| #5"% 4/ ,%!2

I #UBE TO ,EARN A 2ELATED 70RK

TANGIBLE USER INTERFATE RAK 10 schoor environn
THE DESIGN OF A LEARLNURY BHILDREN ACTIVITIES ARE MOSTL
APPLIANCE THE DESKTOP PERSONAL COMPUTER ENVIR

ESPECIALLY YOUNG ONES PLAY AND MOVE

. WORLD MANIPULATE DIFFERENT OBJECTS
J5H#)! 4%22%.'()-144()!13 +21.; EXPLORE

0!5, (/,,%)3 !,"2%#(4 3#(-)%$4
2ESEARCH 'ROUP ZESEBBMH 'ROUP %MBEDDED )NTERABESGN |TS INDIVIDUAL STATIC NATURE

SNIVERSITY OF -UNICH IMALIENSTRASSE PREYENTS SOME ADDITIONAL CONSTRAINT.
LUCIA TERRENGHI Il LMU DE [MATTHIAS PAUL AW@EW#E@L@BYO%(METS . - CHILDREN ENCO
&AX WHEN INTERACTING WITH CONTROL DEVICES
4EL A $ SCREEN BECAUSE ACTION AND PERCEP

SEPARATED
IBSTRAGTTHIS PAPER WE INTRODUCE THE DESIGN AND

DEVELOPMENT OF THE ,EARNING #UBEAQE | AL EQKER TRNERRAEES AIM TO PROVIDE
LEARNING APPLIANCE 5SING THE COMMQMNsSHARE BT W EFABEEHAVIOR OF THE T«
WE IMPLEMENTED A GENERAL LEARNING)RKAT RQRM THAT SULRORT S pPHYSICAL WH
TEST BASED QUIZZES WHERE QUESTIGNS AINPrRYSWEB S FAMNEBSF A DIGITAL OBJEC
TEXT OR IMAGE BASED %XPLOITING THE RS\ CELE AN PIRRANEEREREPRESENTING
THE CUBE AND AUGMENTING IT EMBEDDER SENSPR REAPPESSNTED WORLD RESULT
DISPLAYS PLACED ON EACH FACE WE PRESENT DIFFERENT LEARNING

APPLIANCES AS PLAYFUL LEARNING INIEREANE S F RNSHRPEFN IsT LEARNING
"ASED ON THE INITIAL OBSERVATIONS ©Ofg NHE EXRERMENGR W HAND ACTIVELY |
CHILDREN WE ARGUE THAT BREAKING QB \VENW TGN G I RBONETHAWIES 21ESNER :
A COMPUTER HAS TO LOOK LIKE AND BPROYIOAN G 6 Y EWPERNFN MIN EMHANCE CATEGO
PLAYFUL INTERFACE IS A PROMISING |APPROAL kh T @ EMBER ANR TAKING AND SP,
INTEGRATE TECHNOLOGY INTO CHILDR/\'/:'I—WE‘RI EVERYPH ERNNEXA BN PERFORM 1D
ACTIVITIES UCH TASKS 2ECENT NEURO SCIENTIIC RE
+EYWORBSGIBLE 5SER )NTERFACE EﬁBA\‘ﬂNé;o!l\Fr:P'-MNI§§ OF VISUAL SPATIAL TR

(EARNING OLATFORM 5BIQUITOUS #OMPANHNG PdPAHNSN TASKS OBIECT RECOGH

INTERCONNECTED WITH MOTOR PROCESS AN
MOTOR SYSTEM ; =
JNTRODUCTION
5BIQUITOUS COMPUTING TECHNOLOGAEKR| NG LTOWs BAMBEIR ONN® ACCOUNT WE LOC
OF COMPUTING CAPABILITIES INTO ENVERBMPVWY AOBIDREN AWBRCE GEOMETRY !S
ENVIRONMENTS )NTEGRATING TECHNQEYER ANDYITHFFE PROVIBERAPKENTY OF INTER
CREATES A NUMBER OF CHALLENGES AND SPRORTHNNDTMESS VIO ETHEM IMPLY THE
DESIGNING FOR SUCH SCENARIOS THBEMEKEND OF ESMBERPINGEORMATION BY ME
NEEDS TO BE TAKEN INTO ACCOUNT )MRARIANS FAECEHALRASARECTHERES IGURES E
ENVIRONMENT AND MORE IN GENERAWREHETOQANFEXN BV INGWHRGHNG TECHNOLOGI
ACTIVITIES TAKE PLACE TO EMBED COMPUTING CAPABILITIES INTO
OBJECTS CAN SUPPORT CHILDREN TO CREA
JN THIS PAPER WE PRESENT A LEARAN®GAMRPLIENEENTRALWERAGES OF $ OBJECT

THE ,EARNING #UBE 4HE DESIGN ANRBEDKN¥OIRAPMENN BEHOUGHT BY A PLANE DR
THIS TANGIBLE LEARNING APPLIANCE RELIES ON TWO MAIN

CONSIDERATIONS
s CHILDREN LEARN BETTER WHILE PLAYIRdE Endt EXBPE0RAIRc) NTTERFACE
PHYSICAL WORLD ; = /JRTHOGONAL VIEWS ARE VERY COMMON AS F

s PHYSICAL ACTIVITY HELPVMAG FBNGD REP RBIENTIAST INDNBECHNICAL DRAWINGS THE C
TO BE IN A CUBE AND PROJECTED ORTHOC
AHE PAPER IS STRUCTURED AS FOLLPACES &ORSTHWECMBE IVIECEORDINGLY VERY
OUR APPROACH BY REVIEWING RELATREBEPRGRENVATTHON PA EKIREWAINED WITH THE C(
FOCUS ON LEARNING 4HEN WE DISCUSBODKN WHOSEAELATHES ARECEIBSPLAYED ON A PL
OF USING A CUBE AS A USER INTERFACE )N SECTION WE
INTRODUCE OUR ,EARNING #UBE DESIGNEAAFE GCREIVERGESL OARMINGUBE AS $ OBJEC
PLATFORM &OLLOWING THE IMPLEMENMNYABHERDIAINCRIBFEDSING@BREING A DESCRIP
DETAIL IN SECTION WE DISCUSS REVWANIPIMNIGA TIONWNSTREKINHE ANWBE BASED ON A
OPPORTUNITIES 4HE PAPER CONCLUDEND VEIMEINREPORAT BOTENNIRLLY PROVIDES
OUR APPLIANCE WITH CHILDREN DESIGN OF GESTURE BASED INTERACTION T
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&IGURE 4HE ,EARNING #UBE 4HE CUBE IS BUILT AROUND A MICROCONTROLLER PLATFORM AND HAS A
DETECTION OF ORIENTATION AND MOVEMENT

4HE ENGAGEMENT AND PLAYFULNESSCARO RDPER BYE THARBWRARE IN THE BASE Al
HAS ALREADY BEEN EXPLOITED IN SEMERAbIOECABIONSTHEESIKERNSED SIDE OF THE
THE POPULAR 2UBRIK S #UBE OR THR PHMPREGWTCESRT(FOF THE IMAGE THE CLC
RESEARCH HAS LOOKED AT THE CUBE/ ASAEBBERRWTRRAFRER AFHLIANCE RUNNING
9ING ET AL ; = EXPLORE THE APPLICATION OF A FOLDABLE $
#UBE INTERFACE COMPLEMENTED WUHE AUBRENTADGBBEALPLATFORM FOR QUIZZ
TECHNOLOGY TO THE IELD OF INTERAGERRDAARETEELTNGE MM ARABAKNOWN TO |
ET AL ; = USE CUBES AS PHYSICAL BUQEKSENMICNHNAY MNINABE A IRKED UP ROTATED /
SPACE IN A VIRTUAL MUSEUM THUS EXPAONTBEGTHROWNERND® AYHAKEN AND BE P
UNDERSTANDING OF THREE DIMENSIONALSSRAT bsL TREJLA FIORN QHIPAGE GROUPS FR
ADULTS IDDITIONALLY RELYING ON THE E.
JN A RECENT WORK ; = WE REALIZERB M ESE REMPIE EXPERAQLTO IND DIFFEREN

APPLIANCE BY EXPLOITING THE AFFORNPOAMNEFDPOA THEBEUBEG 4HIS INFORMATIOI
TURNING IT AND LAYING IT BACK DOWNURQATSGROLL THROUGH A LIST

OF VIDEO STREAMS REPRESENTING SIX PREFERRED PROGRAMS "Y
TURNING THE CUBE ONE WOULD ZAPgHHER®ASHE PHETEBRGRAMERS THE FUNCTIO|
AND BY LAYING THE CUBE BACK ON A TPH&MNSSYREMCEN THIEECHOSTEP ONE QUESTIO
LAYING VIDEO STREAM WOULD BE REAREREEPNNEHEOEHGHEHENSWERS IS CORREC
CUBE DID NOT HAVE DISPLAYS ON ITSWRWONFACESEANDEWAPORNILSY SHOWN ON THE
USED AS AN INPUT MEDIA ANSWERS ARE RANDOMLY DISTRIBUTED TO
4HE INTERACTION OPERATED BY THE USER
7HILE DESIGNING OUR LEARNING APPEFANGQE WBHEQIAKEDTAE RHEHT ANSWER AND
CUBE AS INTERFACE FOR DIVERSE LEARMMNG | TASKSSEARSGFEEDTME PROGRAM MC
CHILDREN OF DIFFERENT AGES 3UCH DASKI IOGLYPEND RECHOG NISERNCAN TRY AG)
OF THE SAME PICTURE A WORD PIGNYSRERSSERNIBEIPNTWRES OR TEXT
VOCABULARY TRAINER AND MATCHING MULTIPLE DIFFERENT
$ VIEWS 4HESE APPLICATIONS BUILAHIGNBA S EC BMPURTORIAT IYEEOICE FUNCTION CA|
AFFORDANCE OF THE CUBE AND ON THE/RREEHGN ®F AP BEMNMANTONS )N THIS PAPEF
LINK BETWEEN PHYSICAL CONTROL AR PEcATTANOVPVARYTAREHAELL BASED ON THA
PROPOSED APPLIANCE FOR LEARNING SEAFORTAEQRKNTRE WPMEA #PHYSICAL AND T
STEP FORWARD BY CREATING A SEMANTIC LINK BETWEEN PHYSICAL
CONTROL DIGITAL OUTPUT AND ABSTRAGTAGP®N CELTIONH IS R ROCIRBENGARY TRAINE
A REDUNDANT LEARNING INTERFACE |s TO BE TRANSLATED IS DISPLAYED ON TH
TOP /N EACH OTHER SIDE OF THE CUBE PO
4HE #UBE AS ,EARNING QRAAHECGHNMED )F THE CORRECT TRANSLA
4HE PRESENTED APPLIANCE RELIES BN \EIGENHEHRIMBYERHRENIWEER BY SHAKING TH
#UBE PLATFORM 4HE ,EARNING #UBE INRWINGITALLY AUGMENTED
PHYSICAL CUBE )T IS ENRICHED WITH A DISPLAY ON EACH OF THE
SIX FACES AND A SPEAKER INSIDE 4HENOSPERY ANPDLTHAETSE@EAIKER QUIZ THAT EX
ARE CONTROLLED BY AN EMBEDDED HPARVDEMARD WAL TEIORMCAL AFFORDANCES OF
THE TOP SIDE IS THE STARTING POINT ANC
YN &IGURE IN THE LEFT PART OF OHHEIGMAGE GTAECARENEPRESENTED /N THE
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THE VIEWS OF THE SAME OBJECT FROMHHE WRE SSPEESTDFE BSADHSABRELERATION SEN

PRESENTED /NE SIDE CONTAINS A FAASE REEWHHE HATODSHNSS B R $

MATCH THE INITIAL OBJECT EITHER IT IS A DIFFERENT OBJECT OR THE

VIEW IS E G FROM THE BOTTOM BUT SHO® IRE BELA SINETMREVYE AXES THAT ARE ORT
8 AND 8 SHARE ONE AXIS 7ITH THIS SET

&URTHER APPLICATIONS A MATH TRA BRRRN IAND #A BEAME WEERBE TRACKED

YOU HAVE TO MATCH LETTERS HAVE BEEN IMPLEMENTED 30OME

MORE ISSUES ARE DISCUSSED IN SECBHENCOMPLETE HARDWARE IS ITTED INTO TH
TO THE HOUSING SO THAT THE HARDWARE
4HE ACCELERATION SENSORS ARE CALIBR.

4HE 4ECHNOLOGY )MPLEWEEAWNGFDL INFORMATION ABOUT THE EXTE
(ARDWARE '!RCHITECTUREOF THE MOVEMENT OF THE ,EARNING #UBE

4HE ,EARNING #UBE PLATFORM IS BASEPEORNRMUREOWRTGHLEACE OF THE CUBE IS

ARCHITECTURE FOR SMALL SCALE EMBEODRO ®REVIICENSE; = )T IS A

LOW POWER EMBEDDED MICROCONTROLLER BOARD WITH WIRELESS

COMMUNICATION CAPABILITIES AND SBVERRAAGBIALFRATEEN SERSOR CAN ONLY ME

AND ACTUATORS E G A MOVEMENT SENSON®E O AIRIRESTHEAIKFER AXIS ROTATION

ITTACHED IS A STANDARDIZED CONNEBFOREFGR TFED CANREM EAAPHRED ALONG DI

ON BOARDSv WHICH EXTEND THE CARMNBYREFIES OF THE BASE

OARTICLE 4HE OARTICLE PLATFORM IN RFNFRAI BROVINES A RARIR

FOR RAPID PROTOTYPING OF UBIQUITC CRONT
!S ADD ON BOARD TO THE BASE PLATF SIDE
BOARD IS USED ; = SEE &IGURE
RF Built-In Built-In
Comm. Sensors Sensors /% \
LEFT Top RIGHT
\ | / SICE VIEW SIDE

Farticle Base Board 2/29 /\ /

Particle-to-Board P2B
BACK
Display Add-On Board 1.0 S

12C \ \ &IGURE INLY ROTATION FROM THE CURRENT TOP SIDE (

Display

Display

3 . ADJACENT SIDES IS DETECTABLE BUT NOT HORIZONTAL
Display ADXL ADXL
4 Disola JE311 JE311
spiay I NEXT VERSION OF THE CUBE INTERFACE (
SDispiay 2 axis 3 axis WITH COMPASSES TO OVERCOME THIS PROBL
6 SENSING THE ORIENTATION ON THE THREE

ADDITIONAL POSSIBILITIES FOR APPLIANCE
VERSION WE DECIDED FOR A DESIGN WITHC
MAKE THE APPLIANCE MORE POWER EFICIE
&IGURE (ARDWARE ARCHITECTURE OVERVIEW LONGER AYBRRA TEOANECTED

VIA ) # AND THE SENSORS ARE ATTACHED ON THE ANALOG INPUT PORTS

#OMMUNICATION AND PROCESSING IS HANDLED ON THE OARTTANEARMPUTERRC HITECTURE

4HE OVERALL SOFTWARE ARCHITECTURE OI

4HIS SENSOR BOARD PROVIDES AN INPPRFANEE 1O EXCRIBE®ONIN & IGURE

"4 DISPLAYS WHICH ARE CONNECTED VIA ) # BUS

AND TWO TWO AXES !NALOG SEVICESAHEBMATHK OO @KECUTED BY THE APPLICAT

ACCELERATION SENSORS %ACH DISPLAY HAS c BE 18I BEPSOANED IN &IGURE 3E

SUPPORTS BLACK AND WHITE 4HE CHPHEELRETDIDRIAYS EPBREHEIN AN APPROPR

INITIAL PROTOTYPE WAS BECAUSE OFFBA&RS K AKAN® PlHEM ENSTATRONOE SENSOR VAL U

JN A LATER VERSION WE WOULD EXPAE€JESS USWw EARSBR BAGH IS ACQUIRED AN

RESOLUTION COLOR DISPLAYS .OW THE APPLICATION TRIES TO IGURE OU"
SHAKEN HARD ENOUGH TO TRIGGER THE ANS
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AECHNOLOGY #ONSTRAINTS |,
IPPORTUNITIES
4HE IMPOSSIBILITY TO SENSE ROTATION IN
TO THE GROUND PLAYED A CHALLENGING R
THE APPLIANCE )N ORDER TO LET USERS R
ORIENTATION OF THE DISPLAYED OUTPUT S
THE LACK OF ORIENTATION RECOGNITION
SOLUTIONS COULD BE IMAGINED LABELING
THAT TEXT ORIENTATION COULD BE RECC
ESCAMOTAGES SUCH AS ARROWS OR INGER
SUGGEST HOW TO HANDLE THE CUBE AND |
AHESE SOLUTIONS WOULD HAVE SOMEHOV
SIMPLICITY OF THE INTERFACE 4HE SOLUTI
ADVANTAGE OF THE LIMITATIONS OF THE SE
INTEGRATING IT IN THE LEARNING CHALLENG
IPPLIANCE ARCHITECTURE OF THE ,EARNINGH#UBEIGHT DIRECTION IS PART OF THE T,

ACCOMPLISH IN ORDER TO PROVIDE THE RI

IS A DIFICULT PART AS WE WANT TO D$&ENING ¥ HEH OMOONSENRANN S PROVIDED BY THE
ROTATION OR TRANSLATION WHICH OWAYRAWHURLRELYHE 8§SEMRULBEBESOI®O THE DESIG
IND THE CORRECT ANSWER DISPLAY EDO®NTHHE [5IDELSA QE DT E) TRBE /UR EFFORT W
FROM SHAKES THAT WE CONSIDER ASANWEHANENENTE INNTAGRPAKYBEN OF TECHNOLO
IS DETECTED IT IS CHECKED WHETHERONEHERAPRRECTOANSVHER I ITH THE DESI(
PRINTED ON THE DISPLAY CURRENTLYAQN T@RRNANGHE £SMBETHFSSRESULTED IN A
THE USER GETS POSITIVE FEEDBACK ANRTTWD DIEXTAQUE M MODANSE THESE ASPEC
DISPLAYED ON THE CUBE )F THE AN SREDUNDANGORRECT THAT IS
IF ANY OTHER FACE THAN THE ONE WITH THE CORRECT ANSWER IS
FACING UP THE ANSWER IS CONSIDERE SE ..EG
FEEDBACK IS GIVEN TO THE USER SHOW|§§A$‘|§%T’§N§N§$§R@%XPERIENC
INCORRECT 4HE LOOP IS THEN STARTEPRRYFMOUT THE DEVELOPMENT OF THE

Learning Cube Application

Gesture
Recoginition
Module

Display Driver

Module Network Module

MNetwork
Hardware

Sensor
Hardware

Display
Hardware

r » -~

ADXL Sensors ]

&IGURE

®

Start

processDataForHistory

acquireSel

nsorData

processSensorData

detectShake

Answer is incorrect

VRN

&IGURE

printQuestions

Answer is correct

questionUpdate

APPLIANCE WE HAVE KEPT A DIALOG WITH P
DEVELOPMENT TEAM TO GET EARLY FEEDBA
AND WHAT DOESN T

)N AN EARLY PHASE WE USED A SIMPLE PROC
A DICE 4HE SIDE THAT IS UP ALWAYS SHC
NUMBERS TO ARE DISTRIBUTED TO THE
$URING AN EVENT WITH ABOUT EXTERNA
OUR 5NIVERSITY WE GAVE PEOPLE THE A
WITH )T WAS INTERESTING TO SEE THAT (
REAL CONCERN AS USERS JUST TURNED TF
COULD SEE WHAT WAS WRITTEN ON THE FA
APPEARED NORMAL AS THIS IS WHAT THEY I
UP A PHYSICAL OBJECT WITH TEXT ON IT 4H
LACK OF SENSING HORIZONTAL ORIENTATION
BY USERS INTUITION OF HOW TO ORIENT T
REALIZED THAT PEOPLE ARE INTUITIVELY AV
DO WITH A CUBE EVEN IF NOT INSTRUCTED

71TH THE INAL VERSION OF THE ,EARNING #
INFORMAL USER STUDIES WITH CHILDREN 4
4HE PRIME GOAL OF THESE STUDIES IS TO
CHILDREN HANDLE THE APPLIANCE )N PA
INTERESTED IN

s 7THAT MAKES THE INTERFACE INTERESTINC
s 7THAT MAKES OPERATION SIMPLE AND WHA
CHALLENGING

s (OW TO TAILOR EDUTAINMENT TO AN APPL
s 4HE RELATIONSHIP BETWEEN PHYSICAL Al
SOFTWARE AND USER EXPERIENCE

ICTIVITY DIAGRAM OF THE ,EARNING #0BE QPR RS bNEXPERIMENT WITH CHILDREN W

!$ 4HIRD )NTERNATIONAL #ONFERENCE ON !PPLIANCE $ESIGN



| #5"% 4/ ,%!2

&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

WHERE LETTERS HAD TO BE MATCHED ENGABEMPRT A#HETDRRNVAS® NOT CONSIDER

DISPLAYED E G ! AND DIFFERENT LEATTRR® IWEREADIEPARXENMGONOOL EITHER A

ALL OTHER SIDES INCLUDING ANOTHERS!A 4HEY OBPELIACE INE THELDREN FROM TI

GAME WAS TO IND THE MATCHING LETOGERVAND I ONBNLYERPRETENTED AND ENGAGI

4HE GAME WAS DESIGNED FOR CHILDRENE SHARTTNE YTOANERARRANNY WITH OTHERS M

LETTERS 4HE CUBE GAVE THE DIFICUCHXLTEANCEHS EUYBHRDSKOL LD

THE LETTER EVEN SO IT MAY BE UPSIDE DOWN OR ON ITS SIDE )N

OUR IRST VERSION WE ONLY USED LERRERS GHRTPRREIBRTNIAIR Y NI RQRERMENCE IT AP

IDENTIIABLE EVEN IF ROTATED &IGURBELSBIORNASI FHRBRFERRSOMVENTIONS HOW A

GIRL IS PLAYING WITH THE APPLIANCH OOK LIKE 7HEN DEMONSTRATING THE APP
SEVERAL IDEAS ABOUT WHAT THIS APPLIANC

4HIS IRST EXPERIMENT SHOWED THATEWEBRGRIRNING MABE T$1tS THAT BY PROVID

SIMPLE GAME CHALLENGING FOR SMAIRARI CALULYPRERFEREINARIAPEHE IT MAY BE

SHAKING WAS PRETTY DIFICULT TO DNEWOAPHA[C A HEOSNE OFEM A ILNRE S

KEPT THE GAME INTERESTING FOR A CERTAIN TIME AND ENGAGED

THEM IN TRYING OUT GESTURES AND ’LSF_O:LBRTHQNSS)N SOME TESTS

WE HAD A LOW RECOGNITION RATE FOR 1F¢1CE< SHARIND TG ESHURE -BUELLERSEN (7 h4c

)NT %NTERTAINMENT 3YSTEMSv
THE CHILDREN STILL MANAGED TO PLAcyN AAM&NL@)QKEELD.&E&EEAO&ERA TEGNRINGER ,.#3
TO MAKE GESTURES IN A WAY THAT TH#é“'jlg'\NAf??'EM REGOGNIZED,

91 UEN $0 % _ *QHNSON " 'ROSS - $
THEM )T WAS INTERESTING TO SEE THLAJEK'EHEVlé\ADA&T)EJDOEI(DAﬁU@RPTACE WITH 4ANGIBLE

COMINGS OF THE IMPLEMENTATION #ONFERENCE ON )NTELLIGENT 5SER )NTERFACES !#- ORE
#ALIFORNIA *ANUARY

$RUIN ! JNKPEN + h7HEN ARE PERSONAL TECHNOLC
YN THE SECOND EXPERIMENT WE PLAYWW%‘%HEF@'\‘D@OIRIPP?%'ELA%SE“’_O'?ERSONA'— TECHNOLOC

TO 4HE QUIZ WAS A BASIC MATH TRAUNEFREzUL THPLLESAEIN © NeOFTY FOR USING DIFFER!
SINGLE NUMBERS ADDITION OF NUMB@F&ﬁPA‘RIﬁD'CGJ(BR/ISBIN"ED\T'ITH'S‘?(S 2 ED .EWDIRECTIO
FOR ATH AND 3C %DUCATION 15
IN THE DOMAIN BELOW WERE USE:DSTﬁNUlADFbEN QU CKL

UNDERSTOOD THE CONCEPT 3HAKING’ AQNH#YT#UR?»MNEONNMB?EER $ N ITERATURE 2EVIE\
IBLE 4ECHNOLOGIESV ON HTTP WWW NESTAFUTURE

THEM ENGAGE WITH THE GAME AND Td—iEo\éE$EEEVME|BMTO LIKE 1T
IDDITIONALLY WE COULD OBSERVE THAPTA@rEHTEV MOA/W@DLWJE@‘EPH'ENATHEMAT'CAL CONC
HELPING EACH OTHER ARGUING AND &H&WF&NI@ R%QhL%MIBQEi&EDSEﬁRACHON OARTICLE
&IGURE HTTP WWW HCILAB ORG PROJECTS PARTICLES PARTICLI
2ESNICK - -ARYIN & "ERG 2 "OOVOY 2 #OLELLA 6
h$IGITAL MANIPULATIVES NEW TOYS TO THINK WITHv OR
3)'#() #ONFERENCE ON (UMAN &ACTORS IN #OMPUTING 3)

#ONCLUSION 2IESNER * 'ARING 1% AND -& 90UNG )MAGERY ACTIC

)N THIS PAPER WE INTRODUCED THE . EARANENG ARHE B ERENGTIEN,, [ & NoT Beine The

LEARNING APPLIANCE O5SING THE COMMOBRRIEPAMPE 3G6RA "ENUBE 6AN ,AERHOVEN + 6ILL

F OWARDS ! #LASSIIC
WE IMPLEMENTED A GENERAL LEARNI%%Rgglﬁm’#@gﬁ%ﬁi&vgﬁ%@ﬁEéFACES FOR 7EARAI
TEST BASED QUIZZES WHERE QUESTIQURSWAND\BARSSWERS CAN

E F T, R * |[VERBEEKE + * AND 6A
BE TEXT OR IMAGE BASED 4HE SYSJE%\MI T%E'S’W?N"T%MI&I,\E-FIET%AL 2EALITY )MPLEMENTING
STANDALONE USING A MICROCONTR®QUARIGSASTEMRFANCESH ABOCEEDINGS OF THE 61K

ACCELERATION SENSORS AND DISPLAYR*EGNRECTFQGNFERENCE 7ORLD SCIENTIIC OUBLIS
4EC/ OARTICLE 7EB 3ITE HTTP PARTICLE TECO EDU

"ASED ON THE APPLIANCE PLATFORMZSMER IMPLERFENTSDP!SION THAN -EETS THE %YEN
SEVERAL EDUTAINMENT GAMES /UR INIFIAINGE:XPE ROMNNCE WRRH !DRIAN $AVID #HEOK

CHILDREN SHOWS THAT HAVING A DIRERRERT, RbYe TohLs AdRM quiTous 1ompuring

AND A DIFFERENT SET OF AFFORDAN®ES PROMPTS A GREAT INITIAL
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