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Development of a graphic organiser-based argumentation learning (GOAL)
model for improving the self-efficacy and ability to argue of
chemistry teacher candidates
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ABSTHACT: 1&1:mu11h:umﬁr:pnﬂmhmunmh¢pnn1mm-1hd
argrmenbation lerming (CGOAL ) model sith vild coment amd cmtrocts. The sailed ¢ an by usod 0 mmprnce the sif-
efficacy e abilily to anyae of chemintry wachior candidibiss. The GOAL mode! comsists of wn phases. Thee are
Fh eaplaiping the vbjectives and wemifying the chemical problems based on the taermes of Thigs (16T x 25 madelling
graphic orgamine-huscd chemizal arguments; ¥) mvesthgating chemical problens. 4) pmnﬂnl chermwal srguiments,
51 truanfiwimng ¢ hemacal srpoments through sritmy; sml 6) ccamming the uaderapnding of ngument hased chembary
and providing Feodhack Chualiny dsts were obtaned through focus group discussion (G0 The GOAL model quality
spalyss wsed sverage validity scores, ihe imter-rader porrelatm cocfficiens (W00 ) aml Cronbach's alpha coefficient.
The rosults dewed that the GEOAL model contont and comstricts are valid and the model i reliable Therefors, the
CADAL. maded i of high quasiiny

INTRODLCT N

The fisirth indusirinl resolution (JR) will bave o large impact on educstion. Fdueation s mmportant e sscasobie
developinens ax /@ provides the meany 1o comminicale mbmation, and v swavaess o mobilss commumitics sod
e sttt ik & insne sasbasimabile fubiane | 1] Stadends il gradustes are cungetiig o global wscety in the o of te
4IR. In omder to oommpeie, emdenty and gruduatis should be a comvmmicior, croative. # oritical thinker and collsbonmer
12} Smadents smd praduntes sheo msd be sbie 1o tee the lntermet of Things (lT) The abllity 1o amgoe has becoms one of
the noguired compeicnoos. bocsuse critical thinking skills can develop by srgusientativn | 1] Argumentation is very
Epportant i soencr and sbewld be tught and studind in sciemce clasees @ pEn of seienllis inguary and likeracy,
This el b scbdiess schentific mecs that aqcier i every espect of life |4-5)

The importaigs of e sinlity w arpus @ e education hes boen reponted = many ssdics (6.5 Some provicus
vescarch reslts stwrwed that mamy fes bers and wonenees do nol waderstand i cpote lopcal besics of & pramenlation,
and hove Dl pedspogicdl beowledge sml sl opocally o designng offective leamning activmes e
sudentn [3:11], Some of e wudy resiliy she mimatr eather candifules’ bk of ability o arpee [12-14]
Menve, siudenty struggle 1o be confident i thelr belicls | F5] which can inchude confidence. adapashility, cogmsive
capacity, intelligence and capacity o det o siresaful suations. Such beliel i wll b called self-cfficacy . Chemistry
beschier candidutes need well-elficacy beliel in thide ability W argue. Sell-olfroncy s mmportam for teacher candidates,
bocaune it can influence cogmition, metivilion, alfective processes amd ultimately ihe person’s behasoar | 14]]17)

An bl sty of the undergraduste corse of chemistry in Mulswarman University st that the éhemistry toachie
cmdudsiey’ spumentatun shith wore ow The resulte of the srgusemation sea showed than omly i Y95 of
chemanery traches comdidates were shile lo proyide claims and evidence, while the viber 5™% mere valy sble o provide
chamme { hermmmtry tea for comdulales sl havr wel been shils wopesovude srguaomts of comts-argarments agiined Clams
1] Oaly 4 ™% of cheamistry wacher comdulses believe they are sluays saccenifil m leanng organie chemiiry, while
¥ are scrprcal of thew shliny; sretemnes the laitey ford stroaed amil aervine w hon kesrmieg organie chemmany | 18]

The lack of sif-ctficory and e shility W0 argeie con be ivencome with th anpument-drnen gy (ADE masdel.
The AL model i widely spplbed 1o e velop both the shilay 1o srpoc and the quality of srpsmenrs | 19-27) Bewever, m
the implementution of te AT leamving model. there e ahar some disssdvantages |25 2] sech s being exporsad o
frwer mequinies resaliing e fower concepts of science being mastered [23-25] However, e siralegecs b mpring
sipmmeniation, podagegy bnowladge of sgumentation and sy ol wachers o toach wiens  hrough
anpumerlation = sull mated | 17] The tatermet of Thangs (T har become one of the fundumental meeds in eviueson
i the fowrth indusirial revolution. Thovefire, it 15 nocewsary 1o develop o chemibsiry leaming model that con imegrase
o graphes orgamiecy and IoT with sell-cifency and ahe shilhy w0 srgue This ineevetom o expeonnd 0 mprove
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e sll-cPhicmy aned shility o angue of ety tomher candidaies Hews e e w develop the graphic o g
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this shiaddy wias o prsdice @ valud GOAL el for smproiog seif-cfficacy and the sty 10 srgue of dhemistry tescha

RESEARCH METHODS

The develapraer of the (TIAL medel adaptod the Wademan mode! of rosearch devielopment as shoum m Figare |
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Figare | Development of the (AL moded swng the Wadcman musdel sbaptatsm [ In)| 27]

The sabyeats of thoe resemrch were chemntry oacher comblates @ Mulswarman Unyveraty whe had taben an orgemg
chemniry crmw The obyectiie of thes rescanh s developoses | 080 s e pruchace & CHOAL maasle]
that has valid combem, coneructs and oo rclable The mm wes wowmprove the sell=ellicacy amd Ve negwee of
chemisiry bencher codidetes. The mun prodiscs mas o CGOAL model book. The GOAL mudel book inchudes.
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by Marw ol the muodel;

o medel chanetenistics,
dy el dmeplomentation
ef  meferenmoes

1w neccsaury W assens the ety m v of sustent ssluhity, oot vaiubity sl rolsbiliry of G GOAL model
Thes evehves suprpuarting ostourents oomisting of

1 welsdate shery of COAL mebcl comtora
20 walsdets sheery oo (VAL el cowmdrucn

These wdrumenis have hocn dechired valid aisd rehable [I8] The CGUOIAL madel wus validatod by four experts in
4 feom greup dissussson (FOA2) The FGED was o sl grovp discinoon in shech portisipants respendid 10 & series of
questions focusad on b sngle lopec [29] Experts i the FUD comided of o professes of sclence oducstbion, a grolosas
of chemmtry. & docter of chimmstts education and @ doctor ol chomesny. The FGD lasted two boars. Thiee secks bofee
the FUD. the experts wiere jgiven CEAL maode] books and GOAL maosdel validation sheots. The GOML model validation
shoets were [iad by dhe exprrm who roviewed and susevsnsl the kesmmg moded doveloped by the oscanchons
The GOAL mwnde] valickatlaom sheeis sere used o obtain validivy sl reliabiiny dets of the GAL imsdef The validity of
the CGIOAL mdet wis pulged by the contemt anad comsanacs valuhty. Produc valbiduy of the mosdel = divided e
content validity and comuracs validiy | 26-20] Comtent validity b concvrmed with there being 3 moed for the model and
ity desigm bemg Sasyd on stc-ol-the-an knewlalpe (26209 Condtnets vabadey s coscorpd with the model bemng
logacally desipraesd |26 20 The FOED results served a5 o refirome for rovming the GOAL misde |

The valafity of (HOAL model was descrmmed by reforcame G0 ibe amessod svorape validity soore Unileria were
[ B}

o 32% < wery valid < 200
o 2%0<wahd< 325
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Further annlbyses to debermene the qualdy of the GOAL moded 18 sermw of valideny snd echainlity oued smgle mesaure
inber-ester commelation cocffiosnl (100 snd Cronhech’s sipha (u) The validin snd refishiley of the GO AL medel was
determsennd wnieg the valaday formata | VI 11}
o = |[rmcan squsre error - mean squend resdual | imean square © (k- 1) - moan sjliane reidial | i
and
Cronbach™s slpha
o= ke 1= ikl 2

The GOMAL muoded waes vabid (f £ = ¢ eable snd svaled of £ < ¢ table The GOAL el gualiny smalyurs wan further
strengthened using qua lnarive duta obessrcd durmg the FOD,

RESULTS AND DHSCUSSHN

Tl GAOAL pivdel b Boen valiclased by four experis wsing 8 FGD. Experts in the FOID convstad ol 8 profssor of
scioncd oducation, & professer of chemmairy, o doctor of chemeitry cducation snd & docior of chemisiry. The GOAL
mucmdel yualiy swcsamont revalts are presented m Table |

Table |: Resills of the GOAD, muaded quality assesiment

 Compenen =——=1 Valihiry s rediability of (AL mundel

Comtent walidity Average validty soes | ¢, | Valabty | o | Relubbey
1. Katnaly for GAFAL meded developmem 400 | 100 | Vald | 106 | Refiable
| 2- Stabe-of the-urt knowiodge , IRI 067 Vahd | 083 Relwbk
¥ Fulow-sp moadl deve boprment resutts _ 408 [ Vahd | 10 | Relwbic
U ottatracts & alsdiry 1

I GEYAL msoadel emtivnale 400 | 100 Valid 100 | Reliahie
2 Thoaretcal ssd compnical sppont 178 Llam | Walid | 1dH) | Rebnblic
[ 3 Symtan . 370 100 | Valtd | 100 | Reluble
[ 4 Socul wysiem iR L0 | Valid | 100 | Reliable
LS Meacton pomcgple = 400 1] Vald | 109 ] Relable |
b Suppoet vy stemn - 400 100 | Vabhid | 100 i

7. Yostructional smpect a0d sccompani dmpect 400 100] Vabd | 108 ] Relible

Table 1 shows the valubiry of comcns and refiabibiny of the CEIAL modded and ichades: 1) ratwmale for GOAL moded

;2 st ol e art L bendpes, sl 1) fodlrmyp model dovelopament results. These had sverage valblanes
scores of 400, § 82, snd 400, respecivety and very igh validity onena wath 1, = 100, 067, snd |00, these were
greater than the r table valee, w0 cach componest wis declared valid Pach componemd wes doclarnd relusble wwh
o= 100, 053 and | 0

Tﬁl“h-%ﬁm-dmm*{mwﬂm i GOAL mwodel rastionale.
2 tworctical and ompocad spport 3 e, 4) el wetom: 40 rescton priniple 0 suppon oyston
and T} ittt It and accompurna gt These bad svernge salidation scores of 400, 178 10 1 8% 400,
40, g 4 00, pospeviiyvely wnd very high vabidity crvens wit r, = 100 for all; these were grenter than i 1 tabde vl
w0 gach comporsenl was declued valid Each compongnt mis dec lined reliable with an g = 100 [ all componens.

The results of the stutistival teat wore cpmborced by gualitative dots gnalyws Cuabigtre duts asabyess revesbed theee
themes for the validity of contmt and seven thewmies Tor the valiity of comtructs isor Tabls 1) Tabie 0 proseets the
summary of ulitative data by valubates dunmg the PG o te CGOAL sesdel qualety macasmes

Tabke ' Sarmenary of qualasne dats foe e GOAL moded qualny macoress

. hdery component of
- _Mﬂhvhmmm“ GOAL teodel
Tha » alwstatows vasted T ratsomals o the {4 murded devebapesend o0 vaind m
The validaroes smtad: The mibe of e art o bmoradedipe bor te GOML mendel b5 vilid. The (S
CHBAL mended in mived ool fmprviees wn e wisaksienses of the arimussend-ad e iguire JADL | Know jedige
| e barvent v rovommwsdations of resinhers — . = =




Qualitatrne data from thice validsion Qualsly component of
CHOVAL rde]
The validatons alsc statcsd. Frolhow up o GOAL mde! doveiogment s valad The developad | Fellom-ap of model
monded s o b ol ap v Bereler roveurck, by scokimp coberont plave acmines e sy dovclaprment resain
T ol it b gyl e
In the FUD, the vafidenors mdgad The (141 swsde] russonade 75 vailil There is CHOAL mandel
o cowroypramdvre hetween the ruthamsls for & bewrring meodel gl currenr mecds | ratiomade
|| ST i e A S— e p———re po——" | p—r Theotethoal amd
@ mmais b betaren thy (ZOAL musbel wnd bestming thovrtes and ther eppiriod ircal
walidutirs slso rated that. The simis iof e GOAL mioded s vl mrmw:nr éymm -
b whm e sogmemor of an featies o achieve the Bearmimg oy aves of e absdine s
g wid acdfaflicng ] : - o -
The validisors statenl The wocsl vosrem st desiribs the role of snsbents gmed lesmarers, “Social systemn
inberiactiin betwren srudonns, hepeevs bosiirers amd siidenty dind 1 seel serpets are salsd
T wutnbersw f o grarseei pm tive relstnnibip betwern becteor and sdont wbees et the
roly of tee jmadyi (0 more demaaant, g oolisherarve B
The validators abu sted: Iﬂﬂmhﬁn:“ﬂrﬂqﬂ:d.hpi“n_rﬂm Reacton principhe
w5 b e bevrwrer motiay g st dhye stmdent. e bvere viaind amd descrabed in i
siinde! Boimad, wiv ot 8 by ahec Lovesd sin e el . - -
'l'huhhﬂw T diwarmomg mpsfed sigypmnt oy vl comtasutimg oo lovirming wsde and | Sapport sysiem
Irarmey resemrres o implementing the T, mesded Sarve bevn staned haseally i the
| wrdef Pl mi o v vl L
[ TS " — W — T s gy m——pp————ry——- o 7 71 Iritractivnal weguct
i et o darend vl Thae it st ot 1 v s stohivemend medibine if e b il secomgmne
cvmmpacten (s of #he GOAL el omd the avenmpania imparcr i acogived, b ihe e
v romanient cronel Bl aeonded o oo cdesels il Begicadiy st tn e AL smendid
Hwrd

The thwee compomenin of conter vabidity of e GOAL model e comadered valud Model comon valiiny can by
viewed s povel and state of the art The novelty of the GIOAL model, compared o the ADI medel i i mmproving the
ability bo wrgiee anad actlcfBcacy. Ths i s for phase 2 of il Chemintry teacher candidetes’ activitics ssing the GIAL
a1 ¢ mandellmg gaphecal orgis s basal ¢ bemacal @ mements faor Table 3| This phase is desgred b chemstry
teacher camdichates o hemer endentnd how o srpae. Clemntry deacher condidates tmitane the stgnmenttive actinn of
lecnrens throegh the prosestatios of praphe argamsen This w deuigned o ased chiemary teacher cmdsdites o
argumentation. seif-cificacy grrws theough vicarows experiences. B bs hoped thinl by [imivating aoguing. chemistre
tencher camdidates will bemm W0 sccesfully engage i epritemmio practoe, sach an elaboration. rellection snd ressoming
i pvidiencs ol they partisipation o the construction of sciotific arpuments and evahiabion uetivities [Tj{33).

Mo rerveals tht argutnentation is 2 fuem of discoine the seeds of which aee tadoed o culonts sl explice]y g
through sppwopriste iniructon, seucianed tmbs smd medelling (53] The modelling of o srgument provides
an opportuntty for chemiury teacher candidates W witness the kectisrer s experenoe and vomaling thommehves o smalsr
sittions. The construct validity of the GOAL madel i desermined by the consmtoncy botworn phases i the model
syntar. ibe comistiney botnorn the moded armpents, el e coosiaoney betueen the moadel wad e wnderiymg
mmmummhummhmwuwmﬂmmhw
sy L omndray betwom moded componm 1 basnd o0 the sirelanon borareos the atonal model. model smta
sociul wystern. noaction prisciple and soppont syshem ss sl e instrectional ropect sad scoompanisl impet There i
comnincy betwoen the moadel snd keaming theones, Lo cognitng theory, cognmive socal theory, i femstion
provomsng teory amd conitre o Thoory

Table 1 The chemistry teaebier condidites” sctovitios using the GOAL nusfel

=S Activities of dumhuj %_;qﬁpn

Phase | Expliising nmmnmmampuﬁmmﬂnm-rwmn

i MM;mmcm”mmhhmﬂmwmuhMﬂ
Things (laT).

2 Uhemsary wachor comdudacs sdomify. snalyss sml anwaer prihicrm. so sudonts can relane thew cupenencs 1 I
whiut they will bearn and (e thels kooes ledes

3 Chemantry teacher comdidates me mustivated wrwaed scif ooy beiiefs by wicoossfuily complotimg tasks and
enplaimng the purposs of the pom shics endertshen

4 Chomintry teacher camdidates pay stiention to datecied learming sl the sucdos onternia sabmmted by ihe locharer

[ Tectuesy sy [ 1 oy present the oo wopic ser thint chermistry leacher candidates shoubd
I, pay srentum snd ropond

2 Chembstry teachor canadidates mumic the srgumenutive actinn of the lectrer snd selfeMicacy belielh gnia dirough
ST PN T

IR




Activities of chiemistry feacher cambhdaes

3. nmymdumdidmmmuhﬂﬂwmmuhuhnwmm
Cuntaning ovidence of data W wppor e clum; useng the comcopt of prmciples of chemiry o cxplamn whny (e
hﬁﬂﬂ\ﬂﬂ“hh“lﬁhh;ﬂnﬂ.mmtﬂimm
can sappon data, s well o gealifications - slemsteon bt cxpluns the comdituoms wivn the < Lsin n o

| Phase | Imvystigasny clamical problom

1 t‘hm-yncha-ﬁﬁmmnmﬁmmym[¥4mmlmmmmup‘htmwinm
Fontmrmslater argrumments il ansses set tadks
2 Prepste i grovps, Lo T -Havesl imedia 1o be prosenied. maimained and shared with other groups.

J_wmmnrumhr“mummum

Phasg 4 Prescating chenmcal srpuments

L Chemmtsy teacher camalalusey commmne s tha resdis of thesy s slipatsans for umbcratsnding argnang shoils pnd

burilding self-cfficacy
2 Fach promy bs grven s chance s pass om sbs sspumcr o the other group i critique the claims and argaments
! M-y-dnmmmnMMﬂgdmumﬂMmepmm

I Chemmtry tescher candidaies divelop witien argumonts from the roudts of svotipatne scmics,
2 Chemmiry teaches candulaies wv vhallosged o evabuse the valudiy of claims iy their b ledge
Phuan< & vamussing understandiing of sigucacs tused chominary aid providing focdhack
1. Chemmtry tcacher candidates do an advanced task

2. Chermistry teecher candadabes topether with lecturers vilidute the answers o guestions
¥ Listym and pary aftention i the feouback gven to increase selleffcacy,

The comsimency hetween phases n ihe model vy has been demonstrated i the (OAL meosdel Table 1 dhown the
sin phases of the GOAL model s comunts of | ) ryplanng the obyectives and identifymg the chemacal problems
baned om the 10T 1) modeifing guphicsl organims bl chemrsal anpuinests. 1) tmestigating chemial probbeoms:;
d) presemming chowmcal anpenesis, ) tmansformmg chemical srpuments heoegh writing. and B) examining the
endoraanding of argument-hased Chemmiiiry and providing feedbock. The vin phases are imoroiatod.

The FCID fimadings showed that the GUVAL mwde] s valid i comtent and comstinect smd reloble The nasbel bas seveul
charactermtics, 1.0 satiifies the momde. s stite of the art. han 2 snong theorstcal sl smpmcal Grombsion. and ey o
consinicacy among the componcnts of the moded [27] The resulis showed ol te product (medcl. devidor mnd esmmg)
cum e weed b oapron e ke omsc i § 34 1T

The CAOAL el 1o wtwie of the an snd mects peods il ying thit 1 e valel in content. Ciomustency betweon muded
scciboms st the conmtvioncy betwesn the moded and the undérhang theories sugpens that the GOAL moded's consnic
i vald The lewrmmg model han focused on designing the foamimg cmviroament in acoordance with kamng thoon,
iy well as eaplaming the lesrsn g process and bow thee leaming caswowmnent was crested  Based on e COAL maaded
qualicy assesamneit, the CUOAL misdel is valid i comtend o] comarict, and i refiahle, s n gualidied 10 be oeed 2
o ke m planning < hemntry teschong. stadems” development of seif-cfficacs amd the sbiiity to o pur

CONCLLISING

The GOAL model cowssts of un phases These are 1) explanmy the objectives and wentifying chemucal probloms
based om e bol. 20 mwdellimg grophical organierbesed chemical srpuments. V) imvestiguting «ermcal problenms
A presenting chemical wrguments. 4} tnslommng chenecsl snpunests tevagh wotieg: sd () cusmimng |t
wiwlerstandhing of 4 pume m-bassl cherniury sl prsidbag feedback

The rrsdts sl st (b GOAL medel ke conter amd comtuen saluliry. snd n reliable. Heanoe e GRAL maoded is
of high quality The ingphcatam of this rescands o that the GOAL mode! can be wsed o snprove the siltf-elMicocy and
aballliy a0 arpme of chomntry teacher condiillis. Further research could be conducted bo continge testmg ihe practicality
wnd eifectivenes of the GAOAL muodel.
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