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ABSTRACT 
The last decade has seen a blossoming of creative online 
activities for children in which groups, or communities, of 
youngsters participate within (e.g.) multiplayer games, 
social networks, shared programming environments, and so 
forth. Despite the marvelous features of these 
environments, they all share the limitation of being 
exclusively "virtual" in their design: children can play in 
virtual worlds, create virtual buildings and farms, or design 
programs, but they cannot experiment or create with 
tangible materials in these activities. In this paper, we 
present a prototype of a shared online children's "world" in 
which the basic elements are tangible, informal, "rooms" or 
constructions that can be controlled computationally and 
accessed over the World Wide Web. This system, 
Craftopolis, enables users to make their own 
computationally-enriched physical models (e.g., of 
dollhouse rooms, dioramas, game boards, and so forth), 
using any materials whatever, and to link those rooms into 
a shared online space.  
Categories and Subject Descriptors 
K.3.1 [Computers and Education]: Computer Uses in 
Education - Collaborative learning. 
General Terms 
Human Factors 
Keywords 
Craftopolis, multiuser environments, children's crafts, 
tangible interaction. 
 
INTRODUCTION 
Children's technology has, over the past decade or so, 
increasingly become characterized by participation in 
social networks and communities. An early, and prescient, 
discussion of these communities (in the context of 
"MUDs", or "Multi-User Dungeons") was given by 
Bruckman [2], who discussed the social conventions that 
emerged among groups of youngsters online. More 
recently, there has been a rapid expansion of communal 

children's activities: children and teenagers take part in 
multiuser game environments such as FusionFall [9] or 
World of Warcraft [18]; they participate in activities 
mediated by social networking sites (such as the popular 
"FarmVille" activity, hosted by Facebook); they share 
programming projects through online communities such as 
the one provided by the Scratch programming project at 
the MIT Media Lab. [14, 15] 
Although the educational value of at least some of these 
projects might be subject to debate (see, for instance, [10] 
and [17] for more general discussion on the subjects of 
games and social networks, respectively) there is no 
denying their growing importance and popularity within 
many children's day-to-day lives. At the same time, 
however, there is a nagging limitation to these activities in 
that they are almost exclusively "virtual" in their design. 
Players in multiuser games wander through ethereal spaces 
composed of imaginary buildings, streets, objects, and 
avatars; and even in the more creative activities, such as 
programming and "Second Life" construction, the artifacts 
created are composed of intangible information. 
This paper presents a working prototype of a novel system, 
Craftopolis, in which children can create and control 
physical spaces and objects, made out of all sorts of ready-
to-hand materials, and can then link these physical spaces 
into a multiuser online environment. The basic idea behind 
Craftopolis is that it should encourage children to create all 
sorts of informal, improvisatory models and objects–
dollhouse rooms, nature dioramas, gameboards, puppet 
theaters, and many more–and to contribute these spaces 
into an online community from which each individual 
space may be (if desired) observed, accessed, and 
controlled by other users. Craftopolis constructions are 
controlled via a standard Arduino interface, include a 
platform of accessible sensor-equipped locations (to be 
described shortly), and are observable by any inexpensive 
webcam; these constitute the "basic starter materials" of a 
Craftopolis contribution. 
The remainder of this paper is devoted to a thorough 
description of our current Craftopolis system and a 
discussion of what this sort of design implies for the 
integration of craft construction and online children's 
communities. The following (second) section briefly 
describes the technical design of the current Craftopolis 
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system, and illustrates its operation with a simple 
computer-controlled dollhouse room. In the final section, 
we discuss related work, and outline a plan for future 
development of Craftopolis in both the short- and longer-
term future. 
 

 
 Figure 1. The elements of the Craftopolis system. In the 

foreground, a sample craft zone: a dollhouse room, with 
a ringing telephone and a light-up flower (toward the 
right). The Arduino controlling the dollhouse room is 

seen toward the foreground at bottom right; a computer 
screen showing the associated Craftopolis website is 

visible towards the left. 
 

 
 Figure 2. Connections between Craftopolis components: 

A is the Craft zone board, B is the Arduino 
microprocessor, C is the local computer, D is the 

external database, and E is the online website. 
  
CRAFTOPOLIS: THE BASIC STRUCTURE 
Components 
The system which we have prototyped is essentially a 
collection of several parts (as shown in Figure 1; 
eventually, the essential elements will be provided as a 
bundled "construction kit" for users to employ). 
Collectively, these components comprise an integrated 
system for developing sharable, computationally enriched, 

tangible environments1. What follows is a brief description 
of the five primary system components (diagrammed in 
Figure 2).  

The craft zone (labeled A in Figure 2) is the primary 
tangible interaction space; it includes a platform (or 
"board") upon which computationally controllable pieces 
can be placed. The board itself has functional squares of 
two types:  

Hotspots: computationally controllable squares that can 
power a circuit enabled piece 

Detection Zones: squares that act as switches and can 
detect when a character/specific piece is present 

An Arduino microcontroller (labeled B in Figure 2) is 
responsible for controlling each individual craft zone, 
turning on/off the correct pins, and sending updates to the 
local computer (labeled C). A Flash program running on 
the local computer is responsible for processing this data 
from the Arduino and sending it to an external database 
(labeled D), retrieving updates about online activity from 
the database, and taking and uploading webcam images of 
the craft zone.  The website allows users to “visit” a 
dedicated webpage (labeled E) for each existing craft zone, 
view an uploaded image of the tangible zone, and drag-
and-drop virtual representations of the pieces in the zone.  

Design of Craft Zone Board and Pieces 
The hotpots and the base pieces for the Craftopolis board 
were designed so that an Arduino program could detect the 
presence of a piece on a hotspot. When the central ring is 
connected to ground, this indicates to the Arduino that a 
piece is present. Note that our method does not identify the 
presence of a particular piece, but serves to provide a 
general state of the board to the user.  
 
In making computationally controllable components, we 
strove to design pieces to be as generic and extendable as 
possible, thereby accommodating various levels of 
originality and creativity. For example, Figure 3 shows a 
generic piece that has a positive and negative insert. Not 
only can this piece be covered or modified to be personally 
meaningful but individuals can also choose what 5V 
component to insert, whether it is an LED or a buzzer.  

                                                             
 
 
 
 
 
1 A video showing the operation of the current Craftopolis 

prototype can be seen at: 
http://www.youtube.com/watch?v=aoa5RTJge7U 
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Additionally, we designed a series of modifier pieces: 
generic components that raise up (on a table) or hide (in a 
chest) computational components whilst not impeding their 
functionality. Although modifiers themselves do not 
provide any additional functionality, they support a greater 
degree of freedom within the construction space. The 
photograph in Figure 1 shows one such modifier: the small 
table on which the clay ringing telephone has been placed. 

Lastly, detection zones serve to detect when a Craftopolis 
object is present (typically, a "character" of some sort) and 
are hardcoded to respond to any presence by providing 
power to a specific hotspot. 

 

 Figure 3. Customizing a Craftopolis piece: a photo of a 
simple, “generic”, undecorated LED piece, and a 

decorated Craftopolis LED insert (a flowerpot) with an 
LED light-up flower inserted and two other similar 

flowers beside it. 
 

Current Functionality 
The first step in using Craftopolis is to elaborate the 
generic pieces, as suggested by the examples in Figure 3. 
The user adds materials to the generic pieces to create the 
specific figures desired (e.g., using clay, paper, or felt as an 
"outer wrapper" for the central piece). Once this is done, 
and all of the components in Figure 2 are connected, she 
can control the board by visiting the Craftopolis website. 
Within this web environment, users can drag-and-drop 
graphical representations of their pieces onto a virtual craft 
zone. The website then sends to the Arduino the virtual 
locations of the pieces, and depending how the Arduino 
has been programmed, it may then respond in a certain 
way. For example: if the Arduino is told (via the website) 
that there is a phone on square A, it can run a function to 
make the phone's buzzer play a predefined song. 
Alternatively, if a lamp is on square B, the Arduino can run 
a program to display a specific lighting pattern.  In the 
current early prototype of Craftopolis, there are only pre-
written "light" and "sound" programs available for use, 
although in the near future users will be able to write and 
share their own programs.  

The Craftopolis website includes more than just the virtual 
diagram of the physical zone. Currently, the local Flash 
program provides users the functionality to take and upload 
individual photos of their craft zone to the virtual 

environment. A more advanced feature, live mode, 
automatically takes a picture of the craft zone every minute 
and updates the website. Thus, users of Craftopolis may 
"take a tour" of a wide variety of physical constructions 
built on boards by other users anywhere around the globe. 
Although not required, both of these functions (photos and 
live mode) provide remote users with a greater degree of 
interaction and engagement, and the ability to view 
creative physical constructions made by others. 

ENCOURAGING CHILDREN'S CRAFT CONSTRUCTION 
ON THE WEB 

The purpose of Craftopolis is to provide a system through 
which children can interact in supportive social groups that 
are not limited to purely "virtual" construction and 
participation. In this sense, Craftopolis shares its sensibility 
with the rapidly increasing web-based communities of 
adult hobbyists and crafters supported through such "do-it-
yourself (DIY)" sites as Makezine, Instructables, and 
(commercially) Etsy [12, 11, 5].  The intent of these sites, 
and numerous others along similar lines, is to encourage 
and cultivate homemade construction and fabrication; 
however, there has been little support for children in DIY 
projects. Craftopolis should eventually provide a basic 
structure, consisting of both starter hardware and easily 
used web-based software, through which children can 
create an endless variety of craft constructions and 
communicate with each other about those constructions–
comparing notes, sharing new programs to control their 
creations, and creating composite scenes from physical 
boards located at various sites around the world. 

Related Research 
We have been strongly influenced in this work by a 
number of related research efforts. The Scratch language 
and website [14, 15], mentioned earlier, is a particularly 
strong object lesson in the way in which communities of 
children can share and contribute intellectual entities such 
as programs. At the same time, a growing number of 
research efforts (including several in our own lab) are 
exploring the integration of children's crafts and 
technology. Fernaeus and Jacobsson [7], for example, 
describe a marvelous project in which clothes for dolls or 
puppets may be augmented with computational capabilities 
(a technology that may eventually find use in a system 
such as Craftopolis); Silver and Rosenbaum's "Twinkle" 
project [16], in which programs incorporate colors from 
everyday objects, shares with Craftopolis a focus on 
blending day-to-day materials into children's 
programming; and Freed [8] has worked on a 
computationally-enriched dollhouse (although this project, 
unlike Craftopolis, focuses mainly on direct means of 
communication between rooms with sent messages).  
 
More broadly, this work is clearly undertaken in the 
tradition of "constructionism" pioneered by Seymour 
Papert. Traditionally, the "constructionism" theme is 
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associated with children's programming (an element that 
we intend to incorporate into Craftopolis over time); an 
important element of Papert's philosophy of education is 
not merely the construction of educational artifacts by 
children, but also the public nature (the presentation and 
sharing) of those artifacts. [Cf. 13. p. 1] Craftopolis is 
designed as a system in which an endless variety of craft 
constructions are naturally situated within an infrastructure 
that facilitates the development of computational and 
digital expertise.  
 
Future Work 
There is clearly much work to do, in both the near and 
longer terms, in furthering this work. Craftopolis is at a 
very early, and in many ways still quite rough, stage of 
implementation. Our goal over the next year is to cultivate 
a community of Craftopolis "early adopters" so that we can 
observe, understand, and respond to the technical and 
social issues involved in using a system such as this one. 
Our short-term plan is to introduce Craftopolis into local 
elementary and middle school classrooms. In this first 
working incarnation, children will be able to make their 
own computationally-controlled furnishings; the next step 
will be to encourage children to create their own novel 
zones with brand-new themes. With the growth of a user 
community, we will be able to conduct user studies as well, 
both in "artificial" settings (e.g., within selected classrooms 
or in our own lab) and in "real-world" settings (looking at 
patterns of usage over the Web). 
 
We expect to devote major effort to the design of a more 
expressive programming interface, allowing children to 
create their own novel behaviors for Craftopolis objects. 
Related to this idea, children should be able not only to 
write programs for their own objects, but (given 
permission to do so) they should be able to contribute new 
programs to the objects in their friends' Craftopolis zones. 
In this manner, programs and computational ideas can 
serve as intellectual "gifts" from one child to another (in 
much the same way in which users of the Facebook-based 
FarmVille system [6] can give each other "gifts" of new 
virtual items). We believe that the Craftopolis system can 
eventually provide a means by which children can develop 
programs in a social context (again, following on the 
influence of the Scratch project); this reflects a continuing 
interest in overcoming the (in our belief, mistaken) 
perception that programming is too uninteresting or 
difficult an activity for children to undertake. [Cf. the 
discussions of these issues in 3, 4.] 
 
Craftopolis is clearly an ambitious undertaking, 
incorporating themes of children's programming, craft 
construction, and social networking. Still, we believe that it 
realistically reflects how these elements–of the virtual, 
physical, and social–are naturally interwoven in children's 
lives. Our hope is that this system will encourage other 
similar efforts, allowing children to seamlessly blend the 

work both of their hands and minds in the company of 
supportive friends. 
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