
ABSTRACT
Digital Manipulatives embed computation in familiar 
childrenõs toys and provide means for children to design 
behavior. Some systems use òrecord and playó as a form 
of programming by demonstration that is intuitive and easy 
to learn. With others, children write symbolic programs 
with a GUI and download them into a toy, an approach 
that is conceptually extensible, but is inconsistent with the 
physicality of educational manipulatives. The challenge 
we address is to create a tangible interface that can retain 
the immediacy and emotional engagement of òrecord and 
playó and incorporate a mechanism for real time and direct 
modulation of behavior during program execution. 

We introduce the Backpacks, modular physical components 
that children can incorporate into robotic creations to 
modulate frequency, amplitude, phase and orientation 
of motion recordings. Using Backpacks, children can 
investigate basic kinematic principles that underlie why their 
speciþ c creations exhibit the speciþ c behaviors they observe. 
We demonstrate that Backpacks make tangible some of the 
beneþ ts of symbolic abstraction, and introduce sensors, 
feedback and behavior modulation to the record and play 
paradigm. Through our review of user studies with children 
ages 6-15, we argue that Backpacks extend the conceptual 
limits of record and play with an interface that is consistent 
with both the physicality of educational manipulatives and 
the local-global systems dynamics that are characteristic of 
complex robots. 
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INTRODUCTION
Recent interface design work in digital manipulatives has 
sought to build on the success of educational manipulatives 
and constructivist learning, while engaging learners in 
new ideas about dynamic systems through the use of 
computer technologies. The general goal is to create tools 
and environments with which children can create concrete 
models of different kinds of dynamic systems. In testing 
their models, children will develop theories (mental models) 
about how those systems behave. Children then can test their 
mental models by experimenting and changing the concrete 
models they have built [1, 2, 15, 20]. 

Digital manipulatives have employed several different 
styles of interface design that encourage children to create 
and test their models in different ways. These range from 
very immediate models like òrecord and play,ó a form 
of programming-by-demonstration, to textual or iconic 
symbolic programming. 

Digital manipulatives that employ a traditional programming 
paradigm, such as LEGO Mindstorms, (þ gure 2) are praised 
for their ÿ exibility and abstraction, but are difþ cult for 
novices to learn and use [21]. Due to their abstraction, 
models created with them are easy to þ ne-tune and edit 
because behavior is parameterized. Since they are designed 
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Figure 1. Four Backpacks - Bigger-Smaller, Time Delay, 
Faster-Slower and Offset. 
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