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!BSTRACT�฀ )N฀ THIS฀ PAPER฀ WE฀ INTRODUCE฀ THE฀ DESIGN฀ AND฀
DEVELOPMENT฀ OF฀ THE฀ ,EARNING฀ #UBE฀ AS฀ A฀ NOVEL฀ TANGIBLE฀
LEARNING฀APPLIANCE�฀5SING฀THE฀COMMON฀SHAPE฀OF฀A฀CUBE฀
WE฀IMPLEMENTED฀A฀GENERAL฀LEARNING฀PLATFORM฀THAT฀SUPPORTS฀
TEST฀BASED฀QUIZZES฀WHERE฀QUESTIONS฀AND฀ANSWERS฀CAN฀BE฀
TEXT฀OR฀IMAGE฀BASED�฀%XPLOITING฀THE฀PHYSICAL฀AFFORDANCES฀OF฀
THE฀CUBE฀AND฀AUGMENTING฀IT฀EMBEDDED฀SENSORS฀AND฀,#$฀
DISPLAYS฀PLACED฀ON฀EACH฀FACE�฀WE฀PRESENT฀DIFFERENT฀LEARNING฀
APPLIANCES฀ AS฀ PLAYFUL฀ LEARNING฀ INTERFACES฀ FOR฀ CHILDREN�฀
"ASED฀ON฀ THE฀ INITIAL฀OBSERVATIONS฀OF฀ THE฀EXPERIENCE฀WITH฀
CHILDREN�฀WE฀ARGUE฀THAT฀BREAKING฀CONVENTIONS฀ABOUT฀HOW฀
A฀COMPUTER฀HAS฀TO฀LOOK฀LIKE�฀AND฀PROVIDING฀CHILDREN฀WITH฀A฀
PLAYFUL฀ INTERFACE฀ IS฀A฀PROMISING฀APPROACH฀ TO฀EMBED฀AND฀
INTEGRATE฀TECHNOLOGY฀INTO฀CHILDREN�S฀EVERYDAY฀CONTEXT฀AND฀
ACTIVITIES�
+EYWORDS�฀4ANGIBLE฀5SER฀ )NTERFACE�฀,EARNING฀!PPLIANCE�฀
,EARNING฀0LATFORM�฀5BIQUITOUS฀#OMPUTING�฀0LAYING�

��฀)NTRODUCTION
5BIQUITOUS฀ COMPUTING฀ TECHNOLOGIES฀ ALLOW฀ EMBEDDING฀
OF฀ COMPUTING฀ CAPABILITIES฀ INTO฀ EVERYDAY฀ OBJECTS฀ AND฀
ENVIRONMENTS�฀)NTEGRATING฀TECHNOLOGY฀AND฀ITS฀USE฀INTO฀TASKS฀
CREATES฀A฀NUMBER฀OF฀CHALLENGES฀AND฀OPPORTUNITIES�฀7HILE฀
DESIGNING฀ FOR฀ SUCH฀ SCENARIOS�฀ THE฀ EFFECT฀ OF฀ EMBEDDING฀
NEEDS฀TO฀BE฀TAKEN฀INTO฀ACCOUNT�฀)MPORTANT฀FACTORS฀ARE฀THE฀
ENVIRONMENT฀AND�฀MORE฀IN฀GENERAL�฀THE฀CONTEXTS฀IN฀WHICH฀
ACTIVITIES฀TAKE฀PLACE�

)N฀ THIS฀ PAPER฀ WE฀ PRESENT฀ A฀ LEARNING฀ APPLIANCE�฀ CALLED฀
THE฀ ,EARNING฀ #UBE�฀ 4HE฀ DESIGN฀ AND฀ DEVELOPMENT฀ OF฀
THIS฀ TANGIBLE฀ LEARNING฀ APPLIANCE฀ RELIES฀ ON฀ TWO฀ MAIN฀
CONSIDERATIONS�
s฀CHILDREN฀ LEARN฀BETTER฀WHILE฀PLAYING฀AND฀EXPLORING฀ IN฀THE฀
PHYSICAL฀WORLD฀;�=�
s฀PHYSICAL฀ACTIVITY฀HELPS฀TO฀BUILD฀REPRESENTATIONAL฀MAPPINGS฀;�=�฀

4HE฀ PAPER฀ IS฀ STRUCTURED฀ AS฀ FOLLOWS�฀ &IRST฀ WE฀ MOTIVATE฀
OUR฀APPROACH฀BY฀REVIEWING฀RELATED฀WORK฀WITH฀A฀PARTICULAR฀
FOCUS฀ON฀LEARNING�฀4HEN฀WE฀DISCUSS฀IN฀GENERAL฀THE฀CONCEPT฀
OF฀ USING฀ A฀ CUBE฀ AS฀ A฀ USER฀ INTERFACE�฀ )N฀ SECTION฀ �฀ WE฀
INTRODUCE฀OUR฀,EARNING฀#UBE฀DESIGN฀AS฀A฀GENERIC฀LEARNING฀
PLATFORM�฀&OLLOWING฀THE฀IMPLEMENTATION฀DESCRIBED฀IN฀MORE฀
DETAIL฀ IN฀SECTION฀��฀WE฀DISCUSS฀ RESULTING฀CONSTRAINTS฀AND฀
OPPORTUNITIES�฀4HE฀PAPER฀CONCLUDES฀WITH฀REPORTS฀OF฀USING฀
OUR฀APPLIANCE฀WITH฀CHILDREN�

��฀2ELATED฀7ORK
!S฀IN฀$RUIN฀;�=�฀NOVEL฀LEARNING฀OPPORTUNITIES฀CAN฀BE฀DESIGNED฀
TO฀BE฀ INTEGRATED฀ INTO฀SCHOOL฀ENVIRONMENTS�฀ACTIVITIES฀AND฀
CULTURE�฀#HILDREN฀ACTIVITIES฀ARE฀MOSTLY฀DISCONNECTED฀ FROM฀
THE฀ DESKTOP฀ PERSONAL฀ COMPUTER฀ ENVIRONMENT�฀ CHILDREN�฀
ESPECIALLY฀YOUNG฀ONES�฀PLAY฀AND฀MOVE฀AROUND฀IN฀THE฀REAL฀
WORLD�฀MANIPULATE฀DIFFERENT฀OBJECTS�฀ TALK฀ LOUD฀AND฀ LIKE฀ TO฀
EXPLORE�฀

"ESIDES฀ ITS฀ INDIVIDUAL�฀ STATIC฀ NATURE�฀ THE฀ DESKTOP฀ 0#฀
PRESENTS฀ SOME฀ ADDITIONAL฀ CONSTRAINTS฀ FOR฀ CHILDREN�฀ AS฀
REPORTED฀ BY฀ 3METS฀ ;��=�฀ CHILDREN฀ ENCOUNTER฀ DIFlCULTIES฀
WHEN฀INTERACTING฀WITH฀CONTROL฀DEVICES฀�E�G�฀THE฀MOUSE	฀AND฀
A฀�$฀SCREEN�฀BECAUSE฀ACTION฀AND฀PERCEPTION฀ARE฀SPATIALLY฀
SEPARATED�

4ANGIBLE฀USER฀INTERFACES฀AIM฀TO฀PROVIDE฀DIRECT฀MANIPULATIONS฀
BY฀MAPPING฀BETWEEN฀BEHAVIOR฀OF฀ THE฀ TOOL฀AND฀USAGE฀OF฀
SUCH฀A฀TOOL฀�FOR฀EXAMPLE฀A฀PHYSICAL฀WHEEL฀COULD฀BE฀ROTATED฀
TO฀CONTROL฀THE฀STATE฀OF฀A฀DIGITAL฀OBJECT฀SUCH฀AS฀A฀VALVE	�฀AND฀
BETWEEN฀SEMANTICS฀OF฀THE฀REPRESENTING฀WORLD฀�THE฀CONTROL฀
DEVICE	฀AND฀REPRESENTED฀WORLD฀�RESULTING฀OUTPUT	฀;�=�฀฀

!CCORDING฀ TO฀ CONSTRUCTIVIST฀ LEARNING฀ THEORIES฀ ;�=฀ CHILDREN฀
LEARN฀ WHILE฀ EXPLORING฀ AND฀ ACTIVELY฀ BEING฀ ENGAGED฀ IN฀
PROBLEM฀ SOLVING฀ ACTIVITIES�฀ 2IESNER฀ ;�=฀ HAS฀ SHOWN฀ THAT฀
PHYSICAL฀MOVEMENT฀CAN฀ENHANCE฀CATEGORIZATION฀AND฀RECALL฀
IN฀ TASKS฀OF฀PERSPECTIVE฀ TAKING฀AND฀SPATIAL฀ IMAGERY�฀EVEN฀
WHEN฀THEY฀TYPICALLY฀FAIL฀ TO฀PERFORM฀IN฀SYMBOLIC฀VERSION฀OF฀
SUCH฀ TASKS�฀ 2ECENT฀ NEURO
SCIENTIlC฀ RESEARCH฀ SUGGESTS฀
THAT฀ SOME฀ KINDS฀ OF฀ VISUAL
SPATIAL฀ TRANSFORMATION฀ �E�G�฀
MENTAL฀ ROTATION฀ TASKS�฀ OBJECT฀ RECOGNITION�฀ IMAGERY	฀ ARE฀
INTERCONNECTED฀WITH฀MOTOR฀PROCESS฀AND฀POSSIBLY฀DRIVEN฀BY฀
MOTOR฀SYSTEM฀;��=�฀

4AKING฀ THIS฀ WORK฀ INTO฀ ACCOUNT�฀ WE฀ LOOK฀ AT฀ THE฀ ISSUE฀ OF฀
TEACHING฀ CHILDREN฀ SPACE฀ GEOMETRY�฀ !S฀ IN฀ 'UTIERREZ฀ ;�=฀
hEVERYDAY฀LIFE฀PROVIDES฀PLENTY฀OF฀INTERACTIONS฀BETWEEN฀PLANE฀
AND฀SPACE�฀AND฀MOST฀OF฀THEM฀IMPLY฀THE฀DISSEMINATION฀OF฀
SOME฀KIND฀OF฀SPATIAL฀INFORMATION฀BY฀MEANS฀OF฀PLANE฀DATA฀
�DRAWINGS�฀SCHEMAS�฀PICTURES�฀lGURES�฀ETC�	�฀"UT฀TEXT฀BOOKS฀
ARE฀STILL฀PLANEv�฀%MERGING฀TECHNOLOGIES฀AND฀THE฀POSSIBILITY฀
TO฀ EMBED฀ COMPUTING฀ CAPABILITIES฀ INTO฀ PLAYFUL฀ TANGIBLE฀
OBJECTS฀CAN฀SUPPORT฀CHILDREN฀TO฀CREATE�฀MOVE�฀ TRANSFORM฀
AND฀ANALYZE฀MENTAL฀IMAGES฀OF฀�$฀OBJECTS฀GENERATED฀FROM฀
THE฀INFORMATION฀BROUGHT฀BY฀A฀PLANE฀DRAWING�฀

��฀4HE฀#UBE฀AS฀)NTERFACE
/RTHOGONAL฀VIEWS฀ARE฀VERY฀COMMON฀AS฀REPRESENTATIONS฀OF฀
�$฀OBJECTS฀IN฀TECHNICAL฀DRAWINGS�฀THE฀OBJECT฀IS฀SUPPOSED฀
TO฀ BE฀ IN฀ A฀ CUBE�฀ AND฀ PROJECTED฀ ORTHOGONALLY฀ ON฀ THE฀ SIX฀
FACES฀ OF฀ THE฀ CUBE�฀ !CCORDINGLY�฀ VERY฀ OFTEN฀ ORTHOGONAL฀
REPRESENTATION฀IS฀EXPLAINED฀WITH฀THE฀CONCEPT฀OF฀AN฀UNFOLDED฀
BOX�฀WHOSE฀FACES฀ARE฀DISPLAYED฀ON฀A฀PLANE�

4HE฀AFFORDANCES฀OF฀THE฀CUBE฀AS฀�$฀OBJECT฀HAVE฀BEEN฀STUDIED฀
BY฀ 3HERIDAN฀ ;��=�฀ SUGGESTING฀ A฀ DESCRIPTION฀ OF฀ POSSIBLE฀
MANIPULATIONS฀OF฀ THE฀CUBE�฀BASED฀ON฀ACTION�฀DESCRIPTION฀
AND฀EVENTS�฀THAT฀POTENTIALLY฀PROVIDES฀A฀FRAMEWORK฀FOR฀THE฀
DESIGN฀OF฀GESTURE฀BASED฀฀INTERACTION฀TECHNIQUES�฀
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4HE฀ ENGAGEMENT฀ AND฀ PLAYFULNESS฀ AFFORDED฀ BY฀ THE฀ CUBE฀
HAS฀ALREADY฀BEEN฀EXPLOITED฀IN฀SEVERAL฀OCCASIONS�฀BESIDES฀
THE฀ POPULAR฀ 2UBRIK�S฀ #UBE�฀ OR฀ THE฀ SIMPLE฀ DICES�฀ (#)฀
RESEARCH฀ HAS฀ LOOKED฀ AT฀ THE฀ CUBE฀ AS฀ USER฀ INTERFACE�฀ :HI฀
9ING฀ ET฀ AL�฀ ;��=฀ EXPLORE฀ THE฀ APPLICATION฀ OF฀ A฀ FOLDABLE฀ �$฀
#UBE฀ INTERFACE�฀ COMPLEMENTED฀ WITH฀ AUGMENTED฀ REALITY฀
TECHNOLOGY�฀TO฀THE฀lELD฀OF฀INTERACTIVE฀STORYTELLING�฀#AMARATA฀
ET฀AL�฀;�=฀USE฀CUBES฀AS฀PHYSICAL฀BLOCKS฀TO฀NAVIGATE฀A฀DATA฀
SPACE฀ IN฀A฀VIRTUAL฀MUSEUM�฀ THUS฀EXPLOITING฀ THE฀EVERYDAY฀
UNDERSTANDING฀OF฀THREE
DIMENSIONAL฀SPATIAL฀RELATIONSHIP�฀

)N฀ A฀ RECENT฀ WORK฀ ;�=�฀ WE฀ REALIZED฀ A฀ 46฀ REMOTE฀ CONTROL฀
APPLIANCE฀ BY฀ EXPLOITING฀ THE฀ AFFORDANCE฀ OF฀ A฀ CUBE�฀ E�G�฀
TURNING฀IT฀AND฀LAYING฀IT฀BACK฀DOWN�฀TO฀SCROLL฀THROUGH฀A฀LIST฀
OF฀VIDEO฀STREAMS฀REPRESENTING฀SIX฀PREFERRED฀PROGRAMS�฀"Y฀
TURNING฀ THE฀CUBE�฀ONE฀WOULD฀ ZAP฀ THROUGH฀ THE฀PROGRAMS฀
AND฀BY฀LAYING฀THE฀CUBE฀BACK฀ON฀A฀PLAIN฀SURFACE�฀THE฀TOP

LAYING฀ VIDEO฀ STREAM฀ WOULD฀ BE฀ RENDERED฀ ON฀ THE฀ 46�฀ 4HE฀
CUBE฀DID฀NOT฀HAVE฀DISPLAYS฀ON฀ITS฀SURFACES฀AND฀WAS฀ONLY฀
USED฀AS฀AN฀INPUT฀MEDIA�

7HILE฀DESIGNING฀OUR฀ LEARNING฀APPLIANCE฀WE฀LOOKED฀AT฀THE฀
CUBE฀ AS฀ INTERFACE฀ FOR฀ DIVERSE฀ LEARNING฀ TASKS฀ TARGETED฀ AT฀
CHILDREN฀OF฀DIFFERENT฀AGES�฀3UCH฀TASKS฀INCLUDED�฀RECOGNITION฀
OF฀ THE฀ SAME฀ PICTURE�฀ A฀ WORD
PICTURE฀ ASSOCIATION�฀ A฀
VOCABULARY฀ TRAINER�฀ AND฀ MATCHING฀ MULTIPLE฀ DIFFERENT฀
�$฀ VIEWS�฀ 4HESE฀ APPLICATIONS฀ BUILD฀ ON฀ THE฀ EXPLORATIVE฀
AFFORDANCE฀OF฀THE฀CUBE฀AND฀ON฀THE฀DESIGN฀OF฀A฀SEMANTIC฀
LINK฀ BETWEEN฀ PHYSICAL฀ CONTROL฀ AND฀ DIGITAL฀ OUTPUT�฀ 4HE฀
PROPOSED฀APPLIANCE฀FOR฀LEARNING฀SPATIAL฀GEOMETRY฀MOVES฀A฀
STEP฀FORWARD฀BY฀CREATING฀A฀SEMANTIC฀LINK฀BETWEEN฀PHYSICAL฀
CONTROL�฀DIGITAL฀OUTPUT฀AND฀ABSTRACT฀CONCEPT�฀THUS฀PROVIDING฀
A฀REDUNDANT฀LEARNING฀INTERFACE�฀

��฀4HE฀#UBE฀AS฀,EARNING฀0LATFORM
4HE฀ PRESENTED฀ APPLIANCE฀ RELIES฀ ON฀ A฀ GENERIC฀ ,EARNING฀
#UBE฀PLATFORM�฀4HE฀,EARNING฀#UBE฀IS฀A฀DIGITALLY฀AUGMENTED฀
PHYSICAL฀CUBE�฀)T฀IS฀ENRICHED฀WITH฀A฀DISPLAY฀ON฀EACH฀OF฀THE฀
SIX฀FACES฀AND฀A฀SPEAKER฀INSIDE�฀4HE฀DISPLAY฀AND฀THE฀SPEAKER฀
ARE฀CONTROLLED฀BY฀AN฀EMBEDDED฀HARDWARE฀PLATFORM�฀

)N฀ &IGURE฀ ��฀ IN฀ THE฀ LEFT฀ PART฀ OF฀ THE฀ IMAGE�฀ THE฀ OPENED฀

CUBE฀WITH฀ THE฀HARDWARE฀ IN฀ THE฀BASE�฀AND฀WIRES฀GOING฀TO฀
THE฀DISPLAY฀ON฀ THE฀OPENED฀SIDE฀OF฀ THE฀CUBE฀ARE฀SHOWN�฀
)N฀ THE฀ RIGHT฀PART฀OF฀ THE฀ IMAGE฀ THE฀CLOSED฀CUBE�฀WITH฀ THE฀
VOCABULARY฀TRAINER฀APPLIANCE฀RUNNING฀IS฀SHOWN�

4HE฀CUBE฀ IS฀A฀GOOD฀PLATFORM฀ FOR฀QUIZZES฀AND฀ TESTS�฀4HE฀
AFFORDANCE฀OF฀THE฀DEVICE฀IS฀KNOWN฀TO฀EVERY฀POTENTIAL฀USER�฀
4HE฀DEVICE฀CAN฀BE฀PICKED฀UP�฀ ROTATED฀AND฀PLAYED฀WITH�฀
IT฀ CAN฀ BE฀ THROWN฀ AND฀ SHAKEN�฀ AND฀ BE฀ PUT฀ DOWN฀ AGAIN�฀
4HIS฀HOLDS฀TRUE฀FOR฀ALL฀AGE
GROUPS�฀FROM฀YOUNG฀CHILDREN฀TO฀
ADULTS�฀ !DDITIONALLY�฀ RELYING฀ ON฀ THE฀ EXPERIENCE฀ WITH฀ DICE฀
GAMES�฀ PEOPLE฀ EXPECT฀ TO฀ lND฀ DIFFERENT฀ INFORMATION฀ ON฀
EACH฀SIDE฀OF฀THE฀CUBE�฀4HIS฀INFORMATION฀CAN฀BE฀TEXTUAL฀OR฀
lGURATIVE�

4HE฀BASIC฀PLATFORM฀OFFERS฀THE฀FUNCTION฀OF฀A฀MULTIPLE฀CHOICE฀
TEST฀ SYSTEM�฀ )N฀ EACH฀ STEP฀ ONE฀ QUESTION฀ AND฀ �฀ ANSWERS฀
ARE฀USED�฀/NE฀OF฀THE฀ANSWERS฀IS฀CORRECT�฀THE฀OTHERS฀�฀ARE฀
WRONG�฀ 4HE฀ QUESTION฀ IS฀ SHOWN฀ ON฀ THE฀ TOP฀ DISPLAY�฀ THE฀
ANSWERS฀ ARE฀ RANDOMLY฀ DISTRIBUTED฀ TO฀ THE฀ OTHER฀ DISPLAYS�฀
4HE฀ INTERACTION฀OPERATED฀BY฀THE฀USER฀ IS฀TO฀TURN฀THE฀CUBE฀
TO฀THE฀SIDE฀WITH฀THE฀RIGHT฀ANSWER฀AND฀THEN฀SHAKE฀IT�฀)F฀THE฀
RIGHT฀SITE฀ IS฀SELECTED�฀THE฀PROGRAM฀MOVES฀ON฀TO฀THE฀NEXT฀
QUESTION�฀ IF฀ NOT�฀ THE฀ USER฀ CAN฀ TRY฀ AGAIN�฀ 1UESTIONS฀ AND฀
ANSWERS฀CAN฀BE฀PICTURES฀OR฀TEXT�

4HIS฀BASIC฀MULTIPLE
CHOICE฀FUNCTION฀CAN฀BE฀USED฀TO฀CREATE฀
A฀VARIETY฀OF฀APPLICATIONS�฀)N฀THIS฀PAPER฀WE฀PRESENT฀DIFFERENT฀
APPLICATIONS฀THAT฀ARE฀ALL฀BASED฀ON฀THAT฀BASIC฀FUNCTION�฀AND฀
SUPPORT฀LEARNING฀WITH฀A฀PHYSICAL฀AND฀TANGIBLE฀DEVICE�฀

/NE฀APPLICATION฀IS฀A฀VOCABULARY฀TRAINER�฀4HE฀VOCABLE฀THAT฀
IS฀ TO฀BE฀ TRANSLATED฀ IS฀DISPLAYED฀ON฀ THE฀,#$฀CURRENTLY฀ON฀
TOP�฀/N฀EACH฀OTHER฀SIDE฀OF฀THE฀CUBE�฀POSSIBLE฀TRANSLATIONS฀
ARE฀PRESENTED�฀ )F฀ THE฀CORRECT฀ TRANSLATION฀ IS฀ FOUND�฀ IT฀ IS฀ TO฀
BE฀SELECTED฀BY฀THE฀USER฀BY฀SHAKING฀THE฀CUBE฀AS฀GESTURE฀
INPUT�฀

!NOTHER฀ APPLICATION฀ IS฀ A฀ QUIZ฀ THAT฀ EXPLOITS฀ THE฀ THREE

DIMENSIONAL฀ PHYSICAL฀ AFFORDANCES฀ OF฀ THE฀ CUBE�฀ !GAIN�฀
THE฀ TOP฀ SIDE฀ IS฀ THE฀ STARTING฀ POINT฀ AND฀ A฀ TOP฀ VIEW฀ OF฀ AN฀
OBJECT�฀E�G�฀A฀CAR�฀ IS฀PRESENTED�฀/N฀THE฀REMAINING฀SIDES�฀

&IGURE฀��฀4HE฀,EARNING฀#UBE�฀4HE฀CUBE฀ IS฀BUILT฀AROUND฀A฀MICROCONTROLLER฀PLATFORM฀AND฀HAS฀A฀DISPLAY฀ON฀EACH฀SIDE�฀!CCELERATION฀SENSORS฀ALLOW฀THE฀
DETECTION฀OF฀ORIENTATION฀AND฀MOVEMENT�

!฀#5"%฀4/฀,%!2
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THE฀VIEWS฀OF฀THE฀SAME฀OBJECT฀FROM฀THE฀RESPECTIVE฀SIDES฀ARE฀
PRESENTED�฀/NE฀SIDE฀CONTAINS฀A฀FALSE฀VIEW฀THAT฀DOES฀NOT฀
MATCH฀THE฀INITIAL฀OBJECT�฀EITHER฀IT฀IS฀A฀DIFFERENT฀OBJECT�฀OR฀THE฀
VIEW฀IS฀E�G�฀FROM฀THE฀BOTTOM฀BUT฀SHOULD฀BE฀A฀SIDE฀VIEW�

&URTHER฀ APPLICATIONS฀ �A฀ MATH฀ TRAINER฀ AND฀ A฀ GAME฀ WHERE฀
YOU฀HAVE฀TO฀MATCH฀LETTERS	฀HAVE฀BEEN฀IMPLEMENTED�฀3OME฀
MORE฀ISSUES฀ARE฀DISCUSSED฀IN฀SECTION฀��

��฀4HE฀4ECHNOLOGY฀)MPLEMENTED฀
���฀(ARDWARE฀!RCHITECTURE
4HE฀ ,EARNING฀ #UBE฀ PLATFORM฀ IS฀ BASED฀ ON฀ THE฀ 0ARTICLE฀
ARCHITECTURE฀FOR฀SMALL
SCALE฀EMBEDDED฀DEVICES฀;��=�฀)T฀IS฀A฀
LOW
POWER฀EMBEDDED฀MICROCONTROLLER฀BOARD฀WITH฀WIRELESS฀
COMMUNICATION฀ CAPABILITIES฀ AND฀ SEVERAL฀ BUILT
IN฀ SENSORS฀
AND฀ACTUATORS฀�E�G�฀A฀MOVEMENT฀SENSOR฀OR฀A฀TINY฀SPEAKER	�฀
!TTACHED฀IS฀A฀STANDARDIZED฀CONNECTOR฀FOR฀SO
CALLED฀hADD

ON฀ BOARDSv฀ WHICH฀ EXTEND฀ THE฀ CAPABILITIES฀ OF฀ THE฀ BASE฀
0ARTICLE�฀4HE฀0ARTICLE฀PLATFORM฀IN฀GENERAL฀PROVIDES฀A฀BASIS฀
FOR฀RAPID฀PROTOTYPING฀OF฀UBIQUITOUS฀COMPUTING฀APPLICATIONS�฀
!S฀ADD
ON฀BOARD฀TO฀THE฀BASE฀PLATFORM฀THE฀0ARTICLE฀DISPLAY฀
BOARD฀IS฀USED฀;��=฀�SEE฀&IGURE฀�	�

฀
&IGURE฀��฀(ARDWARE฀ARCHITECTURE฀OVERVIEW�฀4HE฀DISPLAYS฀ARE฀CONNECTED฀
VIA฀ )�#฀ AND฀ THE฀ SENSORS฀ ARE฀ ATTACHED฀ ON฀ THE฀ ANALOG฀ INPUT฀ PORTS�฀

#OMMUNICATION฀AND฀PROCESSING฀IS฀HANDLED฀ON฀THE฀0ARTICLE฀COMPUTER�฀

4HIS฀ SENSOR฀ BOARD฀ PROVIDES฀ AN฀ INTERFACE฀ TO฀ SIX฀ "ARTON฀
"4�����฀ DISPLAYS฀ WHICH฀ ARE฀ CONNECTED฀ VIA฀ )�#฀ BUS฀
AND฀ TWO฀ TWO
AXES฀ !NALOG฀ $EVICES฀ !$8,���*%฀ ANALOG฀
ACCELERATION฀SENSORS�฀%ACH฀DISPLAY฀HAS฀��฀BY฀��฀PIXELS฀AND฀
SUPPORTS฀BLACK฀AND฀WHITE�฀4HE฀CHOICE฀OF฀DISPLAYS฀FOR฀THE฀
INITIAL฀PROTOTYPE฀WAS฀BECAUSE฀OF฀EASE฀OF฀IMPLEMENTATION�฀
)N฀ A฀ LATER฀ VERSION฀ WE฀ WOULD฀ EXPECT฀ TO฀ USE฀ LARGER฀ HIGH฀
RESOLUTION฀COLOR฀DISPLAYS�

4HE฀TWO฀AXES฀OF฀EACH฀ACCELERATION฀SENSOR฀ARE฀ORTHOGONAL�฀
AS฀ARE฀THE฀TWO฀SENSORS�฀

4HIS฀RESULTS฀IN฀THREE฀AXES฀THAT฀ARE฀ORTHOGONAL฀TO฀EACH฀OTHER฀
�8฀ AND฀ 8�฀ SHARE฀ ONE฀ AXIS	�฀ 7ITH฀ THIS฀ SETUP�฀ MOVING฀ THE฀
,EARNING฀#UBE฀IN฀�$฀CAN฀BE฀TRACKED�฀฀

4HE฀COMPLETE฀HARDWARE฀IS฀lTTED฀INTO฀THE฀CUBE฀AND฀lXATED฀
TO฀ THE฀HOUSING฀SO฀ THAT฀ THE฀HARDWARE฀CANNOT฀BE฀MOVED�฀
4HE฀ ACCELERATION฀ SENSORS฀ ARE฀ CALIBRATED฀ FOR฀ DELIVERING฀
MEANINGFUL฀INFORMATION฀ABOUT฀THE฀EXTENT฀AND฀THE฀DIRECTION฀
OF฀THE฀MOVEMENT฀OF฀THE฀,EARNING฀#UBE�฀)T฀IS฀NOW฀POSSIBLE฀
TO฀DETERMINE฀WHICH฀FACE฀OF฀THE฀CUBE฀IS฀ON฀TOP฀�PARALLEL฀TO฀
THE฀mOOR฀PLANE	�฀

!S฀THE฀ACCELERATION฀SENSOR฀CAN฀ONLY฀MEASURE฀ACCELERATION฀
ALONG฀THEIR฀RESPECTIVE฀AXIS�฀ROTATION฀OF฀THE฀CUBE฀CAN฀ONLY฀
BE฀ DETECTED฀ AND฀ MEASURED฀ ALONG฀ �฀ DIMENSIONS฀ �SEE฀
&IGURE฀�	�฀

฀
&IGURE฀��฀/NLY฀ROTATION฀FROM฀THE฀CURRENT฀TOP฀SIDE฀OF฀THE฀CUBE฀TO฀ANY฀OF฀ITS฀
ADJACENT฀SIDES฀IS฀DETECTABLE�฀BUT฀NOT฀HORIZONTAL฀ROTATION�

!฀NEXT฀VERSION฀OF฀ THE฀CUBE฀ INTERFACE฀COULD฀BE฀EQUIPPED฀
WITH฀COMPASSES฀TO฀OVERCOME฀THIS฀PROBLEM�฀THESE฀WILL฀ALLOW฀
SENSING฀ THE฀ORIENTATION฀ON฀ THE฀ THREE฀AXES�฀ THUS฀OPENING฀
ADDITIONAL฀POSSIBILITIES฀FOR฀APPLIANCE฀DESIGN�฀)N฀THE฀CURRENT฀
VERSION฀WE฀DECIDED฀ FOR฀ A฀DESIGN฀WITHOUT฀ COMPASSES฀ TO฀
MAKE฀ THE฀ APPLIANCE฀ MORE฀ POWER฀ EFlCIENT฀ AND฀ TO฀ ALLOW฀
LONGER฀OPERATION�

���฀3OFTWARE฀!RCHITECTURE
4HE฀ OVERALL฀ SOFTWARE฀ ARCHITECTURE฀ OF฀ THE฀ ,EARNING฀ #UBE฀
APPLIANCE฀IS฀DESCRIBED฀IN฀&IGURE฀��
฀
4HE฀MAIN฀LOOP฀EXECUTED฀BY฀THE฀APPLICATION฀ON฀THE฀0ARTICLE฀
IN฀ THE฀ CUBE฀ IS฀ DEPICTED฀ IN฀ &IGURE฀ ��฀ 3ENSOR฀ DATA฀ FROM฀
THE฀ LAST฀ LOOP฀ IS฀ STORED฀ IN฀ AN฀ APPROPRIATE฀ DATA฀ STRUCTURE฀
FOR฀MAKING฀THE฀HISTORY฀OF฀SENSOR฀VALUES฀AVAILABLE฀FOR฀LATER฀
ACCESS�฀.EW฀SENSOR฀DATA฀IS฀ACQUIRED฀AND฀PREPROCESSED�฀
.OW฀ THE฀ APPLICATION฀ TRIES฀ TO฀ lGURE฀ OUT฀ IF฀ THE฀ CUBE฀ WAS฀
SHAKEN฀HARD฀ENOUGH฀TO฀TRIGGER฀THE฀ANSWER฀PROCESSION�฀4HIS฀
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IS฀A฀DIFlCULT฀PART฀AS฀WE฀WANT฀TO฀DISTINGUISH฀MOVEMENTS฀AS฀
ROTATION฀OR฀TRANSLATION฀�WHICH฀OCCUR฀WHILE฀THE฀USER฀TRIES฀TO฀
lND฀THE฀CORRECT฀ANSWER฀DISPLAYED฀ON฀THE฀SIDES฀OF฀THE฀CUBE	฀
FROM฀SHAKES฀THAT฀WE฀CONSIDER฀AS฀INPUT฀EVENTS�฀)F฀A฀SHAKE฀
IS฀DETECTED�฀ IT฀ IS฀CHECKED฀WHETHER฀THE฀CORRECT฀ANSWER฀ IS฀
PRINTED฀ON฀THE฀DISPLAY฀CURRENTLY฀ON฀TOP฀OF฀THE฀CUBE�฀)F฀SO�฀
THE฀USER฀GETS฀POSITIVE฀FEEDBACK฀AND฀THE฀NEXT฀QUESTION฀IS฀
DISPLAYED฀ON฀THE฀CUBE�฀ )F฀ THE฀ANSWER฀ IS฀ INCORRECT�฀THAT฀ IS฀
IF฀ANY฀OTHER฀FACE฀THAN฀THE฀ONE฀WITH฀THE฀CORRECT฀ANSWER฀IS฀
FACING฀ UP�฀ THE฀ ANSWER฀ IS฀ CONSIDERED฀ AS฀ FALSE�฀ .EGATIVE฀
FEEDBACK฀IS฀GIVEN฀TO฀THE฀USER฀SHOWING฀THAT฀THIS฀ANSWER฀IS฀
INCORRECT�฀4HE฀LOOP฀IS฀THEN฀STARTED฀AGAIN�
฀

��฀4ECHNOLOGY฀#ONSTRAINTS฀AS฀$ESIGN฀
/PPORTUNITIES฀
4HE฀ IMPOSSIBILITY฀ TO฀ SENSE฀ ROTATION฀ IN฀ THE฀ PLANE฀ PARALLEL฀
TO฀ THE฀GROUND฀PLAYED฀A฀CHALLENGING฀ROLE฀ IN฀ THE฀DESIGN฀OF฀
THE฀APPLIANCE�฀ )N฀ORDER฀ TO฀ LET฀USERS฀ RECOGNIZE฀ THE฀hRIGHTv฀
ORIENTATION฀OF฀THE฀DISPLAYED฀OUTPUT�฀SO฀AS฀TO฀COMPENSATE฀
THE฀ LACK฀ OF฀ ORIENTATION฀ RECOGNITION�฀ DIFFERENT฀ DESIGN฀
SOLUTIONS฀ COULD฀ BE฀ IMAGINED�฀ LABELING฀ OF฀ THE฀ DISPLAY�฀ SO฀
THAT฀ TEXT฀ ORIENTATION฀ COULD฀ BE฀ RECOGNIZED�฀ GRAPHICAL฀
ESCAMOTAGES�฀SUCH฀AS฀ARROWS฀OR฀lNGERPRINTS฀PICTURES�฀TO฀
SUGGEST฀ HOW฀ TO฀HANDLE฀ THE฀ CUBE฀AND฀ lNGER฀PLACEMENT�฀
4HESE฀ SOLUTIONS฀ WOULD฀ HAVE฀ SOMEHOW฀ AFFECTED฀ THE฀
SIMPLICITY฀OF฀THE฀INTERFACE�฀4HE฀SOLUTION฀WE฀DESIGNED฀TAKES฀
ADVANTAGE฀OF฀THE฀LIMITATIONS฀OF฀THE฀SENSING฀CAPABILITIES฀BY฀
INTEGRATING฀IT฀IN฀THE฀LEARNING฀CHALLENGE�฀/RIENTING฀THE฀PICTURE฀
IN฀THE฀RIGHT฀DIRECTION฀IS฀PART฀OF฀THE฀TASK฀THE฀USER฀NEEDS฀TO฀
ACCOMPLISH฀ IN฀ORDER฀ TO฀PROVIDE฀ THE฀ RIGHT฀SOLUTION�฀ )N฀ THIS฀
SENSE฀THE฀CONSTRAINT฀PROVIDED฀BY฀THE฀SENSING฀CAPABILITIES฀
WAS฀ACTUALLY฀A฀STIMULUS฀FOR฀THE฀DESIGN฀OF฀THE฀AFFORDANCES฀
OF฀ THE฀ DISPLAYED฀ OUTPUT�฀ /UR฀ EFFORT฀ WAS฀ THEN฀ SPENT฀ INTO฀
A฀ MEANINGFUL฀ INTEGRATION฀ OF฀ TECHNOLOGY฀ CAPABILITIES฀ AND฀
CONSTRAINTS�฀ TOGETHER฀ WITH฀ THE฀ DESIGN฀ OF฀ AFFORDANCES฀
AND฀ LEARNING฀ TASK�฀ THIS฀ RESULTED฀ IN฀ A฀ LEARNING฀ APPLIANCE฀
THAT฀ WOULD฀ ACCOMMODATE฀ THESE฀ ASPECTS฀ IN฀ A฀ COHERENT฀
REDUNDANT฀WAY�

��฀5SAGE฀AND฀5SER฀%XPERIENCE฀
4HROUGHOUT฀ THE฀ DEVELOPMENT฀ OF฀ THE฀ LEARNING฀ CUBE฀
APPLIANCE฀WE฀HAVE฀KEPT฀A฀DIALOG฀WITH฀PEOPLE฀OUTSIDE฀THE฀
DEVELOPMENT฀TEAM฀TO฀GET฀EARLY฀FEEDBACK฀ON฀WHAT฀WORKS฀
AND฀WHAT฀DOESN�T�฀

)N฀AN฀EARLY฀PHASE฀WE฀USED฀A฀SIMPLE฀PROGRAM฀THAT฀SIMULATES฀
A฀ DICE�฀ 4HE฀ SIDE฀ THAT฀ IS฀ UP฀ ALWAYS฀ SHOWS฀ ��฀ WHEREAS฀
NUMBERS฀ �฀ TO฀ �฀ ARE฀ DISTRIBUTED฀ TO฀ THE฀ OTHER฀ DISPLAYS�฀
$URING฀ AN฀ EVENT฀ WITH฀ ABOUT฀ ��฀ EXTERNAL฀ PARTICIPANTS฀ AT฀
OUR฀ 5NIVERSITY�฀ WE฀ GAVE฀ PEOPLE฀ THE฀ APPLIANCE฀ TO฀ PLAY฀
WITH�฀ )T฀ WAS฀ INTERESTING฀ TO฀ SEE฀ THAT฀ ORIENTATION฀ WAS฀ NO฀
REAL฀CONCERN�฀AS฀USERS฀ JUST฀TURNED฀THE฀CUBE฀SO฀THAT฀THEY฀
COULD฀SEE฀WHAT฀WAS฀WRITTEN฀ON฀THE฀FACES�฀&OR฀USERS฀THIS฀
APPEARED฀NORMAL฀AS฀THIS฀IS฀WHAT฀THEY฀DO฀WHEN฀THEY฀PICK฀
UP฀A฀PHYSICAL฀OBJECT฀WITH฀TEXT฀ON฀IT�฀4HIS฀SUGGESTS฀THAT฀THE฀
LACK฀OF฀SENSING฀HORIZONTAL฀ORIENTATION฀CAN฀BE฀COMPENSATED฀
BY฀USERS�฀ INTUITION฀OF฀HOW฀TO฀ORIENT฀ TEXT�฀!DDITIONALLY�฀WE฀
REALIZED฀THAT฀PEOPLE฀ARE฀INTUITIVELY฀AWARE฀OF฀WHAT฀THEY฀CAN฀
DO฀WITH฀A฀CUBE�฀EVEN฀IF฀NOT฀INSTRUCTED�฀

7ITH฀ THE฀lNAL฀VERSION฀OF฀ THE฀,EARNING฀#UBE฀WE฀CONDUCT฀
INFORMAL฀USER฀STUDIES฀WITH฀CHILDREN�฀4HIS฀WORK฀IS฀ONGOING�฀
4HE฀ PRIME฀ GOAL฀ OF฀ THESE฀ STUDIES฀ IS฀ TO฀ UNDERSTAND฀ HOW฀
CHILDREN฀ HANDLE฀ THE฀ APPLIANCE�฀ )N฀ PARTICULAR฀ WE฀ ARE฀
INTERESTED฀IN�
s฀฀7HAT฀MAKES฀THE฀INTERFACE฀INTERESTING�
s฀฀7HAT฀MAKES฀OPERATION฀SIMPLE฀AND฀WHAT฀IS฀
CHALLENGING�
s฀฀(OW฀TO฀TAILOR฀EDUTAINMENT฀TO฀AN฀APPLIANCE�
s฀฀4HE฀RELATIONSHIP฀BETWEEN฀PHYSICAL฀APPLIANCE฀DESIGN�฀
SOFTWARE�฀AND฀USER฀EXPERIENCE�

)N฀OUR฀lRST฀EXPERIMENT฀WITH฀CHILDREN฀WE฀HAD฀AN฀APPLICATION฀

&IGURE฀��฀!PPLIANCE฀ARCHITECTURE฀OF฀THE฀,EARNING฀#UBE�

&IGURE฀��฀!CTIVITY฀DIAGRAM฀OF฀THE฀,EARNING฀#UBE฀APPLICATION�
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WHERE฀LETTERS฀HAD฀TO฀BE฀MATCHED�฀/N฀THE฀TOP�฀A฀LETTER฀WAS฀
DISPLAYED฀�E�G�฀!	฀AND฀DIFFERENT฀LETTERS฀WERE฀DISPLAYED฀ON฀
ALL฀ OTHER฀ SIDES฀ INCLUDING฀ANOTHER฀!�฀4HE฀OBJECTIVE฀OF฀ THE฀
GAME฀WAS฀TO฀lND฀THE฀MATCHING฀ LETTER฀AND฀THEN฀SELECT฀ IT�฀
4HE฀ GAME฀ WAS฀ DESIGNED฀ FOR฀ CHILDREN฀ STARTING฀ TO฀ LEARN฀
LETTERS�฀4HE฀CUBE฀GAVE฀THE฀DIFlCULTY฀THAT฀THEY฀HAD฀TO฀lND฀
THE฀LETTER฀EVEN฀SO฀IT฀MAY฀BE฀UPSIDE฀DOWN฀OR฀ON฀ITS฀SIDE�฀)N฀
OUR฀lRST฀VERSION฀WE฀ONLY฀USED฀LETTERS฀THAT฀ARE฀STILL฀UNIQUELY฀
IDENTIlABLE฀EVEN฀IF฀ROTATED�฀&IGURE฀�฀SHOWS฀THREE
YEARS
OLD฀
GIRL฀IS฀PLAYING฀WITH฀THE฀APPLIANCE�฀

4HIS฀lRST฀EXPERIMENT฀SHOWED฀ THAT฀ THE฀ TURNING฀MADE฀ THIS฀
SIMPLE฀GAME฀CHALLENGING฀FOR฀SMALLER฀CHILDREN�฀SIMILARLY�฀THE฀
SHAKING฀WAS฀PRETTY฀DIFlCULT฀ TO฀DO�฀SO฀THAT฀THESE฀FEATURES฀
KEPT฀THE฀GAME฀INTERESTING฀FOR฀A฀CERTAIN฀TIME฀AND฀ENGAGED฀
THEM฀IN฀TRYING฀OUT฀GESTURES฀AND฀SOLUTIONS�฀ )N฀SOME฀TESTS฀
WE฀HAD฀A฀LOW฀RECOGNITION฀RATE฀FOR฀THE฀SHAKING฀GESTURE�฀BUT฀
THE฀CHILDREN฀STILL฀MANAGED฀TO฀PLAY�฀AND฀LOOKED฀FOR฀A฀STRATEGY฀
TO฀ MAKE฀ GESTURES฀ IN฀ A฀ WAY฀ THAT฀ THE฀ SYSTEM฀ RECOGNIZED฀
THEM�฀)T฀WAS฀INTERESTING฀TO฀SEE฀THAT฀THEY฀ADAPTED฀TO฀SHORT฀
COMINGS฀OF฀THE฀IMPLEMENTATION�

)N฀THE฀SECOND฀EXPERIMENT฀WE฀PLAYED฀WITH฀KIDS฀IN฀THE฀AGE฀OF฀
�฀TO฀���฀4HE฀QUIZ฀WAS฀A฀BASIC฀MATH฀TRAINER�฀-ULTIPLICATION฀OF฀
SINGLE฀NUMBERS�฀ADDITION฀OF฀NUMBERS฀AND฀COMBINED฀TASKS฀
IN฀ THE฀ DOMAIN฀ BELOW฀ ���฀ WERE฀ USED�฀ #HILDREN฀ QUICKLY฀
UNDERSTOOD฀ THE฀ CONCEPT�฀ 3HAKING฀ AND฀ TURNING฀ MADE฀
THEM฀ENGAGE฀WITH฀THE฀GAME฀AND฀THEY฀SEEMED฀TO฀ LIKE฀ IT�฀
!DDITIONALLY�฀WE฀COULD฀OBSERVE฀THAT฀THEY฀PLAYED฀TOGETHER�฀
HELPING฀EACH
OTHER�฀ARGUING�฀AND฀SHOWING฀SOLUTIONS฀ �SEE฀
&IGURE฀�	

฀

��฀#ONCLUSION
)N฀THIS฀PAPER฀WE฀INTRODUCED฀THE฀,EARNING฀#UBE฀AS฀A฀NOVEL฀
LEARNING฀APPLIANCE�฀5SING฀THE฀COMMON฀SHAPE฀OF฀A฀CUBE฀
WE฀IMPLEMENTED฀A฀GENERAL฀LEARNING฀PLATFORM฀THAT฀SUPPORTS฀
TEST฀ BASED฀ QUIZZES฀ WHERE฀ QUESTIONS฀ AND฀ ANSWERS฀ CAN฀
BE฀ TEXT฀ OR฀ IMAGE฀ BASED�฀ 4HE฀ SYSTEM฀ IS฀ IMPLEMENTED฀
STANDALONE฀ USING฀ A฀ MICROCONTROLLER฀ SYSTEM฀ THAT฀ HAS฀
ACCELERATION฀SENSORS฀AND฀�฀DISPLAYS฀CONNECTED�฀

"ASED฀ ON฀ THE฀ APPLIANCE฀ PLATFORM�฀ WE฀ IMPLEMENTED฀
SEVERAL฀ EDUTAINMENT฀ GAMES�฀ /UR฀ INITIAL฀ EXPERIENCE฀ WITH฀
CHILDREN฀ SHOWS฀ THAT฀ HAVING฀ A฀ DIFFERENT฀ PHYSICAL฀ FORM฀
AND฀A฀DIFFERENT฀SET฀OF฀AFFORDANCES฀PROMPTS฀A฀GREAT฀ INITIAL฀

ENGAGEMENT�฀#HILDREN฀DO฀NOT฀CONSIDER฀ THE฀APPLIANCE฀AS฀
A฀ TRADITIONAL฀ LEARNING฀ TOOL�฀ EITHER฀ AS฀ A฀ COMPUTER�฀ RATHER฀
AS฀ A฀ TOY�฀ $ISTRACTING฀ CHILDREN฀ FROM฀ THE฀ LEARNING฀ TASK฀ AS฀
CONVENTIONALLY฀ PRESENTED�฀ AND฀ ENGAGING฀ THEM฀ IN฀ A฀ QUIZ฀
GAME฀THAT฀THEY฀CAN฀PLAY฀WITH฀OTHERS�฀MOTIVATES฀THEM฀AND฀
CHALLENGES฀THEIR฀SKILLS�

&ROM฀OUR฀PRELIMINARY฀EXPERIENCE฀IT฀APPEARS฀INTERESTING฀TO฀
DELIBERATELY฀ BREAK฀ CONVENTIONS฀ HOW฀ A฀ COMPUTER฀ HAS฀ TO฀
LOOK฀ LIKE�฀7HEN฀DEMONSTRATING฀ THE฀APPLIANCE฀ TO฀PEOPLE�฀
SEVERAL฀IDEAS฀ABOUT฀WHAT฀THIS฀APPLIANCE฀COULD฀BE฀GOOD฀FOR฀
EMERGED�฀THIS฀SUGGESTS฀THAT฀BY฀PROVIDING฀COMPUTERS฀WITH฀
RADICALLY฀ DIFFERENT฀ SHAPES�฀ IT฀ MAY฀ BE฀ POSSIBLE฀ TO฀ ACCESS฀
NEW฀APPLICATION฀DOMAINS�
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&IGURE฀��฀!฀SMALL฀CHILD฀PLAYING฀
WITH฀THE฀,EARNING฀#UBE�฀
%VEN฀CHILDREN฀AS฀YOUNG฀AS฀�฀
YEARS฀COULD฀INSTANTLY฀USE฀THE฀
APPLIANCE�

&IGURE฀��฀4HE฀CUBE฀ALLOWS฀CHIL

DREN฀TO฀INTERACT฀AROUND฀THE฀AP

PLIANCE฀AND฀USE฀IT฀AWAY฀FROM฀
A฀DESKTOP฀SETTING�฀4HEY฀CAN฀

HAND฀IT฀FROM฀ONE฀TO฀ANOTHER�฀OR฀
LOOK฀FROM฀DIFFERENT฀SIDES�฀

!฀#5"%฀4/฀,%!2


	Contents
	Jamie Billing
	Ruth Kikin-Gil
	Tae Seung Ha
	Aldo Hoeben
	Panos Markopoulos
	Olufisayo Omojokun
	Daniel Saakes
	Froukje Sleeswijk Visser
	Lucia Terrenghi
	Corrie Van Der Lelie


