch input.

(2) Each participant completed four room-transformation tasks,
each lasting up to 16 minutes, presented in counterbalanced order.
The tasks covered four interiors—office, meeting room, apartment
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Figure 8: Ratings of usability, perceived usefulness, intention to use, and perceived scalability of AirClick in the study (N=20).

room, and multipurpose hall—derived from the needs-elicitation
study (see Appendix A). In each task, participants arranged modules
to match two target room layouts (e.g., work and meeting setup)
within an 8-minute time limit per layout. They could freely inflate,
deflate, and relocate any module from the storage shelf (see Fig-
ure 3), while the system logged all actions and the experimenter
observed and noted behaviors. The predefined base furniture setups
are shown in Figure 10.

After every room-transformation, participants answered the Sys-
tem Usability Scale (SUS) [4]; the Technology Acceptance Model
(TAM) items Perceived Usefulness and Intention to Use [6]; and
one custom 7-point statement on Perceived Scalability—”I believe
AirClick could be scaled to meet my needs in this scenario.” (1 =
Strongly Disagree, 7 = Strongly Agree). This was followed by a
five-minute retrospective walkthrough of their interactions.

(3) A semi-structured interview probed open feedback.
The experimental procedure adhered to our institution’s ethics

committee guidelines, ensuring proper handling of sensitive and
private data, anonymization, compensation, and risk mitigation.
According to our institution’s regulations, no additional formal
ethics approval was necessary. All participants provided written
informed consent and were briefed about data handling, study
purpose, and withdrawal rights before participation.

6.2 Quantitative Results
For the dependent variables (usability, perceived usefulness, in-
tention to use, and perceived scalability), we conducted one–way
repeated-measures ANOVAs with Scenario (Office, Meeting Room,
Apartment Room, and Multipurpose Hall) as the within-subjects
factor. Figure 8 shows the ratings. We reviewed normality using
the Shapiro-Wilk test, and tested for sphericity with Mauchly’s test;
if sphericity was violated, Greenhouse–Geisser (G–G) corrections

were applied. Holm-corrected paired t-tests examined pairwise
differences. Only significant effects (𝑝 < .05) are reported.

Usability. A one-way repeated–measures ANOVA revealed a
large main effect of Scenario on SUS scores, 𝐹 (6, 114) = 32.60,
𝑝 < .001, 𝜂2𝑝 = .63. Holm-corrected pairwise tests showed that
AirClick was rated as more usable in the Office (𝑀 = 77.88, 𝑆𝐷 =

7.56), Meeting Room (𝑀 = 78.00, 𝑆𝐷 = 7.29), and Apartment Room
(𝑀 = 76.00, 𝑆𝐷 = 7.74) scenarios than in the Multipurpose Hall
(𝑀 = 54.75, 𝑆𝐷 = 9.08); all 𝑝 ≤ .016.

Perceived Usefulness. Scenario also influenced perceived use-
fulness, 𝐹G–G (3.84, 72.99) = 9.66, 𝑝 < .001, 𝜂2𝑝 = .34. Partici-
pants perceived AirClick as more useful in Office (𝑀 = 6.25, 𝑆𝐷 =

0.89), Meeting Room (𝑀 = 6.35, 𝑆𝐷 = 0.98), and Apartment Room
(𝑀 = 6.10, 𝑆𝐷 = 1.43) than in the Multipurpose Hall (𝑀 = 3.40,
𝑆𝐷 = 1.92); all 𝑝 ≤ .007.

Intention to Use. Scenario had a medium effect on participants’
intention to use AirClick, 𝐹G–G (3.09, 58.65) = 5.65, 𝑝 = .001, 𝜂2𝑝 =

.23. Intention to use was lower in the Multipurpose Hall (𝑀 = 4.25,
𝑆𝐷 = 2.46) than in the Office (𝑀 = 6.15, 𝑆𝐷 = 1.03) and Meeting
Room (𝑀 = 6.25, 𝑆𝐷 = 1.48); all 𝑝 ≤ .014.

Perceived Scalability. The ANOVA also showed an effect of
Scenario on perceived scalability, 𝐹 (6, 114) = 7.34, 𝑝 < .001, 𝜂2𝑝 =

.28. AirClick was perceived as more scalable in Office (𝑀 = 5.85,
𝑆𝐷 = 1.61), Meeting Room (𝑀 = 5.90, 𝑆𝐷 = 1.39), and Apartment
Room (𝑀 = 5.35, 𝑆𝐷 = 1.25) than in theMultipurpose Hall (𝑀 = 3.55,
𝑆𝐷 = 1.70); all 𝑝 ≤ .013.

6.3 Qualitative Results
Room-Transformations and Participant Rationale. Observable in

the Figure 9 Sankey plots, inflating (252 times) and subsequent
moving (66 times) modules dominated, whereas deflation (43 times)
was comparatively rare. The action flows show that participants
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Figure 9: Left: Demonstrations of study participants’ most common room setups with multiple example users. (a) 1: Tables
with seats and a 2x2 beanbag for relaxation. 2: Video call area divided by a 1x3 separator. (b) 1: Discussion setup with a 1x1
air-stack as table and multiple 1x1 modules as chairs. 2: Presentation setup with 3x1 projection surface, 1x1 chairs, and a 1x1
cube as projector stand. (c) 1: Home office with a table, beanbag, and footrest. 2: Sleeping on a 2x4 bed. (d) 1: Volleyball with a
3x1 net. 2: Football with 3x1 goal and 1x1 audience seats. Right: Sankey plots visualizing participant (N=20) interaction flows
with AirClick modules and traditional furniture while transforming each scenario’s base setup (blue) into the first (red) and the
second target room (yellow). Actions are color-coded: c-i-t (click → inflate by touch), d-t-det (deflate by touch → detach), det-m
(detach→move), and inf-app (inflate via the control software). Larger ribbons indicate higher participant counts.

preferred to relocate modules while inflated, thereby avoiding addi-
tional inflation–deflation cycles. The following summarizes these
observations and the retrospective walkthroughs.

ForOffice→ Collaborative Work, participants inflated a shelf, an
air-stack, or a cube as a shared surface, and positioned the separator
for privacy; some added a beanbag for relaxed work (see Figure 9
a1). ”I like seeing my collaborator straight on” (P3); ”The divider gives
me a little focus, but I still see my coworker” (P12). For Collaborative
Work→ Video Call, they mainly left the desk in place, detached and
moved the separator as a backdrop, and clicked a cube as a laptop
stand (see Figure 9 a2). ”I changed as little as possible so I don’t need
to move the table” (P5).

ForMeeting Room → Group Discussion, most participants ar-
ranged the cube and footrests in a circle around an air-stack ”coffee
table” (see Figure 9 b1). For Group Discussion → Front Presentation,
modules were moved into a row facing a separator used as the

screen; a cube served as a projector stand (see Figure 9 b2). ”The
separator is handy if a projection surface is needed” (P8).

For Apartment Room→ Home Office, participants mainly in-
flated a 2×1 shelf and clicked a footrest; some added a beanbag
for breaks (see Figure 9 c1). For Home Office→ Apt. Sleeping, they
inflated the 2×4 bed, repurposed the separator as a privacy screen,
and either moved or deflated the desk to clear space (see Figure 9
c2). ”I only moved the pieces I needed so my work setup stays intact
for tomorrow” (P4).

ForMultipurpose Hall → Volleyball, participants inflated the
separator as a ”net” (see Figure 9 d1) and some marked corners with
small modules. ”The separator might not be robust, but easy to rear-
range” (P4). For Volleyball → Football, they moved and repurposed
the separator into a 3×1 goal, and moved seats to the sidelines (see
Figure 9 d2). ”I liked the flexibility of the separator” (P8); ”Reusing
the same modules helps” (P21).
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Open Feedback. In the final semi-structured interview, partici-
pants shared positive opinions on AirClick: ”Room separators are
super helpful, especially with the distractions and all in busy spaces. . . ”
(P6). They found the detachable modules effective for small rooms,
emphasizing ”. . . havingmovable furniture instead of big, bulky stuff. . . .
those pop-up tables are handy for space management when you’re
switching modules around.” (P11). Besides, large modules like the
air bed were a clear favorite: ”. . . better for freeing up space than
deflating a shelf full of things.” (P18). Regarding sports applications,
they were skeptical, ”It’s really more suited for making quick sports
markers or cones, not so much for the serious sports gear. Durability’s
a bit of a question. . . ” (P14). Still, they appreciated the ability to
change rooms quickly: ”. . . but changing things up is so easy.” (P7). An
interesting suggestion was also made: ”What if we used AirClick for
emergency housing? Like, in disaster zones, to quickly set up shelters
with inflatable walls and cubes.” (P9).

7 Discussion
In the following, we discuss findings from the technical evaluation
and user study to articulate design insights for on-demand room
transformation systems using modularized inflatables.

7.1 On the Applicability of AirClick in Everyday
Room Scenarios

As demonstrated in the user study (see Section 6), AirClick supports
on-demand room transformation, addressing C5 and C7. Besides,
RQ1 is answered positively for the room scenarios. Participants
rated usability, perceived usefulness, intention to use, and scalability
significantly higher in the office, meeting, and apartment scenarios
than in the multipurpose hall. Also, in the office, meeting, and
apartment scenario, the usability was acceptable (SUS scores: 76—
78), while marginal in the hall (54) [3]. A likely reason is that the
current module inventory and the office, meeting, and apartment
target rooms mostly resembled people’s needs at work or at home.

Technical results (see Section 5) further support the applicability
of AirClick. Modules inflate/deflate in practical times; are compact
after deflation (≤16 cm); and their connectors held realistic loads
for one week. Table 1 summarizes how AirClick addresses the iden-
tified room-transformation challenges (see Section 3) and shows
its benefits compared to prior floor-actuated [43] or rail-mounted
systems [41]. However, compared to conventional space-saving
furniture such as collapsible beds, tables, or inflatable mattresses
with electric pumps, AirClick trades structural stiffness and tactile
comfort for automated actuation, shape diversity, and low module
cost and weight. While this enables flexible, automated room trans-
formation, everyday usability (e.g., stable load-bearing or long-term
seating) remains more limited than with rigid furniture.

Besides, applicability drops in high-impact or large-area activities
that exceed our prototype’s scale or robustness (e.g., ball sports). Par-
ticipants voiced concerns about impacts and collisions; perceived
scalability was also lower when the activity area clearly exceeded
the 2x2 m ground plate prototype. Load-bearing and stiffness re-
quirements for some furniture roles (e.g., heavily loaded shelves,
kitchen counters) remain above what soft inflatables alone provide.
However, high-stiffness, lightweight systems (e.g., TrussFab [18])
could complement soft inflatables as support structures.

Across scenarios, participants reported that the limited inventory
reduced usability, while they still saw AirClick’s potential if more
module types were available, hence, relatively higher usefulness and
intention to use scores despite the constraints. These observations
align with prior demonstrations that inflatables can be engineered
for everyday use when built from structural textiles (e.g., poimo
mobility devices [27]), and with work on pneumatic structures
that lower control complexity at larger scales (e.g., PneuMesh truss
actuation [10]). Providing this flexibility in attaching any kind of
inflatable with options for support structures is a unique strength of
AirClick compared to other floor-based systems regarding everyday
use and transforming entire working and living spaces.

Daily use presents further challenges. For example, damaging or
incorrect operations, such as sharp objects like cutlery on a table
module, may puncture the inflatable, or the inflatable may tear off
its baseplate. As our user study had a single-day lab setting, future
research should explore longitudinal use ofAirClick in daily settings
at home and work. Moreover, to reduce the overhead introduced
with frequent re-arrangement and C2-deployment, the modules
could be made ”robotic”, that is, programmable as done by Suzuki
et al. [42] and Kim and Follmer [17]. This could be included in prior
home automation approaches and be determined based on rules
(e.g., morning/evening presets).

7.2 Interaction Patterns for Room
Transformation with Modular Inflatables

We found four patterns in the qualitative results (see Section 6.3),
answering RQ2:

(1) Users kept modules inflated while moving them and only
deflated when necessary.

(2) Users transformed the room primarily into ”activity areas”
and often used separators to zone these.

(3) Users repurposed small modules to switch between roles
(e.g., seat, table, stand).

(4) Users preserved traditional furniture and large modules in
place and transformed the room around them.

These patterns may explain the observed interactions (many
inflations, few deflations, minimal movement of traditional furni-
ture). While the inflation-deflation imbalance is expected, given the
initially empty room, this pattern’s persistence for the second room
targets with non-empty room setups still reveals that users tend
to maximize furniture availability over minimizing space use. We
argue this reflects a ”growth-first” user strategy found in related
adaptive environments [29, 42].

Re-use of modules (patterns 1, 3, and 4) might suggest extending
the module inventory. Fabrication pipelines for custom inflatables
(e.g., AeroMorph [31], Printflatables [38]) can supply diverse-shaped
modules for multiple roles. Moreover, these patterns align with
prior work that aims for quick furniture reconfiguration through
moving existing artifacts [42] or placing partitions [29], which is, in
contrast, difficult to achieve with floor-based actuation systems that
change ground geometry [43, 52]. Our findings also align with rail-
mounted systems [19, 41] by suggesting the use of a few anchored,
load-bearing units where structure is needed, and a few detachable
inflatables for the rest.
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7.3 Practical Implications for On-Demand
Room Transformation Systems

Based on the patterns, we see the following practical implications
for on-demand room transformation systems that useAirClick-alike
modular inflatables.

Support relocate-while-inflated operations. Systems should
minimize ”state churn” (e.g., unnecessary deflate–inflate cycles) to
shorten room transformation. For this, modules should enable low-
effort relocation without deflation using, for instance, low-friction
bases, graspable edges/handles, and quick mechanical locks.

Module inventories should containmany small ”role-fluid”
and few large, specialized modules. Small modules that can
switch roles (seat <-> table <-> stand) provide higher value relative
to adding another large, specialized shape, suggesting module in-
ventories should bias toward versatile small modules with only a
few larger modules (e.g., origami shell [20] support structures).

Ensure interoperability with traditional furniture rather
than a fully shape-changeable room. Traditional furniture has
unique benefits, such as robustness and comfort. To preserve these,
they should be augmented by inflatables only on demand. Thus, fu-
ture systems should assume heavy/traditional items remain in place
and provide interfaces that let modules augment tables, shelves,
and walls; thereby supporting ”hybrid rooms” where inflatables
augment traditional furniture or anchored furniture on rails [19, 41].

Offer scenario-specific presets. Common room transforma-
tions (e.g., video call, front presentation, sleeping) should be pack-
aged as presets that combine traditional furniture with detachable
modules; enable optional automation by time/rules/sensors where
it demonstrably reduces effort [17, 42]. Moreover, there should be
(mixed-reality) tools (e.g., [33]) similar to our control software (see
Section 4.4) that help users preview placements, set activity-specific
presets (e.g., video call, presentation, sleeping), and recall them later.

Beyond the tested room scenarios, the findings may inform the
broader design of interactive inflatable furniture. The observed
preference for small, role-fluid modules and hybrid integration with
rigid elements could extend to other soft, reconfigurable furniture
concepts, such as responsive seating or adaptive partitions. Thus,
AirClick may serve as an initial example within this emerging class
of computationally actuated furniture systems.

7.4 Limitations and Future Work
Although AirClick demonstrates the feasibility of modular pneu-
matic furniture, it remains an early functional prototype. The study
used a small ground plate, a limited module set, and short, fixed
tasks. Hence, results cannot be generalized to full apartments or
large venues. Still, the identified interaction patterns—what users
inflate, move, and preserve—are largely scale-independent and can
guide future room-transformation systems.

Ecological Validity. Conducted in a controlled lab with a 4 m2
prototype, the study did not capture real-world factors such as
spatial constraints, daily routines, or existing furniture. Future work
should examine use in real apartments or micro-homes, for example,
through a Wizard-of-Oz setup, to complement controlled findings
with in-situ data.

Room Setup Requirements. Installing AirClick currently requires
a ground plate with embedded valves and connectors, demanding
15cm elevation for the hose and valve layer. In small-height rooms,
such an elevation can conflict with accessibility and aesthetics.
Future iterations could use distributed low-profile valve clusters or
wireless air modules to reduce required floor volume. Hence, while
AirClick improves modularity and reusability compared to prior
floor-integrated systems [43], height overhead remains an open
design challenge.

Technical Scalability. AirClick partly addresses C3-scalability, as,
according to fluid dynamics, there is an upper limit for the room
size when using our prototype’s air supply due to increased hose
length and friction. While, according to our technical evaluation,
the current setup suffices to accommodate medium-sized rooms
where AirClick’s space-saving capabilities are primarily needed,
larger air supplies and increased hose diameter would enable scaling
to entire halls. However, due to the required air supply size and
noise levels, future work should explore systems with multiple air
supplies and revised hose layouts to improve airflow.

Stability and Load-Bearing. Some use cases require higher struc-
tural capacity (e.g., TV shelf, kitchen counter). Inflatables inher-
ently have lower stiffness and load limits than traditional furniture
[49]. Our technical evaluation confirmed this (see Table 2). Thus,
AirClick partially addresses C4-robustness. Yet, we argue that this
drawback is tempered by modules’ compactness, low weight, and
shape change (addressing C1, C2, C6, C7). Also, compatibility
with existing furniture via the ground plate is an advantage over
prior floor-based approaches, which can create uneven surfaces and
hose/cable clearance issues around traditional furniture [43, 52].
Even when arranged around existing furniture, their module height
can lead to impractical, non-aesthetic elevation.

Actuation Speed and Operating Noise. Our prototype uses a com-
pressor and vacuum pump at ∼150 l/min with up to 60 dB. The
air-supply calculation (Section 5) suggests these devices could serve
an entire apartment; off-the-shelf compressors at ∼300 l/min with
similar noise (60 dB, 8 bar) cost ≈ $270 [1]. However, 60 dB, similar
to conversation-level noise, can be undesirable [30]. The air supply
should, therefore, be placed in a separate room or a sound-insulated
case when space is tight. Yet, we argue that AirClick ’s space saving
may still result in a net space gain. Besides, participants perceived
actuation speed as improvable (partly addressing C4; see Section 6).
Future work should balance faster inflation/deflation with accept-
able noise and measure user thresholds for both.

Sustainability. AirClick’s modularity encourages rearranging ex-
isting modules and retrofitting inflatables, potentially repurposing
old furniture (e.g., inflating a footrest instead of buying a new sofa),
and may help in reducing material demand. However, limitations
include electronics for actuation/sensing (see Section 4.1) and plas-
tic use. Energy consumption is likely modest as pumps run mainly
during state changes or to maintain pressure (e.g., twice daily), but
future work should quantify energy, materials (plastics/electronics),
and fabrication costs.

User Interaction. Our prototype enables touch input to address
C6-manipulability. However, we argue that future work should
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evaluate different interaction concepts. For instance, pressure sen-
sors on the inflatable surface could sense weight changes, enabling
proactive inflation/deflation. Moreover, Wi-Fi signals could enable
gesture recognition throughout a building without additional room
instrumentation [32]. Additionally, future work could design a con-
trol software for mixed-reality devices to improve users’ spatial
imagination when designing rooms with AirClick (e.g., see [42, 52]).
Besides, future studies may target specific applications (e.g., health-
promoting furniture, see Appendix F).

8 Conclusion
We present AirClick, a system for on-demand room transforma-
tion using modular, interactive, large-scale inflatables. The novel
detachable modules mount both personally fabricated and retro-
fitted retail inflatables, supporting shapes from simple cuboids to
curved, furniture-like geometries. A flat, seamless ground-plate
grid provides air and connectivity to modules, enabling hybrid con-
figurations with traditional furniture. This presents a solution to
the rising challenges of limited and costly living and workspaces
by activating furniture on demand and storing it compactly. A tech-
nical evaluation confirmed a compact deflated footprint, practical
actuation times, and connector robustness.

In a lab study (N=20) spanning office, meeting room, apartment
room, and multipurpose hall scenarios, participants individually
explored room transformations and reported that AirClick was
usable and applicable in most scenarios. However, the study also
surfaced current limitations in scalability and module robustness.
Together, these findings indicate that AirClick could transform the
use of living and working environments by offering a cost-effective,
space-saving, and customizable solution. With this work, we aim
to inspire further research into on-demand room transformation
and shape-changing interfaces that meet the ever-changing needs
of users in living and work spaces.

Open Science
All materials are openly available at https://github.com/Pascal-
Jansen/AirClick. The repository includes assembly plans for the
AirClick ground plate, air connectors, and modules, as well as 3D-
print source files and the control software code.
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A User Needs Elicitation for Shape-Changing
Furniture

Weelicited user needs using an online survey to derive requirements
for enabling on-demand furniture change. The following elicitation
research questions (E-RQs) guided the survey design:

E-RQ1 Which use cases do users envision for an on-demand furni-
ture system?

E-RQ2 What capabilities do end users expect of a furniture system?
E-RQ3 Which aspects of on-demand furniture change might they

consider challenging?

Procedure and Measurements. After giving informed consent and
answering demographic questions1, participants were asked about
their usage of furniture, i.e., how often they change its arrange-
ment in their home and work environment, and how often they
buy new furniture. Additionally, they were asked to rate whether
they have interior and furniture design knowledge on a Likert scale
(1=strongly disagree to 7=strongly agree). If they had not designed
their furniture yet, they were also asked whether they would de-
sign one in the future and how that decision would be affected
by tools supporting them during the process. On the same Likert
scale, to answer E-RQ2, they were also asked to rate which aspects
of furniture they consider more or less important, i.e., its flexibil-
ity, extensive design variations, fast setup, and ability to change
interiors.

To answer E-RQ1, participants were shown five use cases, in-
cluding example images: meeting room, office, multipurpose
hall, living room, and camper. For each use case, they first wrote
down different scenarios they could imagine that would require
a quick and easy furniture change. As in E-RQ3, they were also
asked which challenges they could imagine when using the fur-
niture in this use case, i.e., while, for example, reconfiguring or
rearranging it. Then, they were presented with a scenario for that

1Questions and selectable items from SurveyMonkey (21.08.2025)

use case (see Appendix B). They were then asked to write down
the expected challenges in this scenario (see E-RQ2 and E-RQ3).
Finally, they ranked the use cases they had seen by the importance
of the possibility for quick and easy furniture change.

In the end, participants could share any additional thoughts. The
survey also contained two attention checks.

General Results. We recruited N=41 participants (29 female, 12
male, and 0 non-binary) for this online survey via Prolific with a
remuneration of £2.15. Participants were aged between 18 and 73
years (M=40.17, SD=14.36). Most participants preferred consistency
in their home furniture arrangements. Specifically, 24 participants
arrange furniture annually, while 13 make less frequent changes.
Only four individuals reported making monthly adjustments. This
trend towards infrequent change was also reflected in purchasing
habits, with 20 participants buying new furniture yearly and 19
doing so less often. Similar patterns emerged in the context of work
environments. Sixteen participants rearranged their work furniture
annually, while 21 did so less frequently.

Regarding expertise, participants had limited interior and fur-
niture design knowledge (see Table 3). Interestingly, while only
six participants (14.63%) have designed their own furniture, there
was a notable shift in interest when considering future possibilities.
The remaining 35 participants would design their own furniture
if they were more familiar with the necessary tools (see Table 3).
Lastly, when rating furniture attributes, participants were neutral
towards the importance of flexibility, the availability of extensive
design variations, and the ease and speed of setup and modification.
Table 3 presents further details on these preferences.

Use Cases Implications. We presented the use cases (A) meet-
ing room, (B) office, (C) multipurpose hall, (D) living room, and
(E) camper. From the participants’ feedback, challenges appeared
consistent across various use cases. Appendix C details the coded
scenarios and challenges, referencing individual participants.

(A) For meeting rooms, the main scenarios include accom-
modating different meeting types and sizes, rearranging seating
arrangements, dividing the room, and hosting after-work events.
Challenges include moving large meeting tables, heavy and in-
flexible furniture, and limited space. (B) For offices, the scenar-
ios involve staff changes, rearranging desks or cubicles, dividing
spaces, improving ergonomics, and hosting parties or after-work
events. The main challenges are limited space, managing cables,
moving heavy furniture, and storing additional furniture. (C) In
multipurpose halls, scenarios include accommodating different
events, such as sports, parties, and concerts. The main challenges
are storing unused furniture, the time and manpower needed for
reconfiguration, and the potential for damage to the hall’s floor.
(D) For living rooms, scenarios include hosting gatherings, accom-
modating guests, changing living arrangements, and remodeling.
Challenges involve storage space for unused furniture, moving
heavy furniture, limited space, and ensuring comfort and visibility.
(E) For campers, participants reported the same challenge as in
living rooms. However, they highlighted the transition between
daytime and nighttime furniture setups (also see [47]).

Overall, the common challenges across these settings include
limited space, storage for unused furniture, and the time, coordi-
nation, and manpower required for rearranging furniture. Some

https://doi.org/10.1145/3266037.3271636
https://doi.org/10.1145/3613904.3642933
https://doi.org/10.1145/2501988.2502037
https://doi.org/10.1145/3379337.3415859
https://doi.org/10.1145/3379337.3415859
https://doi.org/10.1145/3132272.3134143
https://www.surveymonkey.com/mp/gathering-demographic-information-from-surveys/
https://www.prolific.co/
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Table 3: Results of the Likert scale questions (1=strongly disagree to 7=strongly agree) in the online survey related to furniture
design and user needs for furniture features.

Variable n Min q1 x̃ x̄ q3 Max s IQR
I have knowledge of interior design. 41 1 2 4 3.73 5 6 1.61 3
I have knowledge of furniture design. 41 1 2 4 3.46 5 6 1.48 3
I would design my own furniture 35 1 3 4 4.20 5 7 1.68 2
I would design my own furniture if I knew my way around the tools needed. 35 1 5 5 5.09 6 7 1.72 1
Furniture should be flexible. 41 1 3 3 3.37 4 5 0.97 1
Furniture should enable extensive design variations. 41 1 3 3 3.24 4 5 0.86 1
Furniture should enable fast setup and change of interiors. 41 2 3 4 3.44 4 5 0.95 1

participants suggested using flexible or collapsible furniture and
stackable chairs to address these challenges.

Ranking of Use Cases. After identifying scenarios for on-demand
furniture change and challenges that come with them in all the
use cases above, participants were asked to rank these use cases
depending on where they consider on-demand furniture change
most important. The multipurpose hall (use case C) received the
highest ranking, and the camper (use case E) was ranked lowest.
Participants explained that the ranking mostly considered the fre-
quency of needed change. However, as a camper has to be arranged
often, the ranking most likely also implies their own frequency of
experiencing the use cases.

Importance of Furniture Aspects. Participants rated the impor-
tance of different furniture aspects (e.g., attractiveness, cost, indi-
viduality, robustness, and reusability) for their homes and a public
environment. In general, for all aspects, we found that they were
more important in a private setting (e.g., at home). For descriptive
values, see Table 6.

B Use Case Descriptions
Meeting Room. “A meeting room at a university is used for two

events that take place right after each other: After the weekly meeting
of all members of an institute at a university, a thesis presentation is
held in the same meeting room. Because only a few people are left in
the room, the remaining chairs and tables should be removed.”

Office. “A new person starts working at a company. Therefore, the
open-plan office has to be reconfigured: The existing tables have to be
put closer together, and a new table has to be installed in the newly
created space.”

Multipurpose Hall. “Directly after a gymnastics lesson for students,
the multipurpose hall gets used for an information event of the local
city administration where people can sit and watch a presentation.”

Living Room. “After having lunch, a family wants to prepare their
living room for a birthday party. Therefore, they need to put more
chairs and tables into it and remove an armchair and a smaller coffee
table because of the limited space in the room.”

Camper. “Inside a small camper, there is only enough space for
a bed OR a table to sit and eat at. Therefore, these [two] pieces of
furniture have to be exchanged every morning and evening.”

C Scenarios and Challenges for
Shape-Changing Furniture in Various
Settings

In the user needs elicitation (see Section A), participants were
shown five use cases: meeting room, office, multipurpose hall, living
room, and camper. Table 4 summarizes the results regarding the
scenarios participants could imagine requiring a quick and easy
furniture change. Table 5 summarizes the results regarding the
challenges participants could imagine when using such furniture
in the respective use cases.

D Comparison Furniture Aspect Importance in
Private and Public Settings

Table 6 summarizes the results of the user needs elicitation (see
Section A) regarding the importance of different furniture at home
and in public environments.

E Air Supply Calculation
Upon entering the ground plate dimensions 𝑛 ×𝑚 and the grid cell
distance, the calculation starts with a default pressure and flow rate
(8 bar, 150 l/min). (1) It calculates the pressure drop in the current
hose segment, beginning with the main hose leading to the first
branch. The pressure drop Δ𝑃 is approximated using a modified
Darcy-Weisbach equation:

Δ𝑃 = 𝜆 ·
(
𝐿

𝐷

)
· 𝑣

2

2
·𝐶 (1)

With friction factor 𝜆 (approximately 0.06 for a 4mmPE hose2), hose
length 𝐿, and hose diameter 𝐷 . The flow velocity 𝑣 is the current
volumetric flow rate divided by the cross-sectional area of the hose.
The compressibility factor 𝐶 adjusts the pressure drop calculation
to account for changes in air density (1.0 to 1.2 for 8 bar at room
temperature3). (2) If an outlet’s valve is open, the valve’s airflow
rate (3.38 SCFM for our prototype’s valves) is subtracted from the
current flow rate. This is repeated for the branch’s𝑚 outlets. (3) The
subsequent branch’s starting conditions are the remaining flow
rate after splitting a branch and the cumulative pressure drop. This
procedure is repeated for all 𝑛 branches. (4) Finally, the application
identifies the layout’s minimum pressure and airflow rate. If these

2https://www.engineeringtoolbox.com/pe-pipe-pressure-loss-d_619.html; Accessed:
21.08.2025
3https://www.engineeringtoolbox.com/ideal-gas-law-d_157.html; Accessed:
21.08.2025

https://www.engineeringtoolbox.com/pe-pipe-pressure-loss-d_619.html
https://www.engineeringtoolbox.com/ideal-gas-law-d_157.html
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Table 4: Envisioned scenarios for different use cases (A-E) based on participant feedback in the online user needs elicitation
(N=41).

Use Case Envisioned Scenarios Participant References

AMeeting Rooms

Accommodating different types and sizes of meetings P1-P2, P4, P6, P9, P14, P17, P19, P21, P28-P30, P32-P33, P35
Rearranging seating arrangements P2, P12, P14-P15, P17, P20, P23-P24, P32, P35-P36, P39
Dividing the room P3, P20, P24, P30, P37
Hosting after-work events P3, P6, P10, P11, P19, P21, P22, P26, P30, P31, P41

B Office Rooms

Staff changes P1, P11, P16, P18-P19, P22, P29, P33, P39
Rearranging desks or cubicles P2, P9-P10, P20, P23-P24, P28, P35-P36
Dividing spaces P27, P37
Improving ergonomics P12, P14, P25, P27, P30
Hosting parties or after-work events P3, P13, P19, P24, P26, P31

CMultipurpose Halls

Accommodating different events, such as
... sports P1, P14, P19-P21, P27, P39
... parties P3, P19, P22, P36
... concerts P20, P22, P26

D Living Rooms

Hosting gatherings P1-P3, P11, P19-P23, P27, P31, P33, P35
Accommodating guests P14, P16, P20, P24, P36-P37
Changing living arrangements P6, P27-P28
Remodeling P6, P14, P22, P26-P29

E Campers see Living Rooms P4, P6, P8, P12, P14, P19, P24, P30, P37

Table 5: Challenges anticipated in various use cases (A-E) as highlighted by participants of the online user needs elicitation
(N=41).

Use Case Envisioned Challenges Participant References

A Meeting rooms
Moving large meeting tables P1-P4, P6, P8-P9, P14-P15, P20-P22, P27-P31, P33, P35-P36, P41
Heavy and inflexible furniture P1, P10-P12, P24, P29
Limited space P2, P11, P17, P22-P23, P26, P30, P38-P40

B Office rooms

Limited space P2, P7, P12, P15, P20-P23, P26, P29, P35-P36
Managing cables P4-P5, P8-P10, P13-P16, P21-P22, P29-P30, P36, P41
Moving heavy furniture P1, P3, P5, P14, P16, P24, P29
Storing additional furniture P1, P19, P24, P30

CMultipurpose Halls

Storing unused furniture P1, P14, P17, P19, P23, P33, P35-P37, P41
Time needed for configuration P5, P7, P9-P10, P18-P19, P30, P36
Manpower needed for configuration P10, P20, P22, P26
Potential damage to floor when rearranging P17, P24, P27

D Living Rooms

Storing space for unused furniture P1, P4, P9, P19, P27, P30, P35
Moving heavy furniture P12, P14, P29-P31, P34
Limited space P5, P11-P12, P18-P20, P23, P36
Ensuring comfort P1, P4, P16, P19-P22
Ensuring visibility P19-P21, P24, P34

E Campers Transition between daytime and nighttime setups P4, P6, P8, P12, P14, P19, P24, P30, P37

values are below a set threshold (see Section 5), it incrementally
raises the compressor’s input airflow rate and pressure, performing
the four steps until the desired inflation speed for the ground plate’s
far end. Users then receive the required air supply specifications in
bar and l/min.

F Application Examples
While we focused on overall module arrangements for room trans-
formation in the user evaluation (see Section 6), AirClick also pro-
vides specific interior applications, which we created to demon-
strate further parts of the design space covering the dimensions D1:
inflatable type, D2: shape-changing, and D3: user input (see Figure 2).

Posture Correction. Unlike previous floor-based approaches [43,
52], a chair’s backrest can be inflated to enhance lumbar support if
the user exhibits slouching behavior (see Figure 11 a). We employ
a chair with (D1) serial-connected chambers: the backrest and the
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Table 6: Online survey results regarding the importance of different aspects of furniture at home (top half) and in a public
environment (bottom half).

Variable “that they/you ...” n Min q1 x̃ x̄ q3 Max s IQR
... match 41 1 3 4 3.68 4 5 0.93 1
... have an attractive/appealing design 41 2 4 4 4.20 5 5 0.81 1
... are individual 41 1 3 3 3.00 4 5 1.00 1
... are cheap 41 1 3 3 3.05 4 5 0.92 1
... are high-quality 41 2 3 4 3.83 4 5 0.70 1
... are robust 41 1 3 3 3.37 4 5 0.94 1
... are easy to clean 41 2 4 4 4.00 5 5 0.95 1
... are easy to handle for relocation (e.g., transportable, easy to break down and set up) 41 1 3 3 3.44 4 5 1.00 1
... fit into your environment (e.g., the measures of a corner) 41 2 4 4 4.17 5 5 0.86 1
... can reuse some pieces 41 2 3 3 3.32 4 5 0.99 1
... match 41 1 3 4 3.63 4 5 0.86 1
... have an attractive/appealing design 41 2 3 4 3.76 4 5 0.73 1
... are individual 41 1 2 3 2.61 3 5 1.20 1
... are cheap 41 1 2 3 2.71 4 5 1.05 2
... are high-quality 41 2 3 4 3.78 4 5 0.79 1
... are robust 41 2 3 4 3.68 4 5 0.99 1
... are easy to clean 41 2 4 4 4.32 5 5 0.79 1
... are easy to handle for relocation (e.g., transportable, easy to break down and set up) 41 1 3 4 3.76 5 5 1.02 2
... fit into your environment (e.g., the measures of a corner) 41 1 4 4 4.10 5 5 0.97 1
... can reuse some pieces 2 41 1 3 4 3.66 4 5 1.11 1

Figure 10: Schematic of the 2x2 m AirClick prototype used
in the user study. Each panel shows a 4x4 ground-plate grid
with the default arrangement of traditional furniture for
the four scenarios: office, meeting room, apartment room,
andmultipurpose hall. The meeting-room and hall scenarios
began with an empty grid. The drawn furniture blocks are
scaled to roughly match their real-world dimensions.

seating area. Users may only inflate the seating area for a tem-
porary chair. However, extended seating often leads to posture
degradation [16]. The pressure sensor within the chair’s baseplate
identifies the irregular (D3) weight distribution. Upon detection, the
backrest inflates, offering added support (D2 intrinsic shape-change)
and correcting the user’s posture.

Physical Disability Support. In case of arm or leg injuries, healing
advice may suggest keeping limbs straight and immobile to alleviate
pain and support blood circulation. Yet, many households lack
readily available footrests or armrests to aid this process. With
AirClick’s comfortable yet versatile (D1) basic and complex shapes,
a combination of an air-stack and a cube module can be attached
next to a chair (D2 module augmentation), serving as an armrest or
footrest (see Figure 11 b). Users can trigger the inflation by touch. A
(D3) gesture can determine the ideal inflation height when a user’s
arm injury prevents them from reaching the baseplate.

Exercise Assistant. (D1) Basic shape modules can inflate to form
soft structures that assist in various physical exercises or yoga
poses. Users may inflate a chair as a yoga prop, a cube as an Aerobic
stepper, or an air-stack module for punching exercise (see Figure 11
c). In this environment, a user wants to perform a plank at varying

difficulty levels but is uncertain about the correct adjustments.
The user places their legs on a deflated cube module to solve this.
By detecting the body pose (D3 gesturing), AirClick adjusts the
difficulty by controlling the cube’s inflation, modifying the plank’s
incline and challenge level (D2 intrinsic shape-change).

Mood-based Environment. Dedicated relaxation or focus work
areas are rare in many smaller companies due to the costs and setup
effort.AirClick offers a solution by enabling the quick setup ofmood-
responsive personal spaces (see Figure 12 a). Unlike prior large-scale
shape-changing interfaces [38, 43, 52], AirClick’s easy-to-handle
(D1) complex shape and (D2) building block modules facilitate users
to tailor rooms to their emotional state. For example, stressed users
can inflate the room separator, chair, and footrest modules, creating
a secluded area (D3 via translation and touching). Replacing the
footrest with a table-shaped module can quickly convert this into a
focused work area.

Modular Play Area for Children. Children typically dislike limited
play space [21]. AirClick can help children and parents establish
an additional play area (see Figure 12 b) in the living room. While
previous large-scale shape-changing approaches [38, 43, 48, 52]
lack module shape diversity and do not support (D1) retrofitting
retail inflatable toys, with AirClick, modular play areas can be
tailored based on the number of children and the intended game
type (D2 arrangement, D3 via translation). For example, a versatile
playground fortress can be constructed using (D1) single/multi-
connector room separator, cube, chair, and air-stack modules.

Prototyping Architectural Spaces. Designers and architects can
assemble and reconfigure detachable modules with various (D1
single/multi-connector) shapes to test different spatial layouts, vi-
sualize architectural concepts, and collect feedback from poten-
tial users (see Figure 12c). By integrating with existing furniture
and retrofitting larger objects (unlike [38, 43, 48, 50, 52]), AirClick
enhances design versatility and cuts down on development time,
eliminating the need to construct an entire interior from shape-
changing modules alone (D2 building block, module intrinsic and
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Figure 11: Health-promoting furniture application examples. (a) Automatic posture correction using a 1x1 chair with a
separately activatable backrest. (b) On-demand support for arm and leg injuries using a reactive 1x1 cube and air-stack as arm
and footrest. The cube inflates upon touching, and the air-stack inflates by holding the arm above the module. (c) Exercise
assistant supporting a plank exercise by proactively inflating/deflating the module to adjust the difficulty.

Figure 12: (a) On-demand mood-based environment with 1x1 chair, and 2x1 wall modules. (b) A dynamic play area for children
using a chair, cube, air-stack, and wall module to create a small playground fortress. (d) Synchronized shape-change in
collaborative VR for prototyping architectural spaces with haptic proxies.

augmentation). Besides, AirClick is not restricted to specific shapes
(unlike [38, 48, 57]), thereby increasing the design’s expressiveness.
Designers and clients might remotely co-design a new office space
at two separateAirClick systems (e.g., see Dollhouse VR [13]).When

the designer alters the furniture (D3 via translation and sensors), the
remote location’s modules inflate or deflate to reflect the changes,
synchronizing the ground plates in the control software.
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