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^-1'i,lit 
r Aq,Jerni! ,,rl(l lki{rr rr lir I'rhli ill!rl { !:AS llrh]i+.r,r r

'^ lrhl ol Sch.'lus A..kl(n!( . rJ \( . lrl,. S,t,cl\ lnd;.r

Osl B{7-ir7r(onrin.)
lss\ 23{?-919r{l'rir.)

lntegraling Good Charocler Velues in Mathemntics Learning
!:llii \lrr.lirn. l'.ngrrb(.nr', thrittli \'ruti,nrr. tur' trifrhr

Irdrrrcsi!

'( irralxlnding .ulhor
t lhs.l hthlid,h l\,t,gqnbr n

ln thc purg,sr of malhcmalc! cd$rsnon. it rs

"putrios ihc clnth.iir {ln rca*ring. foundrtron- anrJ

char:tcle. lilrm.rhoD ol rudcnls as r\rll as pultrll8
prcs!,lrc ( skrll$ rrt the apphcatio ol rnatbcmatics".

Ihe rmF,rttrn.c of msxlhot ljhrr.r.rcr kt
icanrcrs rs alsr erprcssrd irt rh. humanrs liruns Malrrs
S'r{.!o Fl ,ltrl "'l.i htrrl.l rh. !.rurrcler d! lsm.e.i rt

nrurt hc {ppoded Nirh.nrrcal inilirlilc lnd !ir" lrmc
n) lho* \hrr }ul lin\ard ,rc\ dcas' Srnnlorh-
l-'ck(n, lll st'tcs "lht r('lc oI ich(xir ata p{acc ol'
In,ril .Jrcxlr,'n rr h!\.,mflrg nr(rcarinrh imfhnafll
$hen mrll.nrs ol chrldr.o 8cl hdc florul cr.lucllrfi
ri^n rhr,r ur6rr rn,{ $l n 'hr "ri'n" dI 

'!E '!!.N.
,rnt'enurl rlluci shrch is gaincd rh.(irgh orhcr
\r(xship plaes rs Scttrng mc ir-lllc*t snd d$alpcurld
ol lh€ir li\ca". Ar lhis li'nc. \hcn $.h(ns Jo r.rt
prorde nr('ral cdoclllr(rl. lhc inllusncc ol uolcnec on

rhildr$ chsnclc$ sn qurckh rnlcri and m.lcs lhc

xr';*lir* rducs h${):t!. \:!.r!,rre '1.! :!.rl}.t Poi! 11

srorcs rhul" \ulu. cducslron is n $orl that is ren fikelt

,lh{t rclr l'hc gqrcft Nrlr}sc oflhrs slll(h'rs lo inlcgrrlc grxxl rhnrftlcr rslucs 
'nriarhcnarrcs l.?ming ll.--inniolr \\rth d.teldp lcnchrng oole.ial on ln.lrlre.l

gl'{)llrctr\ ol llat licld llrc tellch'r8 materrrlls arc desigre'tl lo mal('drc qrplcit\ lil
thc.him.t.r dcrcftrpncnt lcam,ns i.t;\rli.r a'! includcd ir lh. unir .rf lelur.
\hreh rs rlcsrgnetl Io l.rlilil.rlc kno\lcdle ol nl(xal ralucs, t() rcrLzc lhc rmFlrlJ,l.c
ol \aluls ind r{! , lcmtrh^ S(xxl chffaclcr \olucs lhc dc\eloprrcnt rs hrsc\, ,n
nx\ilirJ,l.D 

'nlxlcl 
corflsrrng ol ddlim. desr$ nnd Jc\l;lop

eharnclcr \nlu'is- nral[ lctlnx

r\r'R()Dl (- ()\
'I h. cslrhlishmcnt ol 8(xd eDd quahq chrractor nce.ls ri, hc &hc in ,

$rtcmali. a unlrnuous \trl rtarlrn{ Ih,m *in&rga(en k} onrrcrstt\. la)r thal.
characlcr f('nn.tron murl t. ao inlcg.atcd nan ol-educali('f| As il l! slrled b\ Iirdaus
s\an. s€\'s "Chlrocls buildmg Nents lo restqe lhc paaadilun ot tlxnhrnll so thol the

sNdcnrs are nor (x|lv smirt. kno$lcdEpablc and $pcrior. hul nlsr) rcspollsiblc ard
clbrcnl. thschallcngc nsl hc.n$rscd h! .llt campus' ll I

I hc e'rnphasrs on chnracter burldin8 rn cdtrcatr(xl ilt olso ll€rrl\ {at d tn lhc
dcs!.rpra()o of lnd(neval' NarrDnal Cumculum liamettrrL Kcro,ta,.a kntuho"
\.sil,,<,| l,r&,.reria (KKNI) rhal "1. accordan.o lrirfi rhe rtle{l('gl oI thc srarc lnd
cullurc ol th. lndoocsian Nalio[. tt. rmplcmcDtatiur ol nahonal slucrtt(tl| s\stem
\hr.h lr (ondullcd rn h& .Jim nl ctcr\ l€\(+ {rf $nhlis.ltr.n iocludcr p(Erri*$ llul
fixncr dl'lccti([ osmcl! adxt morals. cthrcs and pcr! nalitl rn lhe ,ccon]plishmt.nl ol'
tioir dotrsn. is ahlc tt, c(xrpe.atc rnd hr\.o hrgh slrcisl *i$ilitil] and cffccm lilr lhc
comntnrl'\ ind the cn\aimrn.nr. r!\I.!(l n,r d[ersin olcul&ral. tErl\. taltel' rnd
rel,gions r.i $ell ds (hc (mgnrl opmr(n,r lindi[gs olollErs. clc."

lr is conrd.rcd rh'll llidrcr liduc.l.,o hrts l
lhorcc in toEfiin! rhr llm.lion ol char..lcft ihal can
mtcgrotc lhcm naturalh Nlth lh( $sndaftl curn{rhrnl or
reaoh in hndcm $ith tho s1rlldard crrrricuhrnr. lnsrcad

ol addmg a \rjnes ol' scpamlc nrcclrngi l(, lhe
lunrlulum thrr 

's 
.rlrcad\ vrl'J. rhc crs opu,'r i. k'

[rt!8r.la lharacEr c1lur.tr(xl $rlh srbie(Ls coursts rlr

,ll .hs\.:\ h\ dl cdnarnr'\ !,11

.lrttcl" lllston
Rc.et!]?<l- 08 t)l Jols
.1e.t'tc{l lt 0l :018
l' hlishtd )5 01 :0lt)

tx,l:
I(l 212?6 sinhss.2ol8 6.2.l-l

htt Jiloe "

A* !n rn atllhon lhal pr,xlucct cdncrlrxtrl
pcrsonncl. mrlhcmolrcs cduc.non progrrm ar liKll'
lJMSll nc=ds k) rq$rc 2lst ccfllu^ malh.ratics
lc:ll;hers \\Ix) arc not ooll rcod\ lo conplele lhc
c!fiirlL'n lc(usrir! rlp.'d} b!, ,1s! !b( rh4!ncl!:r So

rhat larcr. lhc\ ar. ahl. k' li,mr lhu ncrt tr,tcrali.,n
ch:rracErs i\io cm lircs tbe chdl$8os ofllrc luture thal

rs l:sl.rulu.i. u,nsl.rrh ch.uruinS.rrd d\ndmi(

|rr)n ttle vshRs rhar 6r. dc1!kl[i{ ltxNc.
lh.rc .:.rt L+ ch!rr.!.r$ rb1! er( te+-irEd !.! b.
dncloped in lcaming. Thr.'sc lr.'o €hot:lulcrs onj
di*-ipl.c. npAnroncc. Frit Dcss. abrlrt)., to $1!A



Illir lhrdian! l',trlrsrhr.n / d/ . s.h. J. \rir. IluD{nil.sYx.ki.l,ch20,ti:6(:}rJ63-.r'l
t('gelher. c( rnl'tlicalror ik'lls conlmilmcnl-
src pla^. posrxrr. cmPIfil'nnd rrrtx nsihrfil\ So lh.
portxll€ ol thrs stud\ i\ t) nrirsfirrc 8o(xl ch:rr.rcrcrs
ral$cs rn rnalhcmalrcl l.!mrnt thal bcg,rri b\

liclil

l llt:()Rt:t't( .\t, s"l t t)l
( lrrr.cl(r i:ducrtion in lldthcmirics lx.min!

An{('llc l.ll d!-tiocs g,\xl chltracrcr as l,l} b\
.t i.|g tti rigiii .rl;\ft. ('iit rsif^ll irr iht Frrn .rrJ
olhcrl A rifluour lilc inchrrirs stlloricntul gxrlrrcss
{:drch a! slli( trd rnd nxxlcrilrun ) as \\cll as olhcr
IhirSs-ori.,lled A,odnct:t ( ch s l*ncrositr rrnd

mc..!). lln holh t\ r!.-s ol ernxra$s rrc rclal.d Whrlc
Kocs(r.:nr. t:l sul$s lhal charllt r !s "lh! p(r$mhl\ rs
ine .h!tuek,,\n! ,'i r n!,s,{ \i!, r,,m!' innn tir'
lonn tx,ls thrt arc rLcci\lrl tr(lm th. cn\ironmcnt" In
lhc lDnc :r:.trt'n. Wnrn,c slrlc\ lh{rc rrc llo nolr(n* ol'
charrctcr irntt. it \ho$\ ho\ sdnconc hehr\ed
S.\(nd- ar dcnls stth '|)tjrsnx'lrl" A Frsn 's 

c{llcd
.harrrcler il hrs hcharror l\ rn accordanft \rrrh nxrrnl

cultural ralucg rrc ltl( dc\,ck,pncnt ol c(lDtcntrnuon

lx rcr. lhc slurc ol cconorNc!. lhc:6ihl\ l,r c\Pr$s
oprnr,:rs. bcli,:r'c m or.scll. th. dcsrrc k, drs.olcr. Iho

<hsrrc to lcrm anrl rcml .r'J thc nhrlil\ l(' \ort htrd

'l'hui. malhcnrrx.ll lcxirrrrtg .onkihul{r
*i$ilictlntl\ t(! thc dc\lklpmert ol g(x ch:rroclcrr-lh! \alur ('f characllrs tlu{ lao hs dc\clop.d rhrough
molhcn!arics lelnrng is rc$F,cr drslipliDc. honcst. h.rrd
(',rk (rq.lrre. Lurn')(r. rnJclErdenl c,nnmllrr(rlrr(
ic.t-^nilit;iii .nJ irii.ririil.

llr?klpnr.of of h..hlr* Shhrirls
'I hc FrrF,r( ol tcachiog nlalcnals prcparrtint

arc {l) h, t.o\idc lcnchrng malcr.rls rn alldr.lnltlc
\rlh $t dcm.rnds of thc .urriculum bt lal'iDg flr1l,

i.connt inc ft.d{ ol ldnmcrs. thnr 'r tcachin-q m..,.nais
rlur !l|alcl! thr .hffaclcrisucs nJ *ltings ot s(rcial

cr\ir(!or"cflt ol lcamcrs. (:) l0 ll.lp lurm€r\ nr

obl.lrn rg allrrnah!. ol lcachng nlllcftrls rn rddrlirnr lo
r.\r h(k)ls lhal sre s)mclrmc' drfii!ull l(, (,htuiD lrlld {:l)
k) lacrhtrlr r clrning otll lcsmnrg

I hc prnlcrdslhal olad lo br cursrtlcrr{ rn the
dc\clop'nsnl ol lcamrns nrrr'j als ir!ll'(lc lhc pnnudc
ol'relcvanlc. c(xrsislene\. n d odo$rr{r Ihc pnnciplc
ol'relctiocc tmphca lh{l ll::lchmg mrlcflal sh(xlu b,j
reh\anl or lhcrc rs a ((|llnc,slxu l() (hc achrc\cmcrll of
.onrprlonc\ slllndrrds. hasic coorPcll'ncics o,ld conlcot
stondards Ihc pnnciplc ol cd)sslcnc\' mcinr
lhirprrss II thc bdsrc corDpcte cv lhat rrusi hc
majt.r.d h\ \tudlnts is rrr( [rrrl. tlcn thc lcarnrng
m lcrl,ls lhnr rnust he lrxghl nrurt als, rnclurlr onc

k'fld. I h. f,rnrc'f,lc ol rdrquac\ rclates to thc scopc :rnd
saqusocc ol l€nrn$ rlaldfials

$,. ehlr{clct ri sn\ ol belr.r\rog lh..l rs thr
t'(rnn{li(n ol ! \,ronDrcrt I hrs cn\,llonrrcnl i!. sueh,rs
t nih r.lxt,l and conrnruortt.

M.rlhcmxlrcs rr cr$I.J ( l ol-tlrecs$t\ rnd l()
lrt:rhtatc prdhlcnr s,'lting Valuc. lrrlh r!st^-el r()

( hrfrcl(r rons,rls.\r xn or^-rlllr\c \ilur. a

rahrr in aclron Wc proccrd in ,rur charrElcr. ns a \:alrc
hc.rorNs u rirtuc. Il rclahlc r rcr d,sF,ilron k) rcsp('rd
to shlalroos ro . 1\{\ lhnl morrlh ai u(r{l

Chrtractsr hrs thrcc rnlorrclrlcd partr ol rlx)rnl
lnor\lql8c. moftl ltrlng 0.d morrl bchnrtd (irxxl
(jham.tcrs (rmsisl of knorring g{r lhrngs. $nnlrflg
grrxl things lll(l d('Ir$ -q(nrl lhings-khils 'r Nar of
lhrnkrn-!. h$its rn thc hcrrt. anrl hahrts rn actxm I hcrc.
UtrL\: lhntlr !,t nc(:.rs.rr l(, goidc a 

'u,ral 
Il.. th.\

li'rm morrl nrtunl!

\'rluPs th r r.e i.l Urlbcmrtics
ll'rl is trllced. rn Dmlll€m{llcs ll|€rr arc thrcr

ruah ralucs- trlnrl\ prxctr(al \aluc .li{rpl'nc lalx$
xnd cxllur.rl uluc* lli*re hl,\lrJr.lr ol :rcthlnrrhrr
rnd slrlh lsrrr rl rs a ncclsel\ 'lhrs mn hc $u'n m
ljtc^&\ lili l'u lcsm sbout olher liclds. milhcnllueol

Mrlhcnrxlrcs rr ($c mons n, inrt'll lhc habil ol'
rcasmrnr in lh. sdrl l*alhcnrahi;s is alsr .nr oi.rcr
scicnc€. truE.nd rlsats dir(rul b lhc iarsct. I]€aus{ o[
thal. it c{n lirilcr di*rp|nc in thc ,i{'{l -li) dehrc lhc
lrulh dr crror ol lhc rhtcrncnl. rl muJl ha\c lht flghl
rcri{ns. Malhemurrcal Rt$(nnr8 

's 
cxrellcnt anrl rr

{[labl'j llr trartuno thc lcnmcrs slt'ls k]r srmpllcx\.
Iccurn l. nulh(rxrill. lhlrjkinS d,rd l!.:ixn3 rr\l|ll\.

Itohlr:nr*,rl n(',x, dlprh. and wqrrcncc rn

dr|r tnng lcarning matcrrnls are imprmnr Accnrrc\ n'
&t.rm rrg lllc w,fr. {oF ur! dcrxh of ltErnurg
nrnrrnrls \rll trcrml lhc lcc$rcr liom lcachmg r(x)
liltlc or l(x) much. l(x, sh.ll(N .r t.xi dirif Whih tt!.
prrcrsr(ln ol thc nrclcntalr.n $qucncc (rcqucncioB) \ill
mrkc ( crsicr lin leami:rr k) lcnm thc lc{mrnil

ln (lclcmnnrng lhc *,'lx o[ lcrmrng matcn.!ls.
th! prnrciplcs lhrr D(.cd lo hc .6${r€rcd cu)ccm rllt.
brcodtl of thc matcrjri .!rd th! ,ll.)pih of Ihe matcrifll
-l hc hr.adlh ol lhc mnicflrl dc$rihLs hN ml|1jh

nr.,rcnnl $[roh rs rnclurtcd ln rhc lcssrr] \Yhilc lhc
.tirtth o, m.tllc' rs hos rhtarlerl hl .on{cp!\ lllJl mtrl
b! rludrcd c(mlrolled b) l(amcrs

L.amrng mnlcn{l\ th:rl hn\! h.cn dclcrmrncd
its serlx flnrl rlepth can hr y,ricd thftugh lt\,, main
approac6*s. namcl\ proc(\lur{l arJ hr€r.rrchrcal
appromh. I hc ictiur.c cl lcrrrrrag rnotoral'
prrcJuralh Jcllnh$ r}E \lcp\ rn *qucncc in
rccorUancc \ilh thc slcls k) lrrn oul r lnsli Whrlc lh(
scqucncc ol L:{nnrg materrals htcrarchrcallr dcscrbcs



n r.qucflc{ ol rlops lion e]Ls1 lo dillicull. or knn
simplc (, lonrplc\. lfl lhis sh \. lhr Pfcpnrrtx,rr rll
lcauhi0g nlrlcrirls n$ irli)rmatil,n rrrinltrncnt modcl
6\ considcnflg lht Frncrf,h oI rchya'rcc. ronrlstenq.

lntegnlinE (-h:rrfftsr \.alucs iD llrftem&ti.$
l-esming

IrtcSrrtins chffxclcr rrhrcs irtlo $xlhcnr)1i.rl
l.an]ln! in thrs ca$ i!.rnrliti(.I geo, cin ol llnl li.kl.

'iJ'i'rr! ii.,n, |.iJ,n'rn!..',rFion(,,iJi',r,..''i...,1".r"",
dl baroing -1fu intcgratrrn ir *cn i lh.
rrnplc cnlnlitn oI lt,nrrng at !l.ssr(rnn lslegrntion
crn bc donc br ndoptrng ic\cr{l oti cls ('Ilonmins h\
(,nt(lo'iD8 Il*- mlt!flrl ralllrc on ar.rl\1rell !c,rmctn
(,1 llrr lield rh{l rs drs.usscd. lh. characlcflslics ol'
{ni.ni. rtri rb( n.\.h.'i''.!rr:i r,,n,itn,,r di 

'h,' '"Ln\,'

:rr lhe lrrrc of the lsrmnr-q aDd lhc lrmc ol lcamug is

ln lh! lcsvrr fl.ntr'ng. Sctrr.{r.r Lc,rrnins

ol lc.turc inrhdII|s lc,i'lrng rctr rtc. arrl tcachrng

mnlcnr,s urc dc*Bncd k) lil {h,j lJhx ctcr d.\clot)m(nr
-lh,c lcimirg acli\rlies lhnl arc (lstg,red arc il$lilalrng
th! lnoirJcdgr o{ morrl \ r!uci. realiTinlr lhc irrportrn.c
of \ ahrcs xn.l lhc rnlcmiii/rtknr ol \nlucs

I ht dr, ckrporcnt of -Ixx1 .hrrnclcl \nhrcs c n

norL (llc(',\(l\ ,l' rl r, i,ttr{lJ h\ .\rirrrr!
eomponunts 'lhc;c .ourFncnts arc lhc strd.'n(\ (ra\
mtnrl). lL. l!';lmrng l}t.r.cs llcanrng le.tchrS pro!.si).
lacilxcii xtld inli$Jlrrcurrr lntsnrnll:n|itl rlrt)ut] .rnd

cn\i'.fl,n(nr rrn\rr.'m(tr,Ji 'nt,',t .F ,r ,. {h.,sn ,n

ljisxrc I bck*1'l5l

IiS- I i ( irrropiuei frxmt$orl

lhc nho\c coml)oncnls :rrc pttccxsld ir lhc

tcamrng pro€.sr so as lo Prd-lucc outpul (slodcnls) \ho
hrlc gdx, chrraclcr lhc rtrhcs ol-chirr$lc.t thtil

apFrr as it il tlal$l h\ th. Minisln ol-N,tronxl
llJu.lllon ar. .clig(nN. hon.sl\'. t,,l.r:'tl... di*rPlmc.
'Jcnr,!rrrr.. mrrrcrl'.$'. hJrC,r,,t .rt.,tr\{ :s:x,$!\.
nnd rcsBr[ebilil\.

Rtst.\Rcll \IE l'lloDs
'thc t\P! ol Jlird! rs dt\cl('Fncnl rc*nrch

Lcanring d$ic$ nrc dctcloP!'d in lhc l;rsl \cnr.
rr:cl';{inr lii'S i:knrs:lcr Ct)irrsc Plafi R.,tr,,l}
t't**alun SunutterJ. tJnal ol l,ctr$rcs aqd Mullnals
on Anrlllrcnl (i.oftctn ol l:lal l:icld I hc dtlo!)Pmml
nodel that rs rred rcl'crr b fic 'ildi1i!{ 

l'l) mod.l

consi3lrrg ol d!tin!. dctigtr nnd dcrclopi tl.ps

Ai thc Jvlinirrg ,tcp. thc &li1tr.. lit'ni ini th!

anrhsrs dt thc ritulion \hich i1 la,rc.l tv thc lltnrr$.
lhe chnrrctcrisli.s o[ thc sltrdlrls. lhc coDccPls that rr.
r.roltt nnd eided $1lh the Iir.orulal,{rrt ol lcnmin!:

ob.l.ct'\c't 'lhc purpr* r,l thrs sr.p i' lo s.r x d t{!

dclinc lh. rc(fritmcnls ol' l.!fl1idll l)r(xhl.lxrll b\
rnxl\7rrg tlic i*r.cli\.s ,rd I'nrrl:lli,lls o, l.3rnitrs

l)3r' co!!r.l*x) ilahniqt'es $ !his sltd1 3!t
{l(,currl:nt0ti!'n. ('btuinin! inlarnltrlx'n rcloling kr llrc

rnlrisritlror ol' rooil ch$r.crcr \3lucr in nlalhqnralros

lclrning rnJ obscnorn . rihhini,lg inlilrnmlr(n rclalirs
l,) Ih. .Ir.rlrl\ ,,1 lh( rrnllcnr(1rtJlr,{r rrr l!JChrfl! rn,t
It:rmrn1 r.rrrrucs rt,l th:,r'tr lLtt'lr,r\ "t'lrrJcnl'

l)aLa irra,\sis lcchfliqLr.s fflj donc rn lhr.c
slcfr ol dald rcdnclii)n slcf. (la!x rc*nL(r{,n stcp noJ

c!'..[,sron dri\rng stcP. A.tr!ft.! in l]]c.lat! rcJrEli!'r
icq' in.hr.lt rh( I,r,(lrs' ,rl 'ul\rlrn::. ritrr-rrrS.

'h.rrx,r'r!f x Ll lormnltltrr!:rll tlalJ lkrl r\ dhl)rncJ

inJ'n lh. liclJ Ilxlr fr!5crrtxtior it.f ifl.hrJ.; th!
rcri\ilies ol Nritrn! lt dnlt s.l llul it arrao{orl

,,rernrzstl rn rcl.rrr,'ll r.' tht rcscrr.h tI'L'lrr'n $ i ir i'
p,xsihlc ro dfir cdrcl rutr ltonr lhc ir lhrl hits

llli.llanli,n' l'arrggat cx n .r ,1. li.h. J. lrts. Ilumsnit. Sx. S(i.. lirh 20ltii 6(2)r J63"3,1

'!, r .l li rr i,r.
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l,rtrssahcar ., al. S{h..r..\rrs. llumrltit s{r. n'i.. I.cb 2l),E: 6(l): .l(r--rrt
bc'in eollletcd Cotr.lir sur ri lrr*n ,!r {hla rcJll(bon lh! frrrbollr.. ihc.ll rr. $,ll u!,dcrlie rhc cllipslrd. inJ.lnil d{U, prc--nlntiofi ns thc ilnr$cr t1r lhc rcserrch
lrohltm

RZsI:.{R< }t Rt,:.!{,Ll's .iI i) t}ts{:.ss!(} l
'I h! $xhlrc.l xol\ rtr.s lhxl ha\. BLcD lhrorlqll

ni this slcp arc the linal prcliminary urirhsis. rludcrr
xnalvsrs. rasli .in.ll\ris. Lonccpl ,[al\ss and Icamrng
grlal slttiog

lhc h\-petltrllc r\tII undcrli': lh. h\perbol{'id.

An anallvs of lhc ssondin schrhl
.UnrJ l*nr r.krr:r l.: t,tjdll^-l !.,,nr.r. ..: ti.,t trttJ r"
also qnductcrl. Ihc r$ult ot lh. d.lpcnin* n, rh.
sccordrn s!h(n,l nulenals. lirsl th! rvl.(.d nr tcr&l rr
thu l.xilNn ol p(rnr{ ufl lhc ticld ot uurlt.!us
cooftlioalos llflr.i lx)lir crxrrdiratcs_ \ect(rs on licld.
lircs on lield. .rrulc. f,.rn,hola. cllipJc ard hwc otl
ih. .,€t-ih .,1 ii,$ iii-!oi.&n (m hi.i.rirl tii'ri[iiii.r.
f,"rrihol. clhFs( rnJ fi\l^-,hrl( rr ($h () lh. tlnlu r rn
lh.* placc,r o[ p1)srlron

ln lh! tci.hrn! nr.ucrirlt drat hilc hccn
colrfrilcd. in rddttlo !(, acroot odalirg !ic.1tldrry
a-ho,!l rraicriais ri ic n) thc 6nht,!oi 8..mcr6 ()i tl.r
lickl ahorr. il is also ct)rrid.rcd lhat lh:r coursc is lhc
iinnrd,lion li,r drrpt'rrrnt uxrrs$ ol sprcr norl\lilxl
g{"nr.rn !Jl'julr,i rnrl suc.rnJ.rn s.h,*,t nHrh.nr*r,.,
So lhe dcfth ofthc nrrl.nnl rs rtso hrghl\ rugndcd l.or
.\aorplc. tfir mnl.ri$l ol circlc .o$)cr n! lhc Jis.ussion
,n r.r.ir iitr s hrir .,r patu 'ir LiirpJ( .nd i1\ perhoi.r
th( disluri\ron is up tl) thc Fn l il d tx)lrr l tc k)
par.holc. .lhps! and h\p!rb()lL l;\.n ol' hvpc$olr
lcrchin! rtt{ten:rli. lhc dis.$s:tnn 3(E,i tu tl1! 1(rc 1

ht'pcrbolcs lhur. hnsJ oo c{rme hnr nnll\srr. lhc
Jrr h'u.nl !.r\{n(rru,l llJr lrcld r\ r, rn r.rhlc I i,cl.,s

in ii,ii i;i.ii liriirdiri.iri tniiilij iilTa ;r t,r
conductcrl €urricul0m i$al1rir. rclcranr lcarninc rhern
inJ tnU'( .hjll(nrc, r,r,l JcrnrrrJs r0 nr:rkt rhc srrrdenrs
llhich arc p.(lduccd halc good ,;han\:rcr lhus rhc
dcs!'iptron ol tbc l\:rrnruc trtlcln i! eonJdcrc(t rh.
most irpfopria!c.

1ht roal\si,i rcsult (}tl rhtj currc{tum ot
nrrlhcmalrcs !d crn(,liEIIMSII ,s i)btarncJ th(.onrsr
ol anahli.nl gerlmeln ol 0itt licld is rhc hasis li'r
prour utring lhc conrn' ul iroec .nnh'lrc$l eei'nrek\.
h'!h schitl nlarhco':lli!\ nrJ .ntt n(cJ e:rtcuiu, rn rh.
nc\l slm!ficr 'ihlrcii,rc- ir neds (i irc n srrnp
cDrnlr,tsri ',ll th( 'nrprrlr)(( 

,,1 rht rllrrtr.'rl rn rhrs
ca,rn! .l! n li'undntrm li'. st{d}rulr rhrs c(rrrr( t:('r
cu,nnlc rhe lrn.,.o li.ld Nll unJcdi( rh! l,n'. rn \p!cc
the r'.!tor oB licld rill rnd.rli! thr lErrr In spnle rh.
oncle \rll llnderlic thc ball th. p.rrrbolc rlill nDderlic



lillir \lrllliana l'erggahc{n .? al. S(h..,. lrls. llununil- lyr..{.i.. l.h 20ltl: 6(2)i J6J-l:l
abh-l : .\chicr.m.nts ol { itrlrq' lnd lndic.l!,r\ oI }i.ld

Aohic\cmcrrrs <'npotun,)! htll.qaru tcl,)
ofC,{'rv

(

Ihlcrirl: ( {,ordinrl Stit nr
l. I)ilcmrinc lhc [|!dx)n ol lhc Fn l ,xr rhc

r(x)rd,ntrtc plere
2. Cxlcrl . thr JNh$e{ lrr\(r-..s r(-

rp!'!rlicd txxrls
:i I)clcrmrDe lhc r(xtJrnal(! ol thc fx)ints

on thc lnc thr(nrgh lh! t1ro specrlicd

J. l)clcrnroc rllc kurtr(|n ol rhc fx,rnr on th!
lx lxrco()fdllltlk\

\ht dil: l ecrrr. ('Il !kld
I l)(lr;rnDnc |e \,ilrkrr ll.nu(rr
: l)llqrminc lhc mrhipliatirn resulr on ti\d

1 l)crcrnrnc rhc \rct{tr cqootii)o oIa shrght

lr.l€tirl: Equ.lil,.l otStr.iqht [.in.
I l)llclop cquau(|rl ol ll itrarght.lne
:. ldcnnli thc f,o$tror ('f t\\o srrarghr lanc!
.l Cnlcula|t thc distrnce ofBnnts ond llrlcr
.l l)trornrtnc th! anlrl. h(h\!cn r\\o hn6
5 l)rt*rnrnc tht mcrtinB fo totNuhr.\.
a' i)llcrmrnc lhc equirtrrn oflnrc bcam

I)c\ cl1)p cqll3tio ol errctc.
l)ctcrmin. lhc trn!n:nl to thc ci.ctc
Arran3c tic p,lar lirc
Dctcrminc Ihc fNlrrr dl r pornt on rhc

l).ns a FlsEr llnc
Dcrcrmillc thc,x)$e. F]int
Idcnlrli P{)stron ol -l \o Ciretcs

hrcrirl: }][iFr.
l)!rcl,o cuurtr{ 0f cll,D*-
Sliclch thc clhpla chlrr
I)ttcrmioc lhc lar!$.rt ro rIc cllipsc
l).tcrninc I,r,l.r l)ointr aDd t.rncs

\htcrirl: P.rr hrle
I l)Lrcl(tp c$rutr(m ot flirah(rc
I S&:rr:h |hc fi4rrtrla chrn
.l l)r:lcmrldc tht ko8(:lrl t(,lhc f,ndhol.{ ,r(}lnr llnnts xnd I_'nc\

llrrGrirl: lllper-txrc
I I)c\ .k,p !\.tuatron ot h\ plrtlolr
I -\!:!'!L!! &a tr i\.tb.tl: Lt'..ilr!
.1 l)etrrrninc thc r:ugenl k' rh. h\p(rtolc
{ l)rterminc Polar ],i)ints anl.l I rncr
-5 l)ct.flrinc lk sr'. h\tlcrbot(

hcr"rlrac', 
'o 

drslnbc rhe 6rint rn ficld ol tirc Crtrcsian
co{xdinalr and lbc l'riff Cq'rdrnrlr:
Aecurac\ k,lj{lculntc lht disl.ncc ol l\o F,rnls
Accurncy k) tlctennine thc l(Enti(m of F'ints r)n tho
polir (rlrdinnte iickl

 ccuftc\ ta, dor..minc rll! !ccr,)r .q$$l!on ol tr itmtglr
linc

 ccnrnc\ lo Iorrnolalc o $tmicht-lanc cqunlron
Aecurff\ lr) rd.olrh lhc lx'$u(x) ot l\o lrnes
Ac(utrcr t) c.rLuli'rc th. drsr ncc ofF'inr n d li c
Accrrr\ t,) {!.lcflDrn. lhc angl. hctNrrl I\o liDor
Accurrc\ lo dclcrm,n. ihc mcctin8 F)inr ol r\\1,lancs

Accrnc\ kr rrr !$ rhe cqllntr.n| ol cir.lc
Accua.\ l(, tjctcrmin. lhc l.rngc' kr Ihc crr.h. thc
po\\er ol { Ixnnl oo rhc crrclc. rhc p.lnr |hj. rh! B,inr ol
po\rir nnd lhc p<'rer Inc
Accuru.r io idd'nii ihc grsioln ofnrrr crrcics

Aocniru\ Io rrrlll!e c$intloos ol cllF..
Aclural;r k' slckh rlhps!
Accumcv l,) lomF)sc llngcnts on lhe cllip$e
Accn.ac\, ll) dcllrnrnc pr)lar poils alld hncs ro ur
clhpn

4.,;rrrft\ lo nrrin$.$tat h ol f,ar.lhrl.
Accrrac\ k, \kllch ol par.tx'lc clL?(s
Acqrrscv t(, dclc.mlrc rhc En8crlt l() lhe f,llraholr.
Accur (\ to dcrcrmroc frar pornti a d trnes k)

Accurxct kr arrange cqurlior oI hlplrb( c
A.€'.;r!c., !: i*!!.!t cI hl pc'6de rh+r.
Accumct l(, dcl$mir( lh{ cqrali.,n ot hn8cnls !,
hvp.rtx,lo
Acctrtucl lo dctcrmir. Fn.. Frnlr.od trnc* k, !
h\Icrt[rlc.
Aec{rnc\ l() dctcm nc rhc vm. h\

I
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t:llir ll{rJian l'entgntu.n ?ral. s.[.., trli. llununit- s{,.. sca.. l ch 20llir 61!): 16l-3?l
lhc rnal\srs of sluJ!'ol chnrnclcrislics is d(nc

b\ obscn'rrion lo sludents \ho halc lhe csur{c (rr

nnnh'lrcirl glom.ln ol lhl licld rn th. ct.n r.mcrlcr ol
ncadcmrc tr.r 21)16 2{rl7 ()hscnalronr nrc qnrducls,

.hirxclcrrhc orc .)-lh. bscliSrot"rd ol trtrdrrihnding
(,n $c c(rlrccpl l(' anahlrcsl Bconrsl ol flst ficld ls

rcD' h!\\; b, Alicr ausrding lcclur$i li)r sclefl
rD!\jllngs. lhc morLnrcol ul und.r\trndtDg,i nrrl as rl rr
cxfr:lL}l thrs npp(ars ()n lhe rJtcrni d'iam tn Nhich

Iti€ *\'.. -l m.ii il',irriit ;' b.i'n ai). .i i+E idiiu\tn]
lo l'(rk,$ lhc complch(n ol thc.\a'nplc! ir SrLrtcr lhntr

rhc ellbd llt alt€nrpl in s{,hifl8 ln lhdr oNn \rn\ lhc
qncsti(ns lhrl :rrc gi.t'!rr in anolrtic gurtttctn cottrv:s

lhur. rh(lcfllr lcnd trt hc lcst m,,lr\ilcd 1., bc cr(l,lr\c.
d) At lh. limc ol pr$cnt3lron. ull\ [i;t\ ol th! slud.rls
\iro riiclnpi r(, mxri.t thc mnrcri{l ,xl anat\iicli
gclrnch ol flal licld lhnr,r xrsgncd l(, thcrr SronP c)
srudcnd nbill\ r(' Je*rihL rht Srnlhr ol clliPsc.

trrnbolc ilnJ hvFrtx'lc i' l:Eliing lrsPr.'ciflU\. 'l 
lhe

cllllcrs ol ruch P.srrion Ploccs ff! ool !i rhc oriQrn

Flin( t) lhe ahililY k) proTc lh€orc !i rn lrldl'lrdsl
lcolnelr"\ oilirl iicid ir ?a.LrsB

lhc rcsull ol ohssr\rlions dr lht
chnricterstrss ol sludelrls is in nccoldntlct \\l thc

.c{rlts ()l llnsst{xnn itlr()o r.scatch r\{nch r! l)rc\rouih
cooducred hv l'trnss bc.rn Ill. Ir c\clc I \irh l'nrc r,')

r.rcld rlll lirnd lhnl

sludl:rrlr rn conplctin-q lhc r'jsl ol lc:lm'ng rcsults.

. l[ dcl(rnrning lhti c$ralirh otd.rrclc lhrtiugh lhrcc

Fnnls. rluJcnl urn l\rrk .1 c$olr(nr \ilh l
t$kH*.r ndrEt rr I-rt..in r,{l .tdr! lli. r.,:ltn"r t,l'
lxrear cqral'ons

. l rlst rn dctcrmininB lh! crtclu rodrus.lnd clntsr

. Fallc rfl dclernrrrung th{: rquali(n ol thc lll,lslrl lmr
\\hich rs pirrllcl l(' lhc Y axis. psrullel l.) lhc X ns,s

and thc cqtralron ol tangcnt nl a lp!'crllcd t^nnt

"Most o, thc slrJcrls st,ll helc d'llicullrcs !n

$ndcrst.lndng lh! lgctrr.c nrnlcrial. lh. diflicult s sqr"

lidm thc mr{t!!cr ot sludlrlr rn ,rn\sl)rfi8 thc ro$h

Iti.t o[ lr:Imttlg. l hc em)rs aN lhen idlTlific{ sfld thc

rc$!ll It os lollons

. l-ils. rn dlttlminrns thc mslrns Fnnls k) X a\rs

rud Y Nrs. c( rqu;nlh lohc in dra$rn8 r 9ri[8hl
It c !t3nh rn lhc u'\'r,lirrltt li(U

. lk :rhlc r,' sr^...crlt rn(crrna Ftrnrs hl'r l'rl'( in

pl.crng lhc lotnls (n lh' utrrLhnulc fi{l'l'
. \omc \luJcnls ljrn rFtil\ lh. hne rn(lrn-q l\!nl l('

.rliu X or Y a\rs bul nol holh In lhrs ur:'c rh!

rhr.lenr lint.lr {h. lhcorem lhtrl stalcs "lkim t(o
e,Dtr rin E( m.dc rnc ltrN

. i'.t*- ,n .l"r"rm,n,rt rh! {r3rEhr ltft grrJrcnt Ihr:

iesuh is talsc in ialrulating lht or!{c \hich rs

lornrcd h\ l\\$ slrui8h lincs
. i* ,r,t" i, a"r"nnin" thc tinc Sradi'xlr bnr lalic rfl

lh,i priEcdrrc ol rlctermrning llrc {nglc \ri'ch ir

li{rncd b\ tuo lincl
. ilrl". i",it pt.*.a" t" ol' dctcrmrrr rn! lht drslxocc o l

. ii..o * rhc Pr(e(Juft l 'lcturm'n'nB 
rhI Jlrrxtrt(

.'l nnDl lt, hnc hul lhL linrl rc'rtlt ts ncgatrt u

. raisc rrr trntrrrS tH cqrnlr"r I luc 
'n 

rl

Simrlarlr rn d'clc ll lhc findrnes s'rnc

sl durls $tl hal 'i 
.lr llicrtll\ rr un&rnnnding lh! crrclo

,'-.i-,ur :i:r,," i* "r...n 
u\ nnsokts Nhrch arc ldc bv

lla*d {ln lh! .nahsrr rcs h ol rlud.nl
.haBrrcrislics aDd lhc rcsnhs oI thc .ho\c studl. nr

l':rcilit!rc and lt| inp(!tc lhc {rr&rts' abilit\ rn

undcrsl.ndtfl! r con.!pl. l.' dcr.rihe lhe crrflc gliPhs. lIr

pr(^c thir tlr:ortm and to integrate g(xxl chara{lcr

\.'ri'ng. iI ir .omJ!ie{ ftc r.nciirtg m,r..iii on

arrrhtic.l etonrctr\ ol llil licld noalll(al 
'l'rcr

Pflp.rnn* lh. scm(.l€t l.aming Plan. mir ol lc'l'rrt
l'h€ prc[!.r.rtr(n is d(nr. .rltcr a'ul\zfitg lhc co cepl ard

lasf,s anoh \ie lhtrl lnusl hc rlonc hr thc sturlcnts

[Kr

iiricl.tnt cooctPr$ $hich \rli i'" r ghi h'scd

on lht tlnal!$r rcsxllrnrt.rs rn Iahld I rbu!! lta:tcd on

lh! lal'lc. d concsPl nlal' is crc.rlcd Ior cach suh.,ccl'

thc rdcntiliqtlr(ln rca hr ol lllc mar hskr

strlls \hich trre $ndcnaLcn hl' thc \ltrdttrli drtirrg thj
l.snnns orc lhcn onxl\/Lrl lnl,r a nlorc rPc.lllr : t' {llil
rrrm$ri'rl' h cc.or.tnn c \rlh th. rluJ\ mrrcrrrls thnr

arc $le'(lcd ts Andvlicrl (ieomcln oi licld I llLn
ba*d on lhe r\llahdr rt gcl\ lcrmiog a'htclcmcnl as

Sr) I)cm,nstra&:r re{xrtsrblc atlNdr loNnrds lhc

\ort ol his c\Poni* ficld 
'ndoP'nduth'

Pl M sl(nnrr lh! conccPr anJ Prrnc'plcs "l' 
e&q,':r\-. rlr.rl 'orruLsl Jr&rtrc .'nJ

mattr('.nrx.il $rcnlc kr n(rli'r nlltnnrnB'

manancmcnt. lmplcm(nlllllon cr':rluatrin' lrnd

rusn{ ll'l l.KS th:rl rs dncnlcJ rn I rle Shlk

{lPIliKs)

l(l ! Ahl* to iPnl\ k',r*rl 'rrrr'51 
\\stcnrrlE rnrl'- 

,un,* 
"r,,.1it,nL,ru 

rn thc (drrc\l ul'{'x trrIli' or

lcchn(tloflc{ d(Yclop$ctrl ot rmPlcmcolllroo

ii"i *;* -a imPlcm.:nri tlrc \!luc of

iiirun,ri"* "t',"tt 
rs appropmtc to thuir

c\f,crl'$ lickl.

Ahle lo t'PPh
pldrel'g\.

rhr !(,n(cpl' rr,.l Pnn(rPlcr oI
m:rlh.molr(\ ,h.la(lrc d

sdcn.. l,) Plrli'rm Planr S

(lr,c r\rlls) thal hlc rhllsm8 ll'l l:KS



]:lli\ Ilardi.n. l'rr!re.h..tr cral. s.h. J. .\r.s. llumrnit. Sx. Sd.. trh 20!tir 6(2): J63-l7l
l e* rnah'sir car nko h! :r.cn .s in t.|blti I abore

'I b! serics ol indiurktrs on lcrnnng ootcom(s
achrclcm.nl hl.r heconrc lhc lcnmins (*'jc(trres lhnl
rre lhc ha$s io pnparirr3 th. dcsiSr ol tcaching
;racnal:r },'lril: :;.it.$*r l..arnnr-l Pl.xt (tll'S)
ioclud!'s lerm'nS netr\rlr.! .nd t.rchug ntaroonlr .rrc

durrgou.l s$ lhal thc crmtiiol rn tllcoril.nrc \ilh lhc

dcrkrpmenl of8(xxl cF.rr(t({s Irsrnrng acllvrlt$ rrc
dcsisnql t(, lalilihlc bo\\ tcdsc o[ nxxal \sltrcs. kt
rcnhzc lhc rmF)rtsncc ol \alu$ ll.d lhc rnlcr l[..ilior)
.ri E"^t ihnrrie. iaiir,e' !..ani*g i'idtri. nnri "i
l!.rtu.cs lnd c{nrr!!'* on annh'liclt Scunclr\ of nnt icld
.:u b( s('clr tn lhe $ptEndr\

l)$n g this stud\ . lh. .ntlcom cs lhlll hi\,c bc$
trchrc\'lr.l art Semcrllr l-qrnrinS l'lJll Rcttc,J/,a

t'enhiquktt.{.,r.'rr.r (iit'jSi shreh rs ira*<i I'tr

KKNI. cootm.l dtsi$t ot lccturc. unrl ot lcclurc ,ttd
teachrng mat,:rr;rls ol analrrrcal !pont!'lr\ m llnl licld
tuk,ns nith thc drali of s{-icorlic nrrrclcs All ol'ftsm
c.n hc lesr rn lhc alloshfts l.

i hc lcaching n.I.nr'rs rhar hare itr,rl prcparcd

rrc lhc lcnchroB rllateriuls o[ Cu)ftlinalc Srilem
(ix,rdirrlu \vil!rr cortri$s ol (.'rlc!run ant ll'lar
(:{x)rdnalc Slstcm. lerchi 8 malcrlnls of \oclor (xl

lillds. rctr.hrnp t]tnlctisls ol !llar-!hl lnr. o liclds.

r!.chrrg m:rltrralr of (ifttt, lcachinS mnlcrials ol'

crlrp{ lcllth rs rral.flal\ ol F,.rrrholc ofld tcrclring
lrlrlcflals ol hvPrholc

It'.x rcactrng mattnalJ ar€ ."angcd
chfl$ologr{alh hr hrprc,u hr rmprlcnqtl itl lhc rltll
or complc$l! slcp lcach ts mrlenrh allo!! rludcnlr
(o lc&m :r cotrpclctlcc collcrcnth xnd { striulrc&Ill so

rh{l thc! arc recumulali\clr ahlc lo m{slcr all ths
q'mF:tcncrcs fls q)mfrctcd ind tnlc-orllcd lc,chrrg
nulstrrls ar. pnelicJ in such I \.! that sluderrts eI!
Lxp(\(Ld to htltc ar tlercJl ill ttalhcrn:Illes 'lbrJ !t!l!
nxnr\ lt lhc nol l() mrsr oathcnrnlicxl cdnccPts

In lhc oPl1lrn8 scclx ol !8ch tclllhl't*
rraarlirl. rcltircher incotJxtr|lcs a c(ncefl maP ol clch
subjet m.l m.lhcm icid rfio beomcx ihc rtrl$tol dl

rlllh c(lrlct],t \hr{h !s d,g;rrs*d

l'hc lxnfxtsc ol c(,Nept nups dlolirng rs so that

3lrdl)lllr cln rljm.mbi:r thc conccptr oJ \icll ns

inrcrconn(..lcdhcss of conLc s in ,rnd\llcrl !s(tm{tN
of llal licl.l While ll|! purJrrst ol rhc 

'nclu{(n 
(m

tnnllEmalr€\ hrdrr1 (, irtnt \{ud'nts urnlLrshnd lh'
Irlccrs o[!on!cpt linm{rrrr rhrch rs hrrrrS drs(u'scd
Ihc ronrlJ.lron $llh chala(lcr r\ thal h\ lno\ln8 lhir'
shrdflls \\ill bc nxtre nxnrlrtcd alld Prcl-s to sluJ\

!nrlh an.l t\rll 0l\rai$ t+ hard l() underslsnd lhc

c{nccP!s rn olalhcmaltcr

'lhc compilcd kschins mrlcflih rclcr lr) lhe

.om lcncrus lo hc ,(hrc\ql rn rq'r'lJn't srth thc

.harn.l"t,*t.' I lh( ('hJc.lt\c\ nd lhc JcmtlnJ! ol

lurming problcnrs {,I\rng Wrlh compilcd lexrhins
mulcrinls. sud.nlr rrt c\pcclcd k, hc PrlParcJ l(' {ud\
{l lhcrr o\\n st^..cd nnd lh!\' cxn c.l!n hc nn iodtPnd.nt

()th.r lickB lo q,n$d.r .ro lh! us! ol

l Surec. the r'$ ol rllu:lr.rlrt,ns or cxamplcs. nnd

prcslnlnllor. lfl ordqr li)r lhc mess.Sc c.rn hc drgcstcd

pft\E-rh-lhcn il is usld lhc lilngunS! t\trsh is cllcclilc-
(t'mmunr. lr\( .rnd drrl,r-rrul lvhrlc lh( .ippnrpn.tc
riltijituin,tu \',r criaftyL.! rr. ifi"iit l!.i ri;th ih! t$rr^h,.
of supporting tht del\tir\ on malcrial bctlcr

llhr{rllronr r imrgcs- {h.,ncs- $ll-m.dc t l,lcr I(r

chrif\ mcssascs. \'r4 .nd nxrli\{ll:

nl lht unll ol lectrrt. s.\rral m(xlel:i.

n..{cr,(' nn.i If',r'chcr.n rn(lui(i lttrr 'h. ic(trrrtr
sk'{lld sljll colrsrd!'r roh- thtngs lthl:r} lhcr rrll ehoos
rlk mixlcl. slrrlc8\ or alf'roach llrch lccturcr can

rslecl rd dc\cl()p a dllinclirc rnJi\rdurl lc.rmrrr-s

nxtdcl b\ u'knrg into alcounl ths chnracrortslt.s ul lt
slr&nl rncludinB lhe strJml'r P!'iholo8rc'l coniitroo'
rhc mrrrc oi rh! maicrioi r.' oc rhsrrrs*d or taughtutd

lhe lrorr ollcsmrrS

ln lhc unll ol-loclurc. it rs {lso cm{dl3tql thc

kno\{€dgc rk'lli fird rtliludcs rhat rludults hriru kr

sln$i. xreluding inrlr,rl lhouBhls lnd mrspcrccPlrons lllill

I hcrc arc len chslactcrs lhal arc lcqurrcd kr hc

dc\clopld rn the imnlcmcnlalron ol lc.mrtrs u lht
clrssrx,u th{*- ch.r.clcrs !r! sntrcn ,m rhc Lrnil ol

lccurc I llcst lsr chrmclcrs ore disliplinc. npttsar rcc'

r,({rl.ncs\. ahrlrt\ t(, rr,lrt ll)aclhc,. u mmun!(:rlron

't'll* .,'.t,1In"nt. lj\cmnln^ t\r{v,'n (mFrlh\ anJ

rcsfxrfl$rhrhh. ltrc J.\ck)Pmsnl ot thc rs$ssmcnl

critcna li,l thc*_ len chsraclsr$ rs blllin€d lr! lhc

ln u[ilsoflccNrc. itrcml (xlcls. apPn)tchcs

urd $lnrtrut.r lhxl rnllucn.c thc (harrclc' lirrmxth'rr

shrch rtc irrr,ntr,,m,l carl,cr uc ,l\o h\tcJ Sonrc ol th!

'r'(ilclt- .ppronches or sir.tcgics lhat tnlluco'c
.hir&t!r t}rm,tlx,' ar.: !'robL:n ltrsql Inrtrl'ltron
rlcrmrn'r ha*_il 0rr lrohltm't. Ct,ll$lurl ltx(hrng lnJ
lea-,nr. ".r.cpt 

msl'ose5tcJ t'l^s I ER Sl'al!T\ '

$l.ns Ji$us 
'ns. 

coof'(.ali\c lcsflring md orhcts

l,robtcnr lla*Ll hsrruchm rs rn cni(li\!
arxx.,ach h* r(.|.h'n8 hrgh'lc!(l lhrnkirt't It'rc"e'
'I bri lcanrrrr h.llb lqnrcrs to Prulcs' lel Ic h _rlBJc

inlirmrxli( m lhcir minds rnd l() dc\ckrp lltur o\\n

knorvltrlcc of th. Jlxiil \orld and rls turrorridrnPs

trrn Rcinicli l7l sures rhrl lhc Problern-bas'd lcrmnrg

mdcl ri csic (;at kt brrd-qc lhc saP hcl\cen lrrmnl

r.h rl lc&mur8 lnJ morc Pra'.ocnl u''$t:ll aclt\ll)
\tich is.flcl{ntctld out.dc ofsehr



lhc main lcalurcs ol this rx)dcl n.s lh. txNing
ol q!csti($s or prdrlcflrs. lixusing rfltlrdisciplrnnn
hnluucs. rrttcnlic in\'!rli8.rtir r. lJoopcriili(r tmd
pft ucrnS $orl and dclfuflrtralr( i Wrlh lhc**

.sf'crtr ol hchrli \nrh as $ll-.sl.jcnr. ot'lmrn!(.
obilt!tr!c. rcs|x)nstblc. rali(|nll $nd rcolslrc ljan hc
dcrcn4rrl l6l

I hc cdrccpl lnapass'rlcd MA S I l,R slnrcg\ is

"i$ q.nih .,nr.ij,ririg iir r."oii -i .ia.t nlihm
rc*arch $h'cfi is crnJlrtcrl br I'anssahcan I ll slx'$s
ihtrt siud.yrl acxrr11 dnrr,lg lcarning ol Analrtical
(;curttn (n i:lrl [icld b\ nmhing o('tcc mat-
.rssrsll:d I,AS I lll{ Strxtrgl' shoirs rr} incrcn,$ rr' cnclr

crclc. llrckrprng conclpl nraps rcqlircs sNdcnts l0
,Jrrri\ an(l k, .{srnr,. ,nr(trm rn\n mti t' huriti
rclali(ln tcr$r.n p:fls ol lh. lnlbrmatrtn Sh'd6rs alx'
cr$l': a kn(,t lhrl sho$s ! cooclpl xfld th! qn.cplJ lrc
[nLed uslng lrcs. \hich .rrc hhclcd to shos lhc
rullli,l tNl$lrn q)nccpls lh's ttill nunrrallr llr:lp
sludcnls xndcrslmd lhr inlcrc(lrrl|cclcdoc:rs of conl;l;lt\
;ht\ .rn c\cr src r srirr eonncrrr,,n hcructn rrica*
rnd ldrm lh.m a cohc\irt rnri\

Contc\lu{l rc{ching rnd lcnming (C I I-l \\hich
r\ c. rtm.l'\islr.. rs rl$ an apptotrJtr lc.lmrrg
approaclr to 3n{htrcal g€omctn (m tlal liehl Wrtlt
$\rjrl nl:Ior comFmcn!s, nanrcl\ coorlrucl,\'trm.
inqriring. rrqui^. lcamrllr crlnnnuorh. Il}o.lcl,ng n

aulhcnlie nis.srncnl. lh's,pF)rch h.lps nrdcnh to
r(.arLh for rclnlror dl- nr athcnrrlrcal c( ccpls $rrh lherr
*,shlc ar'(l us(lirl urllnmmLnLol !tunlrdn. 'l fE
rc$sr.he/s r!.as(ni l()r conltjxlnnl tcachrrrgr rs tll!
l.achmg thal lrablcr lc.rmcr! t1) slrctelh$- c\lirnd- $nd
rpplr rhcir:rcndcmr! kn,'\tlcdSc rnd skill! in a lnnclv
{llrne ofinncr.nd ( t.rclass

lll a.Jdrh.n nr $r*' clcrrcr!$ !l&'
rirrn.lcnslrc:i (!f C I l- arc rollaborrlr(xl. tnulual
*pF,rl. fun. ,nlcSftrlrd lcnming ,n.l usc ol-\ariurs
{,urcct 'l hr\c lhrnss \1ll rc\uh rn a d!..n k o\lcdgc
hlsr of 'r\trch stuL'nts :rrc rich in llndcrslnndinS thc
pri'bl.'nr lnd ht l(' solr. ir

Cqrpcralrrc hxnrinq rlso lutchoi lhc \.rluc ol
.horxclcr nnd lcddrrri. os $cll. Ihrs rlrlle8\'rn\ohcs
lluderls norkins in cr lakxatirn to achi$c conorn
8(,ols. Ihrs lc0ming rs stnrclor.d !n an clli,.t t(t rn.rua*
slrdenl tllrlrcip lx,n. tr Insillatc riudcnls \ilh
lddcr\hrp .\f,(ncoe. a'rd kr mat. d!.8r(trx rn gr<!rfs.
and r() Ltrolrdc oppo(unrncs l-or studqrls lo nrlcrall lllxi
to le:rm krgrthcr $irh slldlnll dt&ncrcnl b&lgr{nrnds

'ltl) mors splcrlic fth{nlagcs nrc I I )

c(xrpcrnt,\t l(amrng lcachcs tbc rnlncs ol c(r)pcrnlKxr.

{:, .!,opcrtttne lcamrng burlJs iJotrtrrli|llrt\ m lhe
clas(xrmi l:l r c(x\^'ralilr lcamin8 lcach$ baric lilc
rkrlls lhrl i\ ki \\or\ l.r_lclhcr k! nlhc1'u conrnx'n g,xrls.

(4) c<f,,p!ftlr\c lljnmrns nnt)ft'!(s
achrcrcrrcnl. sllf-eslc.m ll I

lhc lljdmrnr ot llass disrssum moJcl ts rhc

clarsftrnr ri*-ussrtn rrc rtu abrlrl\ to dc\!k,p
cognrl\c 8( \1h ard lhr.h'l'\'lo c(ilnc.l drd t(t

rncorprratc t,'gnitrtc rrp(.!ls and ex.'rsl asp(cts ol
Ic.tmir-!

iri.ii"'r.,,t i.;r tlttidr.,r, tr ski.h na.Lnt. ht
lcclrr.rs. or hrt\r.n xtudcnlr imd olhcr rludefllr lall k,
cnch orhc' .,,d shrrc id(rs and oprnr(,)r Le'(lurcr $iU
undcrsland $h$r is in lho sNdlotr m,nd ilfld ho$ k)
pft)ccs! 

'rl!.$ rd in,i)rnmlron Nhrlh r! lruI.lhi lhriuSh
rh! comrrrunrc!lr1{l lhrt rrlur$ duflng thc li,afnrrg lrlcs
pl cc i.I!c.ik,ns rticn arc t"'*rl t,' rirmnl rt
diseussru arc thc qu(rti,lnr r\rth hr8h cosnitirc lc\cl
lhus. lhc l){ussr(m s\slcm r\ lcntr:rl t' crcatc r
rJ$ili\e ll.rmrng cot rrmnrcrl

( ()\( l,t st()I
i..$ning rtur rnrcgrarcs S(xxl ciumc(cr s,'rk.

throush lhc c( tsrl ol lhc mnlr:rral 
'n 

I'iam B lh!
p,({c{\ of r}ll.s.:{rnr ar ch.}ftr.lcr b'jgrns $rth (hc

phnnrng srcp lhrs pln,rlrn,r rar bc s(tn m lhr semcxlcr

l.:rrning llan unit ot lcclurc nnd tcr.hmg mat.riah lhrl
mll he used rn fir cl.rssr(x,m. llt! i rplcmoolllion slst)
ir dflnng lccluflng an,l c\'aluat(Br rlcp

IL$nusc thc Fr(rcess ol inlcgrahns n lrxxl
characle. u!! \rrl cfl-cct[cl\ tl il rN supF,rlcd b\ nll
lc;rr.nog c.h1F{rcotr \uch 3\. lh. rnpul .,mlk,ncnr
1\trch i\ rhr srudont iricll rhe rnfEr lnslnrnlc ul
conrlxDcnr \rhrcn rs ro lhc lorm ol supFlnmg hcrhlrcs
nn(l lhe inpul cn\1ronm..nul c.,mJxucnls \hidh r\
.l rr,rrnrcnl. th.n in subsq unl rcscarch. tcachrg
mlt$rinls \rll bc \nl'dalcd b\ thc txp.rls htli'rc rl r\
k'ng u*d .r!) lolall class lfl, r md rcrl cl.r:rts lhc
rnlcrralroD ol guxl cfur:rclorr rr done rr lhc
implcmcnt!lr{r oflcamrng

.\( ,(\()\l L!:tx;It]:\'t s
Ac kno\ lcJgtrrctr ls k' th. Muhanl r.Ji\sh

llrru{r\ .d N(rth S'omrln \n lte,u llihoh
httttr,.tl lnt rnal (irml |uDds llrinrsh Inslilule ol'
Rcscnrlh :r,rd Communrn Scn'rce /,(zrb],,!.t l't,rlhilnt
do l'e,ryah.luu Kct .rla .l /6un,*./ il.PlM) bnsld on

th! Al,lt of tlnjlcrsit\ of Muha nraJr\nh Srmrlrn
lltrrn in ftq'rd{incc \rlh lhc A8rtcm.fll loncr ol'
ArFnnlmcnt rn lh! lnrpLmeYll.r!( ot lrunJnrtnlnl
Rcscarch &.,(rarr .Srrrut I'dluttitu't l'!r 4.(tu,r Duh ,t
Ra*lio l'ckttin u l'n'gru l'! &hsrt l'io .ltw'tkl
ol Al'l'] I )Msl J lrund oflrr\.-rl Ycar:r)16

Rl|IIRI\( t:S
I I\irii:ua5<.in Lj!{ I'crr:crtrb,tt.:.tt lJaian Ai;rt

l)(n!!n SlrAlc!r l{cftl l'rklr [1.1r linlllh Slrull'rr
Alj hrr I l)r l'l,Jl) lrNlsll l:htlcch .hrnLtl IIrtu
l'coJ iL d.rll u lkErxl :(,ltlUfl J.liol)
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