AirClick: Modularized Interactive Inflatables for On-Demand
Room Transformation
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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 (¢) beneath the ground plate
grid (f). This setup enables space-efficient, interactive room transformation through tangible rearrangement and pneumatic

actuation.
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2.1 Large-Scale Shape-Changing Interfaces
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2.2 Modular Shape-Changing Interfaces
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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.
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Figure 2: Three-dimensional design space of AirClick. The parameters combine freely for on-demand room transformation.
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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. () 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.
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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.
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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
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load-bearing test.
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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?
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Figure 8: Ratings of usability, perceived usefulness, intention to use, and perceived scalability of AirClick in the study (N=20).
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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
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7.3 Practical Implications for On-Demand
Room Transformation Systems
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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.
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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.”
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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
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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
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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).
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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.
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