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Abstract

This paper presents a prototype learning environment
for children to create their own knowledge about mul-
tivariate systems. We developed a virtual world linked
to a tabletop—sized physical dome in which children ex-
periment with environmental parameters affecting plant
growth. A key concern of the design was giving children
control of the temporal domain, allowing for the playful
We show

how this resulted in a tool in which children may create,

exploration of cause-and-effect relationships.

exhibit and reflect upon their own knowledge by chal-
lenging and exploring their conceptions of variable inter-

action.
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1 Introduction

We live in a complex world. To understand it, we
need to be fluent with the inter-relationships, pat-
terns and concepts that occur in decentralized, dy-
namic and multivariate systems. Many emerging
phenomena can be understood in these terms: for

example, traffic patterns, economic markets and pop-
ulation growth. Often building this understanding
is not easy, as many of the underlying concepts are
counter—intuitive and people have a natural tendency
to think in a “centralized” manner. An important
challenge is to design new and innovative learning
environments that help people, and in particular chil-
dren, understand these underlying concepts.

At Media Lab Europe, we are developing Bio-
sphera, a learning environment to enable a personally
meaningful and highly satisfactory experimentation
with dynamic, decentralized systems. Specifically,
Biosphera enables scientific inquiry through physical
and virtual representations designed to empower ex-
ploration, creation and reflection around the learning
experience. We situate children’s experimentation in
the biological world using plants. Primarily this is
because they are an exemplar of a multivariate sys-
tem that children find easily accessible. The variables
of our system are the environmental factors affect-
ing plant growth, where the behavior of the overall
system emerges from the interactions among the con-
stituent factors. Note that we are not concerned with
children’s understanding of plant biology, such as the
origin of plants, concepts of growth and the relation-
ship between plants and seeds. Such questions were
the focus of our previous work [8].



Informal
Children (8-12)
Constructionist

Learning Setting
Target Audience
Learning Type

Table 1: Our Design Space

1.1 Design Space

Our learning setting is an informal one, centered
on clubhouses and museums, and aimed at creating
novel and unique learning situations. Biosphera is
designed to facilitate self-paced learning structured
around an open—ended time frame. Our target users
are primarily children between the ages of 8-12. Out-
side of the fixed and structured classroom setting, we
hope to connect users who are normally separated
by institutional or community conventions, thus en-
gendering successful learning partnerships which may
not otherwise occur.

We work in the Papertian [11] tradition of con-
structionist learning environments in which users ac-
tively build personally meaningful knowledge by cre-
ating and manipulating “objects to think with”. Our
approach emphasizes learning and does not use the
“computer as tutor” model. In this way, we avoid
the generally fixed program of instruction associated
with such programs. We take advantage of the com-
puter’s ability to generate many alternatives enabling
explorations of multivariate changes as they occur
over time. Significantly, we maintain construction-
ist principals by aiding the child in forming scenarios
to answer questions that occur as s/he interacts with
the Biosphera. Table 1 summarizes our design space.

In common with ecological thinking [12], our
learning environment responses to local, not cen-
trally planned, conditions and produces new solutions
adapted to these new conditions. A key point is that
these conditions develop over time; there are no pre-
defined solutions. We believe that giving children the
opportunity to explore their concepts of multivari-
ate systems through interaction and understanding
of the decentralized, biological world, can be useful

in building a cross-fertilization of ideas in other do-
mains, such as communication/network systems, eco-
nomics and mathematical modeling.

1.2 Related Research

A number of research works have addressed children’s
understanding of multivariate systems. Resnick has
developed a number of environments for children to

challenge the centralized mindset. Starlogo [9] is a
programmable modeling environment for exploring
the workings of decentralized, massively parallel sys-
tems and can model many real-life phenomena, such
as bird flocks or ant colonies.

Netlogo [18] is an extension to Starlogo which
among other enhancements adds the ability to
perform participatory simulations using networked
handheld devices.

Strohecker et al. [1, 2, 3] have developed the
“Magix” series of playful learning environments to
explore emergent phenomena through constructive—
dialogic forms of interaction. Here learners’ moves
alternated with computer moves so that the interac-
tions resembled turn—taking in a dialog.

Keselman and Kuhn [7] describe a software-based
system to enhance children’s understanding of multi-
variable causality. Their findings suggest that chil-
dren perceive a variable as causal, in one instance,
and non—causal in another, depending on the situa-
tion. The software they designed presented a situa-
tion in which children had to explicitly differentiate
between the variables they considered to be causal
and non-causal. We want to argue that a multiple
framework can be used by children depending on the
perceptual raw data the learner has available at any
point in time [16].

Another interesting study explained how children
may acquire a domain—general processing strategy
called Control of Variables Strategy (CVS) [5], in
which the learner should change one variable at a
time, keeping all others equal. While worthwhile re-
sults were obtained, this method cannot be applied
in our situation (as several variables can be changed
simultaneously) or in situations where is not possi-
ble to maintain all but one of the variables at a fixed
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