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Abstract 
Tangible interaction has emerged as a computing 
environment that has the potential to enhance creative 
cognition. We are particularly interested in identifying 
new affordances of tangible devices that enhance 
creative cognition. To this effect, we adapted the 
Cooperative Inquiry method with ‘mid-tech’ prototyping 
to support the identification of less apparent 
affordances. A co-design team of children and adults 
played a game on the Siftables tangible devices and 
explored the affordances enabled by the game 
designers. We explored the potential affordances and 
design space using a mid-tech prototyping technique 
that included not only low-tech art supplies but also the 
same tangible devices with their interaction affordances 
removed. We show how this technique supported an 
exploration of the design space for Siftables, which 
encouraged the design team to find several affordances 
that were not included in existing applications. 
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Introduction 
There are an increasingly large number of new devices 
for tangible computing. However, many studies and 
research projects focus on efficiency and ease of use. 
For example, Hunter et al. [10] studied the ease of use 
of four actions (tilt, select, shake, and adjacency) of 
the Siftables as children used them for language 
learning. While tangible devices need to be easy to use, 
there is also value in understanding how they affect 
designers’ cognition [8,12] and the cognitive processes 
associated with creative design [11]. Brereton and 
McGarry [3] recommend that the design of tangible 
devices consider the ambiguous and varied affordances 
of specific physical objects. Our broader goal is the 
identification of the features and affordances of tangible 
computing that encourage creative cognition. This 
would enable the design of new technologies for 
education and learning with a focus on creativity rather 
than a focus on skills and knowledge development, with 
the assumption that those skills increase alongside an 
increase in creative cognition.   

In this paper, we report on a technique for identifying 
tangible device affordances. A co-design team of 
children and adults played with and designed for the 
Siftables (sifteo.com). The team ‘repurposed’ this 
tangible technology using a mid-tech prototyping 
technique for findings various uses of the cubes beyond 
their current design capabilities. 

Siftables: Tangible Devices 
Siftables are cube-shaped tangible devices (Figure 1), 
each with a display, sensors, and communication 
interfaces. Cubes can be programmed to respond to its 
use (e.g., press, shake), react to adjacent cubes, and 
communicate with a computer with a larger display. 
Siftables have multiple affordances for moving and 
combining the cubes while receiving visual feedback. 

Observations and Co-Design with Children 
KidsTeam is a long-time co-design project of including 
children and adults in the design of new technologies 
[4,5,6]. The group of 6-8 children, aged 7-11, 
participates in designing technology twice a week 
during the school year and two weeks over the 
summer. The design session 3 parts: 1) warm-up 
discussion, 2) small group design work, and 3) debrief. 

Warm-Up Discussion 
The children and adults started the design session by 
gathering into a large circle on the floor. Each person 
introduced themselves and answered the question of 
the day: “What’s the coolest thing you’ve ever seen 
happen when two things come together?” We wanted 
the team primed with thoughts of how things come 
together before starting their small group design work. 

Small Group Design Work 
Children were divided into groups of 3 or 4, with 1 or 2 
adult design partners. Each group played a custom-
made Siftables application and participated in a design 
session using our mid-tech prototyping technique. 

What's This Make? is a Siftables application that 
displays images on each cube and uses the images to 
associate parts of a compound word. Each group spent 

Figure 1 Sifteo Siftables Cubes 

Figure 2 Members of the design team 
putting Siftables together to combine 
images to form compound words  



 

some time playing the app, giving them time to explore 
of some of the Siftables’ affordances related to combing 
objects (Figure 2). When put together, cubes display an 
image of the compound word. For example, an image 
of 'mail' and an image of a 'box' produce an image of a 
'mailbox'. We chose compound words suitable for 
second-grade level students.  

Mid-Tech Bags of Stuff. One of the oldest and most 
commonly used techniques of Cooperative Inquiry 
[1,2,9] is what the research team calls ‘low-tech 
prototyping’ or ‘bags of stuff.’ In this method, art 
supplies are used with groups of child designers to 
create models or sketches of new technologies. In our 
design session, we used mid-tech prototyping, where 
the ‘bags of stuff’ included art supplies and three 
inactive Siftables. With the interaction affordances 
constrained (i.e., turned off), the exploration of the 
design space was enriched, allowing the team to think 
outside the current state of the technology. 

Debrief: Big Ideas 
After the small group design work, the whole team 
came together to present the ideas from the smaller 
groups to the larger group. We call this the Big Ideas 
session and it is facilitated by an adult that keeps track 
of the emerging ideas on a white board [7].  

Affordance Comparison of Siftables 
As an example of repurposing, we present a 
comparison of the current affordances of the Siftables 
and the hidden affordances that emerged during the 
small group design work and debriefing. 

Current Affordances 
Siftables have very graspable affordances. The devices 
were designed to provide feedback for tilting, shaking, 
flipping, bumping, and pressing. Some affordances do 
not provide feedback, but exist because of the cubed 
shape of the devices, such as rotating, picking 
up/down, arranging, grasping, and stacking.  
 
Hidden Affordances 
These affordances are not part of any pre-existing 
application we have seen and represent the design 
team’s exploration of the design space of affordances. 
1. Larger Physical Play Space. Siftable games are often 
played on a surface (e.g., a table) directly in front of 
the user. The team envisioned the cubes being used in 
a more open space, for example, using the cubes for 
air-hockey. Cubes take different roles in the game: the 
goal, the puck, and the “bumpers” for hitting the puck.  
2. Narrative Tools. The design team saw the cubes as 
objects for relaying information or telling stories. For 
example, three cubes were designated as Scientist, 
Phosphorous, and Water. They were described, used, 
and moved in an imagined narrative space. E.g., the 
Scientist cube caused the Phosphorous and Water 
cubes to neighbor, which then caused ‘a combustion.’  
3. Augmented Interaction. While cubes only react to 
other cubes, the design team presented designs where 
cubes interacted with non-cubes. For example, one 
group said that a cube can be placed on paper, and as 
the cube moves, it displays a maze (Figure 4). Pictures 
and motion could be combined by taking a bubble 
image and doing a “wrapping motion” (circular hand 
motion) to make “bubble wrap”, an item in the ‘bags of 
stuff.’ Or, “bubble wrap” can be made from a picture of 
a bubble combined with sound (i.e., Rap).  

Figure 3 Siftables forming a maze: co-
designed from mid-tech bags of stuff.  



 

4. Gamification Portals. The design team saw the cubes 
as possible portals to game play that focused on point 
accumulation (number of combinations found), rewards 
(cube feedback), and discovery of hidden prizes.  
5. Embedded/Wearable. One group showed how 
Siftables could be embedded into clothing by making a 
Siftables bow-tie (Figure 5).  

Conclusion 
We have described a Cooperative Inquiry technique 
with children and adults in which we extended the low-
tech “bags of stuff” contents to include artifacts that 
represent the geometry and materials of the technology 
being designed, without the affordances of the 
technology. We call this “mid-tech bags of stuff”. We 
describe a case study in which this method has led to 
the identification of affordances for the future design of 
tangible computing that are not currently included in 
existing applications. We posit that this is made 
possible by introducing the design team to the existing 
affordances of the technology, then taking all 
affordances away during the design ideation process.  
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