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(57) ABSTRACT 
A digital system that may be used by children two years old 
and older. The digital system is contained in a child-proof 
case and has an upward-facing display with a touch-sensitive 
screen that is within easy reach of a child. Other l/O devices 
include proximity and motion sensors and a microphone, and 
there is also a loudspeaker. When a proximity sensor senses 
someone in the neighborhood of the system, it displays 
images on the display. A child may manipulate the images by 
touching them on the touch screen. Manipulations include 
selecting an image by touching it, “dragging” the selected 
image by moving the ?nger touching the image across the 
screen and “dropping” the image by lifting a ?nger from it, 
moving a selected image by touching another location on the 
screen and thereby causing the selected image to move to the 
touched location, removing an image from the screen by 
“throwing” it, i.e., moving it above a threshold speed, and 
modifying the image by tapping it twice and then moving the 
?nger in a horizontal or vertical direction on the screen. The 
direction in which an image is thrown may further determine 
what the thrown image is replaced with. The manipulations 
are used to in activities such as shape matching, puZZle assem 
bly, assembly of a face out of parts, and hide-and-go-seek. 

20 Claims, 15 Drawing Sheets 
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1203 

/ / 
CARD GRAPHIC: LGYG5 ID NO: 100 

1207 on MouaeDown 1201 

movehe 
end MOuseDoun 

qlobal Starh'l'ime 
global OrigPosition 
global CurrPosition 
global CurrPict 
put the ticks into Start'l‘ihe — 1219 -— reset timer every time 

the screen is touched 

1213 

1217 

1221 set the 10¢ 01 the target to MouseLocO 
1223 put the short name of the target into Currhict 

\ gut the lac of the target into OriqPosition 1225 
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/' repeat forever 

Sheet 13 0f 15 

put mouseLoc() into oldPosition 
set the Inc of the target to MouseLoc()-—1¥n 
wait 2 ticks 
put noueeLoc() into CurrPosition --1305 
it the mouse is up then exit repeat-"13°9 
end repeat 
put the ticks into StartTime —— reset timer 

if (item 1 of OldPosition — item 1 of CurrPosition) > 
throwLeft 
GetNevPart' 

1313 
1315 

exit MoveMe 
end if 

it (item 1 of CurrPosition - item 1 of OldPosition) > 
throvRight 
GetNewPart 
put the ticks into StartTime 
exit MoveMe 
end if 

—- reset timer 

if (item 2 of CurrPosition - item 2 of OldPosition) > 
throwUp 
GetNeWPart 
put the ticxs into StartTime 
exit MoveMe 
end if 

-- reset timer 

if (item 2 of OldPoeition - item 2 of CurrPosition) > 
throuDown 
GetNewPart 
put the ticks into StartTime 
exit Move?e 
end if 

-- reset timer 

-- DO RESIZE? 
wait 20 ticks 
if the mouse is down then 
resizene 
put the ticks into StartTime 
flushEvents MoueeDown 
EVENTS 
exit HoveHe 
end if 

-- reset timer 

\_ end Mavens 

US RE43,318 E 

2 then 

2 then 

2 then 

'- GET RID OF ACCUMULATBD 
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(tn resizeMe 
global CurrPict 
global OtiqPositien 1“” 

set the showPen of ad grc CurrPict to "true" 
repeat while the mouse is down 

put MouseLoc() into Positionl 
wait 8 ticks 
put HoueeLoc() into Positionz 
l! the mouse is up then exit repeat 

1403 

-— HEIGHT AND "TOTE (UP and DOWN) 
if item 2 02 vaitionl > item 2 of PositionZ and (height of cd 
grc CurrPict) < 400 then 1MW 
set the height of cd qrc CurrPict to the height of cd grc 
CurrPict + 10 
end if 1M5 
if item 2 of Positionl < item 2 of Positionz and (height of ad 

1401 << grc CurrPict-ZO) > 40 then 
set the height of cd qrc CurrPict to the height of ad grc 1‘” 
CurrPict - 10 

-~set the width of the target to width of cd qrc CurrPict - 10 
end if 

—- WIDTH (LEFT and RIGHT) 
if item 1 0t Positionl > item 1 of Position: and (width of cd qrc 
CurrPict) < 400 then 
set the width of cd qrc CurrPlct to width 0! cd qrc CurrPiCt + 10 14“ 
end it 
if item 1 of Positionl < item 1 of Positionz and (width of ad grc 
Currplct-zo) > 40 then 
set the width of cd qrc CurrPict to width of ad grc CUrrPict - 10 
end if J 
end repeat 
set the showPen of ad grc CurrPict to "false" 
set the lac of the cursor to OriqPosition -- PREVENT IT FROM 
MOVING TO NEW Loc. 
-- FOR FAST PROCESSORS 

kfnd resizehe 
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on threvbeft 
global CurrPosition 
put item 2 at Cur:Position into ypos——1HB 
move the target ta -100,ypoe-1a? 
end throwLeft 

on GetNewPart 
global MediaPeth 
global OrigPosition 
global CurrPict 

set the name of the target to "thrashedOne%__1gm 
put empty into NewPict 

put char 2 to (len(CurrP1ct)-1) of CutrPict into ObjectName 

repeat with n-l to number of graphics 
put the short name of ad grc n into GrcName 

if GrcName contains ObjectName then 
if last char of GrcName - last char of CurrPict then 
exit repeat 
else 
if char 1 of GrcName is "L" then 
put "R"&(char 2 to 1en(GrcName) of GrcName) into NewPict 
exit repeat 15% 
end if 
if char 1 of GrcName is "R" then 
put "L"&(char 2 to len(GrcName) of GrcName) into Newyiet 
end if 
end if 
end if 
and repeat 

if NewPict is empty then 
repeat foreVer 
put random(6) into NewNe -- t 0? SETS of 

FACE PARTS 15,5 
if NevNo <> last char of CurrPXCt then 
exit repeat 
end if 
end repeat 
put (char 1 to (len(CurrPict)-1) of CurrPict)&NewNo into NewPict-—-1$5 
end if 

set the Picturenata of cd grc "thrashedOne" to 
MediaPath&"faces:"?NewPict 
move cd qrc "thrashedOne" to OrigPositlon '57 
set the name of cd qrc "thrashedOne" to NewPict 
end GetNewPart 
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USER INTERFACE FOR REMOVING AN 
OBJECT FROMA DISPLAY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

REFERENCE TO RELATED PATENT 
APPLICATIONS 

The present patent application claims priority from US. 
Provisional Application 60/057,117, Slavoljub Milekic, 
Child-friendly Digital Environment, ?led Aug. 28, 1997. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to digital systems and more 

particularly to digital systems that are adapted to use by 
children two years old and older. One aspect of such a digital 
system is a graphical user interface that requires neither typ 
ing skills nor ?ne visual-motor coordination. 

2. Description of the Prior Art 
Ever since interactive computer systems became available 

in the 1960’s, they have been used to educate and entertain 
children. Entire industries dedicated to interactive games and 
educational software have arisen and the Internet has literally 
made the whole world available to a child with access to a 

personal computer that is connected to the Internet. Educa 
tional uses of the computer have ranged from employing it as 
a page turner and exercise checking machine through using 
the fact that it can be programmed to teach analytical thinking 
and problem solving skills. For an example of the last kind of 
application, see Seymour Papert, Mindstorms, Basic Books, 
1 980. 

Until now, the computer as used for the education or enter 
tainment of children has had the same basic form as the 
computer as used in the workplace: the display sits on a desk 
and has a vertically-mounted screen and input to the computer 
has been by way of a keyboard and a pointing device such as 
a mouse that sit on the desk with the display. The graphical 
user interfaces have generally been based on at least two out 
of three assumptions: the user can type, the user can read, and 
the user has the ?ne motor coordination necessary to manipu 
late the buttons, sliders, and icons typical of modern graphical 
user interfaces. 

The orientation of the screen, the input devices, and the 
graphical user interfaces together render a standard computer 
unusable by children of pre-school age. Such children are too 
short to see the display or reach the keyboard and mouse, they 
cannot read, they cannot type, and even if they could reach the 
keyboard and mouse, they do not have the ?ne motor coordi 
nation necessary to use the graphical user interface. More 
over, a standard computer is not child-safe: it has an exposed 
power cord and other cords connecting components such as 
the keyboard and mouse to the CPU. 
What is needed if small children are to be able to take care 

of the educational and entertainment opportunities offered by 
the computer is a digital device which has been rendered 
child-safe and which has a user interface that permits direct 
manipulation of objects in the display and requires neither 
literacy nor typing skills nor ?ne motor coordination. It is an 
object of the present invention to provide such a digital 
device. 
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2 
SUMMARY OF THE INVENTION 

The child-friendly digital system of the invention differs 
both in its physical aspect and in its graphical user interface 
from standard digital systems. In its physical aspect, the 
child-friendly computer system is contained in a toddler 
proof case that rests on the and has a touch-sensitive screen 
that is within easy reach of a toddler. Images are displayed on 
the touch-sensitive screen and the child-friendly digital sys 
tem responds to touches on the display by altering the display. 
Other features of the physical aspect include an upward 
facing display, sensors for sensing the presence of the child 
and motion above the display, a microphone for receiving 
voice inputs, and a loudspeaker. The child-friendly digital 
system has not cords or other appendages. In one embodi 
ment, the digital system is portable; in another, it is a ?xed 
unit. 
The graphical user interface for the child-friendly digital 

system is based on manipulating an image on the touch 
sensitive screen by touching the image directly. If an image is 
movable, touching the screen at the image selects the image 
for moving; moving the touched point within a selected image 
causes the image to move with the touched point, thus per 
mitting the image to be dragged. An image that has been 
selected for moving may also be caused to move to another 
location by touching a point elsewhere on the screen. The 
touch causes the selected image to move to the selected point. 
If the screen is touched at two or more points simultaneously, 
the image moves to a point between the touched points. If the 
image is dragged at a speed above a threshold velocity, the 
image is “thrown away from” the display and may be auto 
matically replaced by another image. Depending on the direc 
tion in which the image is dragged, the image may be replaced 
by one of the same kind or one of a different kind. If an image 
is tapped twice in short succession, with the ?nger remaining 
down after the second tap, the image is selected for modi? 
cation. Moving the ?nger on the screen when an object has 
been selected for modi?cation causes the object to change 
size in directions that depend on the direction of motion of the 
?nger on the screen. The actions permitted by the graphical 
user interface are used to implement activities including 
shape sorting, puZZle assembly, hide-and-go-seek, and what 
might be called a digital picture book. 

Other objects and advantages of the invention will be 
apparent to those skilled in the arts to which the invention 
pertains upon perusing the following Detailed Description 
and Drawing, wherein: 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a portable embodiment of the child-friendly 
digital system; 

FIG. 2 shows a non-portable embodiment of the child 
friendly digital system; 

FIG. 3 shows a display from a ?rst shape-matching activity 
performed on the child-friendly digital system; 

FIG. 4 shows a display from a second such shape-matching 
activity; 

FIG. 5 shows a display from a puZZle assembly activity; 
FIG. 6 shows a display for an activity in which a face is 

assembled out of components; 
FIG. 7 shows a display for a hide-and-go-seek activity; 
FIG. 8 shows how activities using the child-friendly digital 

system may be combined with activities using actual objects 
in the child’s environment; 

FIG. 9 shows how the child-friendly digital system may be 
used to view pictures; 
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FIG. 10 shows behavior of the display when the display is 
being simultaneously touched in two or more locations; 

FIG. 11 shows an arrangement of presence and motion 
sensors in a preferred embodiment; 

FIG. 12 shows a ?rst portion of a script for the face assem 
bly activity; 

FIG. 13 shows a second portion of the script; 
FIG. 14 shows a third portion of the script; and 
FIG. 15 shows a fourth portion of the script. 
The reference numbers in the drawings have at least three 

digits. The two rightmost digits are reference numbers within 
a ?gure; the digits to the left of those digits are the number of 
the ?gure in which the item identi?ed by the reference num 
ber ?rst appears. For example, an item with reference number 
203 ?rst appears in FIG. 2. 

DETAILED DESCRIPTION 

The Detailed Description begins with an analysis of the 
kinds of changes that must be made in a digital system if it is 
to be usable by pre-school children, continues with a descrip 
tion of the physical construction of such a system, and then 
describes the graphical user interface for such a system. 
Finally, the Detailed Description provides a detailed disclo 
sure of the implementation of important aspects of the graphi 
cal user interface. 
What Needs to be Changed to Make a Digital System Child 
Friendly 

There are three major areas which need to be addressed in 
making digital systems child-friendly. They can be loosely 
de?ned as changes in a) location, b) mode of interaction and 
c) content structure. Each of these changes will be brie?y 
described in the following paragraphs. 

Change in location. Although it seems trivial at ?rst, 
change of location of objects is the ?rst indicator of the 
psychological change of domain perception. Just moving the 
computer from the desk to the ?oor makes it more accessible 
to children but also indicates to them that the computer is a 
legitimate part of their environment. Of course, modern com 
puters would hardly survive this change, because they were 
not built with children in mind. Moving computers to the ?oor 
would also mean making them: at least as child-resistant as 
any good toy. As simple as it is, change in location also 
implies a host of other changes in the design of child-friendly 
digital devices. First, a child-friendly digital system should 
lose all of its appendages and the cords that connect them. 
This means getting rid of the power cord, the keyboard, the 
mouse, and their cables, and making the image-displaying 
part self-standing (battery operated or with a concealed elec 
tric cord). Putting the display on the ?oor also means change 
in the orientation of the viewing surface from perpendicular 
(where the child had to look up) to a more physiological 
upward-facing angle. 

Change in mode of interaction. The change in the mode of 
interaction is not only dictated by the change in location, but 
is also necessitated by the inadequacy of the keyboard and the 
mouse as input devices for children. Both devices depend on 
possession of special kinds of knowledge and skills, not 
readily available to children. The keyboard requires not only 
competent writing (and typing) skills but also knowledge of 
speci?c vocabulary and its use (for example, that typing 
“exit” will end the current game). This does not mean that in 
a child-friendly interface environment keys would be banned 
from existence, but only that their number, size and function 
would dramatically change. 

The mouse suffers from similar shortcomings. Not only is 
it inherently abstract (moving the mouse moves something in 
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4 
the display, but not always . . . ) but it also involves ?ne 
visual-motor coordination. The ‘folders’ displayed in a typi 
cal modem graphical user interface are approximately 1A inch 
square and it is within this range that the child has to coordi 
nate the movement with the ‘click’ (sometimes even ‘double 
click’) in order to make something happen. The size of the 
interface elements is not the only problem. One could easily 
increase the size of typical ‘buttons’ on the screen and use 
another input device (like the touch- sensitive screen), but the 
problem of interaction still remains. The adult-designed ubiq 
uitous ‘desktop’ metaphor with its ?les and folders, and sub 
folders and ‘windows’ (on the desktop?!) is hardly a typical 
child’s handy metaphor. The necessity for changing not only 
the input devices but also the way the digital information is 
rendered accessible is the topic of the next section. 

Change in content structure. The change in content struc 
ture does not mean change in content per se, but rather change 
in the way the content is organized and presented to the child. 
To an illiterate person (or a child) all the ‘folders’ on a com 
puter display look pretty much the same. Thus, in a child 
friendly digital environment the indicators of content should 
be clearly distinct visually and represent familiar aspects of 
the child’s experience. However, this is the most super?cial 
change necessary. There are other aspects of children’s activ 
ity that call for more radical changes. These are a) making the 
information (content) manipulable, and b) making the con 
tent structure compatible with the child’s social environment. 

a. The idea that making the information experientially 
accessible to the child leads to more ef?cient knowledge 
transfer has been around for some time but has not been 
consistently implemented in the area of child/ computer 
interface design. Thus objects should be made manipu 
lable in the way which makes sense to the child and 
provides feedback which can compensate for the 
unavoidable impoverishment of sensory input in com 
parison to equivalent real-world manipulations. Several 
ways of achieving this goal will be discussed in the 
following. 

b. Making the content structure compatible with the child’ s 
social environment means that it readily supports the 
social interactions a child is likely to engage in: interac 
tions (playing) with peers and interactions with adults 
(educators, parents). Originally, computers (as the ‘per 
sonal’ part of ‘PC’ implies) inhibited interaction and 
collaboration between individuals. It is only recently, 
with the popularization of the Internet (which was made 
possible by a friendlier interface design) that the impor 
tance of supporting collaboration is being discovered 
again, and that different software products supporting it 
are boasting three-digit return rates. Although it is pos 
sible to imagine similar solutions for children’s com 
puter environments, it is important to realize that a child 
friendly environment has to support social interactions 
more concretely, and respond appropriately to simulta 
neous and possibly divergent inputs on the same physi 
cal unit. 

Hardware for a Child-Friendly Digital System: FIGS. 1 and 2 
As described above, moving the digital system from the 

desktop to the ?oor leads to dramatic changes in design. The 
system loses separate input devices such as the keyboard and 
mouse and is reduced to the display unit. Ideally, the display 
itself should be compact, mobile, and with an upward-facing 
touch-sensitive viewing surface It should also be rugged, 
scratch-resistant and use a built-in power source. The unit 
should also have ample storage capacity and a way to quickly 
access, modify and update stored information. Digital sys 
tems with some of the above characteristics are already avail 
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able. They may be found in ATM machines and in kiosks for 
?nding locations in superstars, malls, airports, or even muse 
ums. None of them, however, is designed to sit on the ?oor or 
has a graphical user interface that a preschooler can use. 

FIGS. 1 and 2 show two versions of the hardware for a 
child-friendly computer system. FIG. 1 shows a portable 
child-friendly digital system 101 and FIG. 2 shows a station 
ary version. As shown in FIG. 1, portable digital system 101 
is based on a laptop computer (not shown). Digital system 101 
has a touch-sensitive active matrix LCD display 111, and the 
suggested minimum con?guration for the laptop is a, 1.6 G 
hard drive, 32 MB RAM, a 28.8 modem, a 16-bit sound card, 
and a built-in infra-red communications port. The laptop 
components are ?tted into case 103 of heavy duty molded 
plastic with rounded edges 105. Display 111 forms the top of 
case 103. Also housed in the case are microphone 107, speak 
ers 113, and motion/proximity sensors 109, all of which are 
connected to the laptop computer. Display 111 serves both as 
an input device and an output device, microphone 106 and 
sensors 109 serve as additional input devices, and speakers 
113 serve as output devices for the laptop. Sensors 109 permit 
the system to sense the presence of the child and to respond 
with verbal prompt, movement, or sound. Sensors 109 are 
built into the top edge of the child-friendly digital system and 
consist of a series of sensitive motion and proximity sensors 
with varying ?elds of view. The ‘points’ of view of different 
sensors divide the space in front of the unit into a virtual grid, 
which makes it possible not only to detect the presence of the 
child, but also to incorporate simple gestures (for example, 
moving of the hand from left to right) into interaction with the 
software. As shown in FIG. 1, display 111 is set up for a 
shape-matching game: it displays two objects, a circle 115 
and a cutout 117 into which circle 115 ?ts. 

The stationary version 201 of the digital system is better 
suited for museums and day-care centers. It has the same 
technical characteristics as portable system 101 but is based 
on a desktop computer with a touch-sensitive monitor 205. 
The system is con?gured as shown in FIG. 2. The CPU is 
hidden inside a structure 203 encasing monitor 205. The 
whole structure 203 is built in such a way that it can support 
an average adult’s weight and should have a non-slippery 
surface and no sharp corners or edges. Structure 203 further 
contains a speaker 213 and may also contain a microphone 
and motion and proximity sensors. It may also have a light 
shade 211 to make the display on monitor 205 more easily 
visible to users of system 201. Structure 203 ?nally provides 
a play area upon which selected objects 209 can be displayed. 
If the objects are the same as those being displayed in display 
205, system 201 will help children begin to understand how a 
three-dimensional object is related to its two-dimensional 
representation. 
Child-Friendly Graphical User Interface 

The graphical user interface in system 101 or 201 is based 
on the touch-sensitive display, the motion and proximity sen 
sors, and a voice recognition system that is made using micro 
phone 107 and custom-made or commercially available voice 
recognition software such as Dragon Naturally Speaking 
from Dragon Systems, Inc. or Via Voice from IBM Corpora 
tion. The touch screen is employed as the primary user input 
device for a number of reasons. Pointing to and touching an 
item are the most natural ways of indicating its selection, and 
require no training even in very young children. Touch 
screens are very durable, have no moving parts, and require 
almost no maintenance. Since they are superimposed over the 
viewing surface, they demand no additional space. A host of 
studies on adults (summarized in Sears and Schneiderman, 
“High precision Touch screens: design strategies and com 
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parisons with a mouse”, International Journal of Man-Ma 
chine Studies 34, pp. 598-613, 1991) indicate that Touch 
screens are the fastest pointing devices. However, if used for 
the selection of very small targets (less than 10 mm in diam 
eter), they are also the ones with the highest percentage of 
error rates. The results were partially caused by the low reso 
lution of older Touch screens and the returning of multiple 
pixel locations by the touch screen hardware. In the past 
several years both the increased resolution of touch screens 
and the software-implemented strategies for stabiliZing the 
touch location have reduced touch screen error rates and 
brought them in line with those of the mouse. It is worth 
noting that even with the older touch screens there was no 
difference in error rates between the touch screen and the 
mouse in conditions where larger selection targets were used. 
A pilot study conducted at the Hampshire College Cognitive 
Development Lab has shown that even children as young as 2 
years ?nd the use of a touch-sensitive screen intuitive and 
easy. Furthermore, theirperformance on a simple visual map 
ping task was quite good, possibly as the result of the decrease 
in cognitive load associated with the interface. 

While the touch screen makes a child-friendly graphical 
user interface possible, it is not suf?cient by itself. Since 
preschoolers cannot read and do not have the ?ne motor 
coordination necessary for standard GUIs, the GUI had to be 
redesigned to employ interactions that were easy for the pre 
schoolers. The interactions included the following: 

Selection: Selection of an object such as circle 115 in 
display 111 is carried out by touching it. There is no tradi 
tional highlighting of the selected object (necessary for the 
mouse input) because of the existing haptic feedback. How 
ever, since all of the objects have de?ned ‘anchor’ points (119 
in object 115) which are used for ‘dragging’ action, there is 
often a small movement of the selected object as it aligns its 
anchor point with the touch point. Selection may be further 
indicated by a visual “lifting” of the selected object (i.e., a 
discrete shadow is added to the object when it is selected 
and/or by a discrete auditory signal when the object is 
selected or released. 
Moving objects: Selected objects can be dragged by mov 

ing the ?nger across the screen, and ‘dropped’ by lifting the 
?nger. If objects are dropped over the appropriate slot (117 in 
FIG. 1) (which usually corresponds in size and shape to the 
object being dropped), there is a suitable form of visual and 
acoustic feedback. 

In addition to the traditional mouse-supported actions, 
there are three more types of interaction supported in the 
graphical user interface: pointing to a location, throwing the 
object, and pushing the object. 

Pointing to an object: Pointing to a location consists of 
simply touching screen 111 at the desired location. If what 
was last selected was an object, the touch may cause the 
object to move to the location that was touched. If what was 
last touched was a slot, the object that ?ts the slot will move 
to the location that was touched. 

Throwing an object: The throwing action is executed when 
the speed at which an object is dragged across display 111 
exceeds a threshold speed which corresponds more or less to 
the speed of the natural throwing motion. When the threshold 
is exceeded, the ‘thrown’ object will continue to move in the 
same direction even when the ?nger is lifted off the screen. 
One use of throwing is to remove an object from the display. 

Pushing: When the child’s ?nger is moved along display 
111 and touches the side on an object, the object starts moving 
in the same direction in front of the ?nger. The motion is 
terminated when the ?nger is lifted up from the screen or 
when it stops moving. 














