
Abstract  - One of the recurring design issues in creating 
computational artifacts for children is the question of 
programmability. On the one hand, there is only a limited 
range of  things that a  non-programmable artifact or toy can 
be "taught" to do. On the other hand, the traditional 
trappings  and cultural associations of  full-scale programming 
(e.g., incorporating a screen within a programmable artifact, 
or using wire or Bluetooth connections to  transmit a program) 
run counter to the informal, playful aesthetics of  children's 
playthings. This  paper describes a "detente" in children's 
design–integrating the informality and physical structure of a 
toy with the full  expressive range of  symbolic programming. 
As an illustration of this approach, we describe Birdwatcher, a 
stuffed toy duck that can visually "read" meaningful 
programs–even hand-written programs. We show a 
representative scenario using Birdwatcher and explore several 
key issues for continuing work in making programming 
accessible to children.
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I.                            INTRODUCTION 

Historically,  in the design of children's technology, the 
issue of programmability has been the subject of fierce 
debate. Broadly speaking,  one camp (of enthusiasts) has 
argued that the expressive range and conceptual interest of 
programming make it a worthwhile and potentially 
enjoyable activity for children; the opposite camp (of 
skeptics) argue variously that programming is too difficult, 
tedious, or aesthetically off-putting for children to engage 
in. 

This long-standing argument first gained prominence with 
the advent of personal computers in the early 1980's; at that 
time, the question centered on whether children should be 
taught to program desktop computers. [Cf. 8] More 
recently,  with the increasing variety of computationally-
enriched toys, games, and children's artifacts, the argument 
has carried over into new domains: should or should not 
(e.g.) computational toys, furniture, clothing be 
programmable? 

While we would count ourselves among the "enthusiasts" 
in this debate, we acknowledge that the skeptics raise 
potent objections. Certainly, the stereotypical portrait of 
programming–solitary, cerebral, formal, highly 
concentrated–runs counter to the playful, informal aesthetic 
desired in many children's artifacts. A programming 
paradigm for such artifacts should, as much as possible, 
attempt to blend the expressiveness and creativity of 
computational media with the exploratory, joyfully 
inventive, opportunistic values of much of children's play. 
[Cf. the arguments made in defense of "unstructured" play 
in [5].]

Indeed, many fascinating and creative projects along these 
lines have been pursued. Probably the most venerable of 
these is the work done by Resnick and his colleagues on 
the programmable Lego brick and its successors [11], in 
which Logo programs are downloaded from a desktop 
computer to a standalone microprocessor equipped with 
sensor and actuator ports. This work has inspired numerous 
other marvelous efforts in computationally-enriched 
construction kits of various sorts (see Schweikardt and 
Gross [12] for an excellent summary of this work); other 
efforts have equipped stuffed toys, dolls, or robots with 
computational capabilities (see,  for instance, the discussion 
of the popular "Furby" toy in [9]). In many instances, the 
incorporation of computation within such toys has been 
done with an attempt to simplify the task of programming–
e . g . , t h r o u g h t h e u s e o f " p r o g r a m m i n g b y 
demonstration" [10] or by radically scaling down the range 
of expression of the programming medium [13].

This paper describes a working prototype of a children's 
toy illustrating what we believe to be a potentially fertile, 
powerful technique for making children's toys truly 
programmable. On the one hand, this style of design 
permits the use of a full-fledged programming 
environment, with the entire range of expression 
(conditionals, iteration, procedures, etc.) that such a 
medium might find profitable to include.  On the other 
hand, the means by which programs can be sent to, and 
deployed within, any particular artifact are playful, 
informal, and aesthetically consistent with many traditions 
of (non-programmable) toys and furnishings. Our 
prototype, named Birdwatcher ,  is an end-user-
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programmable stuffed duck; the intent of Birdwatcher, for 
our purposes, is to act as an illustration of a philosophy of 
p rog rammab i l i t y (we r e f e r t o i t a s ambien t 
programmability) that could conceivably be applied to a 
much wider range of children's artifacts.

The following (second) section describes the design of 
Birdwatcher in more detail and presents a representative 
scenario of its use. The third section briefly reflects upon 
Birdwatcher as a starting point from which to explore 
future research prospects for designing tangible, 
programmable artifacts for children.

II.  BIRDWATCHER: PROGRAMMABILITY MEETS (CUDDLY) 
TANGIBILITY

Figure 1. Birdwatcher (the toy is approximately 10.5 inches 
in height, from toe to head).

Birdwatcher (Figure 1) is a homemade, hand-crocheted 
stuffed duck that contains a variety of computational 
elements: microprocessor, light sensor, LED and motor 
actuators, and speaker. Perhaps most interestingly, 
Birdwatcher also includes an optical "program reader" 
incorporated subtly behind its beak; we will shortly discuss 
this element, and its use, in more detail.

Component Purpose

A

 Button-
schemer, 
ambient 
program 
reader

This "ambient program reader" is 
used to input program code directly 
from a computer screen or 
(eventually) from specially bar-
coded surfaces.

B Conductive 
thread

To form a switch, conductive 
thread was sewed into the top and 
bottom sides of the duck's beak. 
Pressing this switch activates two 
separate modes: a short hold (about 
1 second) starts the duck running 
the currently loaded program. 
Holding the switch for a longer 
period of time will place the duck 
in programming mode. 

C Motorized 
Wings

Upon reading the appropriate 
program, Birdwatcher can flap its 
wings for a certain period of time.

D

Bi-colored 
LED's covered 
in polymer 
clay

These bi-color LEDs serve to let 
the user know what mode the duck 
is currently in. If the duck is in 
programming mode than these 
LEDs will both be red. If the duck 
is actively running a program than 
these LEDs will be green. 
Otherwise they will not be lit.

E Piezo buzzer

The Piezo buzzer is a 
programmable element that will 
play a song if programmed to do 
so. (As a default, we have 
programmed it to play the "Rubber 
Duckie" song.)

Figure 2. Birdwatcher schematic with accompanying 
component descriptions.

Figure 2 depicts a schematic diagram of Birdwatcher, as 
well as a table describing the labeled elements of the 
diagram. For the purposes of this paper,  the element labeled 
"A" in the schematic–the ambient program reader–is the 
component that deserves the most elaboration here. 
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The essential purpose of this component is to allow 
Birdwatcher to "read" programs optically via patterns of 
flashing lights presented on a computer screen. 

There are two basic means by which Birdwatcher can be 
told to run a new program: through "reading" patterns on a 
computer screen, or through "reading" hand-written code 
patterns. We will discuss the second method shortly, and 
(for now) focus on the screen method. In this case, the user 
first holds Birdwatcher's beak closed for more than several 
seconds (to place the bird in "program" mode) and then 
holds the bird's face up to a computer screen running the 
"Duck programmer".  The screen flashes a new program to 
Birdwatcher; the duck reads the pattern directly from the 
computer screen, and is then ready to run the new 
instructions. In this manner, there is no need for special 
equipment beyond the toy itself (e.g.,  no special 
connectors, infrared light sources, or RFID tags); the toy 
simply reads, optically, what it has to do.

A scenario might help to make this description a bit more 
concrete. Suppose that we want to tell Birdwatcher that we 
would like him to occasionally (at random) flash the lights 
on his head and flap his wings–sometimes the "flash-and-
flap" pattern should be done once (followed by a pause), 
and sometimes twice in succession (again followed by a 
pause). Our current "Duck language" is embedded in the 
Scheme dialect of Lisp, so we could write this as follows:

(define (coin-flip)
  (flash-and-flap (+ 1 (random 2)))
  (coin-flip))

The effect of this procedure is to repeatedly tell 
Birdwatcher to execute the "flash-and-flap" pattern either 
once or twice. Coin-flip includes a final call to itself (a 
tail-recursive call) so that,  once Birdwatcher begins to run 
this procedure, it will continue to do so indefinitely until its 
beak is squeezed again, returning the toy to "program 
mode" once more. It should be noted that the choice of 
Scheme in this working example is somewhat arbitrary: 
given the operation of Birdwatcher, a textual programming 
interface could be written in (e.g.) Basic, Logo, or any 
other interactive language. Once the program has been 
written, we then squeeze Birdwatcher's beak,  telling him to 
(in effect) "watch the screen"; we then place Birdwatcher 
up to the screen, where our new program is translated into a 
pattern of flashing lights. (See Figure 3.) Now that the new 
program has been "read in" by Birdwatcher, he will run the 
program, flashing and flapping,  sometimes once and 
sometimes twice, with pauses in between. The program 
running on the screen may thus be thought of as a "Duck 
Language interpreter", translating new textual programs 
into flashing-light-patterns. In principle, any owner of a toy 
such as Birdwatcher could have easy access to a range of 
programming environments for the toy, available over the 
World Wide Web (as it happens, our current language 
system is available over the Web, though in an early stage, 
at: www.aniomagic.com/schemer/duckie.php).

Figure 3. Birdwatcher is placed in front of the computer 
screen, running the "Duck language"; the new program is 
now flashed to the toy via a pattern of lights emanating 

from the flower forms seen toward the right of the screen. 
(A video clip showing the (re-)programmed duck can be 
seen at: www.youtube.com/watch?v=RAFIroQPp5w .)

There are several additional points to be made about the 
scenario just presented. First, the program written for 
Birdwatcher in this example undoubtedly includes some 
fairly sophisticated ideas in the context of children's 
programming. Coin-flip is a recursive procedure; it 
includes a call to an already-written flash-and-flap 
procedure; and that already-written procedure takes a 
numeric argument. All of these inclusions are deliberate: 
the point is that Birdwatcher is capable of reading (and 
acting upon) programs with an effectively unbounded 
range of complexity and sophistication.

The coin-flip procedure is notable in another respect, 
in that it includes a probabilistic element: sometimes during 
the running of his program, Birdwatcher flashes-and-flaps 
once, sometimes twice. Notions of this sort have 
historically proven especially difficult to capture within 
"scaled-down" languages (such as the set of "program 
building blocks" described in [13]) or "programming-by-
demonstration" systems (as exemplified by [10]; for a 
good, and still germane, discussion of the limitations of 
programming-by-demonstration, see [7, pp. 71-78]).

Having presented this programming scenario for 
Birdwatcher, we can now turn to an alternative, and more 
informal, "by-hand" method of programming the toy. In 
this case, the user can (in effect) mimic the pattern of 
screen flashes in the first method by passing a series of 
black-and-white stripes (essentially, a hand-written 
barcode) in front of the duck's beak.

Figure 4 shows (at left) a simple handheld device, made out 
of wood, which permits a strip of paper to be pulled 
through it. (The small hole in the device is lit from behind 
by a bright button-activated LED.) To employ the device, 
the user first writes the code to be read in bar form on a 
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paper strip; she then pulls the strip of paper through the 
Figure 4 device in front of Birdwatcher's beak while 
activating the LED light, as shown in Figure 5. The overall 
result is much the same as in the "screen-programming" 
scenario; the toy reads the program optically much as it 
does when facing the computer screen, as in the earlier 
example.

 
Figure 4. At left: a small wooden handheld device that can 
be used to program Birdwatcher "by hand". The device has 
a small hole (lit by LED), and the user pulls a strip of paper 

with a barcode program through the device to create a 
"flash pattern" much like that on the screen in Figure 3 

earlier. At right: the device placed beside Birdwatcher to 
indicate comparative size.

Figure 5. A new program is communicated "by hand" to 
Birdwatcher, much as in Figure 3 earlier. Here, however, 
the program has simply been written on a strip of paper 

using a black marker pen. A video clip showing the duck 
being (re-)programmed in this fashion can be seen at: 

http://www.youtube.com/watch?v=5sLx7Ayigwo

Clearly, in order to make use of this technique, the user 
must be able to express her programming idea in an 
undeniably abstract barcode form. In practice, the type of 
"programming" that one might associate with this 
technique would likely be very simple, and limited to 
sending (e.g.) small integer values to be read in by 

Birdwatcher: for instance, Birdwatcher might simply read 
in (through the handwritten barcode) a value indicating the 
number of times that it should flap its wings or make a 
sound. Still, the point of implementing this technique is to 
show that symbolic programming can be accomplished by 
decidedly "low-tech" means: it is possible to send 
Birdwatcher meaningful information without making use of 
anything more complicated than a black marker-pen, a strip 
of paper, and a small wooden device with a hole lit from 
behind.

III.     REFLECTIONS ON BIRDWATCHER: RELATED WORK 
AND POTENTIAL FUTURE DIRECTIONS

Birdwatcher is, at this stage, a working prototype only, 
intended to demonstrate a style of design in which full-
fledged programmability is made compatible with the 
aesthetics of traditional children's artifacts. In its design, 
we are working in a tradition of "furry computational toys" 
that could be said to have been pioneered by Druin's 
creation of the NOOBIE playstation. [2] More recent 
influences have been the toy-design efforts of Fernaeus and 
Jacobsson [4] and Johansson [6]: both these projects 
however make use of RFID tags to convey program 
information to a microprocessor placed within a toy. (In the 
former case,  the tags are cleverly embedded within the 
toy's various costumes; in the latter case, the tags are 
placed within objects that can be detected by the "nose" of 
a delightful stuffed dog.) Birdwatcher does not make use of 
RFID tags to convey programs,  but instead permits the toy 
to read programs directly from a computer screen; in our 
view, this permits a degree of immediacy and informality in 
programming the toy that would be difficult to achieve by 
other means. 

More generally, the notion of ambient programmability is 
one that extends far beyond the particular example of 
Birdwatcher. Fundamentally,  the notion refers to the ability 
to write and communicate short expressive programs to a 
wide range of interactive artifacts. In a previous project,  for 
instance, an optical program-reader similar to that in 
Birdwatcher was employed within a toy car so that the car 
could read programmed commands (such as "turn left") 
from bar-coded patterns placed on the floor; as the car 
moved along, it "read in", and acted upon, the commands 
placed on the floor. [3] Going beyond these early 
prototypes, our hope is to illustrate the idea of ambient 
programmability by communicating information through 
means beside barcodes and flashing patterns of light. It 
should be possible, for instance, to employ other types of 
sensors for ambient programming, and thus to convey 
information through (e.g.) color,  sound, and motion. The 
larger point is that programming can be approached 
through the creation of short "snippets" of code in a wide 
variety of formats; and that those bits of code can then be 
used to enhance or control the behaviors of all sorts of 
tangible artifacts. In the process, the activity of 
programming may itself become steadily demystified for 
children: rather than an unapproachable discipline requiring 
massive time and effort (like composing a symphony), 
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programming may be introduced through instances of 
informal, environmentally situated creation (like writing a 
folk tune).

Finally, as applied to children's artifacts, the idea of 
ambient programmability suggests a variety of objects that 
could be endowed with interesting behaviors. One might 
imagine (e.g.) programmable garments and wearables (in 
the spirit of [1]),  game pieces, trading cards, children's 
furnishings (such as mobiles or kinetic artwork), and many 
other examples.  By permitting these physical objects to be 
easily augmented by naturally-transmitted programs, 
children's artifacts can potentially embody the best features 
of both the tangible and computational worlds.
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