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Abstract Kimiko Ryokai 
I/O Brush is our ongoing effort to empower people to 
create new expressions and meanings by painting with 
attributes of everyday objects and movements in their 
physical world. Using examples from our case studies 
with kindergarteners and artists, we discuss I/O Brush’s 
most distinguishing features, its dynamic ink and 
history functions, and how they enable people to invent 
new expressions and meaning making with objects in 
their physical environment. 
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Introduction 
 

“We continually personalize and humanize the given 
environment as a way of both adapting to it and 
creating order and significance.” 
                                            — Csikszentmihalyi [1] 

Copyright is held by the author/owner(s). 
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We live in a physical environment and create a cultural 
environment within it. Each of us, in varying degrees, 
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creates “a little world of our own” with objects. In this 
little world we create with objects, we express 
ourselves, and learn about ourselves and the world 
around us. 

The project described in this paper is about 
empowering people to create new expressions and 
meanings by harvesting attributes of everyday objects 
and movements in their physical world. I/O Brush: the 
World as a Palette is our ongoing effort to support such 
creations and expressions with people’s everyday 
objects.  

I/O Brush: The World as a Palette 
I/O Brush [3] is a physical paintbrush equipped with a 
small video camera with lights and touch sensors 
embedded inside. Instead of picking up paint, the I/O 
Brush can pick up colors, textures, and movements of a 
brushed surface. On the canvas, artists can draw with 
the special “ink” they just picked up from their 
immediate environment. For example, by picking up a 
texture from her pet dog’s fur, movements of her own 
blinking eye, color from her favorite shirt, and by 
combining these elements into a unique drawing, the 
artist can not only create a thoroughly personalized 
piece, but also breathe a new kind of life into the 
canvas.  

In this paper, we discuss distinguishing features of the 
I/O Brush system crucial to user’s creative experience. 
Specifically, we describe how I/O Brush supports the 
invention of new expressions with the following two 
important features: 1) I/O brush allows the artist to 
both capture moving objects, and then draw with such 
“dynamic ink” from her environment, and 2) I/O brush 
automatically and continuously records and preserves 

the process of creation (the “history”) in both the audio 
and visual domain. With examples drawn from our case 
studies with children and an adult artist, we will look at 
both the process and the product of people’s creation 
with I/O Brush, and discuss how the I/O Brush system 
supports the kind of explorations that lead people to 
invent new expressions with objects around them.  

The design evolution of the I/O Brush system 
This project has been an interdisciplinary effort in HCI 
research, mechanical and electrical engineering, 
software development, and artistic expression. Over 
the course of the project’s life time so far, I/O Brush 
has been adopted in many quite diverse settings.  

In spring of 2005, a corner of a kindergarten classroom 
served as the home for an I/O Brush system. For 5 
weeks, I/O Brush was the kindergartener’s daily free-
style activity. During that time, we studied intensively 
the tool’s potential to support creative learning and 
conceptual change, i.e., how working with I/O Brush 
changed the way children looked at their environment. 

One version of the I/O Brush system has become a 
long-term interactive art exhibit at the Ars Electronica 
Center in Linz, Austria (August 2004 - August 2006). 
The opportunity to take I/O Brush to the Art world, and 
to work with artists at the museum, inspired us not 
only to refine I/O Brush as an interactive art piece, but 
also to develop its most advanced and intricate 
features, such as the palette, dynamic ink, and the 
history capturing function.  

I/O Brush allows people to take 
attributes from objects in the physical 
world and immediately paint with 
them. 

Finally, as a research prototype, I/O Brush’s main home 
has been at the Tangible Media Group’s lab space at 
the MIT Media Lab, where live demonstrations are 
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given to the sponsors of the Lab on a daily basis. The 
system, however, has not been commercialized yet.  

Dynamic ink: Beyond static collages 
One of the unique qualities of I/O Brush is its capability 
to allow the artist to create dynamic expressions that 
extend into both the spatial and temporal dimension. 
This is made even more intriguing for the artist since 
she is able to apply those techniques during the capture 
process, as well as during the paint process.  

 

 
Figure 1. “New York Traffic” created with dynamic ink. 

I/O Brush has two main drawing modes: Static and 
Dynamic. In the Static mode, I/O Brush captures a 

snapshot of the brushed surface, which consists of one 
frame. The Dynamic mode grabs a sequence of 
consecutive frames of the brushed surface and lets the 
artist draw with the movement she captured.  

There are several ways to create “animated ink” on the 
canvas. An artist can create dynamic ink by either 
capturing a moving object (such as a blinking eye), or 
by capturing a static object and applying a relative 
motion to the brush during the capturing process. For 
example, an artist can create a dancing smiley face by 
twisting the brush while capturing a static smiley face.  

More complex animations can be created by combining 
the dynamic capturing and dynamic painting processes. 
For example, when an artist brushes over a static text 
in dynamic ink mode, and then brushes over the 
canvas with this ink using an equivalent speed but 
opposite direction, the artist can make the brushed 
over text scroll on the canvas. 

An artist can also capture an already dynamic object, 
such as a butterfly with flapping wings. When this 
object is captured with relative movement, the 
resulting ink on the canvas is an animated butterfly, 
including flapping wings, that wanders around the 
canvas. 

Since I/O Brush allows an artist to both capture and 
draw using the same physical device—exactly like 
painting with a real paintbrush—the interaction is 
completely grounded in the artist’s physical hand 
movement. This physicality enables the artist to 
experiment with the above described complex 
expressions easily. By combining dynamic capturing 
techniques, and varying the direction of the capturing 
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motion and the brush strokes, the artist can create a 
variety of dynamic expressions.  

History functions 
Another unique quality of I/O Brush is its ability to 
document and preserve the origin of all ink. This 
feature was inspired by our observations of interactions 
exhibition visitors had with I/O Brush at our long term 
exhibit at the Ars Electronica Center. As they saw 
previous visitors’ works of art with I/O Brush, some 
people showed interest in investigating where the 
previous visitors had gathered their colors from.  

To document the process of where the ink originates 
from, both the video camera and the microphone inside 
the brush are active and recording continuously even 
before the artist picks up a new ink. Later, when the 
artist initiates a new stroke on the canvas, the last 5 
seconds before the artist brushed over the surface are 
stored, and linked to this specific stroke on the canvas. 
These 5-second “documentary” mini movies (both the 
audio and video portions) are activated and played 
back on the canvas when the specific brushstrokes are 
touched manually later on. The surface of the canvas is 
touch sensitive due to a touch screen overlay on the 
plasma screen canvas. When the audience touches a 
certain part of the portrait, a ‘pop up’ video appears on 
the canvas at the touched part and plays back the 
movie that was automatically recorded during the 
artist’s creation to document the “heritage” of the ink. 
In other words, each brush stroke on the canvas has a 
sort of hidden ‘hyperlink,’ which takes the audience 
onto a journey to where this specific element has 
originated.  

 
Figure 2. Capturing where the color came from. 

Therefore, the canvas serves as a space where the 
artist builds her portrait, but it also serves as a space 
where both artist and audience can peek into the 
history of the portrait, revealing short “making of” clips 
of each and every stroke.  

Children’s work with I/O Brush 
We now turn our discussion to how the dynamic ink and 
history function supported children’s expressions and 
play. Ten children (aged 5 to 6) played with I/O Brush 
as one of their “choice time” activities in their 
kindergarten classroom, about 2 or 3 times a week, for 
5 weeks. 

Turning personal objects into a dynamic ink  
Children grasped the idea of “animated ink” quickly as 
they tried out the “movie mode” to capture non-static 
targets such as their gasping mouths and blinking eyes. 
However, combining relative motion in creating 
dynamic ink seemed too advanced a concept for most 
kindergarteners. Nevertheless, children did explore the 
dynamic expressions they were able to create with the 
dynamic ink function. For example, one child 
discovered that brushing over her pink sweater in 
movie capture mode, and then drawing a squiggly line 

Touching the canvas reveals 
where the colors came from.   
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with this dynamic pink ink would result in a dancing 
pink squiggly line. She brought her friend in front of the 
canvas and repeated her drawing as she explained to 
her friend, “Look, I’m making a pink worm!” She 
transformed the pink ink extracted from her pink 
sweater into a dynamic moving object. The physical 
brush made it easier for her to recreate what she had 
created previously.  

Space for recording play and performance 
Children also seemed to understand how the brush 
recorded their creation process. However, instead of 
using the history function to preserve and document 
the origin of the ink, some children used the function as 
a tool to act out their play scenes and put them on 
canvas for their ongoing play and reflection. For 
example, some children discovered that singing a song 
while capturing ink would result in an ink that they can 
use to paint. But more importantly, later touching the 
painted surface on the canvas would play back their 
singing, and this playback could be shared with their 
friends and teacher.  

 
Figure 3. A child discovers I/O Brush capturing her singing. 

In summary, some children focused on the visual 
aspects of their projects with I/O Brush, carefully 
working with the tool’s ability to capture colors, 

textures, and movements. Yet some children focused 
on the tool’s ability to capture an audio-visual history of 
the creation process. These individual performance 
styles of kindergarteners, i.e., different approaches to 
expressing and meaning making [2] were enabled by 
the dynamic ink and history functions of I/O Brush. 

Case study with an artist 
In addition to the long-term Ars Electronica Center 
exhibition, we have also conducted a case study with a 
water color artist. The I/O Brush system was brought to 
the artist’s home, following the artist’s request to paint 
in a more personal and intimate environment than our 
research lab setting.  

A new process of creation 
In preparation for her work with I/O Brush, the artist 
spent more than one hour retrieving and arranging 
objects on her kitchen table. Her kitchen table became 
an intricate physical palette of personal objects. A 
collection of old keys, a basket full of seashells, a plate 
full of sliced apples neatly arranged, a collection of 
stones and gems, etc. She arranged her objects in a 
way so that different themes, patterns, and colors 
seemed to emerge in anticipation even before she 
started to paint. It appears that a new process of 
painting was brought out when the artist spent time 
preparing the materials she needed for her portrait. 

Weaving personal messages into the canvas 
One of the paintings the artist created was called 
“Family Women.” For this piece, she used personal 
family photos as the source of her ink. Photos 
symbolized her favorite female family members, 
including her two daughters and her grandmother who 
meant dearly to her. 
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She touched these photos with the brush and used the 
palette to make sure she was capturing the faces of her 
favorite women. During this process, she recorded 
personal messages. “This is my nana Folly, my father’s 
mother, Jenny” [as she picks up a photo of young 
Jenny]. “Jenny is a sweet sweet sweet lady. You can 
see the sweetness in her face” [as she paints]. 
Therefore, personal messages were embedded in each 
brush stroke. 

Figure 4. “100 Carrot Sweets” 

In most settings, and especially in museums, the 
audience is often discouraged (or even explicitly 
prohibited) from touching the paintings. In contrast, 
the portraits made with the I/O Brush system invite the 
audience to take a closer look, to touch the canvas, and 
hopefully to reveal the (hidden) messages that may be 
embedded in the strokes. 

Discussion and conclusion 
For children, I/O Brush’s ability to capture dynamic ink 
(“movie mode”) and preserving the creation process of 
ink (“history”) became a means to support their 

individual expressions and work styles. For artists, the 
system provides a canvas with multiple layers where 
they may construct and embed complex messages into 
the portrait. The artist can leave an audio-visual 
message, via the history function, for each of the 
“personal inks” she created. The I/O Brush system 
provides a channel where artists can embed personal 
communications in the visual materials that are used to 
create their art pieces. The artist’s messages behind 
each stroke, and the juxtaposition of the ink and its 
meaning, adds additional depth to the portrait. 

The combination of capturing and drawing with both 
temporal and spatial attributes enables the invention of 
new artistic expressions. In the future, we hope to see 
galleries of artwork full of new and exciting artistic 
compositions, enabled by I/O Brush in the hands of 
thousands of artists.  
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