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musical technology offer, our goal is to develop health promoting
technology, in a humanistic sense, that focus on peoples own
abilities and resources, not their diagnosis and weaknesses.

Drawing from the diverse therapy areas this technology should
H'Y RN Idser’s positive feelings and vitality [5], [6], [14]-[20],
give them possibilitiesto H[SUHVV WiK ¢\rRrselvayyY did/
regulate their moods and feelings [25]-[27]. Further, they should

fields of Interaction Design Industrial Design, Universal Design,
Music Therapy and Music and Health.

The project encompasses four empirical studies (see “Generation”
1-4 in Table 1) and three successive and iterative generations of
interactive multi-sensorial things (see “MSE” in Table 1) based on
participatory action research methods. Its user-oriented research
approach includes the users' influence on the development of the

offer the users challenges and possibilities to learn and P D V W H Pprototypes in the project, together with the inter-disciplinary team.
over long time [5], [6], [25], but also to communicate, SD UW L F L SiR Tahtilies and their care persons have volunteered to participate

on HT XD O td\bkild B strengthen relations to other people
and things [5], [6], [20], [27]. Coming from crafts and culturally
oriented disciplines such as Music Composition and Industrial

over 5 years. The children with disabilities in these families range
from seven to fifteen years old, and vary considerably in terms of
behavioral style, diagnosis and resources. All tests were video

Design, we also want to emphasise the F X O VUMKV W K H ¥kthrBed and observed by the inter-disciplinary research group,

aspects of the experience [6], [25], [1], [7], [12], [27]. We
therefore use the term “multi-sensorial”, instead of “multi-
sensory” as the occupational therapist do.
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The basis for this paper is the five-year interdisciplinary research
project RHYME (www.RHYME.no). The project goal has been to
develop tangible musical interactive things (MSE), interactive
multi-sensorial environments, for promoting health and life
quality for children with special needs and their families [2], [1].
The project is interdisciplinary and a collaboration between the

teachers and close care-givers during the user tests. Every test
period included four actions; We changed the prototypes and
setup, from action to action based on the observation, interviews
and inter-disciplinary discussion during the test periods. The
video and interviews were afterwards thoroughly analysed by the
health-oriented researchers in the project [14]-[20].

Table 1. below shows an outline of the RHYME project regarding
the main multi-sensory environment (MSE) developed within
each Generation (1-4), the W H F K QuieddifReddh generation, the
G D WO Oinldadvddtiden andsome PDLQ ILQGLQJV

$FWLRQV

7DEOH 7KH 5+<0 WYKXRWHXEW Rl *HQHUDWLRQV 7HFKQRORJ\
*HQHUDW/ 06 ((Year) 7THFKQRORJ\ $FWLRQWD FRO ODLQ ILQGLQ
%DVLV 25), MiniMac, Video observations of use, Open to many actions,
(2007) Atmel (wireless modules) Questionnaire, Focus Group | relations and roles
, Bend Sensors, Microphone discussion, Inter- Microphone input important
2 Speakers, LED, Projector disciplinary reflections . Too hard to access
_ SuperCollider L%;T;:aar}é?gti(gngoals for sensors for some, Need
music tunes i
Jitter (Dynamic Graphics) Q|rect response at
interaction the place
OXOWBWHGL :DYH MiniMac, Arduino Mega, Research-by-design Many ways to express
(2012) , Bend, Touch and Move Sensors, | User-Centered Design, one-self, act, master over
Microphone, WebCam Video observations of use, time, build social relations.
) 2 Speakers, LED, Questionnaire, Focus Group | Vibration, base important.
flxed_ Vibrator/Transducer, Pico Projector | discussions, Inter- - Too heavy and big, and
S())/Srz;l(rjzlcca SuperCollider, Processing disciplingry reflections hard to hold for some _
pe formulation of goals for Too hot and problematic
next generation with Pico Projector
ORELOH | 5HIOHFW,| iPod + J Device (our own designed | Research-by-design RFID selection of music,
PHGLD (2013) breakout board) User-Centered Design, lightweight, wireless, evoke
, Bend and Touch Sensors, RFID- | Video observations of use, feelings and motivate to
Reader Questionnaire, Focus Group | explore, play with different
2 Speakers, LED, discussions, Inter- sounds and objects
d|SC|pI|n{ary reflections . Users lack microphone
Pure Data formulation .Of goals for possibilities and visual
it o next generation projection-based stimulation
MUSIC WNes | Arduino (software) and experiences
6RFLBIGL 3ROO\ :R| Wired (MiniMac), iPad Research-by-design Many ways to play, re-
(2015) Wireless (BeagleBoneBlack) User-Centered Design, gulate feelings, express one-
, Bend, Touch and Move Sensors, | Video observations of use, self, act, master and build
WebCam, Microphone, RFID- Questionnaire, Inter- social relations over time.
Reader disciplinary reflections Some user
. : ‘ groups need
tunes ) 2 Speake'rs, LED,- Back Projection Iﬁ:mglatelr(]):r:;gr?als for Ipnger tunes and daily,
(user wish) SuperCollider, Twitter, HTML g rituals. Need washable and
lighter textile solutions
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JLIXUBUWLIDFWYV ZALDVUKWER,SOD\ |
EDVHG RY XG/HHVLUHV« DO G LOIRNE QI

B3RO0\ :ROVR LMQFORXGH3V IRU GLVWULEXWE
WKURXJK D *8, VHH )L DHNEAOWWRHIIX IKIH KV F
ZULWH PXVLF FRPSRVLWLRQV VRITEKWY QWKH/
X 2 ~ SN SN QHWKIPDNHRU LQVWDQFH VLEOLQJY DEOH W
JLJXUH 6RIW DQG VHQVRULDOD/Q\GEF 3ROO\ :RUOG HYHQ LI WKH\ DUH QRW DW
5)," VHQVRUV ZLWK OL%KWJUWWPRN VFUHHQ LQWHUIDFH LQVWHDG RI D SK\VLF|
2I1HULQJ GLYHUVH XVHUV. GLYHUVH ZD\V

'H VKDSHHG WKUHH ZLUHOHVV REMHFWVL DY O PRKHHNLS By ¥ K RSETY 0 WHHDER DI
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PLFURSEBRBHOH UR P B)W'HIH D@®UD ) LIXDBO PDQ\ XVRMSN DV SRVVLEOH
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VLQA¥MIWQ GV RXW DV D VSRNHQ MLQJOH DK LER/QW RVAUBREIQW KN PWKHDG\ DQ LQVW
MLQWXHDW DUH LQVWUXPHQWDO RZQ UHFRJQLVDEOH DFARKOEDFHVEBRYGWL'
30D\ D 6RQJ RU D 30D\OLVW PHPRULHV RI PRYHPHQWY WR UK\WKPV GD
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WKDWVWKRRKOG HGLIBIXFLYHAH )LIXUH HYHU\WKLQJ ZKHUH WKHUH DUH QR ZURQ
\V \ QWLDOO\ XQVDWLVIDFW
&KRERXQGV )RU 3K\VLFDOO\¥ %&&Vﬁ?u{f@'@@%m PDVWHUG EQ WHKRIDFLY
,Q DGGLWLRRQMRNKQWHKHDMBE QW RQJIV D WEH' WDJVYHERMIGAHH )L JXDGIGU\

MLQPOHRRXOGLRWWRIDFW ZRBMHSKVRLFQ
ZLWK S§DJV VR FDO\CKHL®VUMD JIEBUKHYH> RPSRQV  UHBUNVH QUOLIORIH Q WK H )X JRMK HD

DUH FXOW X WREWHFHRDGHRKK DV WKMW UIJ:'F W ﬁ()ﬁ’\ﬁ %BWW[F%‘BL@HDUQ WR P
RIWHQ FRQWDLQV YDOXHV VPHOOV WD B&R igRX ‘% BQQB%\‘EW
6LPLODU WRFWMK&V VIRWQAXVLFDO EHDWYV L FK

WDJIJWKI QJ KR X QG XWKHDMWFDQ WRXMHMH EHWZBMKPMHPL[HG /LYH OXVLF

KH RIKRRIWDOD DIJDLQVUWDISBY,' :H FDOO WgIH\OMV M B YO GAL Y & UMIRP W[KIHG MDLQQG) H RRIW H Q H
FKRARIXQGV EHFDXWHAKMWXH/ VZDWKEHBE WMWK HQGRYHER WK H R\QK HD ®B® J WIHVHN ) L J X IU\H
YRLFHV PDNH &8HD VF KR QU D K\WRVBX\Q BQW KHCI® SURY L MHGP X\HHBU OLRH DY NBQURGRPSDUH
DGGLWKROVRRXQBW\ EDVHG RQ UXOHV FRRWIWROQBGCHWERNMKHD QG 5HIJXODWH 3RVLW
VFHQH VHH EHORZ XQGHU KHDGOLQH (DHERHSHSE H BWHRQIHHFOA W \O \RR QRONNGY EHIHWRWAHF® IQHH
:D\V FDQQWHUDRWHZIRWK GLIIHUH @W ®\D FRIER X L

7KH XVHUV FKLOGUHQU\SKDHG\E W DWG®DAHDERYY WRDIW YV R U VEHDOW W IRH - WAKHP@H H V
VHOHPWM(HQR &M AKWWDWRD WO GUXPV GROWYYRRHH YRWKIHWVRIHV DFWLYH WR WDNH
W H EG\D UV: HHKADFY H FK R RIEQ HRMWARPB D Q\ WKHEQ YHUVLRQW®R MK RAXAH GO
GLIIHUHQW MWFKIQHMOHSKDQW PRQNH\ WLIHU\ §O® [ ERIQGM & HX V L F
WRA\NKHDUH WKH PDLQ FKDUDFPWHUV TRHW K a8 6§ WORU HW K FH & VGILY H DUUDQJIHPI
$QLPDOV LQOSIBRBEM;UQPIBEIH 6WHQWRI®) a\QDPLFDOOWVKHPRLGBPLF UHPL[ RITHU
FKRVHQ VRH QHKBELWK WK DRRUGDPN LG HULQJ H[SHULHOQ FHY/RVQP RV &MUV RQY |
VRQONUUKWYHHEHIN®RIR D 1RUZHJLDQL%'9\H—I—L%FWLRQV ZLWK WKH SRRABRWPRIPH® VW
DX®IFHRUHQH UDRIR W H VW LOKE BREXWBUY pp| FDO GHRZHRIIH WRRSLQJ SDUWV LQ +
VWUHQJWKNQRHBRORQMMIRRRWLRQV WKD W K WOEHW DYDWEIHPHQW E\ SX
SDUHQ@WVKDYH WROWEEG RKH WDQIKHO Hy Re N/ 7L WIOB®D.'KROG X B)GHLH MGAEH
XVHUV RI DOO DJHV DVVRFLDWH VRIW WREk Zk Mok Wﬁﬁ@oﬁ@%@@%@r@#wWZH
LWV WHGG\ EHDU WKDW D FEDQ®\Z RV YRANRRY Kb KR&zM FRIWHQ XVH WKLV ZKHUH I
EHG RU IHHO VDG DQ@&LOWEHOWRIBMIHMRHERE 71 wk GLVDELOLW\ ZDQWY WR EH
VDIHW\ DQG FRVLQHVV WR WKH FKLOG | o\ W X ORBBW ERL ZLWK
ZKLFK HJYBNHWHFWURHHWH{HNQ{JTXDOLWLﬂ?\g@pm—bb ELQJ WEUGVRBGHU WKH 5).' UF
7KHVH DUH TXDOLWLHV ZH FRQVLGHUHG3 &Rk ;WL YRR GVRWFO M REHIW Z HH Q
GLIIHUHQW REMWPWY ZHWEDSHG RXU YHEHFYRLIRG RP F R ik DWRWS WHIS ZIRHU M D F K
LGHQWLW\ FRVLQHVV VLJH FRORXUV M QKeFRQMAPCHY HRY 1B Gv R P URDWNdDRRN @ w
ZLWK D SDUWLFXODULWRH ORRE QWP SQOHy yFk > HS L@W @R W KHDGAP RW WAKROR SD Q (
DQG VOLSSHUQVWEWR WLIWW ERWK DV VRF%W\/H@/@R%I\!{B PLQNKI—FO/‘HPPHHUBWW ®OLW
REMHFWV 7KH ELJJHVW GRJ DQG VOLSSHY 0P Y L N HWATHH B R ¥ WHEsD Y i QRO Ny x F
VRXQGV ZLWK IRXVHERIQEEUBRWJ VRXQGC sMPFWwPHNH KRB\ UK\\WRP HD R G HHIPIRUPHRIGHW H
VRXQGV FRQVLVWQR IKRUNW R BIS\BF DU\ JW&%QWM@@\HNN%W WH VRXQG HOHPHOQ'
ORQJHU VDG EHJJLQJ DQG ZKLQLQJ ZD{QlQyey it 1 @@W%ﬁ%(ﬁ( KRUXMVHYGUH I U
KLIXLWFKHG GRJ VRXQGV ZLWK VKRUWHUY KR &ep @R“N(\;\%&?@XM@RWW VIV HU
SLWFKHG EHJJLQJ DQG VDG ZDLOLQJIV HREK W b Hy Dot MBI RO WM H DEL C
ZLWK WKH VPDOO GRXQGW LW KS O DAE Q ® @ %Ry, bfs LEM'D W HDIHEP M @ WOME RGOLAWR) F H
,Q RUGHU QRW WR UHSHDW DQG RUNH RE@DYRXGRHRI WR/K&Y\DQQ/Q)KEHXBBU\AFFRXO
WRJIJEMHWZHHQ WKH  VRXQGV ZKLFK PRNHWWMKR GYRYEE' .0 WKLV VHOVH 3
VOLJKWOL PDGWKH SHUVRQ IHHO PDVWMRJYHIKGHU LI\
RWKHUM QJ WHVWV ZHXREVRHUOGIE G/RRR Z

182



PDVWHU WR FUHDWH D OLYWH@MRE\ EFUHIPWRQYJ K®WKHV RQYH 7KH $DHKDDGV LQ
FROODERUDWR@IKEIUWK FORVH FKRVHQ WKH VRXQG EHDW SOD\LQJ EDVH

K ULQWHUDFWV ZLWK )F
&KRERXQG )HHGEDFN WR ODVW\P‘Q\US 58&\4@ ﬁbé\g—:(EQV\DYSRLLF\HRQOIDROGV W
'H REVHUYWRPKRZUV EHFWPHDWHG WR L@Wﬂ"bD\/FVW\ngW RU WKH FKRSXWFKMG)

WKWDBIKLQIV "WDQILEOH WR\V = WRROY 30 kW WURKHOW S itHo Krocy WK
VRXRGCWHEBPPHGLDWH VRXQG IHEZGHGEM H( BGV Q HW DQRWKHU WEBI®SO HZ KN UW KIR
WR VWDUW LPPHGLDWHG®GR ZH WK HHUNIK\DRJ \M I'})\IWK(WJRIE@IVIH?WQ‘G PRI WUDQVSR

PRWLYWDFWEIEH_S}G:WDWLRQBFRO’GIUWIKHFFHEHVR HJJLR PHORG\ [
VHULHRXRIGY WR WRJJOH EHWZHHQ )RUGUEI%¥SQ DWI{WK%UE%QB% HV WKH KELVER

WD JIHGZQIWWMKK UHH GLIIMENG®PBRR/IAE RH H,
GLITHUHQW SD WM RGEG\WKHIMDPIQW SDUW W@ﬂ SWFQ,R\/)F');\?V?_%? MATAABAAY
ULIWKDMQ EH H[SHRDM HF@PHQJ IURP WXH VDPH VRQ

WK LQ W/ AVKH U LARQ W DESGIMADHW W K H VD P H WL!&RPELQH $00 7R ([SUHVV 2QHVI
WKDW ZH KDYH XV HGMAR S@IRMRMGH \EBWASEQ! D E GIHS WIRVY R B HRNOI®VEHUVRQ WKDW
WKURXJK FKDQJH DQG YDULDWLRQ XVHG 3ROO\ RUOG FUWDIV\M.I—VQ-I@RGIRIQWRW}F

ODVWHU WKH OLFURSKRQH qu SRV HPR AL BT XL BEWERRY E
,Q WKH WVRHEWWVY YZAHG KRZ VRPH XVHUV Zq_ lgl &); KVIZ)IQI-G LPHDVQLCB\Y O7
WKHLU RZQ YRLFHYV DQG/WERQ\IJKHDH!/W(W FF o BQG WKHQWD JJ
,Q 3ROO\ :RUOG D SHUVRQ FDQ PDVWHU \Mﬁd%élbﬂ\\G 566%R§%M@MQWWMHC

JHWWLQJ LPRGISQDW IHHGEDWNP TKRHS \% WHUDFWL J] DOG WR ERRXERE® EUHI
WKWHRXQGWELNUBRG WKH PLRSRIS®RWHD GV Q Q Q @™

H oV K HE\ o DE

FUHDWLQJ D VWURQJ YLVXDO IHHGEDFN ¢ (YR L évw % lﬁa“%% DW LW
PLFURSKRQH DOVR DGGV DQ HIIHFW DQGy B VR'Ssti_ BQMHREQ\
RQ WKH VFHQH DQG WKH JHGBB QI DIG % @Fi’b(c UQUWSKH PLFURSKROF
HITHFW VXF&HODHFKRYHUE RU FKRUXV R LOBUPKH DO
UHVSRQVH VWUHQJWKHQV WKH IHHOLQJ, éL VWI—tH QQ&@@&HMK LR C
YRLFH VRXQG VWURQJHU 7KH PLFURSK Qp| FUF
EH SOD\HG EDFN XVLQJ WKH PRYHPHQW 2 é HPEVH W E\ FK
3?{20\ $DSHRR®R;QHFF@*§/Z?UP®%KSL§M‘FWUV OD\LQJ GLIIHUHQW SDQWKHRI W
QG DQG BWE® U BR WK GRJ WR FRPPHQW RQ WKH UDS

L YHU

SRWHQWLDOLW\ WR FUHDWBRWNKHEEGHHW

GHYHORSLQJ PDVWHU DQG OHDUQ QHZ WLHV RYH WLPH
) BWUHOJWKHO 5HODWI
([SUHVV 7KHPVHOYHV LQ 'LYHUYHO Q@FHGL MEHQUHWKWSQQGRUO
'H REVHUYHG KRZ WKH SHUVRQV LQWH{R&r g\],\”g,g ﬁSQWLBHQGWR CWKH U

LQ GLYHUVH ZD\\GDRFSQD\LEXILOGLQJ P VRELWK G L IDIDEH & WH O WL O
WKHLU ERGLHV GM\WWRA WRHELQGWHWR SODJ SUHIHUHQFHV DFW@LWE s:;?op

VFHBRH GV WR SOBDNS PRMMUHFFPVHOYHV VL
G AR LR RARES AR RS rer v

PXOMIQVRULDO HOXYEGRDWHQMQ G H[SUHVV WL{ ROO\ KOO VYL R HIBIVN
W EBw

UHFRUGLQJ WKHLU YRLFHV LQWR WKH R

VRXQG ZLWK HIIHFWV VRXQGV WDFWLOH YLVXDO DQG WDQJL

&KRERXQG $OJRULWKPV (QKDOKIQQJ PRSIBHMIKPRQHWF DYDLODEOH D
JXUWKHU ZH VDZH(BD WWHE VE\OYWWUDFWREGPDERUDWLYRGL Q WM LNDLAVBILFRWQWD\PHR Q U FOX S
ZLWK WKH X0ODIX HDBD QRBE WHREWWKDW SODAVENMN FKRLU

VRXQBR PRWLYDWH SHUVRQV WR EH FUHRWlYHDRRI MNP Lm_%\j D®QWW H
WKHPVHOYHV RYHU ORQJHU WLPH LW z'gg}i\ﬁ?wgw\(w%ng YE@V@* BWHYV'

PXVL¥FDOLD'WHRRKNRXE@EVWHKHUHIRUH DOV HWKH PLFURS KR QW HIDYV® WK H
DQG UHPL[HGL JQWEDU R WD \3 RYPPQ F D o\ 28H SHUVROQ S
FKDQMMULDWLRQ UXOHV IRU HDFK VFH H J, vafﬁ&liFgRgLécéﬁQH ZKLOH WKH
OLD E\ $%%$ ZH KDYH G HWL HDHGY WK@IGY,X JPV WR SQD\ EDFN WKH VRXQG DQG

WKDW PDWHXWELRDJ WR\ WR FKDQJH WK Ry W BV §k|bw DUPV: KK K IRYUH V K H
SOD\ WKH ODPPD 0LD HIHR B G\QW W DANKFHH E}EFSL’_%V ISIIERR&JN\IEW WKH PLFURSKRQH F

WKH GWRR\ ZLWKWB)Y,' EDUNZRRRREZRRI
PLPLFNLQJ WKH PHORG\ DQG UK\WKP LqQ\%/%,JRs%DﬁJLOPy@SXWPQBHgLBHDULQJ WKH PDC
YRW KM HIJWD\LQJ DQG FUHDWLQJ ZLWK WKH PXVLF LQ 3ROO\ WKLV

YDULDWLRQ ZHEM FPRPELDR\GEQEX WIWURQJ 6RXQC03HPHQW (GLWLQJ )RU 5HOTL
FRQFHRWELQLDIPIDOLRGARDQG WKNQRHQOH KDYH HGLWHG OMRH QMRX Q® VWK Bl H\DR MVGKHH\
$%%$ VRQJ LOXNVWUQWRNISHUWLFLSDW M HIO® BRUBHEFW OQ D EMRQ DWLRQ Z 1K DWKHJ H I LAD K\
HQWHUWRYQEDONGRIH H[SHULHQFHG WRDWM LAXVAFDO HOHPHQWY WR VXSSRUW
PRWL YIIRW LW K E KAVOHXOM WKH SURRIDWXYOR | HQWPHQWW VRI® CKRMXFFHHG HDFKXBWKHU
WR WDUNW ISQ IRU WKH X\KHOHMWED D\ POV WRWKNE RRIRFS SRRQWVD WA PQMIQY OHYHOV WK
DQG ZLWKRWKHW WKH VDPH WL@BP LA GRIDWUWIGERKHY HPOWIHFDO O\ VOQWHVYDEYWLRQ V



LQ WKH VHQVHVWIPW AR IO\ W iV & HH D EIDBHRY GIRIU H PDVWHUHG PRUH JRW PRUH |
WLRHG IR FDOO\ ZHKXOWKRIAWEEGWU PHOQRGILFDROMOARQV LA WIQ HRFIKQORWHKHWRRS :H
DQG KDUPRQLFDOO\ LQ DFFRUGDQFH ZKWEK MAKHHUVH@XWL QaJH WRKQ & OS UGHRER/W WK HD W
VRXBGHPHQWY YDU\ VHTXHQWLDOO\ RQVIN KRW HIRQYRD K REBHKXWRRYKN & O B WRIWG SW K M RROW
WKDBK LOW XS IURP YHUVHV UHIUDLQV FXGHQIDH DOVIRVVEZ KRX IWKHYQFRQWLQXHC
FDDQBGHVSRQG HWHX@ERHPEQWY YDU\ RUHFRHGWEFMBXQG ZLWK WKH PRYHPHQW
OD\HU DV DQ HQVHPEOH $Q HQVHPEOHH[BUANYILQIDYRMQGEM WKDWUHQUH QHYHU KH

YRLFWKDW LQFWNRUQVIRRWPDUSHJJLRV RQWE%W I-M?_DE K PRWLY DWH@ PD\
¥ ol S | Bl o

2QH H[DPKERH WKH EDVH DQG WKH GUXPMQLGQ WW"KV—E\HOGNHG.KQ-IHG W

FRPELQHG ZLWK DVRDOQEUFRIHBRRIQU DQ D{/ehadl\Re B RO VBWK\WERUGHAN ZR SK\VLFLC
WRS 2U DV WREHPMRMWQYGLQ WKH QD V Y5 FWV W K B WU Z HURX & HIDQDG N
:RRGODQG IRUP DQ HQVHPEOSL WEGHGT Equ & E ERYHUV | ERPSDEW Gl
ELUGVRQJ FRPELQHG ZLWK D EDFNJURX f EFE%R%‘%‘E‘\L;\H%Q FDUGY |
DQG D OD\HUS RADNORYVIBUR SV RI$SXJPHQWDWLYH DQRBP B®QHADMDVRIY H$ $ &

5()/(&7 216 ZHUH YHU\ RXMKXHLBREBXQW RI GLYHUVH ZD\

"XULQIBHR OO\ :RUIR)MEEIHV\KBD(S—HULMQWB(GWL%QE}L{/VRQVDER“:Q:GD@WKWH@MMRU LQVWDQFH
S'H DIMWDMAGHOUD FW  FIDWIG DVIRVAS@IHY RIVIQU O H
WKDRXQBW KDYH EHWR BERWWEBERMMVR DR X BRIV H BUWRD DO LOVWU
XVHQYROYHPHQW ZLWK UHSHDWHEA[DF & lz gg% M GHU WR SC
IDPLOVHRW D KLJK QXPEHU EXW WR Z rg ‘\715 Q ‘5[5 PW% I'\;XV\ZQXUWK
ZLWK D YHU\ GLYHU\HQ GUWKBR RV
VHUV UMTKEBFWHDVHG WKWRQB& QMHIK/H I URE
JLYHQ XV DQ XQGHUWBGWDKYGQEBRFSO HRL ROLQO WKH WK JHQHUDWLRQ :F
"LYHUVLW\ EHFDXVH RI FRKQH/ IZL\E HQX VR PRUH SHRSOH ZF
ZLWK VHYH WM GGWIEHOUVWBIDUHQWYV VLE 9% %H IWELP LNLQJ :H FRXO
VFKRROS HUKPWZHGHDUDQJH RI VLWXDWLE %QEJ LéD + e FOIHE)IQ;HQ/BZIQ\ME?O(\
RYHU WKH \HDUV RI@FR@D MERUD \DMRQ L SOD\LOJQWRURMLOIOLVLQJ ZLWK H
XQGHUVWD QRRREIOR LBWWHX OWXUD P ¥OWL R
ZEWK GLVDEQ® ZWH.[F\O/IDWRE ZQ WXKR X
VHQVRULDO L QW HXIIDG ML LY H{VHANGUHRE | VBIRVH - Q, W IV LQ WKH BRXU GLIIHUHOW
GLYHUVH XVHU JU\MR[S@RVVLVEKBEWHBVHQ/ SRS AVRCAY \5%%
UHIXIOPRWAERQW DEQGBIHDMWH UHODWLRQV 7WR HIDAK B WIRMHEYIAHEBMMR MK LQJV DQG PXV
5HIOHFWLV@KGIRYH O RBHGL@GW UL QJ \HDUVvY, é’v LQ FRPELGDDRXY LB IVER WM ORW
H XVHUV DH\S HR Q NROBHAGRIWD W H (
JHQHUDWLRQV RI WHFK®R®/RI KWMB By N PGLWLQJ RI WKH PXVLF WXOQ|
WKH PRVWFRBQURXNEBWH ZHL & B G MIKR®H JBYLWKPV IRU FUHDVALQY DHFXKQEFXHDI
QXPEHUPXMHMIQVRULDO SRX® WELLIDLAVL Y Q LY,
H H EDPYHG RQ NQRZOHGJH DERXW
PXVLFDO DQG SK\VIRADDQWRWEHQPML FIKHQ £ hp %\XVL%"J JB%DOLWLHV LQ OXVLF 7@&HUDS\
JHQHUDWLRQ GLGQ W WEPMWX &@H ViDL BUVR ()| K DOVR EDVHG RQ REVH
QG JHQHUDWLRQV WKH XVHD®GH \J(S' RPSDULQJ
GLVDSSRLQWHG ZKHQ WKH\ GLGQ W W 3 m&m%%\ﬁwmw
H[SUHVWRIMHRIG\X VLLFHVR X URHY L QF @XGIL P - g DQG 7
PLFURSXQK® LQ 3ROO\ :RUOG SDLULQJ \/\5 -{.; H W U LDR
QR =
W K
B ® g WH L

VHQVRU DFFHOHURPHWHU LW OHDG WR.T
FUHDWLYH H[SUHVVLYH PRGHV DQG DF
LPDIJLQPVWALRWOKHVZDWHIQW D Q G REKW DXW\M H &
VKRXW DQG VLQJ LQWR WKH PLFURS
YLEUDWLRQV WKDW FKDQJHGVEDWKP B8
WKHLU H[SUHVVLYH UHVRXUFHV 7KH
FRQWIQXRERUG FKDQJH DQG UHSOD\
PRYHPHQW VHQVRU¥R®®REFHDVRGQHW KW
PRWLYDWHG WRHPRVWHU GFHHOYRRWBIHEU VAN &/86216

BROENFDPBIUMH®@D FRPPXQLEBHWAMER XVHUY WKLY SDSHU ZH KDYH SUHVHQWHG DQ L
ZLWK GLILFOUMQWVDBHRU LQVWOQREBWIR QWK OMI L DO HQYLURQPHQW GHYHORSHG |

VHQVREMHEWVHDN HDEBHH R@OP\KQBHWRQ WREOGUHQ ZLWK VSHFLDO QHHGV
Rl WKHWRIWEUDQWHUDFWHG DQG UHFRUGHG VRXQGV ZLWK WKH

PLFURSKRRXH RWKHQWNBHDFWHPER YHRMHQ WKHKDYH SUHVHQWHG KRZ ZH KDYH GHV
VHQWRIPWRQWLQXRXVO\ UHSOD\LQJ DQGHRMHFRQAPHRYW HQGRERHY SWR PR VHLQ W KK DXO
UHFRUBIMKH ILUWWLRPYB Q3ROO\ :RUOG zHWXDK PV WR  (YRNSHRWILKH YKV HHUMBLQJIV D
H[SDQGHG WXRWFHH EIRBVHUDFWLRQ SRV \AIHEIXOBW H WKLY RRREY DQG IHHOLQJIV (]
QRW FEQM PRAMHIQVRKILMAYV WR XMHIMRIAMYHLR WKH LQWHUDFWLYH HQYLURQPHQV
WKH SRVVLELOLWLHV WR H[SUHVV DQG YPU+PwhQw kMWWHRY W K RERH WK RQ Y\GV R
PRUH DV WKH FRPPXQBU.FEMPI[KFH(QJI—ZD-IWI—V\UZ\E%QA)KH S
KV Wi

HY.
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FRXOG UHFRUG DQG SOD\EDFN VRXQG : GHVLJ
DFFHVVHG DQG FRQWUROOHG DOO LQSXME VW RYRW P @K \ﬁ@ s i L3
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WLPBRPH SDUWV VXFK DV WKH VRQJV DQOWWMRN WK\N&RPE WRY @DIHFH DQG UHOI
FXOWXUDO DQG IWRD®/L WKUREMEHERWDWLRQVSORULQJ LQWHUDFWLYH KHDOWK PXVL
UHFPBI®RULHY DQG IHHOLQJV 6RPH SDUNVDEUGLVLEVWDXG RBG IDPLODSED\LQ!
DO JRUMNRKPQF UH DR RWSLIRADM. ER®DR X BIDEBEVW\ VWXEWHQV WKOXVLHE +HDOWK 7HFKQRO
OHDURYBU ORQJ WLPH 7KH LQWHUDFWLYHHNQIRORYPHRQ USWENOKLHF DA RRIGY 6HULHV
FRQVLVW RI D VWUXFWXUH RI FXOWXUDO S®OHQWUBIQR RPMMEW D X KKi DOWBPLOLDU

PXVLF HOHPHOWVDR@EGLILWDO OD\HUV JRI v(gkliwzq\g»-sj.DglG $*|‘£17ﬂ +HDOWK DQG

KDUGZDUH FRPSRQHQWYV 7KH FXOWXUD '
R R

VWUXFWXUH EHFRPHV DQ HPSRZHULQJ DQ
FOR I\ RDYGRHYLA(

FRQQHFWV GLYHUVH XVHUV WR/J—tQ/V/}RHJULD@OQ(VQFFLfI,—_l'BWWYK
FRPPXQLW\ SXEOLFDWLRQV GIQWLHY IIRR P XWKH & QG

$&.12:/('*0(176

‘H OLNH WR WKDQN WKH I5RHVHDQE KWERX @WHR WKWK . 5XQGLQWHUDFRMAYIRUVHFK
9(5',.7 SURJIRWP WKHLU ILQDQFLDO VXSSR UMW DrQMEACGSH \WMikh i@ UWVKH ILHOG RI PXVLF
SURMHFW DQG DOO SURMHFW PHPEHUV IRU BRXKHMEUWKROWIMN BBX MR VWEKG\ RI Wi
HVSHFLDOO\ OLNH WR WKDQN J)UHGULN 20RAVVRBELORWERY 8 ODEXQI &b WHIWREK [TV 6W
XQLTXH DUWLVWLF DQG WHFKQRORJLFDO ERPOMIKHGHHA KIQR CSHFRIOHBRE P HYW QR |
PXVLF KDUGZDUH DQG VRIWZDUH 3ROGXERUREGBNLREQY &HUGHRYBRP DVXGI KHDO!
JHQHUDWLRQV ZRXOG QRW KDYH EHHQ SRVVLEOH WR FUHDWH ZLWKRXW KLP

5()(5(1&(6 > @®XXG ( +HDOWK DIIRUGDQFHV RI WKH 5

DUWHORNVWKN +HDOWK 7HFK@ROGRM WRG '

+1OVDEWRPNIERQWp U XV DQG KRROWK

> @OD[WHU +HDOSROLW\ > @WHQV WK uOXVLFPOWDRQYT" ([SORULQJ K

> @UXV.FLD 'HILQLQJ PXVLFVARHUDBS\ SURPRWLQJ SRWHQWLDOV RQ WKH XVH F
%DUFHORQD 3XEOLVKHUV WDQJLEOHV IRU IDPLOLHV ZLWK FKLOGUI

> @UXV.FLD ,PSURYLVDWLRQDO 0RGHOV RI'BMW1HRAMNLHRIRO 6WXCEHNQRQ +HDOWK I

> GROYVMRUGHVRXQWAEMQWHG OXVLF 7KﬁU@¥¥\H \\/NE/)LKFXFRu(Pk%Yénvﬁg/g&végoﬁawHWHN
OHQWDO +UIRMIMKFEDR QD Q

MUVERQ $PERGLHG DQG
>
@f);)égQ,_%ODXH\J/\;ﬁJRKggDS\ ¥ 3HUVSHFWEY'%_ V\|/§L'JHL XWHG 3BIWOLAGHO 'HWDO HGV

'HVLJQ 8 8QLYHUBW MG LRHIV<RQ NHDOW
> @&DSSHOHIGHWUYBRQ ([SDELQJ WKH UROH7RFKQRORJ\ DQG ,QIRUPAOUMHIVAAN 9RO
WKH LQVIWRFRHQWSBQLY RI 2¥OR $PVWHUGDP

> @G\UHV - 7KH '"HYHORSPHQ@WHIJUHDOMEHWHQGHUVVRQ $ &DSSRIDHN DNG WDQJILEO
7KHRU\ DQG 3UDFWLFH $ &ROOHFWLRQ ROWHKHDRWINNORVEB+ ROOWK 7HFKQROR
$\UHWMHQGDOO +XQW 3XEOLVKLQJ &RPSDQMHVLBWHQV WK . SKEOURBWMUREYV IURP

> @XQQ: 7KH ,PSDFW RI 6HQVRU\ 3URFHWKH &QW3HyIRY BRVWLF DQG KHDOWK
RQ WKH 'DLO\ /LYHV RI <RKXW®Q )BAKILOGYH Fb QSHOFHIGHUVVRQ 7RZDUGY DQ (PSRZHL
&RQFHSWXDDI DRWHMRKRE) & KLRIOG QR 7DQJLEOH ,QWHUDFWLRQURKREOYGRU 'LY

> @ERZOHU 60XOWLVHQVRU\ 5RRPV DQG (QYLURDPYUHWRI ,6%1
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