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Abstract

Interactive architecture and interiors present exciting new opportunities for cus-
tomizable and adaptable spaces, but few explorations into this topic attempt to un-
derstand how these spaces should be designed for interactions. This work presents
Imprint, a prototype for an Interactive Wall that would exist inside of a dynamic
living space, that was designed and built with the intention of testing out differ-
ent models of interaction. Participants gave feedback on two iterations of Imprint.
Based on the observations of an interaction trial and discussions, each interaction
mode was found to fit better with certain contexts of an interactive surface. The
connections between the interaction modes and contexts help build a greater under-
standing of interacting with various dynamic spaces, which can be used in designing

new kinds of interactive interiors that users can easily adapt to.
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1. Introduction

The relationship between a person and their home is ever-changing, but always
crucial. We constantly try to customize our living spaces, decorating our walls with
posters, art, and mementos of the past. Yet barring permanently altering the space
through great effort and cost, we have few ways to easily and instantly change the
form of our homes when needed—whether that means adding a place to hold a few

more books, or adding a new surface to work on for the day.

While many have conceptualized homes of the future with large wall-displays
that can be interacted with like a screen [13, 14, 8|, the idea of a home physically
adapting to the inhabitants has not been treated in the same practical sense. Most
works that focus on “Interactive Architecture”—architecture that reacts to user
input with noticeable feedback—develop very theoretical or art-based examples that
do not offer much to actual implementations of such systems. There is no doubt
that being able to interact with large displays would provide a great amount of
functionality and customizability, but being able being able to dynamically change
the form of one’s space opens up a number of opportunities that could never be

achieved by 2D manipulation alone.

The goal of my work is to explore interaction with dynamic architecture and in-
teriors through the creation and iteration of Imprint, an Interactive Wall prototype.
I aim to get an understanding of how the specific ways in which a user can interact
with a dynamic environment can affect their connection with it and their feelings of

control and comfort with it.

Few other explorations on this subject actually delve into how the interaction



design of interactive architecture is received by users in a way that attempts to
improve upon it. Most also ignore how the context of the piece should affect its
interaction design, or the ways in which people could adapt to using interactive
spaces in their daily life. The Imprint prototypes were made specifically to test
and explore interactions with a dynamic space in a practical way, based off of use
cases participants described from their daily lives (or even some use cases that were
exciting to them, if not an average occurrence). In doing so, connections were made
and discussed between the users’ use cases and the feedback gathered on different

interaction modes.

My work shows a qualitative exploration of users’ interaction with a small proto-
type made for an interactive interior space, and the observations made have impli-
cations for the broader question of how to approach designing a physically dynamic

interior interface depending on its context.
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2. Related Work

As new technologies have emerged that allow computers to sense input and changes
in the environment, new ideas in how they can be used to affect buildings and
interiors have emerged. The ideas of Interactive and Responsive Architecture seem
to have formed entirely based on emerging technologies as opposed to any crucial
need [12]. Yet even if humanity has lived with static homes for most of our existence,
there are opportunities to fulfill specific “needs” or desires with interactive spaces,
whether that means having shade from rain (but not from a blue sky) or being able

to access videos easily in your shower [7, §].

In the 1960s and ‘70s, the concept of Interactive Architecture was growing among
the architecture community based on the idea that the future spatial needs of in-
habitants could not be known by architects. Different ways of designing systems of

Interactive Architecture were proposed.

One type of system was more anticipatory and automated, where sensors would
interpret data and make changes to the space based on comparing the data to
a specified instruction—similar to how thermostats work. In opposition to this
model was a participatory solution, where users could modify an interface that
represented the configuration of the space, a feedback system would let them know
the impact of their modifications, and the building itself would then change based
on the modifications. A hybridized model incorporating both approaches has been

proposed as well [15].

In the design of the Imprint Interactive Wall, I have focused more on a participa-

tory method based on the fact that this dynamic architecture would be at eye-level
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and body-level, meaning if the blocks move without the user being aware, it may
be visually jarring or have actual physical consequences. While my main focus was
on the participatory side, it may be beneficial to balance both methods with some

subtle anticipatory features while mainly relying on direct manipulation.

2.1 Dynamic Environmental-Based Architecture

Certain dynamic architectures do not take input from a person, but instead use input
from the environment. In some cases this is approached in a more artistic sense,
as with the “Articulated Cloud” installation set up on a museum in Pittsburgh.
Composed of thousands of small plastic squares that move and ripple with the wind,
causing different reflections of the daylight, the installation appears as a “digital
cloud”. With this environmental input, the facade of the building appears dynamic
to the observer [2].

Perhaps more practically, there have been other structures that respond to hu-
midity levels, closing holes in the surface when the humidity gets too high to create
a shelter from rain and opening back up when the humidity is low enough [7, 1].
These structures represent a more anticipatory approach to dynamic architecture
that creates a system to allow conveniences for anyone under the structure without
needing to involve them in the details. Of course they are also outdoor structures
that do not exist in anyone’s home, so the assumptions being made (high humidity
means it is raining, which means the holes should close; low humidity means it is
not raining, which means the holes should open) are delightful when they pan out
correctly. But even if they happen to “malfunction” (the holes open too early, for
instance), the trust lost from the people underneath is not as important considering
they are in a space they were never in control of in the first place (i.e. a space
not owned by them). And if they were given a more participatory design, it would
be difficult to democratize such a system so that one person does not have full

control—especially when the design is not based on any electronic control.
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2.2 Interactive Architecture and Interiors

Interior interactive systems tend to work with more direct input, reacting to actions
from the user as opposed to the environment, although sometimes adding some

anticipatory features as well.

Certain interactive interiors are focused more on 2D interactions, though their
reach can go beyond the location of the interface. The “Living wall”, for exam-
ple, uses dynamic wallpaper that is embedded with circuitry and certain feedback
features, like LEDs, as an interface. By interacting with the wallpaper, the entire
ambiance of the room can be changed (by changing lighting or triggering sounds,
for example). It also responds to movement in front of the wall, without direct
manipulation. One can see such a system being a playful installation that allows ex-
ploration or as a platform for more necessary daily interactions (while still retaining

some of that playfulness and exploration) [3].

Another example of an enhanced space that relies on 2D interaction is an inter-
active shower curtain that was proposed as a way to allow users to access media
(music, news, karaoke, etc.) and feedback about their shower (temperature and

length) as they wash [8].

Some interactive interior approaches attempt to cover both 2D and 3D features.
A smart wall proposed by Farrow, et al., would be made of dynamic hexagonal
blocks, described as “building blocks”, that could be reconfigured to create surfaces
and dividers. The blocks could also change certain properties, such as their opacity
(to allow for more or less privacy), and could be used as dynamic menus. The
proposal focused more on the 2D menu interactions of the blocks than of any 3D

interactions or movements, and it is unclear how the blocks could be rearranged [6].

The Openarch prototype is a design for a smart home that uses walls as displays
of context-dependent information. Walls can too be used for video calling, video
watching, and displaying dynamic wallpaper. But the home also takes advantage
of the idea of flexible architecture, using movable partitions to allow the owner to

decide how they want to form their space [14].
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The Festo Interactive Wall, on the other hand, has no element of 2D interactions.
This “wall” is more of an art installation than a practical demo, demonstrating
high-level concepts of how dynamic architecture may interact with and even affect
the person using it by becoming emotive itself. It is comprised of multiple tall
wall-like structures that lean away from an approaching person, which also causes
changes in the LED skin. Although not a practical approach towards an Interactive
Architecture system to be used on an average day, the Festo wall attempts to allude
to the growth of “individualization, personalization and customization” in modern
society, concepts my own work takes to heart and actually allows for in new ways

[10].

Depending on the goal of the wall deformation, different wall structures could
be implemented to create specific manipulation results. Hyposurface was a project
that created a highly interactive wall composed of connected flat triangles that
could move in and out at the vertices, allowing for a great degree of precision when
it came to the shape of the wall itself. Curves could be formed, and were used when
creating waves that radiated from a person standing close to it. The demo itself
was an interactive installation and the wall was programmed to respond to users’
interaction or even existence with rapid, fleeting responses, so it is unclear if such a

surface could be used to help satisfy a particular need [11].

The CityHome project proposes a home, most likely an apartment, where the
small space is made entirely multi-purpose thanks to all the functional components
being built into the walls. With simple gestures made in the air in front of a wall,
one could “pull out” their bed or a dining room table. Not only does the space
physically adapt, but the prototype also suggests that one could download “apps”
for it that allow the space to be more personalized. The space itself does not feel
very customizable outside of the app feature; all the components are pre-built and
theoretically come together, limiting the choices of the inhabitant in how they want
their bed or their table to look and feel, not to mention how they would want to
position them. These kinds of freedoms are given up for convenience, which may be

practical in a small living space [4].
The CityOffice prototype uses partitions to adapt the space to different forms of
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work; a large meeting versus many small groups of people working collaboratively,
for example. The prototype includes some more moving parts: tables and chairs
that can move around by themselves, tables fitted with extra surface space that can
fold or unfold when needed, and printers and laptop-charging spots that roll over to
you when you need them. The space truly attempts to understand and adapts to
the needs of those inside its walls. What’s more, it does so by moving the different
components of the room to where they need to go. CityOffice, unlike some of the
other interactive spaces discussed, has a large focus on interactive furniture and
anticipatory objects that are connected to each other and the space itself to create

an entirely dynamic environment [5].

2.3 Interactive Furniture

Many explorations in different types of interaction and dynamic forms have occurred
not in spaces but in the furniture inside those spaces. The TRANSFORM table, for
instance, redefines the table as a piece that reacts to the presence and movements
of a person. The topology can be altered, in one case, by “drawing” in the air
above the table where the pins should rise, and in another case it can change in
anticipatory way based on previous preferences (the creation of which theoretically
would have occurred through some form of more direct manipulation). The table is
both practical and has emotional and aesthetic elements. Although it is furniture,

as a centerpiece it affects the entire space it is in [16].

Another example is a shape-changing bench that was designed specifically as
a way to approach understanding how people experience shape-changing furniture.
Users, unless they had observed someone else using the bench, would have no idea
of how it worked or even that it was shape-changing until they sat on it. For some,
this was not unwelcome, but multiple people became uncomfortable or even afraid
when it began to move. One user is quoted as saying that, “‘...when it moved, it
was like an underlying feeling of unease suffused my body™ [9]. This reinforces the
idea that designing dynamic changes that the user does not understand or expect

may not be a good solution, although in this case it is likely that the experience of
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unease was magnified because such changes affected the body directly.
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3. Design Considerations

When designing Imprint, an interactive wall prototype meant for an interior space, I
partitioned my design considerations in three distinct areas: the surface, the device

feedback, and the interaction.

3.1 Surface

Walls inside living spaces (besides their core role of holding up the shelter and
delineating the indoor from the outdoor) tend to be used for décor and as a canvas
for shelving or displays. Since Imprint could easily share wall space with displays or
other types of smart walls, I felt that those 2D surfaces or devices were not necessary
in my design. I focused instead on 3D designs and interactions. If the surface should
be able to support shelving and surfaces, it needs to be able to form flat tops. Using
“building blocks” as the main component, then, made the most sense—a grid of
them is very customizable, and they create stable surfaces. Previous works reflect
this design decision: the TRANSFORM table uses rectangular pins that are very
customizable and have a flat top [16], and Farrow’s smart wall with hexagonal blocks

was designed with modularity in mind as well as the “building block” idea [6].

Because walls are canvases for decoration in a home, they have an aesthetic
responsibility to both look sufficiently good and also be rather simple. The tech-
nology should not require a blatant setup; indeed, “the most profound technologies
are those that disappear” [17]. If a more pronounced surface design were used, the
owner’s opinion of it would be more likely to change over time, making it more likely

for the design to become distasteful to them. However, it is impossible to completely
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