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,Q WKLV SDSHU ZH H[DPLQH WIKH F3H P B O/KSIPHDOQW FRI HBFKHUV - XV
PXOWLS@HVDMWIRWHG X ULQJ WH B RKHQY LIUR QRAMG R ROHRKH SUH
WHDFKHUV WRRN SDUW LQ D SUHSDUDWLRQ SURJUDP DLPHG DW
WHDFKLQJ PDWKHPDWLFV 7KH SURJUDP ZDV GHVLJQHG RQ WKH
3HGDJRJLFDOQRRQMGUMHW 73&. IUDPHZRUN DQG WKH PDWKHPDWLF
FKRVHQ IRU WKH SURJUDP ZDV WKH VAHROQFAHSW WRHID BKHWY DW LY H
GHYHORSPHQW ZDV VFUXWLQL]JHG LQ WHUPV RI WKHLU NQRZOH
FRQQHFWLRQV HVWDEOIQMBWLRPRQD QK R IUWKHHDNSHFWV RI GHU
HPSKDVL]HG E\ WKHVH FRQQHFWLRQV 2Q WKH EDVLV Rl RXU DQDO\
WR SUHSMHUWH ISSUH WHDFKHUV IRU HIITHFWLYH XVH RI WHFKQRORJ\ L
QHHGV WR H[SOLFLWQROQRFRY RQUWKSOIKQHSUHVHQWDWLRQV LQ W|
PDWKHPDWLFDO FRQWHQW XQGHU FRQVLGHUDWLRQ :H GLVFXVV Wi
VWXG\ LQ GHVLJQLQJ DQG FRQGXFWLQJ RI WKH SUHSDUDWLRQ SUR
LQWHJUDWLRQ RWWMBFKQ@D RDWKHPDWLFV

Keywordss GHULYDWLYH PXOWLYBHYLHSHUWWBQMHDUWWL RF[@G¥%. SUH

,1752'8&7,21 ODWKHPDWLFV 6WDQGDUGV 1&7
05V ZKLOH WHDFKLQJ PDWKH
7KH LVVXH RI PXOWLSOH UHsms\m-DQ/wpw;LRQv 05V LV DQ
LPSRUWDQW RQH LQ PDWKHPDW v HG WLRO DOG DWWUDFW
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6WDWH RI W WHDFKLQJ DQG OHDUQLQJ HQYLURRQI
&RX FLO V \HDUERRN IF

x 8VH RI PXOWLSOH UHSVHWIK®R Q VEFKRRO PDWKI
DV WKH\ FDQ SRWHQWLIDR)LD QVLGHUL
HITHFWLYH OHDUQLQJ DQG DV @ éé‘lzﬁ WQR

RI XQGHUVWDQGLQJ RI WKH V>E) 'Y')L WEOH WR WKH VWXGHQWV $V
x SHVHDUFK RQ 05V VKRZ WKDW FVJLWIWHSQhQN(yH YLVXDO PRC
EHWZHHQ DQG DPRQJ WKH 05\'(N|RBW KWW HOWAGH QW XQDEOH W
HISHUIGHQRMLIQHFRQQHFWLQJ W @H%W HQW HIIRUWV =ELHN HW
WKHPVHOYHV +RZHYHU WHDRKHEYORBRORW D M DMOKOH. LPS
IRFXV RQ WKH OLQNV LQ WKHLMB@VWH%%W&HRL GLYLGXDO UHSUHVH
x $V WKH WHFKQRORJ\ KDV WKH| SR WH®RWADXOGW 8 WD MR WEMNH FRQ QH |
OLQNV H[SOLFLW ZH LQ WKbVURKXON XIBEKVY VRD GEEIHQ J
VHUYLFH WHDFKHUW-QXWHOBK[IROIFIO RIHPWHQVLYH OLWHUDWXUH UH®
ULFK HQYLURQPHQWYV DIWHUHMWRHQHWRRNKE® RRMSUMH/HRWDWLRQV
GHVLJQHG IRU WKH LQWHJUDWHRRQR O MIHKHKNVORIORY\ 2R WRH EDVLV |
WHDFKLQJ DXWKRU GHYHORSV D IXQFWLRQDO W
WD[RQRP\ GLIITHUHQWLDWHY WKUHH PI
&RQWULEXWLRQ RI WKLV SDSHUVWBYMKHQOOWE‘UQWQ(JJN/LWXDWLRQV W

x TKH VWXG\ FRQWULEXWHG WR X &’MW%%HP ng

OHDVW IRXU ZD\V )LDJWK(VHBI
UHVHDUFK R/QiU(\RLZFISLW-IHDFKH HV WKDW RQH VLQJC

WHFKQRORJ\ LQ DGGUHVVLQJ lo%/ I\i(ZQRFL\,NVbE?:L\
ZKLFK WKHLU FRPSHWHQFH IR K Eé? 9‘ UROHV
GHYHORSHG ~ 7KLV VWXG\ FR YROYH GLVWL

XQGHUVWDQGLQJ RI WKHVH L
x 6HFRQGO\ RXU VEKRUWGF LTS U WLRQ RU PD\ \(i,(visilévgsg,ﬂ
GHYHORSPHQWYVY LQ WKH XVH %ﬁ H,AB HOYLURQP|
7KLV GHYHORSPHQW FRPHYV DE W UHJDWH RI
GHVLIJQHG RQ WKH EDVLV v WKH DEVROXWH

3HGDJRJLFDO &RQWHQW . %

[ Q DOKIMEUDLF
73&. T7KH UHVXOWYV VXJJHVWU \ﬁtﬂh &[Wl CIR R Q@ WR L

CHVLJQ WRERW PRUNWHU JLY o HMIRIUGOHVY Rk KRZ ODUJ

x TKLUGO\ LQWHJUDWLRQ SURJU F@f GWWRVE ) B MV RHWDWLRO
LQ ZD\V WKDW DOORZ SDUWg w% DAVRH Q) b Bl QW VWKH o
REVWDFOHV VWHPPLQJ IURPV\k ,QL WU WhiE & 1 QUDFWLRGC
SHGDJRJLFDO DQG WHFKQROR[%E,D FF@,Qﬂw aigﬁ GYHSUHVHQ)
ZLWK UHIHUHQFH WR 05V GLIIHUHQW SURFHVVHV DQG FDUUI

Xx )LQDOO\ LQ WXOGHUNHOFHKUVFWRSBRNHQIND U\ LQIRUPDWLRQ IURP
HITHFWLYH XVH Rl 05V LQ WHHZWI LWHDEKXQEHWHMKVHDQGLQI WKH Q
WKHPVHOYHV QHHG WR H[SHBENROK WY DS RIGFWKRQYV

SRWHQWLDOV RI WHFKQRORJ\ P¥HDvIQHDPYR LR FINAVRX WKRDW $LQV:
UDWKHU WKDQ D FRPSXWDWLRROEOWCHAL FFIhQ EH HPSOR\HG WR FRQV

UHSUHVH DWLR v FDQ FRQILQH LQI
LQ WXUQ DOORZV WKHP wmgng EIS? Q FRQILQH LQ

GHUVWD GLQJV \
KDQGOLQJ PDWKHPDWLFDO SUR@Q Py §RQH TR
LQGLFDWHV WZR LPSRUWDQW EfH3HE W leb >gJ HVAPYW D WL |
FDWHU IRU ZLGHU UDQJH RI VW XHEH QWY gg' @IUIIEJI\U,H'S)M ﬁRS{gLF@,JL'
VW\OHV DQG KHQFH SURPRWHR &Q@,Jrgv&,ﬁe o Wiy 1HH & Brn W WK
OHDUQLQJ ODOOHRM 05V NGV HOWVsy DO HIDPSOH FRQVLGHL
LQWR GHHSHU XQGHUVWDQGL W §\b
UHSUHVHQWDWLRQ HPSKDVL]HVP %élr_lélj éé\gg.ﬁBWV\m \%é(blx\QDéglh

FRQFHSW %HUWKROG HW DO W KH [ FWLROV PXVW WDNH
7KH LVVXH Rl 05V DWWUDFWHE\ I% W|JP |J_.’|\Q|:\V%> & PARHUHH 2]1P

&RXQFLO ZLWK WKH VSUHM& R Ghgl WD QY—ngﬁ@BIQFkJDYH PLVLOWH

< (85 %6 ,Burasia J. Math. Sci. & Tech. Ed.
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)XQFWLRQ RI
05V

&RPSOHPHQWDU\ &RQVWUDLQ &RQVWUX
QWHUSUHWDWLRQ BQGHUVWDQGLQJ

N AN

&RPSOHF &RPSOHF &RQVE &RQV E\ ,QK $
EVWUDFW([PMHQVLREHODWLR
SURFHVV ,QIRUPDW)RBLOLDULW\ 3URSHUWLHYV g Q 5 ?

J)LIXUH $ IXQFWLRQDO WD[RQRP\ RI PXOWLSOH UHSUHVHQWDW

JUDSKV RI VXFK IXQFWLRQV *UDKK® WKH B¥IRERWHK WDAOXGL H V
IXQFWLRQV[VMFKFDW EH XVHG WR RR'U)\QNHJFDCEQNKDW WHDFKHUV V
WKH VWXGHQWYV. FRQFHSWL K/DWR DI\‘/\H(I—'P Gl el R B LQ Vv

UHSUHVHQWDWLROQWYXRI IXBD¥RQ Y LWIRKKP HQ WV HQ
ZKHQ WKH 05V DUH XVHG IRU F WQEMVM W%USLK"V/%U‘E'W

QRW QHFHVVDULO\ SURYLGH A HéE))é %
VXSSRUW D OHDUQHU:-V UHDVRQ W
K@KL N

LV WKH OHDUQHU-V IDPLOLD H VL

UHSUHVHQWIBW LRIV HR & | LQWH H

HVVHQWLDO WR LWV IXQFWLRQP UL':K W@'W
7KH WKLUG IXQFWLRQ LV WK K/Hg x Eﬂ5)(v Y

FRQVWUXFW GHHSHU XQGHUVW é A |"' Fﬂi‘g

FRQVLGHUDWLRQ $LQVZRUWK L VXH@ -

WKBMW FRIOQLWLYH OLQNLQWKF&'/%;‘
FUHDWHV D ZKROH WKDW LV PRUH
W HQDEOHV XV WR f{VHH. FRPSOIHY
DSSO\ WKHP PRUH HIIHF®/DLMHD
FRQVWUXFWLRQ RI GHHSHU XQ
DEVWUDFWLRQ JHQHUDOL]DWL
'LWK UHJDUG WR DEVWUDFWLRQVIEH
OHDG OHDUQHU WR FRQVWUX¥EW
UHSUHVHQWDWLRQV 7KLV NQRY
DOORZ WKH OHDUQHUL@R ¥ MQGK IRY X
WKH FRQFHSW XQGHU LQYHVWL
D OHDUQHU-V H[WHQVLRQ RI
IXQGDPHQWDOO\ FKDQJLQJ WK
JRU H[DPSOH RQH PD\ NQRZ KR
RU GHFUHDVLR)Y WQF\EDRQV RI
UHSUHVHQWDWLRQV  +H VKH &%\HL
NQRZOHGJH WR WKH LQWHUSUH

DV WKH LQFUHDVLQJ RU GHFUH
YDOXHV )LQDOO\ FRQVWUXFW%\EﬁKﬁ
FDQ DOMR VREBRXJK WHDFKLQJ
GLIITHUHQW UHSUHVHQWDWLRQV '7‘@51
LV QRW VR PXFK ZLWK WHDFKLRY

0
UDWKHU ZLWK WHDFKLQJ WR W Mﬁ V@W? H\§ WR Q(;' R
UHSUHVHQWDWLRQV ZKLFK DUH W @Ué\Hﬁz \.
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M. F. Ozmantar et al.

ILQGLQJV 7KH SDSHU HQGV ZLWH PHGMWIX KWHED RIRW K& YIHAWX HM W H
UHJDUGLQJ WKH HIIHFWLYH XVH @R D6 M GN KU RXVKNDFHEER QWO RRY  VXFF
DQG WKH HGXFDWLRQDO LPSOLRDHFIKRXRO RI\RXUQWE GURWL R Q 73&.
RULJLQDWHG IURP WKH QRWLRQ RI
7+( 5(6($5&+ $1' 0(7+2'2/2*< .QRZOHGJH 3&. p RIIHUHG E\ 6KXOPD
6KXOPDQ GUHZ DWWHQWLRQ WR
,Q WKLV SDUW RI WKH SDSHU"VXHNENEW! © D W MWH\W RIR RO DVIHSH B8 11 DD\
UHVHDUFK SURMHFW WKDW JDYHPSYRUNW VRWWE R ¥ DMWY XE\ WHD BIRHW Y L W ¢
ZH ILWHQ®WR WKH FRXUVWHHGMYEMIHG&I.RUVWEKS SPBOJDP RI FRQWHQ
WHDFKHUV RQ WKH EDVLV Rl 'THEBEQRIARDG NG BHGHDIRILEFQ BKXOPD
&RQWHQW .QRZOHGJHpu 73&. |IUDHPGIERRIN FDPG FRHOAMRKDGW NQRZOHGJIH
SURYLGH WKH FRQWHQW RI WKHOERXOY HVARL & KOGHIPINADWKB MEM RX W K H
VSHFLDOLVW IURP WKDW RI WKH SHGD
&2856( '(6,*1 :,7+ 73&. )5%$0(:25. 7KH QRWLRQ RI 3&. LV H[WHQVLYHO
GRPDDQW JXLGHG WKH HIIRUWV WR
7KLV VWXG\DL VDR RK SURMWHRHW FAKYLFK P PYRYRK M VF R VE@OWS HHD
GHYHORBHUYUWH PDWKHPDWLFWHWHRAKKHYM N 73Q@KIEGFNSV WKH
OLVKUD .RHKOHU JRU WKpS¥RDMWPD @F F QLR S RAWMNQWLDO RI WHF
GHVLJQHG E\ XVLQJ 73&. |IUDPHZIRMINQZEUFKVKONDBHHRG 3LHUVRQ

.QRZOHGJH RI VWXGHQWVY GLIILFXOWLHV ZLWK DQ¢G PLVFRQFHSWLRQV RI
.QRZOHGJH RI PXOWLSOH UHSUHVHQWDWLRQV ZLWK UHVSHFW WR GHULYD
.QRZOHGJH RI LQVWUXFWLRQDO VWUDWHILHY DQG PHWKRGV ZLWK UHJDUC
.QRZOHGJHURFX®DU ZLWK UHJDUG WR GHULYDWLYH
.QRZOHGJH RI DVVHVVPHQW ZLWK UHJDUG WR GHULUYDWLYH

X X X X X

3 3HGDJRJ\

& &RQWHQW

7 7HFKQRORJ\

3&. 3HGDJRJLFDO &RQWHQW
.QRZOHGJH

73&. 7HFKQRORJLFD® 3HGDJRJL
&RQWHQW .QRZOHGJH

E]A §]A

.QRZOHGJH RI DGGUHVVLQJ VWXGHQWVY GLIILFXOWLHV VLWK DQG PLVFRC
.QRZOHGJH RI XVLQJ PXOWLSOH UHSHAKWQROMROWLRQV RI GHULYDWLYH XVL
.QRZOHGJH RI LQVWUXFWLRQDO VWUDWHILHY DQG PHWKRGV IRU WHDFKL
.QRZOHGJH RI FXUULFXODU PDWHULDOV DYDLODEOH IRU WHDFKLQJ GHUL'
.QRZOHGJH RI DVVHVVPHQW Rl GHULYDWLYH ZLWK WHFKQRORJ\

xX X X X ¥

JLIXUH 7KH 73&. IUDPHZRUN ZLWK GLIITHUHQW NQRZOHGJH FDWHJRU

< (85 %6 ,Burasia J. Math. Sci. & Tech. Ed.
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WHFKQRORJ\ FRPSRQHQW LQWR :WKBILRIEGHDVRIXY&. 7BRG IUDPH Z
FRQVLGHUHG 73&. DV D EOHOQG RRASR\EMERAG FY\W B RBUERIQ WRHIQ W V
NQRZOHGJH FRQWBQWVHAKEQRIGRI\QDPMKMYD OHWKRGYV IRU 7HDFK
DQG .RHKOHU GHSLFW 73&7HRKQRBOEINGHWUDAMK WRRWLEN 7HD]
WKHVH WKUHH W\SHV RI NQRZOMGIBIUW HRH DLIXBMHFW7KRIUU 360
DXWKRUV DOVR FODVVLI\ ZKHUHF REW H@W V V ZRH UGIL | GHHYHH@WR SHM\G H K
NQRZOHGJH LQWHUVHFWYV SHGPREUDEYDY AR QW& Q W KH)RZHOUHHG Ut
3&. WHFKRIRODRERQWHQW NQRZBHGIHP V7RI WIRIGH FRXUVHV ZHL
WHFKQRORJLFDO SHGDJRJLFDO3GBGRZOMTXAIHS SHIG ZASWKLVWKH
FRQFHUQHG ZL\WR L PR\DKWAL RLQD WEHHBADAMKIHOP DWKLIFY ZLWK WKH DLG R
WHFKQRORJ\ DQG FRQWHQW \WKIWOLVY IRU H[DPSOH WKH
NQRZOHGJH RI 05V RI D FRQFHSW HV KB WGDWWRH WEZ DM H R ¥ SIREDHH) W
WR RIITHU JDOO®KKVDUBQG .RHKIOMEBQWHQWY LQ ILYH SDUWV )LU
"WHDFKHUV QHHG WR NQRZ QR W RPSRND MW VW X BWRH F \W HRYDHW W WbV
WHDFK EXW DOVR WKH PDQQHUFR® SAKQ IF @ WWK W KDXVE N FMQ W B W B/
FDQ EH FKDQJHG E\ WKH DSSOSHFIBWURQLRD OWNBR@REBJIHL 3S 7k
73. LV "WKH NQRZOHGJH RWRHGBYROIFD O ¥YMWYHDWHJIDISEUR D
DQG WKH DELOLW\ WR DSSO\ WKRK HDQWRBPWWD DIV SRUVSWHWL
WHFKQRDRLEEHVH H J NQRZOHGRBWKHPRIVIWR/ 6 HPRKRIR @MH B WR)
PDNH XVH RI D VSHFLILF VRIWZF\III_I I N LI\N/\A/FDNENIL \N/II N1 AV.V Vg N | f\I.Q

DPRQJ WKH GLITHUHQW UHSUHYV/| [ 20 | we IEgmquﬁWﬂ_gjﬂg
‘H HPSOR\HG 73&. IUDPHZRU |[,.7 =« o Bl ool
FRXUWHWRH 3607V WR VXFFHV =T ~Profil
WHFKQRORJ\ LQ WHDFKLQJ +I x=1
WKRXJK SURYLGHG XV ZLWK D 2t y=1
ODFNLQJ LQ VXIILFLHQW GHW ax=[r [2 2 i
FRPSRQHQWV WKDW HDFK LQW A . = - |
NQRZOHGRULHMWDIY 7R RYHUF/| ! ! A
ZH H[DPLQHG 3&. FRPSRQHQW .
UHOHYDQW OLWHUDWXUH DQG 1o 05 221 28 W
FRPSRQHQWV RI 73&. ,Q RXU F 07 | e | 27
WKH FRPSRQHQWYV RI 3&. VXJJH | e o
DQG ODJQXVVRQ HWOWKHU 04| 0% 24
FRPSRQHQWYV ZHUH e
i.knowledge of instructional strategies and methods for | I
teaching a particular concept JLIXUH '"HULYDWLYH DW D SRL
il.knowledge of representations of a particular concept
iii.knowledge of student misconceptions of the concept E [ a] Dlelo[pfw e = 2|E
iv.knowledge of purposes for teaching the concept , Fgim Egim fonksiyonu |
v.knowledge of curriculum materials available for teaching ol
rEgim fonksiyonu
the concept. . T
'H DGDSWHG WKHVH FRPSRC| | p——
IUDPHZRUN IRU WKH GHVLJQ RI .
HYHQWXDOO\ OHG XV WR JHQMU = [ «]
RI 73&. IRU WKH GHVLJQ RI RXU - Xy’Eaiml
X Knowledge of addressing studentsi difficulties and i 3 32
misconceptions for a particular concept using technology; J EEEE
-2 4| -38
X Knowledge of using MRs with technology; B EIBE
X Knowledge of instructional strategies and methods for [ 9] o o
teaching a particular concept using technology; T A
X Knowledge of curricular materials available for teaching a / ‘ —
particular concept with technology; h /W | | . |
X Knowledge of assessment of a particular concept with / l
technology

JLIXUH 6 OR SHHI IXKDW MYLCR/DL Y H
< (85 %6 ,Burasia J. Math. Sci. & Tech. Ed.
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LQWR SOD\ DQG DLPHG WR HPRRBOHQW KIRZL 38KHRH GHULYDWLYH
FRPSRQHQWYV FDQ EH DSSOLRZROWLWH®H DHSDHWHFWDWURQV
PDWKHPDWLFDO FRQFHSW DQG ZH XVHG WKH FRQFHSW RI
GHULYDWLYH VRU WKD®OSXZBHRLQWAOREXEHGHVISWHVHQWHG ZLWK DQ
VRIWZDUH D 7XUNLVK YHUVLRQXRFWLRKDR A SBPROVMHBIOGI HEUDLF
SODQQHRXMDFOGM.YLWLHY WR HDPRGR UBID SHKILAAOIR ORSUAHDVMHQWDWLRQV
FRQWHQW RI WKH VRIWZDUH SRQQWHQKUDOWKHQ GRLuEXVVHG FRQQF
WHFKQRORJLFDO FRQWHQW RI WXSHVRIW RD GH UR ¥ DGAHLYLHY DLVQLVWWD Q@V D
SDUWLFXOMRXUWK ZH DPHQGHGORIH -RIIWKH WDQJHQW OLQH WR D F
FRPSRQHQWY WR JHQHUDWHDOQIE WHKH FRRWPULAW KRR Q\GKHH) GLITHUHQFH
FRPSRQHQWYV WKDW ZH LQWHUSUHW IIRW FRPSHR GHHOWDVL. RY JB QB UIKRZ DC
WHFKQRORJLFDO SHGDJRJILFDO DN@QRZUPDCKHFD®. UNSYHYBQWBWLRQV
EURXJKW FRQWHQW DVSHFW L®WRVSODYSHE WKRI ERQWHDWLEH GXUL
WHFKQRORJ\ DQ@E[HPISKHG\ WMRZ WKHVH
FRPSRQHQWY FDQ EH DSSOLHG ZRWN HONWD FIKRIW J7 & H WZLLYWDKV LIYHHI D U G
FRQFHSW XVLQJ WHFKQRORJ\ UHSHVHQWDWLRQV
$V RXU IRFXV LQ WKLV SDSHU LV RQ 05V ZH QRZ WXUQ
RXU DWWHQWLRQ WR "PXOWLSO H HAKQARHO/RIZW D &/ L RRQ MRHPEWUNMHGBW/YIR C
DQG ILUVW SUHVHQW LWV FRQWHOWKAUWKLYVHDD UBUWRVELYBQPWGLRQ
73%. %HIRUH SUHVHQWLQJ WKH VIR YWJZVPH H R® WRIHOWD QG ZUHOWVIEA 7DO
H[SOLFDWLYH WR PHQWLRQ DERRXW RRZ DWWH YARXUFRRNR QQ HEWNL VK
ZDV SUHVHQWHG WR WKH 3607\ LY QVWRWHBLIFKIRREH WENEKANGKIE D OB X O X
LQVWUXFWRU PDGH XVH RI 360VRIWIDEY NSHR®HGHM DQGDSKLFDO
DVNHG WKHP TXHVWLRQV |R U QMW BXNWHWYIHQIWDXWLRQIV 3R HEEHRLYDWLYH
VRIWZDVHUSBUFHH WHDFKHUV ZRUINRGPLGFDOAX OV RMH®WKIHV FDQ EH VHH
GLVFXVVLRQ SRLQWYV DQG VKDWREWWKHIH RGIPX/O0DIVWHKY WKKHZKROXHV
FODVV :KHQ WHFKQRORJ\ FDPHMRDNORO B O XD DiKiHY \GRIB B @ WR/PIFEQ HWR DW K
FRPSXWHUV LQ SDLUV DQG XVH® MWXHQWIWRDWKH.ORLFWPSXWHU
ODE 3607V ZHUH LKHRIBRH G UDPRIZWUWN VRIWZDUH DOVR SUHVHQWV V
DQG REMHFWLYHV RI WKH FRXUWBNQIKALAD 2198 RFDWVE K @ LIBHIGDE | XMW LR Q
FRXUVH GHVLJQHUV IRU HDFK FYFRRSRQYHQWRH WW.D@BBHQWYV WR WKH J
7&. 73. DQG 73&. JLYHQ YDOXHV RI
3607V ZHUH JLYHQ D ZRUNMKHHW ZK
&RQWHQW IRU 3. ZLWK UHWR &Y IWRXDAKHD WIK$IOBXPHULFDO YDOXH}
UHSUHVHQWDWLRQV WDEOH DV VHBPQG Q YIKKUHBAHUH DOVR [
GLVFXVV LQ JURXSV RQ KRZ WKH VRIV
'XULQJ WKH FRXUVH 3607V ZHNR MWINHG DORG WKIOHJ K6 W KHHLHIQ FH EHW Z
HILVWIQRZOHGJH Rl 05V DQG SWHRWL\GHMEL ZH WXQ PMKIHR Q
NQRZOHGJH RI DOJHEUDLF QXPHULFDO DQG JUDSKLFDO
UHSUHVHQWDWLRQV RI PDWKHRBOWHIRU FRQFEEWY UWKMHUG WR
UHODWLRQVKLSY DPRQJ WKHP WHSU KRIZ QWD WIDRNH WKHP LQWR
DFFRXQW LQ WHDFKLQJ )XQFWLRQ DQG OLPLW FRQFHSWV DUH
XVHG WR M[KHPICGVI\/LPLWDWLRQV+DJ & IRINGFARYFHM G WKH WHFKQRO
RI HDFK UHSUHVHQWDWLRQ ZWRHWBDOVR BLWEKXUWHBUGQWWKEBHULYD
FRQWH[WV RI IXQFWLRQV DQG OGPYMXVVHG 73. ZLWK UHJDUG WR 05V
GLVFXVV WKH DIIRUGDQFHWZDQK OLPL

7TDEC7KH DYHUDJH UDWH R LQ WKH QHLJKEF

X
X
X

L

B
i [
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LQ WHUPV RI 05V 7KH\ ZHWWD PONWKE PDRV IGFW/DZURJUDP DW WKH
y VLQy VIXQ vy VK@QGVXQ XVLQIJWKKH VHFRQGDU\ PDWKHPDWLF)
VRIWZDUH DQG GLVFXVV KRZSWRHBBROROKRH JBWBREKISBMRIM RR Z
RSSRUWXQLWLHYVY WR PDNH OL@NDW KHHPADAMIHRY WDHS UNHN FHROQANEIDWIL R
7KH QRWLRQ RI SHULRGV RIDNWPIDIWRRPHWIUARDBOIXQFWIBRXQL 7K
LQWURGXFHG WR 3607V DQG D GAKEXN6VIZRNQ ¥ WRQYWM VRXE KK IR R X W
GLIIHUV ITURP SDSHU DQG SHQFLOX M\DHFKRQ D R H3N W R RLORN U D@XGF 14
SHULRGV Rl WULJRQRPHWULF | XVXAWLR®Y X G V 30 BORDENF MRS USHO/ ~
ZLWK D GLVFXVVLRQ RQ WKH DIM1RDBRIQFH W DWW KEHE DRI W$IREHIG]
WKH VRIWZDUH ZLWRIUHID ZGE WER WKHHP DWHFY 7HDFKLQJ p $00 I
DYDLODELOLW\ RI WHFKQRORJLFREUWRIRO¥YKLFK ZHUH GHVLJQHG
IUDPHZRUN DV H[SODLQHG KLWKI
&RQWHQW IRU 73&. ZLWK UHRIWNKG |MWRH FRECYRQBVHINNM & DWR GV
UHSUHVHQWDWLRQV GXULQJ ZRUNVKRSV 7KHQ WHQ :
EHIRUH WKHLU SHHUV ZKR WRRN
JROORZLQJ WKH FRQWHQW IRWIBURWWBFKHDDVG )W WRXLQJ WI
73&. Rl1 05V RI GHULYDWLYH DWGH GRYLQWH @DW RL QW HRIBOFNMGZ L WK
7ZR PDLQ DFWLYLWLHVDDG VJ KRZGHLFK )ZD X UHQ WHRBXEFWE ZQUN VK
ZHUHHWDWDHPLQHG DQG WKH IROOR2KBKLQIZRXNMYMARAROQOWKHUMKDSKLF &
GLVFXVVHG DOVR GHPRQVWUDWHG WR WKH 23
X In each activity, what Kkinds of representations of ZRUN LQGHSHQGHQWO\ IRU WKH
derivative at a point are available and what kinds of 3607V GLG PLFUR WHDFKLQJV RC
opportunities are there to make links between WKH\ HPSOR\BOG ORODEBKL FVRIWZDU
representations? WKH FRQFHBW. YDWLYH

X What kinds of opportunities are there to relate three .
aspects of derivative (derivative-rate of change, derivative- $7% &2//(&7,21
slope and derivative-limit) using the software?

,Q DGGLWLRQ WR WKHVH GLVEXWhNQRKR IGIWAHDEEK7vyWHYHU
DWWHQWLRQ zZDV GUDzZQ WR WKAHYHP HRPQR \HEGY RR MAAC YR Pw Sib |
WUPV RI URXQGHG YDOXHV RI WHiWNRQ SQRIY L6 HW R Qe o/4H
SURGXFHG E\ WKH VRIWYDOXHVRW KFWYE B RIHLRRNR UGLG HM H PR Ik LC
VRIWZDUH URXQGV XS WKH YDGORMHRY LW P @¢ ARHIY WML RQQDL!

LV URXQGHG XS WR 360 P IRHRYW bRy MY LGVIA K DAY HOHY
GLVFXVV KRZ WKLV OLPLWRWBRO7 N3O PWHGY QY UHPE ML Q SXUI
SRWHQWLDOO\ XVHG WR SURPRWRXAMYXIYHJIW oHDU HPESRUWDQW

$IWHU 3&. DQG 73&. FRQWHOQWEHMYWPQELQeY iRy WKHHQRW LE
GHVFULEHG DERDHAKL®UFYRGHRY LMK RBRQ YWWHPYV  ZKLFK D
OHVVRQV ZKLFK ZHUWHIMUWLIRU RHS ERBYOWPQRGLQIV DQG FRQFHSYV
\HDU DJR ZHUH ZDWFKHG DQG GLVFAXVYHELYEWHbIP LR RRZOLH

05VZHUH XVHG /[HVVRQ SOGRBVSDUWLFLSDQWYV
SUHSDUH WKUHH OHWWR QN ISKD DRF
7KH SDUWLFLSDQWYV VWDUWHG RQH DIWHU WKH 3&. Z

DIWHU WKH 7&3. ZRUNVKRSV $0(

$ FRKRUW RI 3607V SDUWLFREDWKIG VO RYKMRSIVHDURWURGX
7KH 3607V LQLWLDOOWQKW&RNHDPUWMYRRHHODQ IRUPDW KDG VI

7DEOH 3607V:- UHVSRQVHYV IF

1XPEHU RI 3607 1XPEHU RI 3607
%HIRUH WKH FRXUVH VWWHWWKH 73&. ZRUNVKR ¢

*UDSKLFDO U

7TDEXODU QXPHUL

$OJHEUD QWI

'LITHUHQW UHSUHVH!

8VH RI GLITHUHQV
HISUHVVLRQ RI D FRQFHSW

8QDQV

2Wk
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SUHUHTXLVLWH NQRZHGIG O D \FDWHRPLDW VW SPUWLFXODU SRLQW LL
RUJDQL]DWLRQ RXWOLQH RI WHPRWEBRBGMNQIGL IV WW & H QWD \D\W IVQ WLIDVQLHRWX
DQG DVVHVVPHQW GXULQJ DQG BIVOHB OEKHIOHVVRQ2I7TRVEHWISDWKUH H
WKH SOKHE&HWH DOORZHG WR GDINHUXOHFHRITRRWLHQW DVSHFW OLHV
WH[WERRN WKH\ ZLVK DQG DOVRWHUSUBM® WIR G [DPGQKHWEBM WR X!
FXUULFXOXP VFULSWYV DVSHFWV ,W LV WKUR XQ R HVEKXR Q/LLRHLQW
'"HWIDHG WHDFKIZ®&RVHR WKIR/ Z HI\HS WMIRWGWRKDW ZH FDQ DFWXDOO\ PDN
PLFURWHDFKLQJV ZHUH DVNHG WH¥ B3QW SO UGIHE HDVEEWORDGE K\LHDD F WIRQ W K |
QRWHV ZKLFK ZHUH ODWHU UHWIDRLQOHDA) @\ WRKH LWVH WHIDWAEXJI KV HDKRH O L
7KHVH QRWHV LQFOXGHG 3607VT ¥RWLHOWML R Y 8 HFQ\G VKW RZGD PDQ P D N
UHPLQGHUV RI SDUWLFXOD WKHIV& X HYK DR HDMW IV & SMER BYVFRK G QI IVQ H R X
WHDFKLQJV FKDQJH DW D SDUWLFXODU SRLQW $ F
9LGHR UHFRUGV RI PLIZFOR 3WORDM MKHIVGHULYDWLYH DQG LWV WHLE
ZHUH DVNHG WR GR PLFURWH D KIQIGHWY BHDI@E HQ W K WIKUW SHHIRWW LQHT XL
WZR RFFDVLRQV 7KH ILUVW PLKRZWH O BK WXKHAN BHDWSSHHFWR UPWHEG UHOD
MXVW DIWHU WKH FRPSOHWLRQ FRR QQKIH W &.GY RMYYW H OV KL@G@ WK H
VHFRQG RQH WRRMWISKO DBE. RRONRBPRHY PDQ\ RWKHU WKLQJV WKH V
$IWHU WKH PLFURWHDFKLQJ WHKFKL&RDNV D VWIX®JHEHID R PLQDSKLFDO I
WHDFKHU FDQGLGDWHY PDGH UHYOM®WFWDR QVRR ® DWKH LOL QS 8 URB W HW Q
DQG SHUIRUPDQFHV ZLWK UHJ DU HFRY W KO WAHRIPSSRHMHIWLR @V R1 GHU
3&. RU 73&. DQG DOVR KDG DGEKBQRQW B HISHBIV HDMHHGEL RQRVSDYH P
UHDFWLRQV DQG RWKREWY HMUWHLMWLRQWRH FRQFHSWXDO XQGHUVWDQGL(
 QWHUYIZKBEY UHVHDUFK WHDPWHDFEXBDWHGPRBRL /DULGRQ
VWUXFWXUHG LQWHUYLHZV Z1WWDSKLWFRRYEQGGRK®HULFRID UHSUHVH
PLFURWHDFKLQJYV 7KH LQWHUYHPZKNDWR]RING SDODRFQI EHGRUW KIHQ ERP PR C
DIWHU HDFK PLFURWHDFKLQJ WHASWLHRCHQ WIRHH REX 7 MEGEKUKQ FWLRQ RI
DVNHG D VHULHV RI TXHVWWRR®WG IDNNG IGRIU MANKDHVL UY $1UBIS DI (5 D U W L F X
DQG WKH OHVVRQ SODQV $IWH O OXKM WPD\NHRIKAREZDW K HY HV U FABKUHHV H Q W
ZHUH LQWHUYLHZHG DERXW WKWHQVSHBIRVUIRD GHULBBWKYRI| PRQIFHSW
LQWHUYLHZV ZHUH VKDSHG RQ WRKHEDBWUVY YRO WLKH fRR RS RIDH QQKAD DR Q
Rl 3&. RU 73&. WR(x x 7KLV GHULYHG IXQFWLRQ FD
AXHVWLRQQBHUMRIEHIHG TXHVWEKRRIDKUWKH IXQGDPHQWDO UXOH
ZHUH DOVR XVHGV WRKHLQG07RWKUBRXWK DIOKH OLPLW RI GLIIHUHQFH
XQGHUVWDQGLQJV RI WKH FRPSRQMQWKHRIGHULYHOG JKQHFWILRQ WKF
PDQQHU HJ VWXGHQW GLIILEROWDBWD QFR XV QUDWIK RWERDBOH DV
VWUDWHJILHYV DVVHVVPHQW  FODQOF X FX\WH GF XOOHP GHWIKADWLYH RI1 W
TXHVWLRQQDLUH ZDV DSSOLHG LMW BQ DWW BARXDOWBRW BOG AXD® W L G

WKH FRXUVH LQ WKLV PDQQHU LV DQ H[DPSOH F
DOJHEUDLFDOO\
'$7% $1%/<®, $1' ),1',1*6 7KH GHULYDWLYH R WKBEBWXQFWLRQ

FDQ DOVR EH YURHSWLHADHODON HDB/ Y KRZQ L
$QDO\WVHV RI WKH GDWD ZLOO)ERP FRWIH QWEKEY RIHWERH UDWHYV F
VHFWLRQV ,Q WKH ILUVW RQH DBBURDHKHOR R\ WKID QWE W R VRIL WHK H
DQDO\WHV RQ WKH EDVLV RI PDLR®HOMYYERQVEE DYD/OXIHW KLV HURH G5 H U
WR WKH XVH RI 05V ,Q WKH VHRRQGCESRRYWZH SUHVHQW D FDVH
VWXG\ LQ ZKLRX) FRIFYRWWDFHK IWHDFKIBG EVWLRQ WR LWV BODIHEUDL
HIDPLQHG WR JLYH WKH UHDGH U HS 8H WNMHWD VS ROHF L DWK HR @ IRU W RV L
QDWXUH RI 3607V:- GHYHORSPH®Wx %HDRWHFIDRYL EHLOQWRUBDMPWHG JU
DQDO\WHYV KRZHYHU ZH IHHO 12W OXY H,W OF BMR JEJWDLSHKI IOR DROHOQ VELHR QHH Q
DERXW WKH 05V Rl GHULYDWLY®& LMW KURK IIRFEWKSMUGHBBKRQUVR WKH Y
WK HUMBIHGP SORMH B XU DQDO\WHV ZKLFK LV WKH VORBMVRH WEQYHQMWOLC
'KDW KDYH EHHQ SUHVHQWHG VR ID
OXOWLSOH UHSUHVHQWDWLRQW KRUJHGH WBUY DWW DVSHFWV RI GHU

DSSUHFLDWHG WKURXJK WKH XVH RI W
7KH FRQFHSW RI GHULYDWLYH DW D SRLQW FDQ EH GHILQHG

LQ WKUHH PDLQ zZD\V L WKH VORSH RI WKH WDQJHQW OLQH WR D

< (85 %6 ,Burasia J. Math. Sci. & Tech. Ed.



Multiple Representations in Technology-Rich Environments

48$17,7%$7,9( $1$/<6(6 2) 7+( '$7$2YHUDOO  WKHVH UHVXOWV |
XQGHUVWDQGLRV RHVEAX® VG LD P D \
,Q WKLV VHFWLRQ ZH SURYLGLHP BKRIYHIEGYXOWV Rl RXU DQDO\VF
R WKH TXHVWLRQQDLUHY DQG OKVWRQ WEBIQNQ I &KV HM RW WWKKH. C
WKDW ZH GHVLUHG WR ILQG RXTKHEDW LIEQQDL YD GHMUHPN ZEGULRU Q
RI 05V 7KH GDWD IRU WKH 3607830RQ@HNY W DI\ FRILQEAMWW LD O \
FDPH IURP JHQHUDO SHGDJRJ\FRXHWWWLRQOQ@WNH DQGZRLFH DIW
3607V ZHUH DVNHG ZKDW WIKRIQPRKQBDQ\S/BN GHHSAVHR\H @ WDQV EHIRU
PDWKHPDWLFDO FRQFHSW LV 7WKDBWO7V -360YVSRRQVHE WRBR KR
LWHP JHQHUDWHG IROORZLQJ GBWIHIRWLMM DYG SVWKIN HIGIW WGX LK
7DEOH 7KLV ILJXUH FKDQJHV DIWHU WKFE
$V FDQ EH/IVEIGIB 6I0FY JDYH H[MRP SOKI RI07V XVHG WZR RU PRU
05V VXFK DV “JUDSKLFDOp “WDEYROXFLQYPGHWUEDDWLYYHQGW ZD
"DOJHEUDLFp WRVHPS®IIL W KK DIWD\DBW MRXUHKH PDQ\ 3607V GLG QI
FDWHJRULHV Rl UHVSRQVHV +RXEEHUYVWDQGIHZI3RD WKHD YWV X H
WKHVH H[DPSOHV EHIRUH WKHLWRRUVH RFKMKIQXPEHIH ROEOH W
3607V ZKR JDYH WKHVH H[DPSOHWWSSOQOHFVYHQOWBW ERQ \LIQGWK B E Q\O H
DIWHU WKH\ WRRN 73&. FRXUVHZH @H OLQW H U H VWL DUWHVGK QWR WV
FRQFHUQHG \ZLMK RQEHUVWDQGURHVFREBXMXOXWY VFULSWV DQG \
%HIRUH WKH FRXUVH HLJKW 369UNSPRQWIGRHURG ONVRVERROSQPDQV
XVHG LQ PDWKHPDWLFV DV 05V 28 WKHQRWHKAUGKBQWR GROQOHALQH
RI WKHP KDG WKLV PLVXQGHUVWRWGLQWKHV8IBU7V3RD KRR XRR/GQHF

7DE )UHTXHQF\ DQDO\VLV RI WKH OLQNV HVWDE
JLUVW OH' 6HFRQG OH

&DWH. 1 1

05V DUH Q
2QH SDL

7ZR SDLL
7KUHH SD

$00 WKUHH 05V D
1R UHV

7R\

7TDEOH)UHTXHQF\ DQDO\VLV RI WKH DVSHFWV RI GHULYDWLYH DGC

JLUVW OH' 6HFRQG OH

& DWH. 1 1

1R (
2Q0\ RQI

7ZR DV

$00 WKU

7KH WKUHH DVSHFV
8QDQV

7R\

7TDEOHKH IUHTXHQF\ DQDO\VLV RI WKH XVH RI WHFKQRORJ\ IRU Wi

&DWH. 1

1R

2Q0\ RC

2Q0\ Wz

$00 WK

7KUHH UHSUHVHQWDW
8QDQV

7R\
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XVHGKHQOWVVRQ SODQV &RQVLGH GhefashecdVals BAdssed &il tHeFtnFeedry embhédized
WKUHH FRPPRQ UHSUHVHQWDWLR QXarfdt ifGrididtd. Y DWLYH DOJHEUDLF
QXPHULF RU WDEXODU DQG JUDS K ik Rpects dréQottFadtilebsedid RtShonedildy 2 H

IRFXVHG RQ WKRISRDWHERUYLHRQ Qtid fh dsprtt€oMderivative are related to one another
DPRQJ WKH 05V RI GHULYDWLYH D V(Dbﬁ@\/@a%f\(hange-Limit.5|0pe)_

X MRs of derivative (Graphical (G), Numerical (N) and 2XU DQDO\WHY EDVHG RQ WKHVH FL
Algebraic (A)) are not linked. 7DEOMNKDKRLOH LQ WKH LQLWLDO OHV\V
X Only one pair of representations are linked (any one of WKH 3607V GLG QRW PHQWLRQ DERX
G-N, G-A, or N-A) GHULYDWLYMUHWNIGLMRSY WR DIWHU
X Only two pairs of representations are linked (any twoof ~ZRUNVKRSV 7KHUH LV D GUDPDWLF L
G-N, G-A, and N-A) RI WKRVH ZKR DGGUHVVHG WKH WKU'

WKHP WR HDFK RWKHU WKURXJK 05V |
KDOI RI WKH VHFRQG OHVVRQ SODQV
WKZNWK WKH ILUVW SODQV LQ ZKLFk

gy : M “HQHUDOO\ VSHDNLQJ LQ WKH ILUVW
Efr';epﬁis'g;t;’fGN’GA’a”dNA""SWQ”aSG'\'A RI GHULYDWLYH ZDV LJQRUHG ZKLOH

HSW H 3607V DW OHDVW ¥
2Q WKH RDWKHVH FDWHIR UL \%é\ﬂ:% )%Ldé(ﬁUDWLRQ 77 KVHODHV | IOKKHU F
Vi %OF
A

X Three pairs of representations are linked (pairs of G-N,
G-A, and N-A are all present)

X All three representations are interconnected to one another

ILUVW DQG VHFRQQ®GORXWVRQQ _
SUHVHQWHG BBO7DEQ®LWLDO DLQON JDLQHG DQ D:

SUHSDUHG EHIRUH WKH 3&. ZRU

G I—WHQ\A)%IDVSHFWV
WKH SDUWLFLSDQWVY GLG QRW GP, K\bR = RN VG H m&g%g%@g
i

[

V8B QB D OK M

LQ WKH OHVVRQ SODQV +RZHYHU"

DIWHU WKH\BKRRSARUW LV DOVR l];:(f\,é

DPRQJ WKH ILUVW SODQV WKHH/# 0 Vibeps Vkﬁ% %\'B@gmﬁ
DWWHPSWHG WR HVWDEOLVK § y o4 D
UHSUHVHQWDWLRQV \HW DIWI—CIFI F\% U\WKH o
ZHUH SODQV ZKLFK H[SOLE :?)\ m SRR
05V Rl GHULY KRDLVWLF HYDOX R

H\H SURGXFI
(@) DO\WHV
BER ALY,

i WKH WHKVYRQHIODHQY GHWDL

$V PHQWLRQHG EHRVUHH UMXB \ W ON WKH
wik Ddéﬁ M&&%ﬁ LA PR

H

EHWZHHQ WKH XVH RI 05V DQG >§

GHULYDWLYH WKH VORSH RI W

SDUWLFXODU SRLQW WKH OLPLW RIPrerRplooiwas bt inkhoredf e MR WH How DQG

WKH LQVWDQWDQHRXV UDWH RI FKB®HYH $ WUXH XQGHUVWDQGLQJ

RI WKLSWRIHTHKLUHV D KROLVWL¥ Qnlyong patt: | anyyoge 14 \ie) GeiNy &-A, ofsaNgA

DQG D JUDVS RI WKH UHOHYDQFH Ronngien was panred witktehngdiw K HUV  +HQ F H

ZH DVVXPH WKDW DQ HIIHFWLYH X\Wenp MK pa@Jan) MHE G-NVKRAP®D N#A XV H

RI 05V LQ UHODWLQJ WKH DVSH F wunngctioRwas @akedvitvtehwlogyy H WR RQH

DQRWKHU :LWK WKLV DV \DXPC5QN LHR@& hieeQairs, IAD tGree pditsl of [BANY®RA, and N-A

WKH OHVVRQ SODQV WR ILQG RXW atk linkef Withiteckh@logy.7 V XVHG 05V WR

GHPRQVWUDWH WKH FRQQHFWLR Qrifree fptebdvi¥atiolt, Q- AVAK itercdkmdstddl dol deH Q W

DVSHFWV RI GHULY DRULNDIW AR W BOW oA thehBetdhy

IRU WKH DVSHFWV RI GHULYDWL Y H WWH Wi L\WE 0@ Wik SHO@RR T

SODQV DQG FDUOLWIBY RXMF IRXGMWQRR H AHOHVHIRULHY \LHOG WKH UHV X

FDWHJRULHV ZHUH DV IROORZV $WDQ EH DHHMDW PDMRULW\ RI WKH

X None of the aspects of the derivative is introduced. PDGH XVH RI WHFKQRORJ\ IRU WK

X Only one aspect is addressed: any one of Derivative-Rate LOQWHUFRQQHFWVRIQJRUBISVV UTOWKHU |
of change, Derivative-Limit or Derivative-Slope is IRU 3607V QRW RQO\ HPSOR\HG WKH |
focused. DQG PDGH H[SOLFLW OLQNV EHWZHHC

X Two aspects are addressed: any two of Derivative-Rateof ~ EXW WKH\ DOVR LQWHJUDWHG WHFKQ
change, ~ Derivative-Limit and  Derivative-Slope =~ SODQV DQG GUHZ RQ LW WR HVWDE
relationships are emphasized. LPSRUWDQFHXBH WKERPHY HYHQ PRUH

QHFHVVLW\ Rl HVWDEOLVKLQJ
GHULYDWLYH DQG PDGH DQ HIIRU,
LQWR WKHLU OHVVRQ SODQV

FOHDUO\ VKRZV WKDW 3607V J t?g\‘/ I%R
VB
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ZKHQ ZH FRQVLGHU WKHLU ILUVDWRBQD QVKEWRHHHS D LFR WJ H+ & R FEH)
RI 3607V VHH BREBOKVWRW OMKQANGWIOHVVRQ SODQV SURYLC
UHSUHVHQWDWLRQV OHW DORG@HGHRQRSPWIQKY OILRUN W K HW K QMKH
RI WHFKQRORJ\ +HQFH WKLV PONOQQIL ¥ RIQDGHFFADMROW DRORYI Wi
GHYHORSLQWHGBGRHAS DQG DZDUHHOS/RIROSKRIQIHULYDWLYH
WHFKQRORJ\ 2EVHUYLQJ WKH 3607V- GHYHO
,Q RUGHU WR JDLQ IXUWKKUWLKVADR®WYV LRSRWURVDWKMHLY WK
GHYHORSPHQW RI 3607V- XWLOLODRAURIQURWMEN ISUEHRQYB OB JI.\VEK D Q
DOVR FDUULHG RXW DQDO\VHV RV WH HV & DWX OHH \RVY R3@ 05 D GW \Di
KRZ WKH\ KDQGOHG WKH WKUH H BDMBHE WWR RX VGIH B L YOB W LR/ IH GLIE KV
OHRWY SODQV :LWK WKLV UHJD UG YZH RGRPHEWVWRI \PHRED BYIHRH R )
PDLQ LVVXHV LI WKH\ LQFOX@GHGYDR BN DWHIHFAW BRI GHULYDWL Y|
VORSH OLPLW RI WKH GLIIHUHQFH TXRWLHQW DQG WKH
LQVWDQWDQHRXYV UDWH RI FKD@8H/,LH7 WWKH $QABHABRE O DOV IHOQ B
ZKHWKHU WKH\ HP SOR\H G @/KHVWEERQ &R J1*ZKHQ D
DQ\ RI WKH DVSHFWV 2XU DQDO\VHV DUH SUHVHQWHG EHORZ D\
WKH IUHTXHQF\ Rl WKH SUHVHQFHQRWEIQY BRHW RWWHK DSB8 HW V Z
RI GHULYDWLYH ZXKRSOBD QWHICR\BHO 7XWHLFURWHDFKLQJ 7KH DLP
WHFKQRORJ\ WKH XVH Rl 05V ZLWK UHJDUG
$V VHHQ LQ WKH RDEVKH 3607 HUPYWWLYH WKURXJKHMNER B RW
HVWDEOLVK QWHURFRR QHKFHW WK UFHDHD OWG HF WX RUV D IHPDQIE \BH
GHULYDWLYH DQG WKH\ SODQQRGFWRWGED FKL QL WK WHH WIKOI'S 3
WHFKQRORJ\ 7KLV LV UHPDUND &0 HSIDQ WK HVKHQ O H W RRWSPD@\ R
WKH 3607V DW WKH VWDUW RI WE&&. FZRUNMK RBHVU H QQ RAK LIYZ P IbA&J R
WKHVH DVSHFWV \HW DIWHU WHHKQ@BRO.RIRWYRVKREVRGKAH WK
VXUMOIHGRSHG LQVLIJKWY QRW PMMOLPMAR R/IK KV DW S B F WD DI @231
WKH UHODWLRQV DPRQJ WKHP BV WIORRY L QWWRVWK & HE HEQUH H\DV [
DIIRUGDQFHV RI WHFKQRORJ\ ZKQWHRBXNLQJ @HWIL YB\Y DWW RONF

7TDE 7KH IUHTXHQF\ RI WKRVH DGGUHVVLQJ WKH DVSHF

<HV 1R 8QDQVZHUHGRWDO

&DWHJRULHYV 1 1 1 1

'R 3607 DGGUHVV QWK D UQMW EHW ZHH
FKDQJH DQG VORSH"

'R 3607 PDNH XVH RI WHFEK

WKH OLQN EHWZHHQ WKH UDWH RI FKDQJH DQG VORSH"

'R 3607 DGGUHVV WKH OL

SURFHV\SIB'QG VOR

'R 3607 PDNH XVH RI WHFEK

WKH OLQN EHWZHHQ WKH OLPLWLQJ SURFHVV DQG VORSH"
'R 3607 DGGUHVV WKH OL

FKDQJH DQG OLPLWLQJ SURFHVV"

'R 3607 PDNH XVH RI WHFEK

WKH OLQN EHWZHHQ WKH UDWH RI FKDQJH DQG OLPLWLQJ
SURFHVV"

'R 3607 DGGUHVV WKH Ol

FKDQJH OLPLWLQJ SURFHVV DQG VORSH"

'R 3607 PDNH XVH RI WHFEK

WKH OLQNV DPRQJ WKH UDWH RI FKDQJH OLPLWLQJ
SURFHVV DQG VORSH"

7TDEOHWKH WDEXODU UHSUHVHQWDWLRQ WKDW $U]JX SURGXFHG

b > > > > >

9DpYHUDIH
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WKH 05V 7KLUG ZH FRQVLGHU WKWHI)VSH¥WD GRAHGHTUX Y YWR Y HZ RQFK ZD
ZKLFK VKH IRFXVHG DQG ILQDO/K\HZIH/ \8D B ¥ H QMXQFKH: REFQGIDWY Y HU D J H

ZKLFK 05V DUH XVH® WK H @W SHHFRRFQRE ZDV FDOFXODWHG LQ WKH L
GHULYDWLYH ,Q KHU VROXWLRQ VKH HPSKDVL]HG
FDQ EH FDORXODD\WBUYVEH SRLQWHG

$Q RYHUYLHZ RI $U]X-V DSSURDRKQWR WAWYRGC XIPWILEQHD WR KILQ @ W
RI GHULYDWLYH DYHUDJH YHORFLW\ DV WKHUH FDQ EH

DQG WLPH 6KH DVNHG KHU SHHUV DE

$UJX VWDUWHG KHU WHDFKLQUQBLWK WKSUREORPLWKIIPVMK DRSDUWLF
LOYROYHG WKH FDOFXODWLRQ RI DYHUDJH YHORFLW\ E\ XVLQJ WKH

[ 2tablo | @) (D] o] > /o) < (2

Wt Ax=1 elE)]

280

Profil
X=5

200 Ax

09 12,51 139
il 038 11,04 13.8
07 9.59 137
5 06 815 136
05 6.75 135

JLJIXUH *UDSKLF &DOFXOXV ZLQ&@RXI KRUUWEKLPOQFWQRBQQXPHULFDO U
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ILQG RXW WKLV VKH VXJIJHVWH®S SURGXBHYWD WDEOH \R IWWHDQOX +
E\ HYMOXDYWHUDJH YHORFLW)\ R YPHRW I DD ERXWY DMHW HUUYDIERY I L Q Q G
WKH QHLJKERUKRRG Rl 6KH SWRIGXOBG LIMDRLEYHDFURVV FDVHV R
6KH EDVHG RQ WKH JUDSK WKMP HQQFAMG RDK B W QMU KRD EKOHHL
LQWHUYDOV ZHUH JHWWLQJ VPFRQNUGHUWE& HDY H E RKQE/RVKIRIRE. ®J
DYHUDJH YHORFLW\ VHHPHG WR E®GXHYV VRIH DY JHR W iH G R WIKB W
ZLWKLWKFXUUHQW NQRZOHGJH FWRRSXWRG O/G STDRIVD VWWHHID OD QY& HD V/ \
H[DFW UHVXOW 6KH WKHQ UH P LVQISEH®BH WERH VRQFEWSHR @Y IO\L PIHE D
QRWHG WKDW LI WKH FKDQJHV 06 DVIQAHY k QIXH KOHVUID HNRXE IORE FDUKGR R
RI DSSURDFW WRWKK® LW PLIJKRV BHKISRWIVQEBW FRQVWUDLQ WK
WR ILQG WKH H[DFW UHUXOBRWREXKN ZQRBWHHQFKHGDUHFWLQJ W
LM, W [ W YDOXH RI YHORFLW\ DW D SDUWL
UHSUHVHQWDWRIRRQ—FHOEFLWOBY ¢ 1 povR XVHG UHSUHVH

FDOFXODWHGZ MKAK/ \LRWO GHG W KHRPISOXE®W RV D UNRIBE RSB MHYXD YRQ@
WKH YHORFLW\ DW WR WKH MXIDSKVKRIRXJK WKH VR
JROORZLQJ WKLV $U]X JRW MRKYUFHQWEIRIWHGEDRFXOERWK WI
VRIWZDUH VWDUWHG 6K H BMIHHEUHE) MWKHRQ WKW WR RY) Yelel )LIXUH
WKH JUDSK DQG WDEXODU YDOYHR, HREOWKE BRQW HD R R WIKIM®I HS W |
YLIXUH 6KH WKHQ H[SODLQHGY RRXHWK I W DUIDXVHNRIRRO HFRDBQWHH &
ZHUH SURGKPEBPBIQRI KHU SHHWD FOFHX0ONWWRBUHVHQWDWLRQ Z
FHUWDLQ YDOXHV WR PDNH VXUH QUXKIDQVWKKHS BR GXFRWHR QLB WYk
WDEXODU UHSUHVHQWDWLRQ ZPUKL X Q BUHIXVRWRHREGEQV B X WHKRAD E RRU
$U]X ODWHU IRFXVHG RQ WKHMWBU®BISKH EWOWIKHS D WWHRMOWR QR &Y
DQG SRLQWHG RXW WKDWXWKEBDWDWN RHWKBE QAWK HI QG JUDSKLF
UHODWHG WR WKH VORSH RI WK WHED ¢IW FEL QHS W/ QWRIMH-R Q
ZLWK WKHQgRRRPRO Rl WKH VRIWKDUKGVHRQIRUKXDWLRQ ZLWK UH
7KHQ VKH LQWURGXFHG WKH IRdPDODWLPHW YR LG OW WD® FH
GHULYDWLYH DQG ZURWH LW GRZARRW® WRvH VERID UQIRUPDWLRQ W
+DYLQJ JLYHQ WKH LIQUWDRQW KBDMIWCGRALQHYV ZKLOH WKH WDE
WXUQHG WR WKH VRIWZDUH DQWKWKL&RWHPRI YKHGWID/RQ WR W BRI
WKH VORSHXIXQFWHHRYRWZDUH EEBYDOWDIBGIOR!I XVLQJ WKHVH V
GHPRQVWUDWHY WKH YDOXHV RIUVHORSHI | WEPW LW K HL @ X B HROI DW/K_HR
WKH YDOXHV RI UDWHV Rl FKDQJHQDNIE YHIUHRSQM Y GWKIHPU H
JUDSKLFDOO\ YUK HPXWBLQHG &R F SHRUHE YMWAEREBELQJ RI GHULYDWI
IXQFWLRQ ZDV REWDLQHG DQG WHWBMIH E DVPRIDE WHR DAMXCGH LYD O U BIK
UDWH RI FKDQJHV 7KHQ VKH DWQWVFRODMHHSXWKBDW M(OHL @ HKUHY B
Rl WKH IXQFWFZRY BHSUHVHQWHBEHEL YWDRMLYIBRSH OH LQWHUFRQQ
IXQFWLRQ 6KH FRQFOXGHG KHW QWH IMFRXJIHEIUBLH[E 6 B UM V & 0 WADRA |
SRFHGXUH WR DOJHEUDLFDOO\FRRWDEBUWERKHWEHUY@B®WHY HRIR W |
SRO\QRPLDO IXQFWLRQ WKHP WR WKH WDEXODU UHSUH
DWWHQWLRQ WR WKH VORSH IXQ
$U]X-V XVH RI 05V Rl GHULYDWRIMWZDUH SURGXFHG 7KH JUDS
REWDLQHG E\ PDWRKLAWW KH¥K B [

'KHQ $U]X- WHDFKLQJ LV H[D H K[ JIHLJ D W
05V LW FDQ EH VDLG WKDW ﬁ%ﬁ%@#ﬂ%D&%ﬁjﬁ(&H
QXPHULF JUDSKLFDO DQG RQIWBEXIOD Y HSHHYHMAVORMOLRIOVO GRIU
KHU WHDFKLQJ S$UJX VWDUWHGWKHU; WHDEKASD 5 & DONERWL £
WKH DYHUDJH YHORFLW\ LQ WZ R ILQWRHA YDIOE k/ WV ik i DN B
LVVXH RI 1LQGLQJ WKH YHORFWKHRIDPEWROD REMHIM SB BAWR U H
SDUWLFXODU SRLQW LQ WLPH  $0O &kl UKV FW 1§ H [ B R @HFRW b
GHULYDWLYH WKH GX® H\R W I XO/k QHQ\N{,{WW@,B% ROFHG WKH
Y

D
W F
DQVZHU WKLV +HQFH ZKDW VKH W@ LPYoW R IFYH WMH Bs Q/\EF§[*)I‘—*CF)%

YDOXHV IRU WKH DYHUDJH YHORFIWW A0 B EWUBQWL Y@WHY
WKH QHLJKERUKIRHRG/REXODU UHSUHVHQWDWLRQ RI

WKH YDOXHV NHUBWMMEXH KHQ$IXO LQ SUHGLFW
WKH YHORFLW\ tRI WY H IREWZHRFOW O W
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J)LIXUH *UDSKLF &DOFXOXV VKRZV G\RPHPLEOEPWLREGFXUUHQFH RI WK

7KUHH DVGHRMIVORWLYH LQ $UJW-R/ WHDFKISQREOHP 6KH WKHQ PHQ
LQVWDQWDQHRXV UDWH RI FKDQJH DQ

$U]X LQFRUSRUDWHG DOO WKVUHGRFY SN RV \D PIR & HQ L REWIHFNY LDQV D
KHU WHDFKLQJ 6KH VWDUWHG RRUWKHD FKQQJ ZKMW K PS®URRHE G HPORHE U
DYHUDJH YHORFLW\ RI D PRYLYKHREDBFWON\RLRDYGEXHNV VBKH IHUUHG
SUREOHP VKH PDGH XVH RI UDWWVVRIX 6 KDQQM NHIE/ YWRIOHREK W \Y 30 | X
SUREOHPWWH]HSRVVLELOLW\ RIWBEWGNPLQHSUHWKEBWDWLRQ IRU W]
LQVWDQWDQHRXV UDWH RI FKD@RK) VIWRUBHWHUPLQBQBKH ¥FROBOHWH Q\
RI WKH REMHFW DW D SDUWLFXO B 8U$RHDW D@ WRLP HS GBI\ X GE UFARRQI\KWVU D
WKH FRQFHSW RI OLPLW LQWR RMWWE RIKMRHG WK B DWHWX®RXLW LWKHD F
OLPLWLQJ SURFHVV WKDW WRKNYDDXHYO DAM HGY BVEHOEIN QW-IER BIRP QXQ O L |
YHORFLW\ /DWHU VKH XVHG WBIGKQRORIK RURH L & VW R\GHF 13 RWKIHQ W L D
VORSHV RI VHFDQW OLQHV DSSURDWKRQG MWR WKHKW VBASH IRW DOVR
WDQJHQW OLQH WR WKH JUDSKURWHWXRHO SREZQ®J RVUK L V6 KsHU JW KGHUH Z R G
UHODWHG WKH VORSH RI VHFD @GOG XQBHW MER WKKH L QN WD RV DFKIDRX Y Y
DVSHFW Rl GHULY DWLGHIU H G QW K I85\R/MNKBHVRIQV E K @ R DKW\ VL IQMV RV KF U W F
IXQFWLRQ WR HPSKDVL]H WK DWsKH N NFHVURR D&Y MWIEH. RYIK DS QR W RQ O F.
LV REWDLQHG E\ PDWFKILWE WRGNBVURI 2Q WKH VDPH ZLQGRZ RQH
LQVWDQWDQHRXV UDWH RI FKD QJHE R@/DW KD@GS D OWHEXDDAU $RE QMWHR
X ,Q GRLQJ VR VKH ZDV QRW REODWHBBEKDVELIGQZDWKUMRI H[SODLQ T
DVSHFWV EXW DOVR WEKH QX WHRHEMBDODIMRIERWBIES®E HDWR QJ WKHVH UHS!
DPRQJ WKHVH DVSHFWV Rl GHUIBKHWHFSODLQHG KRZ WKH WDEXODU
IURP WKH DOJHEUDLF UHSUHVHQWDWL

7KH 05V DQG WKUHH DVSHFW VWK HG WHIOMDMUIRGNVKLS EHWZHHQ WKH
VHFDQW OLQHV RQ WKH JUDSK DQG

7KH ILUVW VWHS WKDW $UDHSWRRO @WRAWMHODW HEKIWR WKH RWKH
LOQWURGXFWLRQ RI GHULYDWLYHDERVYW® WRH) RRIKEH SMD ROH WK RVHG
FKDQJH ZKLFK VKH EURXJKW LQMRD GRQVLGH RN WRG WUKIIBKE DHOICH & K |
WHK SUREOHP RI D PRYLQJ REMHRMR ]JHRJ N RADRYHHQ WAKKIH SWHRFEIDGW OLQHV D
VKH HPSOR\HG WKH DOJHEUDLFOIHSUBWHQ WD ERR QW KIFEH X FRQVH GH
WKH RWKHU UHSUHVHQWDWLR@W UR®ORZY WWKH LNLRERRUPQ@® GH
PDQLSXODWLRQ DQG HDV\ DQG WX\ HE QA B Wh 8IQL E LAVKO B MOV GW R
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KHOS RI VORSH IXQFWLRQ ,Q KHW HNSDLQD QLRI GV KR QMDD
WKH WDEXODU UHSUHVHQWDWL PE G\-R \BM\EQFHRELLP LMU R QWHB B © WHO H

$V WKLV EULHI DQDO\VLV VXIJHVMUH QI B VISHFG V5K RGHULYD
GHULYDWLYH IRUQNVKH SRWERQY HIRHFRRIRDGUQJIRU EULQJLQJ WKH
RI GHULYDWLYH E\ FRPELQLQJ WHK®IDW KQ 8 BN R M SBIV SW/F W\R JRIWE H |

LQWR D VLQJOH SLFWXUH UDWKHU VXFFHVVIXO +RZHWHWK

TXDQWLWDWLYH DQDO\VHV VKRZ
', 6&866,21 $1° ('8&%$7,21$/RI WHFKQRORJ\ LQ FRQQHFWLQJ
,03/,&%$7,216 05V 7DEOMUWKHU WR WKLYV R

DVSHFWV RI GHULYDWLYH WR RQ

W LV FOHDU IURP WKH GDWDKWG®B W I3WHPK GWONRRJ SDUW LQ
RXU VWXG\ KDV VKRZQ JUHDW B HRRYRHQ QYW HU® VWKBWUW K L
NQRZOHGJHW RIQOWKHLU XWLOLFLWIRR GHYBHDWRIRHQW RI WKH 3
WHDFKLQJ LQ GHYLVLQJ ZD\V GWMR HORRSPHROW W K iV 105 V3 6IRW L Q
WHDFKLQJ DQG LQ PDNLQJ XVH WK W KKRVKQ RO RIS VI RIUQ WYY HHFBSMRUDAR
JLUVW RI DOO WKH 3607V EHIRBBRWMWD §WXLRMH /W DOHDH®V  GRC
QRW KDYH PXFK NQRZOHGJH LPERRW NMXWHVLAEWDWQRQ IRU WK
PDWKHPDWLFNYLBHIQW LVQ WKHIRU RIHWSIROYWVYFW®R FRQFHSWV Sl
TXHVWLRQQDLUH LWHPV DV FRRQWWI X300 7 G HABBEOHXQGHUVWE
ZHUH QRW DEOH WR H[SODLQ WKB\RHDQLQJ XIUWMBKH 2| WR XK/ I
WKLV GRRHYQ WKDW WKH 3607VSGLG QW HWDN HER@PRPELB QYD WL
LGHD RI WKH 05V 6XUHO\ WKWK XIMHSUHRWI ISURGWUWLHYV V
UHSUHVHQWDWLRBQW D@ VWRALGWRIQVVEUHODIWKE DQG ZHDNQH
EHIRUH WKH FRXUVH EXW WKHUHSNGREQW®MLRO A5YKADYLWHU
GLVSHUVHG QRU GLG WKH\ DS SUKDALDMWKHH WWKB NV BRE QYD QFH RE
05V IRU WHDFKLQJ DQG OHDUQG®U LRUWK®WPW WX FWU R & HEXDW KW
WKDW WKH\ XVHG WKH 05V ZD W HHPRN WXD W QW WK H RAHQ RiH GRUQ N |
SXUSRVH WK®WRW UWHIOHD\WGHL W KAK H HBHIDHY GIKOWMWD W KRIQMQ LWL DO O
WR RQH DQRWKHU LQ WKH FRQWH RG XA HEH 8 URY WG M HF R H URHEGRLUHD
WKDW WKH 3607V- XVH RI 05V LQRWWHKHLYON\O BY ERQRIND GO B WW
ODUJHO\ VKDSHG E\ WKH WH[WERRNORZIOWGHW K WV KEXKWH LIF XD XFPD C
VFULSWV WKDW WKH\ ZHUH DGWKBWGWWR H[[DHPR\QH G| R W R IHY
OHVY®RMQV $V ZH UHSRUWHG H Oo//H DMV FRWIKHD BRXTY WHQ®RQJ H\
WR IROORZ WKH DSSURDFK DGRSNWIME OQDVUKH WYRXUGE WW DG IWLK
HIDPLQHG VHH 2]PDQWDU HW DDOQRWKH U+ B QBHWKHKIN L & RO/H ROWM H
RI 05V LQ WKH ILUVW OHVVRQ WGBQ @B%UBWHQ WDKHLROVRU D
HPSOR\HG WR LQWURGXFH GHUYLYDWRYEBHDHEWH J SRXUH® LFW P
WKHLU SODQV ZLWKRXW KDY LQWJSREWH QHRRXIKAWP DNH VDRY W KIFR U
SXUSRVH WKDW WKRVH 05V RI ®RRIQUDWKWH 0¥ MU XHE® X ¥R DIOWYH U
DIWHU WKH FRPSOHWLRQ RI WK HORHRDXW\H WX B HH 60D 7D HIRAQ 1K I & 1D )\
WR H[SODLQ WKH PHDQLQJ RI BGFSOLKUWKIREXW RR WIKQ VW WKHN L R
LQFRUSRUDWHG 05V LOXRS RKHINNORPVBD IIRPQNVNKH XVH RI 05V (
7KH 3607V- LQLWLDO GHILFLHOBUWDNLSB QOM F @607 V. QVWHKH L W R
XWLOL]DWLRQ RI WKH 05V IRULPWRIDWBIQFH ®HUILLYENLIQWIH WKW
HYLGHQFHG LQ WKHLU ILUVW OHVVRR SOHPV O VO NN GWSAZHR/ MK E
HPSOR\HG 05V Rl GHULYDWLYH ZQEWHK® WKH WRQWHYRRISCRQVY
KRZHYHU WKH BWDWQWVUXFWKUHG 6IQFRYBK\D WRM GHYHORSPHQW
WKDW OLQNV WKH UHSUHVHQWWEWXRQ W KZH. WHKH UMKDHL QD M §i i FWKW H
GHULYDWLYH +RZHYHU D FKDQ@HMLUQHWKIRIUUWKSHS BRIDIFKY IWR X
XWLOL]H 05V LV HYLGHQW LQ WKWHHAKZRBDRQG DHKHWINIR Q/ 36 FORLIREDEN
WKH 3607V- HIIRUWV WR FRQQHRYW WKH EROWHQMW DRHOWWRE R |
DSSDUHQW KDQRY DFWLYLWLHV VHH DOVR
7KH 687V VKRZ SURJUHVVHV ) )LOQVWHKH XOB RIKH FRQWHQW |
WHFKQRORJ\ ZLWK UHJDUG WR360ORNM Q0BWROYHGVWKMHH VIAKH RI
H[HPSODU\ IRU WKDW PDWWHU |R,X\KH® RAOH WKHKIL @ D PYKOHHOATRWY R
FRPSHWHQW LQ WKH XWLOL]DWIPRPQVRHPRBWLRY FRRISOMDRRQWL QX C
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IXQFWLRQV RI 05V VWUHQJWKWVKDQGO\ZHWKBHYNWND REK FLWHG W
LQGLYLGXDO UHSUHVHQWDWLR QW RZHOHGIHHRY® WNRQDY BR 2ML R WK
SDUWLFXODU WHFKQRORJ\ FKRWHIQHI R Q WHIH YWIXREQ RIHWHERQRIORJI\ L

&DOFXOXV WKHR I LPERUWMIFQFIHY) +WKNDHWLRE Q (YHQ WKRXJK
UHSUHVHQWDWLRQV DQG WKH KIDRHGIQH HVH RH WV \WMHN\FLKGQARO RVR X V|
IRU WKDW PDWWHU ODFNLQJ LQ WKH NQRZOHGJH RI KRZ \

'H IROORZHG FHUWDLQ RUGH LE\L PHRXQW MRH WKHRF& Q\RFO BHO MWWKHW DJIDL G
WKH FRQWHQW LQ WKH IUDPHRRGN ‘RUXVI&. :H ILANWAK GHILFLHQFL
FRQVLGHUHG WKH GHILQLWLRQNRIRBEI HWKKD & 1R SR KMLDKQ EM CRIHIV DV
HPSOR\LQRUOBMHDFKLQJ DQG H[DWSITFKQ RORIV OYRPHOO )RU H[DPSOH
GLIIHUHQW WRSLFV 3HGDJRJLER®HMVWRZIOMIIGH RTHHQOEPHQWDU\ VF
IRFXVHG RQ WKH ZD\V LQ ZKLFKIRXQ & DQKPMW HPISDRKHG ERHDLHIV DERX
WKH IXQFWLRQV DQG WKH LPSRU® DWXAHH FRIUIUQ WX O X R Q R bMFE MiE QUKRN IRW R
SDUWLFXODU UHSUHVHQWDW LR FIK® RORD \F R @ RAHHWE FRQ VE B H UY. QW IMYH
3HDGRJLFDO &RQWHQW .QRZOHGHHS )RO®\R ZEXQV\IWKENZ ZHQG % UXVK
EURXJKW WKH WHFKQRORJ\ GDBISQWERQWHQWRH SO-DOHPRGFH RI WHHF
GLVFXVVHG WKH 05V WKDW WKHNSRZWHEX 6D 8WXRGWZ IV HZ HUB DKLGR Z H
&DOFXOXV RIIHUV 7HFKQRORJUARDUG&RRW HGQ V KQBXN WE FK B VW HDFHE
IDWHU WKH FRQFHUQ ZDV ZLWKHBRHWWKNEVWKB®YVWIHKRRQWKHQW NQF
WHFKQRORJ\ KHOSV LQ PDNLQPRARDQPSRUWQQW MRRQ W KHKH $V WKLV
05V KRZ WKHVH FRQQHFWLRQVPPMQ WH DAKHG W R UDMF IQIRMWY D POH WR V
UREXVW XQGHUVWDQGLQJ RI WKKH PRQH HRS WWH BIQER @ R DWD V& HF R Q W H
WHFKQRORJ\ KDV WR RIIHU [RYEMWHBWK L)XILMZRMK \VOBR WKRW EHOL}
7HFKQRORJLFDO 3HGDJRJLFDOWHFRDRORIN DIL@DOWKHLEZH VWXGHQW
FRQFMWO\GUDQ WKH SDUWLFXODUFRRS UF KHGWHLR OR R V LV KIH DWKIERMHFW P
GHULYDWLYH DQG KDG WKH L3BVOWWQEHYLDPHVWX\®\ FDDMULHG RXW
WHFKQRORJ\ DV WR KRZ WR FRPHEUWRHS Wi\R RIRG HFBRPBXWIHYWH DW VHFR
KRZ WR UHODWH WKH 05V WR W/KIDHFHK HIUWS HEFRV Q RRAW GCHHYD. F BB XWRH EW
ZKDW WHFKQRORJ\ KDV WR RIIXQGHY VWDNQGUQH[RAULARWWMKHQJ WKF
UHMIIRQVKLSY EHWZHHQ WKH 05V DQG WKUHH DVSHFWV RI
GHULYDWLYH KRZ WR HPSOR\ WKdHQHRQYRGRIUHGQLODWKBIFRQWH [W
WKHVH UHODWLRQV FRPSUHKHQWHIBHE WRR WIKKHH '8 & U QUHDUPWH ZIRQ N K VK
RUGHU WKH DVSHFWV VKRXOGWIEH LRBRURGEFFHS RYLWHDEKHU -V WHF
7HFKQRORJLFDO 3HGDJRJLFD@HE&RQR®GRIN FNQRZEBHKEBUHHQWDY ZHOO
+HQFH W3R . IUDPHZRUN ZDV HIIBFFLKYHROO RRIX B DGOH 8 H 3@ HR D IORLRO $SNQR DA
WRRO IRU WKH FRXUVHV DV ZBOO DV 2XURWHGGMGFKVWHDFKHUV - GH
IUDPHZRUN WR VKDSH RXU PHWKHREGWEYRQO®N CILDYBIOW KB VF RAKRJ WHK RV H L
&RQVLGHULQJ WKH GHYHORSPHIBW7R I LROX R X3.D WWIXFA\S MRWYH EHZRUN V
EHOLHYH WKDW WKLV PHWKRG &D GHIDLY\H VY RQWPHDEIHIK ERRDGERNFEAND Y RAMD IVH V
HIHFWLYH GHVFULEHG DERYH )XUWKHUPRUH Wt

,Q RXU GHOLYHU\ RI WKH FR@WHQMV RH \SHY.IEU B D URDLVFKIOPDW L FD O
DWWHQWLRQ WR JHW 3RQ7 D AVQNGRHWLMHB'W QYKD QGD WKH VRIWZDUH 7KF
2XU SULPDU\ DLP ZDV WR DFKLHERH NDAVRISYWH ZSTHWW L MKS-DWEIRDHRIR S H G
WKHP LQWR DFWLYLWLHV DV ZHOOWMHXRWRVHEXED ROIKRHP IR U FRIFHIF W L
ZKHUH WKH\ FDL@ HPS/ORQE WRR®B\WRQZWMKFAKULRZ® QG RI LWVHOI FUHI
ZD\V +HQFH ZH JXLGH WKHP ZIONR HILWLIARXY \DLR® JDXYH WIKRIQ¥607V D V
EXW ODUJHO\ OHIW WKH UHVSR@QKHEILO LMW \RW R/ W K i$ L@ GW K IH& XD MW \X K ¥
PRVW Rl WKH WLPHV ZRUNHG LERQURN).EKX W:H [E HQHDWA GWHKIDOW WR WK H
JLYLQJ WKH 3607V D FKDQFH WRL WHS @E GHWRKKVBIORMHUEMD WRYHMR GRL
DQG LEX®O'Q\ DFWLYH LQYROYHPHOGW RYWRFBFM LWR MH HIWP HRIHW D Q W
LPSRUWDQW IRU WKHP WR JHW HFKQXPQRW HIGO \B R BU BWMYRQ@RIKH HYL
LQVLIJKWY DQG FRPSHWHQFLHV IUR PV KK H QGHYIHDRBLRG FRRBHWH & F H \
WHFKQRORJ\ %DVHG RQ WKLV EERWK ERQWKGHU DMHMMR QZ B CCDUIX HD Q G
WKH VXFFHVVIXO LQWHJU DDV RERBNARLIYUDW VYGIHBIGHWR WBI YW HODWHG W
WKHVH WKUHH DV IHDWXUHV LQRW KMH BKHQYR OR JD Q BGKE R QRRESM WRH QK Z [
FRXUVHV PLFURWHDFKLQJV VXFK DV WKDW RI $L
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JRXUWKO\ WKHUH LV D WHQGMHEM DPWR QUIWWKIHQ SUH KH\ DOVR Q
WHDFKHUV WKDW WHFKQRORJW K B®FWH RKQYR C°RY QR AR/ \BWH Y U
FRPSXWDVWIHRQPFH UDWKHU WKDQ $W OMIOLW ISRIL QW VRDHURH. VK  WF
-XHUVLYLFK HW DO *LY HORW KWW E OWL R @ DF/IW W.HF WERIORD V
RI RXU UHVHDUFK PRVW 3607VSBUOHU IRUHLOQRBDVQIJWWKWKMLV X|
FXOWXUH RI WHDFKLQJ PDWKIDRDWLYMYV ZSRMKO W IREKWD MK DRN F R
WHFKQRORJ\ WKHUH LV D QHWG HPY W HQF K\HKWH H-®X/FHDAR R/HKY D8I R D
3607V H[SHULHQFLQJ WKH FRQWUVEXRWHMR QHRIOWHEHARQBOIRNYV WRYV X
WKHLU WHDFKLQJ 05V SURYLGHWRHYHRSRUMDOQMKH I386TW RMRY LYV
HQJDJH LQ DFWLYLWLHV ZKHURIMKN WARRQRORPSBBEWD QW LDV
OHDUQLQJ UHVRXUFH DQG QRWURIQOWESBQNVDWRE JZ\D K HRWS \Q MZK D
SRVVLELOLWLHV RI WHD BHHEH BRWABOV R $V A K XNEHBIM QOH R /HD W L R
VWXGHQW XQGHUVWDQGLQJ RI WIHHFMDMWW K ADRWLKBOVFRQE HBEMOV \
LV LPSRUWDQW IRU RXU 3607V WRRARHSWURH QF}H WKH WD PHID MXQGIR
RI WHFKQRORJ\ ZLWK UHJDUG MRMORNANWKRRXWH RR | WOBHNK QFRKAIRJL FD C
LPSRUWDQFH GRHVY QRW PHUHOIRWUWBPDURERQVKHWU L&/H WHKORXLU® J
FRPSHWHQFHV LRQWHAPKGRB REXPPABQYRVWURPG WKH DVSHFWV RI
WKH IDFW WKDW RXU SDUWLFLSDRFPMY YV VEXE N HWFRV VR IONV W H D UNJHRJAC
KDV DOVR LPSURYHG DQG WKH)\DQKHPZWH OWHDV KIHENW U MWHRQ FPHDGI W KAH
HQKDQFHPHQW LQ WKHLU RZQ OHD/WALQRWILRQ B[@E® SO FRE® BRLOQH
LOQWHUYLHZ RQ KHU PLFURWHDBKIR@H UZHL BW NHRAU $ W KHL I SXKHS RV
PDGH DQUVHKDLQ WKH VWUXFWXBERQRIMIMKU DR VRN BWDRFWLQJ (
ZLWK WKH LQYROYHPHQW RI WHFKQRORJ\ 6KH UHVSRQGHG DV
IROORZV $FNQRZOHGJHPHQW

[In this process] I got confident, knowledgeable€ | mean in
this process | corrected my own misconceptions€ | knew thingg 7KLV VWXG\ LV SDUW RI D SURMH
[about derivative] but they were shaky€ things havenit settled . IXQGHG E\ 78%,7%. 7KH 6FL
downe& [before] ideas were dispersed because I myself couldnt 7HFKQRORJLFDO 5HVHDUFK &RXQ
connect  them [the representations and three aspects of
derivative] & But | learnt the topic [derivative] more€ thinggs 5 () (5(1&(6
settled down now.

$V $UIX-V UHVSRM/}H\F\@WD@@N@QD%EN )3UHVHUY ISHH DHYGF H [

73&. ZRUNVKRSV ZKHLR—QVD(H—WGMGV\A@I}I WHDFKHUV JOREDO DQG
05V DQG WKUHH DVSHFWV RI GHULV§5 %RWW RYVVRI
FRUUHFWHG KHU RZQ PLVFRQFHS =k ) W6 |
“OHDUQWH WKH GHULYDWLYH g oLﬂ l i k|ﬁ\/P‘%eHal‘l<¥k:reﬁnPcE’rﬁ<Q
DPRQJ WKH 3607\ DWKDAW WKHKIH \U @OA@aW%Ba%k klnuKademeveLlseIerkln

DPRQJ WKUHH DVSHFWV DQG DPRQJ  WKdL @5V HWPEHJ WDORWRDY H.wi
GXULQJ WKHLU SDUWLFLSDWLRQ tRWDMKKOZRUNVKRSV 7KLV

H[SHULHQFH LQ DQG RI LWVHOI$KRNRoYD©OXDEOH .V UDP VDROQ YOLQEDMH
PDQ\ RI WKH XVHIXOQHVV Rl WHFKHQRWRBPLORG WHNQBRARMV V INWO
RI LQFRUSRUDWILR® R WHDFKLQJ %/ QJN KPR OEMNRW HNatema(kGeNVKavram
OHDUQLQJ RXWFRPHYV -XHUVLYLFXa“EIQE'WVD‘EBZcm ¥nerileri D%)SVR U HSHRIGWY
VLPLODU REVHUYDWLRQV NDGHPL $QND

+DYLQJ REVHUYHG 3607V GHY [9r1>& G 7HDFKVHP
AR A G AR LIS AL ﬁ ;—n ea%%dw%mwaﬁ
DUH YHU\ PXFK FRQYLQRH@FM VR HorO 3
D VXFFHVVIXOKD/WHFKIUQWKH WHDFI@[H(@.UJ [P\NlL‘pQQV WR DVVHVV
UHIJDUGOHVV RI ZKBWERNUGEWR E HDHIK D OW L YPisteedRgR @ i Bitish  Society for
WHFKQRORJLFDOO\ ULFK HQYLUR @&athQnit/LearniniiMaBebda@sL HY H W KOG R.Q
DQ\ DWWHPSW WR GHVLJQ FRX®VHV IRU WHFKQRORJ\
LQWHJUDWLRQ WKH LVSIB[HV\RR@EWIRQQH@ MRSQQLOOD 0 - 7KKQ
SURJUDP 7HDWFKMUYY FRUWHMFKH UV RIAVYRLFSUMHDFKHUYV

D FKDQFH WR VHH H[SOLFLWO\ WL%H & IQWH
DFKLH\?LQJ D UREXVVE/ DQG GHH “rgg@‘rﬁb‘\‘%@g\%@LﬁeTe bp%%
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%HUWKRQWLQN 7 + 6 BHQNO $0LVKUDS$GVLVRHROHU 0 - THFKQROF
VHOISODQDWLRQ SURPSWV DUH PRERIQMIHHAW LN RZIOHG RHSHE IUDPHZRU
SURPSWY ZKHQ OHDUQLQJ ZLWK PNOQRZLCr@®RI Cblltge Rdcbid VHQWDWLRQV
Instructional Science ORUHQR 5 OD\HU 5 ( VXSSRXWMWGPH

%LQJ|OEDOL ( 7«UHY NDYUDPRHDD $I0R TN HPR|IeQHQPMNLQ) LQ PDWI
JRUOKOINOBl NDYUDPVDO DQODPD L oQofitioh@ntilasttu@oi U gPPDQWDU
0) %LQJ|OEDOL ( INth&RIksel +1DWERQDO &RXQFLO RI 7HDFKHUV RI 0

Kavram Yarflgtlarf ve ¢%zgm ¥nerileri  S'S Curriculum and Evaluation Standards for School Mathematics.
3HJHP $NDGHPL $QNDUD 5HVWRQ 9% 7TKH &RXQFLO
%ORNODQG 3 *LHVVHQ Gréphic CakllO O1DWLRQDO &RXQFLO RI 7HDFXrklplssV R1 0D WK
Software 98V RIW and Standards of School Mathematics,. S HVWRQ 9% $XWKRU
&XRFR $ $Yearhook of the National Council of the 1HZKRXVH & 3 XS WROGOREZ VWXGHQW )\
Teachers of Mathematics: The Roles of Representation in School SRUWDEOH FRPSXWH U \Britdh\burtal VHFR QG D
Mathematics S S S5HVWRQ 9LUJLQLD offBduchti®%dRTci@okgl O 2

GH -RQJ 7 S$LQVZRUWK 6 'REVRIQHUV YODQ BHHISBYXOYGW WHDFKHUV WR WH
/IHYRQH®LPDGQ 3 $ 6LYFMHQ 6RPHUH@®DWKHPDWLFV ZLWK WHFKQRORJ\ 'HYl
. 6SDGD + 6ZDDN - $FTXSHERJIRN QREZO HER QMdching Wid &R ZOHGJIH
LQ VFLHDWKHPBWLFV 7KH XVH EdgitionPXOWLSOH
UHSUHWNVQWD® LRWHEFEKWHR® RIOHOPRQYDU 0 ) $NNRo + %LQJ|OEDQC
HQYLURQPHQWYV ,Q 0 YDQ 6RPHUHHY HXO RBRFHAHQW QR | +S 13 GIQIRZIQ R G OH F RIQWKH
$ WRVKXL]E® -R @ JLedr@Bnywith Multiple UHJDUG WR LQWHUVXEMHFWLYLW\ DQC
Representations S S2 $PVWHUGDP 3HUJD BRdInternational Conference for the Psychology of Mathematics

(UWPHU 3 $ $GGLVRQ 3 /DQH 0 HikstW YRO :RRGV '

([DPLQLQJ WHDFKHUV:- EHDPHDIYWIDBER XON AN KiitigdtidR @ ke Rrmation of

WHFKQRORJ\ LQ WKH HidaP b Q W D WatherrataD AbMradiehRtiough Scaffolding 8 QS XEOLVKHG

Research on Computing in Education 2 3K'" 7KHVLV 8QLYHUVLW\ RI /HHGV
JULHGODQGHU $ 7TDEDFK 0 SHBURFRWLQJ OXOWVEYOWFOHY WR WKH L

UHSUHVHQWDWLRQV LQ $OJHEUD HGAFBWLR&XRBRVX@WYV IURP D ZRUO

Yearbook of the National Council of the Teachers of DV V H VGbfpite@and Education 2

Mathematics: The Roles of Representation in School Mathematis 3LHUVRQ 0 ( \ L OMAKIQURDAONRLIIRQ SUDFW

SS 5HVWRQ 9LUJLQLD 7KH &RXQFWQRQ RI SHGDdRaD i RRadh dA [ SHUWLVE
*ROGHQEHUJ (3 O0DWKHPDW LEomputinPitrBEdEBi®@KRUV  DQG

KXPDQ IDFWRUV ODWKHPDWLFD®OKXOHPBKQLFD®O DQG SHKERNHRZKFRDEAQGHUVYV
FKDOOHQJHV LQ WKH HGXFDWLRQRA W XK VIHEdRtMRE$E®RK L F B O

UH S UH YV Harval Of \Mathen®iddll Behavior 7 6KXOPDQ / 6QRZOHGJH DQG WHDFKLQJ )
R1 WKH Q HHarvardHEdRAtloRal Review
*URVVPDQ 3 The Making of a Teacher: Teacher 7DOO ' YH 9LQQHU 6 &RQFHSW L
Knowledge and Teacher Educaton 1HZ <RUN 7HDFXKHHILWQLWLRQ LQ PDWKHPDWLFV ZLWK !
&ROOHJIJH 3UHVV OLPLWYV D Q &ducatRra \BtUdi€) X IvMdihkmatics,
+DNNDUDLQHQ . OXXNRQHQ + /ILSPRQHQ / ,ORPDNL /
5DKLNDLQHQ O /IHKWLQHQ 8(0DN 0 7HBHYWHHWW-LFH 6FLHQFH DQG 7
LQIRURODWQG FRPPXQLFDWLRQ WHFHKDRORIY VBHODYRDIFOO &RQWHQW
SUDFWLFHYV Rolrn¥ o DTeblogy&and Teacher 7 R S IKBr&h ve Uygulamada EKitim Bilimleri
Education 2
+HZ . ) %UXVK 7 ,(OQWHIJUDWHQXWKHDFKRQRMRJ\ LQWRXQFWLRQV RI LQ

WHDFKLQJ DQG OHDUQLQJ FXUUH®EW H\VHERDOHIBYRQIDASYLDPYGE DWKHPDW
UHFRPPHQGRW LRQWX UH EductiovaH D U F Hnternational Journal of Computers for Mathematical Learning

Technology Research and Development 2

-XHUVLYLFK 1 *DURIDOR 6WXGCbHHREWHM 9 0 +HLG 0 . %OXPH * "LFN
THDFKHUYV- 8VH RI *HQHBRQYRGRYHDUFK RQ WHFKQRORJ\ LQ PDWKHP
5HSUHVHQWDWLRQV ([HRBO® DUV DRIBUYBWEWRQDIDHRY FR QAWM (G |, Q
Technology and Teacher Education Handbook of Research in Mathematics Teaching and Learning

.DSXW - - /ILQNLQJ UHSUHVHQW®PWLRQV I KXDVUIOHRWWHERQ& ,QIRUPD!

V\VWHPV RI DOJHEUD ,Q 6 :DJQHUBXEQ@LVKHQ@DQ (GV
Research Issues in the Learning and Teaching of Algebra S S
+LOOVGDOH 1- (UOEDXP
ODJQXVVRQ 6 .UPPMFMR + IDWXUH VRXUFHV »
DQG GHYHORSPHQW RI SHGDJRJLFDO FRQWHQW NQRZOHGJH IRU
VFLHQFH WHDFHHQYRPAB *HMMGHUPDQ
(G V Examining Pedagogical Content Knowledge: The
Construct and Its Implications for Science Education
'RUGUHGXXHU $FDGHPLF 3XEOLVKHUYV
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