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AMNCTPAKT

PasymeBame MOTMBaIMje 32 yuere Kao CTIOXKEHOr KOHCTPYKTa oMoryhapa fia ce HacTasa y
Behoj Mepu mpuaropy MHAMBUYaTHUM KapakTepuCTUKaMa U moTpe6ama ydeHuka. Vako
pasnuunTe KoMOMHaNMje MOTUBALMOHMX (AKTOpa BOAE Ka PasIMuMTUM MCXOAVMA, MANo-
6pojHa Cy MCTpaXMBamba y dijeM ¢y GOKycy MOTMBALMOHN IIPODUIN YUeHNKA Y IIPUPOSHIM
Haykama. [[a 61 ce upeHTHdUKOBATIe TPYIIe YYeHNKA YeTBPTOT paspefia OCHOBHE LIKOIe Koje
OJUIMKYjy PA3TIYIUTY HUBOM VHTPVMH3VMYHE MOTUBAINje ¥ CaMOe(UKaCHOCTY Y IPUPOTHIM
HayKaMa, IPUMerbeH je IPUCTYT ycMepeH Ha 0co6y. CeKyHJapHIM aHa/i3aMa IofjaTaka, fo-
0MjeHNx MoMohy ynuTHMKA 32 YYeHMKe U TeCTa 3Haa U3 IPUPONHNX HaykKa y cTymuju TIMSS
2019 y Cpbuju, ncnmuTyuBaHa je CTpyKTypa MOTMBALMOHNUX NPOdIIa, BIXOBU OFHOCH Ca II0-
cTurayhem, 3acTyI/beHOCT y4eHNKa Pa3IMIMUTOr IIO/IA ¥ CTAOUTHOCT IpoduIa y iBa UCTPaXKu-
Bauka IuK/yca. Kmacrep aHamm3om oTKpyBeHa Cy YeTHpy IIpoduIIa Koje OfIUKYjy pasnimduTi
HVBOY VHTPYMH3MYKe MOTMBaLMje, camoedykacHOCTY 1 ocTurHyha. YaeHumy xoju uspaxa-
Bajy BUIINM HMBO MOTMBALje U caMOe(UKACHOCTM YCIEIIHUjU CY Off Y4eHMKa KO KOjuX Cy
YCTaHOB/beHe HIDKe BPENHOCTM oBUX Bapujabmu. Hajsuine mocturnyhe octBapyjy ydeHmim
KOj¥ M3paXkaBajy HajBUIIN HUBO caMOe(DMKACHOCTY M yMepeH! HUBO MOTHBAIIlje, LITO Cyre-
puIle ja HACTaBHMIM Tpeba fja IPUMEbYjy cTpaTeruje kojuma ce yHanpebyjy komierenuyje
¥ IOKMBIbaj caMoebUKaCHOCTY yueHuKa. Tpe©amo 61 MCIUTaTI KOHTEKCTyamHe GakTope Koju
Cy Mor/u ionpyHeTH oBehamy 6poja HUCKO MHTPUH3ITIHO MOTUBICAHUX YIEHNKA KOjI M3pa-
XaBajy HU3aK 0XXIB/baj CaMOeUKACHOCTY ¥ OCTBAPY]jy HajHIDKe mocTurHyhe.
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B YyBOA

Y caBpeMeHOM CBeTy HayKa M TEXHOJIOTMja IIOCTajy CBe Ba)KHMje, a Hay4Ha MMUCMe-
HOCT CMaTpa ce jeHOM Off K/byYHIX KOMIIeTeHIIIja KOjy je IIOTpebHO pasBujaT To-
KOM IIKO/MoBama. Harnamasa ce na je ogpehenu cremnen pasymeBama IPUPOLHIX
HayKa HEeOIIXOJaH fa 6M /byay MOITIM Jia JOHOCe OJJIKe O ceOu 1 O CBeTy Y KoMe
KuBe. KoHIlenT Hay4He MMCMEHOCTH je KOMIUIEKCAH ¥ BUIIEe3HAYaH, I1a ce Y JINTe-
parypu mory npoHahu merosa pasmuunta oppehema. Meby Teopernuapuma, xoju
IPUIIafIajy T3B. IPOrPECUBHOM IOKPETY Y 00/1aCTV Hay4HOT 00pa3oBamba, IpeoB/Ia-
IaBa cXBaTambe HayuyHe MMCMEHOCTU KOjMM Ce HarjlallaBa IIpMMeHa HayYHUX 3Hamba
U BeUITMHA y CBAaKOJHEBHUM >KMBOTHUM cutyanujama (Bybee, McCrae & Laurie,
2009; DeBoer, 2000; Mullis, Martin, Ruddock, O’Sullivan & Preuschoff 2009; Sadler
& Zeidler, 2009). Hayuyna mucmeHocT, Takobe, moppasymeBa 1 pasyMeBame HayKe
Kao (opMe JbY[CKOT Ca3Haba U TOTa KaKO HayKa 00/IMKyje MaTepyjaHy M APYLITBe-
HIU CBeT y KojeM /pynu xuBe (Baucal & Pavlovi¢ Babi¢, 2010; OECD, 2006).

ITopen KOTHMTMBHUX acleKaTa, Hay4Ha IMMCMEHOCT IIofipasyMeBa 1 CTaBOBE,
yBepema, BpeJHOCTY U MOTMBalMOHe acrieKTe. CTaBOBMU IpeMa Hayly MMajy 3Ha-
YajHy YJIOTY y CTUIaby HAYYHMX U TeXHOJIOUIKNX 3HaMba, Y IPMMEeHM HayYHUX KOH-
Ienara ¥ MeToja y pasIM4uTiM XVBOTHUM CUTyallMjaMa ¥ y rpabemwy kapujepe y
obmactu npupogHux Hayka. CTora, jeaH Off OCHOBHMX LIM/beBa HaCTaBe IIPUPOIHUX
HayKa jecTe [ja yYeHULIM Off HajpaHMj/X y3pacTa, IOPe] CTUIIaha 3Haba M BELITIHA,
pas3BUjajy MHTepecoBalbe 3a HayKy U usrpabyjy mosuTuBaH cras pemMa IpUMeHM Ha-
y4He MeTofoJIoruje. Y4eHnIy Miaaber MIKo/ICKOT y3pacTa Cy IPUPORHO Pafio3HaIn
U 3aHTEPECOBAHM 3a CBET OKO cebe U CBOje MeCTO Y IeMYy, Tako fia je TO BpeMe
IIOTOJIHO 32 y4Y€lhe OCHOBHUX Hay4YHUX IOjMOBa. HoBuje cTyamje mokasyjy fa ce ys
ofrosapajyhy moppuky u momohy agekBaTHO OCMMII/bEHMX HACTaBHUX CTpaTeryja
yYeHMLIM Ha OBOM y3pacTy e(pMKacCHO MOTY aHTa>KOBaTH Y CIIPOBODemY MCTpaXim-
Baiba, IPUKYIUbalby ¥ AHAIM3UPAILY II0JATAKa, KA0 U Y eBa/TyUPalby jeHOCTAaBHMjUX
HayYHUX MOJe/Ia M Ha Taj HAUMH pasyMeTy MHOTe CI0)KeHe II0jMOBe U Ipoliece y
obmactu npuponuux Hayka (Enyedy, Danish, Delacruz & Kumar, 2012; Lehrer &
Schauble 2006).

Ynpkoc 3Ha4ajHUM HarmopyMa Koje MHOTY 0Opa3OBHY CHCTEMU YIaXy Y LY
yHarnpebuBama HacTaBe IPMPOSHUX HAYKA, PE3Y/ITaTV IOHTUTYAVHATHIX UCTPAXKI-
Bamba yII030paBajy Ha 3abpuaBajyhy TpeH ] onafgama MOTUBALMje YIeHNKa 32 yYetbe
IPUPOJHMX HayKa TOKOM IIKOJIOBama, Kao 1 Ha CMamberbe acIypanuja 3a n36op Ka-
pujepe y oBoj obmactu (Alexander, Johnson & Kelley, 2012; Plenty & Heubeck, 2013;
Potvin & Hasni, 2014; Zusho, Pintrich & Coppola, 2003). Ctora, ngeHTndunKopame
(daxTopa Koju HONPUHOCE KBAIMTETY y4era 1 IOCTUTHYNY Y IpUpOJHNM HayKaMa
II0CTaje jefjaH Off IPUOPUTETHNUX UCTPAXKMBAYKIUX ITpoOIeMa.
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Momusayuja u nocmueryhe yuenuka y Hacmasu
NpUpooOHUX HaAyKa

Pa3mmumty MOTMBAIMOHN KOHCTPYKTH, KA0 LITO CY MHTEPECOBakbe YYEHNKA 1 YXKI-
Bame Y yUerYy CMaTpajy ce I/TaBHOM ITIOKPETauYKOM CHaroM y4emwa y KOHTeKCTy ¢op-
MaHoT obpasoBama (Fryer & Ainley, 2019; Pintrich & Schunk, 2002; Schunk, Meece
& Pintrich, 2014; Wigfield & Eccles, 2000). VInTepecoBame ydeHuKa ce fedunmniie
Kao (peHOMeH Koju je creru¢uyaH 3a JOMEH cafprkaja ¥ KOju II0Kasyje 3allTo je y4e-
HMK MOTUBINCAH JIa Ce aHTaXKyje Y HeKOj aKTMBHOCTM U Jia y4u IpaauBo ofipehenor
npenmera (Renninger & Hidi, 2011). Pazno3n anraxkoBarmba MOTY OUTI eKCTPUH3NYKE
IpUpOJe, Ko IITO je OYeKNBalbe [a Ce OCTBAPE >Ke/beHY VICXOIU /I UHTPUH3NYKE,
3aTO IITO YYEHUK aKTMBHOCT CMaTpa 3aHMM/BUBOM 1 Y B0j Y>k1Ba. [loceOHy maxxmy
VICTPa>KMBAYM Cy IOCBETIIN ITPOYaBaby CeIPKOHIIEITA Y HbeTOBOM JIONIPMHOCY T10-
crurnyhy. Cendxonuenrt ce geduHuIIe Ka0 My/ITUAVMEH3MOHATHY KOHCTPYKT KOjI
je cnenmduyaH y ogHOCy Ha HacTaBHe mpepmere (Marsh & Craven, 2006; Marsh,
Hau, Artelt, Baumert & Peschar, 2006) n ogHOCK ce Ha yBepeme y4eHMKa Y COII-
CTBEHY CIIOCOOHOCT Jja M3BPILY 33/jaTaK U Ha BeroBa OUeKNBarba y Be3! Ca UCXOJ0M
te aktuBHOCTK (Bandura, 1997; Zusho et al., 2003). CamoednkacHOCT IpefcTaB/ba
MOTMBAIMIOHO yBepere Ha Taj HauMH LITO BMIIA ONa)KeHa caMOe(MKACHOCT yTude
Ha [I0CTaB/balbe BUIIVX JTMYHUX IM/beBa U Ha MHTEH3NUTeT NocBehnBama BbIX0BOM
ocTBapuBamy. IlocTaB/bame N3a30BHUX L[W/beBA MOAVKE HUBO MOTMBAIMje U MH-
TEH3UTET CTpeM/berba Ka HoCTurHyhy.

VcrpaxxuBamwa o opHocy usMehy MoTumBanmje n nocrurayha cnposope ce 'y
OKBMPY Pa3IM4YMTUX HACTAaBHMUX IPEAMeTa, a MCTPKMUBAUY IIPUMEIbYjy pasindu-
Te TeOpUjcKe OKBMpPE U MeTOHOJOIIKe Halpre. KopenannoHna u ekcrepyMeHTaIHa
VICTpa)KMBama, Kao ¥ MeTaaHaj13e, I0Ka3yjy /ja Cy MOTUBAL[MOHe KapaKTepPUCTUKe
3HAYajHO ITOBe3aHe ca NOCTUIHyheM, OJHOCHO fIa YYeHMIM, KOj/ 3PaXKaBajy BULIN
HMBO CaMOe(VKaCHOCTH J IHTEPeCOBaba ¥ KOjU BUCOKO BPeJHYjy HaCTaBHU IIpef-
MeT, ocTBapyjy 6o/pe obpasosHe ucxone (Cerasoli, Nicklin & Ford, 2014; Hattie,
2009; Lee & Shute, 2010). ITopen Tora, moTBpheHo je ga camoednKacHOCT 3HaYajHuje
Kopernupa ca nocturayhem Hero apyre Bapujabne (Meece, Wigfield & Eccles, 1997;
Richardson, Abraham & Bond, 2012; Stankov, 2013).

Y obnmactu Hay4HOT 0Opa3oBama MOTHBAIMja je IPero3HaTa Kao BakKaH KOH-
CTPYKT. MeTacTyziyje y KojuMa je IaT Iperief iyre UCTpaXkuBadKe Tpajiuliyje y OBOj
o6acTy yKasyjy Ha TO Jja Cy MOTMBAlLlMOHA yBepera YUeHUKa 1 JOXKIB/baj caMoe-
¢ukacHoctu Mebhy HajBaxkHUjuM daxkToprma mkonckor nocturayha (Lavonen &
Laaksonen, 2009; Osborne, Simon & Collins, 2003; Wang & Degol, 2013). ITputom,
norsphyje ce fa je MOXMB/bAj CONCTBEHE KOMIIETEHTHOCTY 0OJbY IIPEAUKTOP yde-
HIYKOT nocturHyha of MHTpMH3MYKe U eKCTpMH3NYKe MoTuBanymje. Ha mpumep,
HOBUja VICTPa)KMBamba M0Ka3yjy Aa caMoe(UKACHOCT YUeHUKa IIeTOT 1 IeCTOT pas-
pefia OCHOBHe ILIIKOJIe JOC/IeJHO IpefiBuba pasmnunre fuMeHsMje apeKTUBHOT, KOT-
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HUTUBHOT ¥ OVIXejBMOPAIHOT aHTa)KOBamba y NMPMPOJHNM HayKaMa KaKo y IIKOJI-
CKOj CPEeJVIHM, TAaKO M y BAaHUIKOJICKMM KOHTEKCTMMa (Bae & DeBusk-Lane, 2019;
Ben-Eliyahu, Moore, Dorph & Schunn, 2018). Takobe, ucnuryjyhu yuenuke koju
OCTBapYyjy HajBullle HoCTUTHYhe y IpupofHUM HayKkaMma, UeH U capaHULIU CY YTBP-
AWK [a BYUX0Ba I0CBeheHOCT yuery U JO>KMB/baj caMoedKacHOCTU NMajy HajBehy
npepuktusHy Moh (Chen, Zhang, Wei & Hu, 2019).

IIpucmyn ycmeper Ha 000y VS NPUCYN ycMePeH
Ha eapujabrne

Mapa 6pojHa ucTpakusama motBphyjy fAa MOCToju MO3UTUBAH OfHOC n3Mely KoM-
IIOHeHAaTa y4eHNIKe MOTHBAIMje U aKafleMCKOT IocTuruyha, ycTaHOB/bEHO je fja ¢y
mobujeHe Bese cl1abujer MHTEH3UTETA y mopehemwy ca ApyruM ICUXOTOIIKNM U 06pa-
30BHUM (pakropuma (Howard, Gagné & Bureau, 2017; Kriegbaum, Becker & Spinath,
2018) u pa pasnmuunte Bapujabie gompuHoce oBuM edpextrma (Marsh & Craven,
2006; Skaalvik, Federici & Klassen, 2015; Vesi¢, Dzinovi¢ & Mirkov, 2021). To cy-
repiuiile ja OBa Be3a Hifje jefHO3HAYHA U J1a je moTpebHO ncnutaty pakTope Koju je
MOTY ,,OTpaHn4YaBatyt’. Y TOM CMUCTY, [/TaBHY HEOCTAaTaK IPUCTYIIa yCMEPEHOT Ha
Bapujabie, KOji JOMUHMPA Y OBOj UCTPAXKMBAYKO] TPAAMILIMj|, OHOCK Ce Ha TO IITO
Ha Taj HAYMH Huje MOoTyhe OTKpUTI MOATPYIIe yUeHMKA KOju MMajy moceOHe obpaciie
yBepema YHyTap y3opka win usMmehy ysopaka. Hacynpor ToMe, mpucTyn ycmepeH
Ha 0coby omoryhaBsa fia ce ngeHTHUKY]y TOATPYIIe HOjeANHALA KOje OJIUKY]y pas-
n4nTe KOHPUIrypaiyje MOTUBALMOHNX (aKTopa U yBepema 0 caMoeuKacHOCTI
U VICHUTAjy C/IOXKeHe MHTepakiyje usmehy oBux kommnonenarta (Bergman & Trost,
2006). Y okBUpY OBOT IIPUCTYIIa KOPUCTE Ce MoceOHe TEXHUKe, IOITYT K/IacTepycamba
u aHanmu3e nateHTHUX Knaca (LCA),' kako 61 6m1m u3[BojeHM pasnuauT npoduim
VICIUTAHMKA KOjI [1ajy CTIMIHE OATOBOPE Y Be3U Ca MOTMBALMOHUM Bapujabrama.

Y uctpaxnBamuMa y KojiiMa je IpuMerbeH IPIUCTYII yCMepeH Ha 0Co0y ayTopu
VCIIUTYjy mpoduye yueHNKa y MPUPORHUM HayKaMma, Kopuctehu MOTMBAI[OHE U
[pyre KapaKTepUCTHKe Kao Mepe naeHtndukanuje. Ha npumep, camoedpukacHoct
¥ MOTMBAIIMOHA yBepema yueHnka (Andersen & Chen, 2016; Bae & DeBusk-Lane,
2018; Bee & Henriksen, 2013; Conley, 2012; Linnenbrink-Garcia, Wormington,
Snyder, Riggsbee, Perez, Ben-Eliyahu & Hill, 2018), nepconanna cBojcTBa y4eHM-
Ka, MOTMBAIVjy 1 KapaKTepUCTuKe cpefnHe 3a yuewe (Radisi¢, Selleri, Carugati &
Baucal, 2021), enncremornonika yBepemwa (Chen, 2012; Kampa, Neumann, Heitmann
& Kremer, 2016), anra>xoBame ydyennka (Schmidt, Rosenberg & Beymer, 2018). Pe-
3y/ITaTU OBUX UCTPaXXMBarba IIOKA3Yjy /ja YIEHUIM MMaAjy pasnudnTe KOMOMHAIje
MOTHBAIVIOHNX yBepeba O MPUPOIHIM HayKaMa I fja Cy HeKu Ipoduin aganTus-
HUjU Off APYTUX npodua y moraefy K/byIHUX MCXOfla HaCTaBe MPUPOJHMX HayKa,

' LCA - Latent Class Analysis
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Kao IITO Cy nocTurHyhe Ha CTaHZAapAM30BaHUM TECTOBUMA, Hay4HA IIMCMEHOCT WIN
usbop 6ynyhe xapujepe y STEM? obmactuma (Snodgrass Rangel, Vaval & Bowers,
2020). Takobe, mocnexnHo ce moTBphyje Hamas foOMjeH y UCTPaXKUBAbBUMA, Yy KOjuMa
je kopuirtheH IpUCTyI ycMepeH Ha Bapujabiie, Ia JOXKUB/baj COTICTBEHE KOMITETEHT-
HOCTY BUIIIE JOIPUHOCK TIOCTUTHYhy y4eHMKa y HacTaB) NIPMPOJHUX HayKa Off MH-
TpuH3NM4Ke 1 eKcTpuH3nuke Mmotusanyje (Chen, 2012; Chen & Usher, 2013; Ivanova
& Michaelides, 2022).

ITpempa mebynapopgne xomnapatusHe cryanje TIMSS u PISA, y xojuma ce
npoydyaBa 0OpasoBHO IOCTUTHyhe ydeHMKa ¥ KOHTEKCTyalnHM (AKTOPU KOju ra
objaImbaBajy, IpefCTaB/bajy 3HaYajaH M3BOP MOJaTaKa 3a MpOydaBame OJHOCA U3-
meby MotuBaumje n nocruruyha, jour yBex je peaTMBHO Maiy 6poj MCTpakMBarba
y KojuMa ce OBM IOJALVI aHAIM3MPajy ca IMbeM MAEHTU(PVUKOBaMba PasINdnuTHX
MOTHBALMOHMX Ipoduia ydeHuka y npupogauM Haykama (Hofverberg, Eklof &
Lindfors, 2022; Radisi¢ et al., 2021; Shmidt et al., 2018), xao n y matemaniu (Lali¢-
Vuceti¢, Sevkusi¢ & Mirkov, 2021; Michaelides, Brown, Eklof & Papanastasiou,
2019). IlpegHOCT OBMX MCTpaXKMBamba Ipero3Haje ce y ToMe IITo oMoryhasajy fa ce
YTBpPAE pasnmnuuTit 06paciyi MOTUBALIOHNX yBeperba y4eHNMKa Ha Pelpe3eHTaTIB-
HOM Y30PKY 1 Jja Ce KpOo3 BpeMeHCKe IIMKITyCe TIPATH [Ja JIN je ,,WIAHCTBO Y mpodu-
NMMa CTAbMTHO WM Ce JiellIaBajy MpOMeHe, Koje MOTY OMTY 3HadajaH 13BOp MHPOP-
Malyja 3a 00pa3oBHY IOJIMTHUKY U IIPAKCY.

Haure ncTpakuBame, y KoMe CMO IIPYMEHVIN IPUCTYII yCMepeH Ha 0c00y Kako
OMCMO MCIIUTA/IV MOTYBALIMOHE Ipodu/Ie ydeHNKa Y IPUPOAHUM HayKaMa Y CTyAUju
TIMSS 2019, uma Teopujcky ¥ IPAaKTUYHY 3Ha4Yaj. AHamu3e Koje cy KopuiiheHe y
OBOM IIPNCTYIIy MOTY JONIPMHETH IocTojeheM KOpIycy 3Hama O MOTMBAIVjU Kao
CTI0>KEHOM U AVHAMUYHOM KOHCTPYKTY U 60/beM pasdyMeBamwy (pakTopa Koju yTudy
Ha nocturuyhe yyeHuka 13 npupopHux Hayka Ha TIMSS tecty. OTKpuBare pasmim-
YUTYX MOTMBAIMOHMX NPOIIa YUeHNKa MOKe ToMohy f1a ce HacTaBa IPUPOIHUX
Hayka y Behoj Mepy Ipuiaromyu MHAMBUAYTHUM KapaKTepUCTUKaMa 1 morpebama
ydeHMKa M Ha Taj HAuMH JJONIPMHece KBAIUTETHMjEM y4erby 1 60/beM IIOCTUTHYhy.

IIwse ncTpakuBama je fa ce ueHTUUKY)jY M ONMUIIY MOTMBALMOHY Ipodu-
JIV YY€HVKa, 3aCHOBAaH! Ha Pa3NIMKaMa Y MHTPMH3NYKO] MOTUBALUjI U TOKUBIbAjy
caMoe(pUKaCHOTY YYeHNUKa, y HaCTaBY IPUPOJHMX HayKa. MOTMBAIMOHU PO
VICHUTUBAHU Cy 3a Y4EHMKe YeTBPTOI paspefa OCHOBHUX Likona y Cpouju koju cy
ydectBoBamy y nuknycy TIMSS 2019 u 2015. ITocraBunu cmo cnepfeha ncrpaxusay-
Ka [UTama.

1. Koju MmotuBanonu npouim y4eHuKa ce 13/jBajajy y IpupogHIM HayKaMa

¥ KaKBa je CTPYKTypa TuX mpodua?

2. KakBu cy offHOCH MOTVMBAIIOHNX ITpod1Ia ca oCcTUrHyheM Koje ydeHumm

OCTBapYjy Ha TeCTy 3Hamba U3 MPUPOTHMX HayKa?

2 STEM - Science, Technology, Engineering, and Mathematics
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3. Jla mu mocToje pa3nuKe y MOTMBAIIIOHMM IPOQIINMA y OFHOCY Ha IIOJI y4e-
HIUKa?

4. Ta m1 cy MOTMBALVIOHY IIPO(UIN YI€HMKA y HACTaBM IIPYPOJHUX HayKa
cTabyIHY Y 1Ba BpeMeHCKa IUKTyca ucnutruBama — TIMSS 2015 1 20192

Ha ocHoBy pesynTaTa pe/leBaHTHUX UCTPaKMBamba y KOjIMa je IPUMeHeH IPUCTYTI
ycMepeH Ha ocoby (Ha mpumep: Ivanova & Michaelides, 2022; Michaelides et al.,
2019; Radisi¢ et al., 2020; She et al., 2019), npernocraBuau cmo na he 6utn ngeH-
TU(NUKOBaHN KOH3VMCTEHTHM NPOGIMIN Ca CIMYHMM (Ca BUIINMM, OJHOCHO HIVKVIM)
BPeJHOCTMMA CaMOepMKACHOCTI ¥ MHTpMH3N4He MoTuBanyje. [Topey Tora, oyexn-
Ba/M cMo Aa he 6uTy nueHTIGUKOBAHN HEKOH3UCTEHTHM IIPOGIIN Y KOjUMa CaMO-
e(UKACHOCT ¥ MHTPMH3MYHA MOTHBAIIMja HEeMajy CIMYHY JUCTPUOYIVjy pesynTaTa.
Y Be3u ca 0JHOCOM MOTMBAIMOHMX IpoduIa ¥ MocTUrHyha, MpeTIocTaBuIm CMO fia
YIeHNIIM KOjy M3BEIITaBajy O BUIIOj CAaMOePMKACHOCTI U BUIIIOj MHTPUH3MYHOj MO-
TUBAIVj! 33 yUere IPUPOJHMX HayKa OCTBApyjy BuIle mocTurHyhe Ha Tecry, y mo-
pebemy ca yyeHnIMmMa Kojyu u3BeIlTaBajy O HIDKUM BPeJHOCTUMA OBMX Bapujabim.
IIpernocraBumm cMo u fia he ydeHMIM 13 HEKOH3UCTEHTHMX poduIa, Koju MMajy
HajBUIIIE BPETHOCTI CaMOe(dMKACHOCTH, OCTBAPUTH HajBUIIIe TOCTUTHY e.

B METOL

Paj ce sacHMBa Ha CeKyHZIapHO] aHa/NMM3M IOZlATaKa KOjy Cy HOOMjeHu MyTeM yde-
HIYKVX YIMTHMKA ¥ TeCTa 3Hama U3 IPUPOJHUX HayKa y OKBUPY MebhyHapomgHOTr
uctpaxkmpama TIMSS 2019 u TIMSS 2015.

Y3opax

Y ucrpaxxkmupamwy TIMSS 2019 ysopak je unamnno 4380 yyeHukKa 4eTBpPTOT paspefia
u3 165 ocHoBHuUX 1Kona y Cpouju. Y y30pKy cy NpuOIMKHO jefHAKO 3aCTYIUbeHN
ydeHuny o6a mnona (49% aeBojuniia), a BUXOB IpoceyHn y3pacT je 10,60 roguHa. Y
muxaycy TIMSS 2015 ydectBoBano je 3976 yyeHuka u3 160 oCHOBHUX IIKoO/Ia, (49%
IeBOjuMIIa), IPOCEYHM Y3PaCT yyeHuKa je 10,75.

Bapujabne u uncmpymenmu

Y TIMSS ucrpakupamwy MOTUBALVja YI€HNKA 32 yUerbe IPUPOSHIX HayKa MICIINATYje
ce MepaMa Koje Cy jjaTe y YOUTHMIMMA 3a y4eHuke ofi 1995. rogune, ma Hajjabe.
TokoM BpeMeHCKMX LIUK/Iyca CKajle Cy peBUupaHe, KOMIIOHEHTe MOTUBaLuje Cy ce
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Membajie, a 3alaXka ce IOCTeleHa TeH eHIMja Ka TeOPUjCKI OIpaBiaHujeM u3bopy
tBpamu. Of 2015. rofMHe ayTopy ce M0O3MBajy Ha TEOPHjy caMofeTepMMHaIIMje fa
Ou omcany MOTUBALMOHM KOHCTPYKT KOjU je puMerbeH y iukmycuma TIMSS 2015
u 2019 (Hooper, Mullis & Martin, 2013; Hooper, Mullis, Martin & Fishbein, 2017).
Mebyrtum, Huje jacHO 06pa3IOKeHO KAaKO Cy TBPAIE Y CKalu MOTHBAIyje oIepa-
IIVIOHA/IM30BaHe Ha OCHOBY oBe cnokeHe Teopuje (Ivanova & Michaelides, 2022;
Michaelides et al., 2019), xoja je Buille myTa eMIMPUjCKM IPOBEPAHA Y PA3ININTIM
KyITypPHUM KOHTEKCTMMa y loMeHy obpasoBamba (mpema: Sarcevié, 2015). Ha ys-
pacty yueHuka 4eTBpror paspena TIMSS mMoTuBanmoHyu KOHCTPYKT 4MHe JBe Ba-
pujabie: cTaB yuyeHNUKa IIpeMa IIPUPOSHUM HayKaMa U CaMOIIOy3/labe Y IPUPOSHIM
Haykama. [IpBa Bapujaba Tymauu ce Kao MHAMKATOP MHTPUH3WYHE MOTHUBaALNje, a
Ipyra Kao IoKasaTe/b YYEHNYKOT JJOXKIB/baja camoedukacHocTi. OBe [iBe Mepe cy
y HallleM MCTpaXMBamwy KopuinheHe NPUINKOM UAeHTU(PUKOBaba MOTUBAIVIOHNX
npoduia ydeHMKa y IpMpOAHIM HayKaMa.

Y o6a TIMSS nukiryca 3a MCHUTUBabe NHTPUH3NYIHE MOTHBALVje yYeHNKa 3a
yderbe IPUPOSHMX HayKa KopuiiheHa je jeTHOMMeH3/OHaTHA CKala KOja ce CacToju
OfI ieBeT TBP/IbY KOjIMa Ce MICITUTYje CaMOIIpOLieHa Y>KIBaba Y yIeby MPUPOTHNX
HayKa, 3aMHTEePeCcOBAaHOCT U aeKTUBHM CTaB IIpeMa HACTaBHUM cafpixajuma (o =
0,90). Ckasna 3a MCOUTMBabe CaMOeUKACHOCTI Y y4Yelby IPUPOLHUX HayKa je, Ta-
kobe, jefHOMVIMEH3MOHA/IHA 1 CafipXXM CellaM TBPAbU KOje ce OJJHOCe Ha IPOLeHy
COIICTBEHE YCIEIIHOCTI U TelIKohe y ydermy mpupopHux Hayka (a = 0,84). ¥V ucnn-
tuBaky TIMSS 2015 moyspmaHOCT cKajle 3a MHTPUMH3MYKY MOTUBanujy je o = 0,88, a
3a cKajty camoeukacHocTy o = 0,83. YueHuIM uspakaBajy CBOj CTEIleH C/Iarama ca
TBpAIbaMa Ha YeTBOPOCTeIeHOj ckamu JInKepToBOT THIa (CacBUM ce CIasKeM, CTaKeM
ce, He CTIaXKeM ce, YOIIIITe ce He caxeM). TBppme y ckamama gare cy y Ilpwuory 1.

Ia 6ucmo nposepwn $HakTOPCKy CTPYKTYpY JiBe cKane, ypabeHa je koudup-
MatuBHa ¢akTopcka aHaimusa y copreepy JASP (JASP Team, 2022), o yrieny Ha
aHaM3y Koja je CIpoBefieHa Ha OCHOBY nofaTaka us myukmyca TIMSS 2015 (Ivanova
& Michaelides, 2022).> [Jobumu cmo 3aoBo/baBajyhe MHAMKATOPE IOECHOCTH 32
ckaje y oba nuKiyca ucTpaxupama (Tabena 1), moce6HO Kajja je yseT y 063up dak-
TOp HeraTuBHe opmynaiuje ajrema (T3B. Negative wording daxtop). Ha edekat
oBOT (haKTOpa YKasyjy ayTopu IIOMEHYTOT MCTPAXXMBaba, K0 U CIMYHNUX VCTPaXKu-
Bama y KOjlMa je IIoTBpheHa mofiecHOCT ABOMAKTOPCKe CTPYKTYpe MOTHUBAIVIOHOT
KOHCTPYKTa Ha y3pacTy yueHNKa 4eTBpTOr paspesa y pasnuuntum TIMSS nukmycn-
Ma (Ha mpuMep, Michaelides, 2019). [JogaTHy noTopy 3a ynorpe6y MOTHMBAaIMIOHUX
CKaJIa TIPY>Kajy pesy/ITaTu aHa/lIM3a CIpoBefleHMX Ha nojaumuma u3 mnuxayca TIMSS

*  VcnutuBaHa je paKTOPCKa CTPYKTypa CKajla caMOepUKaCHOCTY M MHTPUH3NYHE MOTHBA-

I_U/Ije Ha Y30PKY Y4Y€HMKaA YETBPTOT M OCMOT pa3pefa n3 Cje]II/IH)CHI/IX AMepI/I‘IKI/IX I[p)}(aBa.
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2019 3a cBe apxkase ydecHure, ykpydyjyhu Cpoujy (Reynolds, Khorramdel & von
Davier, 2022).

Ta6ena 1: VIHAMKATOPK IOFECHOCTY 3a CKajle caMoeUKaCHOCTHI
N MHTPUMH3NYHE MOTUBA I/I.e

CTpyKTypa MOTHBAIIMIOHOT KOHCTPYKTa 516,298* 95 0,998 0,035 0,033
ca NWF (TIMSS 2015)
CTpyKTypa MOTHBAIIMIOHOT KOHCTPYKTa 800,121* 95 0,998 0,044 0,032
ca NWF (TIMSS 2019)

*p <0,001.

NWE - Negative Wording Factor

[Tocturnyhe y4yeHnka y IpupofHUM HayKaMa U3PaKeHO je Kao IPOCeYaH CKOp IeT
IUIay3MOVIHUX BPeHOCTM Ha TecTy 3Hawa (M = 500, SD = 100). 3aganu mepe 1mo-
cTurHyhe y4eHVKa y pasIMuuTM JOMEHUMA cafprKaja U3 NpupogHux Hayka (Kuea
npupoda, Hexcuea npupoda nu Hayka o 3emmu)’ v y OKBUPY TPU KOTHUTMBHA JOMe-
Ha: 3Hambe, IPYMeHa U pe3oHoBame. KoHLenumja ncrpakuBama omoryhasa fia ce
IIPOCeYHO NMOCTUTHYhe y4eHNKa MHTepIpeTupa U y OGHOCY Ha MehyHapoaHe pede-
PEeHTHe BpeJHOCTH KOje IPefCTaB/bajy MHAMKATOPE YeTVPY HIBOA 3HAMA: HAIIPeTH
(625 moena), Bucoku (550 moena), cpexpu (475 moena) u Hrcku (400 moena).®

Ananuse

3a upeHTHUKOBamHe MOTMBAIMOHKX Npo¢uIa yUeHNKa IPUMembeHa je KIacTep
aHa/mM3a y ABa Kopaka (two-step cluster analysis) ogBojeHo 3a 06a cera mopaTaka
(TIMSS 2019 u 2015). OBy Metony opabpamy cMo 360r MOryhHOCTM AMpeKTHMjer
nopehemwa Hammx pesyaTaTa ca pe3yiTaTMMa KOju Cy HOOMjeHM y aKTyeTHMUM JC-
TpaKuBamwuMa crposefieHnM Ha TIMSS mopanuma y KojuMa je ocTaB/beH CIMYaH
s (Lali¢-Vucetié et al., 2021; Michaelides, Brown, Eklof & Papanastasiou, 2019).

¢ Ckase Koje Mepe H0XWB/baj caMoe(MKACHOCTH U MHTPUH3MYHe MOTUBAIIMje aHaIM3/paHe

cy nomohy npucrymna IRT (Item Response Theory), a pe3ynTaTu cy mokasanmn fia Cy ajTreMn
u3 0be ckaze y 06/acTy IPUPOAHUX HAyKa M MaTeMarTyKe, Ha y3pacTy 4eTBPTOL M OCMOT
pasperna, Kommapabuauu y Hajeehem 6pojy apxasa.

ITpema Baxkehem HacTaBHOM ITaHy 1 porpamy y Cp6uju 3a HpBU LMK/IYC OCHOBHOT 00pa-
30Balba, CafP>Kajy IPMPOJHMX HayKa M3y4aBajy ce K0 MHTETPATVBHYU Y OKBUPY 00aBe3HOT
HacTaBHOT Ipefmera CBeT 0Ko Hac (IpBu u fpyru paspen) u Ilpupona u gpymrso (tpehn n
4eTBPTH paspep).

JeTa/bHuUju ONMC KOMIETEHI[Mja HA Pa3INIUTUM HUBOMMA NIPUKA3aH jé Y METONOIOUIKOM
oksupy TIMSS ucrpaxknsama (Peri¢, Gutvajn, Josi¢ & Seva, 2021).
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JeckpuntuBHa cTaTUCTNKa KopuinheHa je 3a aHaIM3y CTPYKType KIacTepa, a jef-
HOCMEpHa aHa/lIM3a BapyujaHce Jja yTBPAMUMO Ja iU Cy pas3juKe Y IPUIAJHOCTHU Ka-
CTepy IOBe3aHe ca IOCTUIHyheM Koje Cy YYeHUIM OCTBapWIM Ha TeCTy 3Hamba 13
npupofHMx Hayka. ITopep Tora, kopunrheH je ¥ Xu-KBafipaT TeCT fia Ce MCINUTA fia
M ce aMCTpMOyIMja fedaka M JeBOjYMIla Pas/nKyje 1Mo KaacTepyuMa, Kao ¥ fia i
ce CTPYKTypa MOTMBAIMOHUX Ipodua pasnukyje y ga TIMSS nuknyca. Obpaga
nopaTtaka ypabena je y cratuctuakom coprsepy SPSS 27.

B PE3YNTATU

Kapaxmepucmuxe momusayuonux npoduna y npupooHum Haykama:
TIMSS 2019

JlecKpUIITMBHA CTAaTMCTUKA 3a JIBe Mepe Ha OCHOBY KOjUX Cy MJECHTU(PMKOBAHM
MOTMBAILVIOHN POGIIN, CaMOepUKACHOCT M MHTPUHSNYKY MOTHUBALV]Y 32 y4ere
IPUPOJHMX HayKa IpeficTaB/beHa je y Tabenu 2. YrBpheHa je peratuBHO BMCOKa
noBe3aHocT n3Meby oBe Be Bapujabne (r = 0,63, p < 0,001).

Ta6ena 2. [leckpunTuBHa CTaTUCTMKA 3a MOTUBaLoHe Bapujabie (TIMSS 2019)

MHTPUH3UYHA MOTHBALMja 4314 2,69 13,19 9,41 2,03

caMoe(bMKaCHOCT 4310 3,43 13,29 9,91 1,83

[Tpunukom nsBohemwa KracTep aHamu3a MpUMEHEH je IOCTYIAK KOji je OIMCaH y
uctpaxuBawy Mudennpeca u capagauka (Michaelides et al., 2019: 36). C 063upom
Ha TO /i je K/IacTep aHa/M3a eKCIUVIOPATVUBHY OCTyNaK, Moryhe je ga 6yme excrpa-
XOBaH U MHTEPIIPETUPaH Pa3mnInuT O6poj KIacTepa, HOCeOHO Kajja ce KOPUCTY KiTa-
CTepucame ,y fiBa Kopaka”. Y 0BOM CIy4ajy n360op Opoja KmacTepa OrpaHUYeH je
Ha IIeT ¥ 3aCHOBAH je Ha KPUTEePMjyMuMa KOjy ce OfHOCEe Ha TO Jja CBAKM KIacTep
capp>Xi HajMarbe 7% VCIMTAHMKA 1 [1a je pelllerbe O3HaYeHO Kao JoOpo mwi 6ap Kao
npuxBat/puBo (Kaufman & Rousseeuw, 1990). IIperyen cBux Kmactep pelrema gat
je'y Tabemu 3.
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Ta6ena 3. Knactep pemrera njeHT(UKOBaHA y IPUPOTHUM HayKaMa

(TIMSS 2019)
2 0,6 (zo6po) 39,4, 60,6
3 0,5 (106po) 21,4, 27,6, 51
4 0,5 (mzo6po) 13,4,27,8,7,8, 50,9
5 0,5 (mpuxBatT/BUBO) 13,4, 24,1, 7,8, 38,9, 15,8

3amaka ce fa cBa K/IacTepcKa pelllerba MCIYHaBajy MMHUMYM YClIoBa fa Oymy
npuxsaheHa Kao KOHaYyHO pelleme. 3a Ja/be aHamM3e Ofabpamm CMO 4YeTBOpPO-
K/IaCTEPCKO pellere, a Ipy n360py CMO ce PYKOBOAWIN CTPYKTYPOM KjIacTepa U
pE/IeBaHTHUM TEOPUjCKMM IIPeTIIOCTaBKaMa O MoryheM mHocrojamy 1 edekTuMa
HEeKOH3MCTeHTHUX nmpodua (Michaelides et al., 2019: 37). V nopebemy ca aBoka-
CTEPCKMM ¥ TPOK/IACTEPCKUM pellerlMa YeTBOPOK/IACTEPCKO M METOKIACTEPCKO
peleme npysxajy sehe MoryhHoCcTM 3a MHTepIpeTany;jy, Ipy 4eMy MeTOKIACTePCKO
pemere He oMoryhapa HoBe MHpOpMaIje y OTHOCY Ha YeTBOPOK/IACTEPCKO.

CTpyKTypa MOTMBALIMOHUX NPOWIa YYeHNKA Y IPUPOSHUM HayKaMa IIpyKa-
3aHa je y Tabemu 4. Ilop cTpyKTypoM HoppasyMeBaMoO AUCTpUOYLUjy YYeHUKA IO
K/IacTepyMa ¥ BPeJHOCTH Bapujabmm camoeukacHocm u UHMPUHIUYHA MOMUBA-
yuja. Y IpBOM MOTUBALIMOHOM NPOGIIITY Cy YUEHUIV KOjU M3PpakaBajy BUCOKY MH-
TPUH3NYKY MOTUBALIUjy U BUCOKY caMOe(dVKACHOCT y IIPMPOSHUM HayKaMa; Y Apy-
rOM Cy YY4eHMIV ca yMepeHUM BpeHOCTIMa obe Bapujabie; y Tpehem mpoduy, y
KOjeM je HajMamwy Opoj yueHUKa, Cy OHU KOjy U3paKaBajy yMepeHy MHTPUH3UYKY
MOTMBAIV]y, @ BPEHOCT HUXOBOT HOKUBI/baja caMOePMKACHOCTH je HajBMIIA Y HO-
pebemy ca octanum npodunnma; y 4eTBpToM npoduiry, Koju o6yxBaTa IOTOBUHY
Y30pKa, Cy YYEHWIIM Ca HUCKUM BPEJHOCTHMA caMOe(PUKACHOCTY ¥ MHTPUH3NYKe
MOTMBaIVje 3a yuere IPUpPOSHUX Hayka. [lakie, noOujeHy Hamasu noTephyjy Hae
IPEeTIOCTaBKe O MOCTOjakby PasIMYUTUX MOTMBAIMOHMX Ipoduia ¢ 0631poM Ha
IbMIXOBY CTPYKTYPY: KAKO KOH3VMICTEHTHIUX, TaKO I HEKOH3MCTEHTHUX.
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Ta6ena 4. [Juctpubyunja ydeHnKa M0 KIacTepuMa, JeCKPUITHBHA CTATUCTUKA
32 MHTPUHSMYKY MOTUBALIN)Y 32 y4etbe IPUPOLHUX HayKa, CaMOe(PUKACHOCT 1
nocturayhe Ha TecTy 3 npupopHux Hayka (TIMSS 2019)

SD M SD M SD
1 577 13,4 13,19 0,05 12,11 1,49 533,16 66,20
2 1196 27,8 10,00 0,92 10,25 0,92 530,89 70,14
3 337 7,8 10,08 1,39 13,29 0,04 555,90 61,63
4 2188 50,9 7,98 1,13 8,63 0,88 514,29 77,86

Kaxkeo je nocmuenyhe yuenuxa
PASTUMUMUX MOMUBAUUOHUX npoduna?

Jobujenn pesynratu norephyjy obe Haire mpeTrmocTaBke 0 Besu nocturiyha u
Pa3IMYNTIX MOTUBALVIOHNX IIpoduia. Y Hauesy, yYeHUIM KOjU M3PpakaBajy BUILIE
HJBOE MHTPUH3IMYHE MOTVBAIje U JOKNMB/baja caMOe(MKACHOCTH OCTBApYjy BUIIe
nocturHyhe y nopehemy ca yueHnImMa Koj KOjux Cy MaeHTGUKOBaHN HIUCKU HY-
Bou obe MortuBalyoHe Bapujabie. [Ipurom, HajBuile nocTuruyhe ocrapyjy yude-
HIIV KOjU M3Pa)KaBajy HajBUIIN JOKIBIbaj CaMOe(DUKACHOCTU U yMePeH HUBO MH-
TpuH3NYHe MoTuBanuje. Kao mro ce Mmoxe Bumern y Tabemn 4 Hajsumie nocturayhe
ocTBapyjy ydenuuu us tpeher npoduma. OBaj T3B. HEKOH3MCTEHTHU KIacTep (pas-
JIMYUTE BPEHOCTY Bapyjaby MOTHBAIIMje 32 y4erbe M CaMOe(PMKACHOCTY) 3HAYajHO
je yCIelHuju Off IpBOT, YIIPKOC HIDKOj MOTUBALIVj/ YIEHMKA. Y YeHMIIY U3 IIPBOT I
IpyTOr K/IacTepa OCTBAPYjy CIMYHO IOoCcTUrHyhe, Mako cy BpefHOCTI MOTVBAIje 1
caMOepMKaCHOCTH y PyroM KJIacTepy 3HauajHO HIDKe y mopehemy ca mpBuM Kia-
crepoMm. HajHike nocturayhe nmajy yaeHUImM Kojy Cy CBPCTaHM Y YeTBPTY PO
AHanusa BapujaHce IOTBPAWIIA je Ja Cy pasimuke u3Mely kmacrepa 3a o6e MoTyBa-
IVIOHe Bapujabie CTaTUCTIYKY 3HaYajHe (MHTPMH3NYHA MOTMBALja 3a y4yeme: F(3,
4294) = 4232,10, p < 0,001, n’= 0,75; camoedukacHoct: F(3, 4294) = 3726,83, p <
0,001, n*= 0,72, ka0 u fja IOCTOju 3Ha4ajaH edekaT KIacTepa Ha mocruruyhe: F(3,
4294) = 40,07, p < 0,001, n?= 0,03. Post-hoc tecrou (Tukey HSD Tect) cy noxasa-
N [ia pas3luKa y MocTUrHyhy msmehy npBor u apyror xmacrepa Hyje CTaTUCTIYIKN
3HavajHa (p = 0,93), kao u ga u3mely gpyror u Tpeher Kmacrepa He IIOCTOjU CTATHU-
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CTMYKY 3HayajHa pas/nKa Kaja ce IocMaTpa Bapujabia uHmpuH3uuHa Momueauuja
3a yuemwe (p = 0,52).7
Ako npoceyHO TocTUrHyhe ydeHMKa 1o KIacTepyuma IIocMaTpaMo Y OFHOCY Ha
TIMSS mehynapoznne pedepeHTHE BpeJHOCTH, 3al1a>kKaMo Jja CKOP KOjy CY YIeHUIIN

u3 Tpeher kacTepa ocTBapuIn Ha TecTy 3Hama (555,90), ofroBapa BIICOKOM HUBOY
mebhynapopuux pedepentnux speguoctu (I'papukon 1).

Ipadpuxon 1. OnHoc nsmehy moruBalmonnx npoduma u nocturayha ydennka
Ha TecTy u3 npupopgaux Hayka (TIMSS 2019)

560
550

540 ¢

5201

ITocTHruyhe y npHpoJHHM HAYKAMA

510

Bpoj kaacrepa

Pesynratn ananmmse aucrpubynmje yuyeHMKa 110 KaactepyuMa ¢ 0631poM Ha IO 110-
Kasa/lu Cy [a He IOCTOjM CTaTUCTUYKM 3Ha4ajHa pasmmka (x*(2) = 2,73, p = 0,256),
OfIHOCHO fia Cy Hevalyl M JIeBOjumIie IPUOIVDKHO jeHAKO 3aCTYIUBEHM Y CBaKOM
npoduny (Tabena 5).

IIpumemeHe cy Tpu OfiBOjeHe, jeTHOCMEPHE aHa/M3€e BapujaHCe 3a CBAaKy Of TPU Bapuja-
6r1e: MHTPUH3UYHA MOTHBAlMja 33 y4ee, caMoepUKacHOCT u nocturuyhe (unmpunsuuma
momusayuja 3a yuerwe, camoedpuxacHocm u nocmueryhe). Y pagy cy IpuKasaHM CaMO OHU
post-hoc TecToBu rje ce mpodun He Pa3NUKYjy CTATUCTUYKM 3HAYAJHO jeAHN Y OFHOCY Ha
APYyTe, IOK Cy CBe OCTasle pa3NMKe CTATUCTUYKY 3HaYajHe.
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Ta6ena 5. Juctpubynuja yaeHuka y knacrepuma mpema nony (TIMSS 2019)

M

285
2 611 585
3 174 163
4 1055 1133

Kapaxmepucmuxe momusayuonux npoduna y npupooHum HayKama:
TIMSS 2015

Jla 6ucMo MOI/IM fa OArOBOPMMO Ha NMUTAHE [a /U je CTPYKTypa MOTUBALMOHUX
npoduia y npupofgHuM Haykama crabuiHa y gBa nukayca TIMSS ncrpaxusama,
ypamuim cMo MfieHTUYHe KIacTep aHaau3e Ha mopanyuma u3 2015. roguse (Tabena
6), a 3a jajbe aHaMM3e oabpanu cMo Takolhe 4eTBOPOK/IACTEPCKO pellerbe.

Ta6ena 6. Knactep pemera neHTUKOBaHA y IPUPOTHUM HayKaMa

TIMSS 2015
2 0,6 (106po) 42,7,57,3
3 0,5 (506po) 37,5, 32,6, 29,9
4 0,5 (z06po) 26,2, 12,9, 30,9, 29,9
5 0,6 (J:[06p0) 15,5, 12,9, 13,8, 27,9, 29,8

CrpykTypa MOTMBaLMOHKX IpoduIa i mocTuryhe Koje cy ocTBapuin y4eHUIy y
cBakoM Ipo¢uty npukaszato je y Tabenu 7. AHanusa BapujaHce [IOKasyje fia Cy cBe
pasnuke Meby kmacrepuMa 3a 06e MOTMBaIVOHe Bapyjabie CTaTUCTNYKY 3HAYajHe
(MHTpMH3MYHA MOTUBaLMja 3a yueme: F(3,3955) = 4905,20, p < 0,001, n*= 0,79; ca-
moedukacHoct: F(3,3955) = 3752,26, p < 0,001, n?>= 0,74), kao 1 fa ce KIacTepu
3HAYajHO Pas3/uKyjy y ofHocy Ha nocrurayhe: F(3,3955) = 104,69, p < 0,001, n’=
0,07, ca jegunm nsyserkom. Hanme, post-hoc nopebema cy nmoxasana ma ce npsu un
Tpehm KmacTep He pasnuKyjy 3HadajHo mpema nocturuyhy (p = 0,86), nako mpsu
K/IacTep MMa BUCOKe BPeJHOCTY MHTPUH3MYKE MOTHBALMje 1 CaMOe(pUKACHOCTH, a
Tpehn ymepeHe.
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Ta6ena 7. [Juctpubyunja y4eHKa [0 KJIACTEPUMa, JeCKPUIITHBHA CTATUCTUKA
32 MHTPUHSMYKY MOTUBALIN)Y 32 y4etbe IPUPORHUX HayKa, CaMOepUKaCHOCT 1
nocturayhe Ha TecTy 3 npupopgHux Hayka (TIMSS 2015)

M SD M SD M SD
1 1039 26,2 12,61 0,36 12,06 1,53 539,82 65,76
2 512 12,9 9,90 1,10 13,20 0,06 557,10 60,85
3 1223 30,9 9,58 0,94 10,15 0,88 542,10 64,53
4 1185 29,9 7,84 1,17 8,27 0,90 503,07 79,32

Hajsue nocrurayhe ocrBapyjy ydeHniy us gpyror (HeKOH3UCTEHTHOT) K/IacTepa,
KOjU M3pa)kaBajy yMepeHy MHTPUH3MYHY MOTUBALUjY, alli je BPETHOCT caMoedu-
KaCHOCTY BUIIIa HETO KOJ| yueHuKa y mpsoM u Tpehem knacrepy. ITocturnyhe yuenn-
Ka 13 oBor npodua (557,10), kao 1ITo je TO cy4aj ca Tpehum (HEKOH3MCTEHTHUM)
npodpwmiomy TIMSS 2019, ogrosapa HuBOy Bucokux MehyHapopHux pegepeHTHUX
BpenHoctu (I'padukon 2).

Ipaduxon 2. OnHoc nsmehy MmoruBanmonux npodua u nocTurayha ydeHnka
Ha TecTy 13 npupopnux Hayka (TIMSS 2015)
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Ja nu ce cmpykmypa MOMUAUUOHUX NPOPUNA Y NPUPOOHUM HAYKAMA
y 08a yuxnyca TIMSS ucmpaxcusara pasnuxyje?

Pasnuka usmeby kracrepa 13070BaHKX 13 IIOfaTaKa Koju ¢y npukymwbenu 2015. n
2019. roguHe TecTMpaHa je XM-KBaJpaT TeCTOM, KOjU je I0Ka3ao Jla ce CTPyKTypa
MoTUBaUMOHMX npoduna y gpa TIMSS nuknyca cTaTMCTMYKM 3HA4ajHO Pas3iKyje
(x2(3) = 453,55, p < 0,001). HakHagHM z-TeCTOBM IPOINOPIIMja IIOTBPAWIN Cy fa Ce
0poj yueHMKa y OKBUPY CBaKor mpoduia 3Ha4ajHO IPOMeHNo n3Melhy Ba Mepema
(p < 0,05) u To Ha cnepehm HaumH: y 2019. roguHu 6pOj yIeHUKA Y IPBOM, JPYTOM U
tpehem npoduy ce 3Ha4ajHO CMamMO, JOK Ce Y 4eTBPTOM Ipoduiy 6poj yueHuKa
3HavajHo noehao y ogHocy Ha 2015. roguHy.

Kapna nornegamo ctpykTypy npogmia, youaBamMo TpeHp npomena y asa TIMSS
nuknyca. Hanme, mpodunm 6p. 1y o6a TIMSS nuxityca ¢y cnmdHmUX, BUCOKUX Bpei-
HOCTM Ha JIUMeH3MjaMa caMOedMKACHOCTY ¥ MHTPMH3NYHE MOTMBAIMje 32 y4ere
npupoHux Hayka. OBa fBa npodua Cy CIM4Ha U [0 YMEPeHUM BPEeIHOCTUMA T10-
crurHyha Koje OCTBapyjy y4eHMIIM, aly OHMU Ce PasnnKyjy 1o 6pojy yuenmka: 2019.
rofiMHe Be/IMYMHA OBOT KacTepa (13,4%) ckopo fyIvio je Mamwa y nopebemy ca 2015.
rofguHoM (26,2%). Jape, mpodu 6p. 2 u3 2015. rofmHe je CKOPO MCTH Kao MpopuI
6p. 3 13 2019. rofuHe y OHOCY Ha BpeJHOCTHM Bap1jabiy MHTPUH3NYIHE MOTUBaLMje
3a yuemwe U caMoeduKkacHOCTH. [Ipyrum peunma, oBU IpoduIn Cy caMo IpOMeHM-
mm pepocnen. O6a mpoduia MMajy yMepeHy BpeIHOCT MHTPUH3MYHE MOTHBAIVje 3a
ydeme (okxo 10) u HajBuIe BpegHOCTH camoedukacHocTy y nopehemy ca ocranum
npoduiMa, a y9eHUIM U3 OBUX Npoduia OCTBAPYjy HajBUIIe ITOCTUTHYhe y OKBM-
Py BUXOBe TOfiMHe TecTpama. BennunHa oBor, Hajycrenrnujer npoduia sHadajHO
ce CMamIIa Y SPYroM LIUKIyCy: off 12,9% y4ennka y 2015. rogunn Ha 7,8% y4eHnKa
y 2019. rogmun. Hajseha nmpomena je sanakena y mpoguny 6p. 4, koray oba TIMSS
IMK/Tyca KapaKTepUIy HUCKe BPETHOCTU CaMOepUKACHOCTU U MHTPUH3UYHE MOTH-
Ballyje 3a y4ere IPUPOJHMX HayKa. YYeHNIIM KOju IIPUIIajajy OBOM poduiy y oba
LVIK/Tyca OCTBapyjy HajHIbKe mocturHyhe. HauMe, BemumHa 0BOT MOTMBAIIIOHOT
npodma je 3HauajHO Mopacia: o 30% ydyenuxa y 2015. rogyan go 51% ydeHnka y
2019. roguHM.

B [OUCHKYCHUIA

Y ucTpakuBamy MOTMBALMOHUX NMpOodWIa YIeHNKA YeTBPTOT pa3pefia OCHOBHUX
mkona y Cpouju y yderwy NPUPORHUX HayKa YIBpDeHO je fa IOCTOjU pelaTUMBHO
BIICOKa II0BEe3aHOCT u3Meby 0x1B/baja caMoe(pMKAaCHOCTH yYEHVKA U HUXOBE UH-
TPUH3MYHE MOTMBAIYje 3a y4yeme. [[pyriM pednma, BULIY HUBO CaMOe(UKACHOCTH
npahes je Buimm HUBOOM MoTtuBanyje. CIMYHM Halmasy JOOUjeHM Cy U Y IPETXOf-
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HOM IIMKTyCy ucTpakmBama TIMSS 2015 (Lali¢-Vuceti¢ & Mirkov, 2017; Vesic¢ et al.,
2021). VicnutaHy y4eHMI U3BEIITaBajy O HeLlITO BUILIeM HUBOY caMoeKacHOCTH,
y OJHOCY Ha HMBO MHTPMH3MYHE MOTHUBAIlMje 3a y4erbe IPUPOSHMUX HayKa, LITO je
y CKIafly ca TEOPMjCKMM CXBaTamyMa O OFHOCUMa n3Mely [oXuB/baja COICTBEHE
eduxacHoctu n motuBanuje (Vesic et al., 2021; Zimmerman, 2000).

ITpema teopuju camoperepmuHanuje (Deci & Ryan, 1985), cymtuna MmoTusa-
nyje objalimana ce JOKMB/bajeM KOMIIETEHTHOCTH, TIOBE3aHOCTY U CaMOJeTepMI-
Halyje. Y4eHNIY KOjY CY YBEPEHU Y CBOjY CIOCOOHOCT ynaxky Behu Hanop 1 ncrpaj-
Huju cy. Ha Taj HauuH yBepera 0 camoeduKacHOCTH fenyjy Ha mocturayhe (Patrick,
Mantzicopoulos, Samarapungavan & French, 2008). Y BenukoM 6pojy ucrpaxupama
HOTBphHeHo je la caMoIIpolieHe yYeHVKa 1 IbYIXOBa MOTUBALIMOHA YBeperba YTUIy Ha
yderbe TaKo LITO JIe/Tyjy Ha HauMH Ha KOjI ce YYeHUIM NpuiarohaBajy KOHKpeTHUM
CUTyalyjaMa y4erba I Ha BIXOBY IIPOIleHy OfHOCA 13Mehy Hamopa Koju ¢y yIoxu-
IV M yCIexa Koju Cy OCTBapWIM y U3BpIIaBay 3agatka (Seegers, Van Putten & De
Brabander, 2002). Onakarme HampeTKa BOAM Ka ITOTBphuBamy OXKMB/baja caMoe-
duKacHOCTH, IITO Jja/be MOACTIYEe MOTUBALMjy. YTBpheHo je ma MoTMBamMja 1 JO-
XKMBJbAj CaMOePUKACHOCTU y Pa3INYNTIM HACTABHUM IIpeMETUMA IIPeCTaB/bajy
npepukrope nocturuyha ydenmka (Marsh et al., 2006; Marsh et al., 2013). ITpum-
KOM Cyo4aBamba ca Tellkohama, [ojeyiHIIN KOjy MIMajy U3pakeH JOXKVBIbaj euKac-
HOCTU OJIpKaBajy CTPATErUjCKO MUILUbEE, JOK OHU KOjU CY Mambe YBEPEHU y COIl-
CTBEHY e(pMKACHOCT CMambYjy y/Iarame Halopa y U3BplIaBambe 3a/jaTkKa.

CTpyKTypa MOTMBAIIOHMX Ipoduia, Koje cMO MAEHTUDUKOBAIN Y CTYAUjU
TIMSS 2019, nokasyje ma rpyme ydeHMKa M3pakaBajy pasindyuTe HUBOE MHTPUH-
31MYHe MOTUBAIMje ¥ JOXKVUB/baja caMoe(UKACHOCTY Y IPUPOAHUM Haykama. HuBon
u3paxeHoCTH 00e Bapujabie cy ycknahenn y oKBUpy Tpu Off 4eTupu foOujeHa mpo-
¢duna. Manu 6poj yueHuka koju cy obyxsahenn npsum npopumiom uspaxasa BICO-
Ke HIBOE VIHTPUH3NYHe MOTHBaNyje 1 camoepukacHocT. OKO 4eTBPTUHE Y30pKa
y4eHMKa KOjy Cy CBPCTaHU y Apyru NpoduI U3pakaBa yMepeHe BpeJHOCTH 00e Ba-
pujabne, nok HajBehu 6poj yueHuka (LITO YMHYU OKO IIOIOBYMHE Y30pKa), M3parkaBa
HICKY VHTPUH3WYKY MOTHUBALMjy U CaMOe(PMKACHOCT Y y4ery IPUPOJHMX HayKa
(gerBpTM mpodun). Vdyserak nmpepcrasba Tpehu MmotuBauyonn npodun y xoju je
CBpPCTaH HajMamwy OpOj y4eHMKa M Y OKBUPY KOTa ITOCTOj! HEKOH3UCTEHTHOCT y Be3)
ca HUBOUMA M3pPa>KeHOCTH fiBe Bapujabie. Hanme, yuenunu us osor npoduna cy
yMepeHO MHTPUH3MYHO MOTVBMCAHMY, a M3pa)kaBajy BeoMa BUCOK HUBO caMoedu-
KaCHOCTY — HajBUIIN Y Hopehemy ca ydeHMIMMa 13 OCTaINX Ipodura.

Kap je y nuramy ofHOC MOTMBAaIMOHNUX Tpo¢wIa 1 mocTurHyha, Hallle aHajmn3e
IIOKa3yjy [ia ce YYeHUIM KOjy IPUIajajy pasinduTUM MOTUBALMOHNUM Ipodum-
Ma 3Ha4ajHO Pas/MKYyjy 1 y IOI/Ie[ly TOCTUTHyha Koje 0CTBapyjy Ha TeCTy 3Hama U3
IPUPOJHMX HayKa. Y Hauesy, yYeHUIM Koju cy y Behoj Mepy MHTPUH3MYHO MOTH-
BUICaHU 32 y4elbe VM KOjU M3PakaBajy BUILY TOKIB/baj CaMOe(UKACHOCTY OCTBAPYjy
BUIIIE TIOCTUTHYhe, TOK yYeHUIIV KOju M3paXkaBajy HajHVDKe BPETHOCTY Ha obe Ba-
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pujabie ocTBapyjy u HajHIDKe ocTurayhe y mpupopuum Haykama. ClMdHm pesyii-
TaTH, 0 OJHOCY MOTMBALMOHNUX NTPoduIa ca MoCTUrHyheM y MateMaTuLn, OOVjeHN
cy y umxaycy TIMSS 2019 (Lali¢-Vuceti¢ et al., 2021), kao 1 y paHMjuM LUKITyCHUMa
TIMSS ucrpaxusamwa (Michaelides et al., 2019). [Topen Tora, Halle aHaM3e ToAaTa-
Ka y unkiaycy 2019, xkao n y unxaycy 2015, mokasyjy fa Hajuiie nmocturayhe y mpu-
POHMM HayKaMa OCTBapyjy YYEHUIM KOjy IPUIIAJAjy T3B. HEKOH3MICTEHTHUM MO-
TUBALVOHNUM IPOPUINMa, OFHOCHO OHM YUeHUIIM KOjU M3PaXkaBajy HajBUILIY HUBO
caMoe(pMKaCHOCTY ¥ YMepeHy MHTPMH3NYKY MoTuBayjy. IIpurom, mocmaTpano y
opHocy Ha MehyHapoaHe pedepeHTHE BPeJHOCTH, OBM YYEHNIIN CY OCTBAPU/IN CKOP
Ha TeCTy KOju yKasyje Ha TO Jia je IbJIXOBO 3Hame KBaIUTeTHI]e, Y mopebhemy ca yue-
HMLMMA U3 Apyrux npodumia. [IpeMa omnmcy koMneTeHIja Ha BUCOKOM pedepeHT-
HOM HMBOY, TO 3Ha4M JlJa OBM YYEHUIIM YMejy [a IPUMEYjy 3Halba U3 MPUPOJHUX
HayKa y CBaKOJHEBHJM >KMBOTHMM CUTyallMjaMa, IIITO ce CMAaTpa II0CeOHO BaXKHUM
aCIIeKTOM Hay4yHe IJMCMEHOCTH, IIpeMa CaBpeMeHMM TeopMjaMa O HayyHOM oOpa-
3oBawy (Bybee et al,, 2009; Mullis et al., 2009). OBaj Hanas ynyhyje Ha To fa 6u
IO>XKMBJbaj caMoedUKaCHOCTY MOTao OUTY 3HA4YajHIj! 3a OCTBapyuBambe mocTuruyha
y OIPMPOJHUM HayKaMa y OfIHOCY Ha MHTPMH3MYHY MOTHUBALMjy 3a y4ere, IITO ce
notephyje y cIm4HMM uCTpaKuBamuMa ¥ KOjiMa je TIPUMEeHeH MIPUCTYIl YCMepeH
Ha oco6y (Chen, 2012; Chen & Usher, 2013; Radisi¢ et al., 2021). VI nanasu gpy-
I'MX MCTpaXKMBatba IIOKA3Yjy [a je OIaXkame COICTBEHe KOMIIETEHTHOCTY 3HA4YajHUjU
IPeIMKTOP IIKOJICKOT ocTuruyha, y ofHOCYy Ha y)xuBame y yuewny (Bong, Cho, Ahn
& Kim, 2012; Dzinovi¢ & Vujaci¢, 2017; Kriegbaum, Jansen & Spinath, 2015; Moller,
Zitzmann, Helm, Machts & Wolf, 2020; Prast, Van de Weijer-Bergsma, Miocevic,
Kroesbergen & Van Luit, 2018; Spinath, Spinath, Harlaar & Plomin, 2006; Vesi¢ et
al., 2021).

Kap je y muramy fonprHOC MOTHBAIMje 3a y4ebe Y OCTBapyBarby IOCTUTHYha,
1oceOHO MHTPUH3NYHE KOja Ce IoBe3yje ca MoTpebOM 3a pasBUjabeM COICTBEHNX
criocobHOoCTH 1 32 ayroHomujoM (Deci & Ryan, 1985; 1987), cmatpa ce ja OHa MOXe
OuTY 3HaYajHMja 3a CTUIIAabe KBAIMTETHIjUX 3Halba U 32 OCTBAPVBaIbe JYTOPOIHNX
aKaJeMCKIX Ly/beBa (BplIelbe akajeMCKuX 1300pa, yO/be pasyMeBame cajipikaja
U [yTOPOYHO MHTEPeCcoBalbe 3a HACTABHMU IIPefIMeT), Hero 3a IIKOJICKY YCIleX U 3a
nocrurayhe Ha tecty (Vesic et al., 2021).

AHanuse MoTuBaIMoHuX npoduna nobujennx y nukiaycy TIMSS 2019 mo-
Kasyjy fia Cy JeBojuulie U Aedaly IpuOIVDKHO jeJHAKO 3aCTyI/beHN Y CBAKOM IIPO-
¢uny. Hamasu pyrux ucTpaxuBama y Be3) ca I0JIOM YYeHUKa ¥ MOTMBAIjOM Ce
mebycobno pasnukyjy (Chan & Norlizah, 2017; Pintrich & Schunk, 2002). Vimajyhn
Yy BUY MCTPpaK/Bama Koja II0Ka3yjy Jja ce pasBOjHe IIPOMEHE Y OIa)KeHO] KOMIIe-
TEHL[Uj! ¥ VHTPUH3UYHOj MOTMBALVjU T€HEPATHO PA3/NUKYjy ¢ 003MpOM Ha IO
yuenuka (Bouffard, Marcoux, Vezeau & Bordeleau, 2003; Wang & Degol, 2013).),
HoTpebHa Cy Ja/ba MICTPaKMBalba O Be3M I10JIa M MOTHBALVje YUYeHUKA Y IIPUPOTHUM
HayKaMma.
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Kapa je ped o cTabMTHOCTV MOTMBALMOHUX ITPO(WIa yIeHNKA TOKOM Hepu-
ofia off 4eTMpM ropuHe, usMeby gBa IUKIyca NCTpaKMBama, JOOUjeHN pe3ylTaTu
yKa3yjy Ha TO Jja je CTpyKTypa JoOujeHnx Kiaacrepa Beoma cmmdHa. Mehyrum, sna-
JajHO ce TPOMEHMO OPoj y4eHMKa Y OKBUPY CBAKOT IIpoduia. Y OfHOCY Ha IIPEeTXOf -
HY LMKITYC, Y uctpaxusamwy TIMSS 2019 3navajuo ce nosehao 6poj yueHuka Koju
CY HUCKO MHTPUH3MYHO MOTUBJCAHN U KOjU M3pakaBajy HU3aK NOXKNB/bAj CaMOe-
¢dbuKacHOCTH, a KOjU IPUTOM OCTBapyjy HajHIDKe mocturHyhe. VictoBpemeno, 6poj
y4eHMKa y APYTUM, YCHEIIHMjUM IpoduInMa ce cMamuo. 3abee)xeHy HeraTuBaH
TpeH/| IPOMeHa Y IPUIIAJHOCTU YIeHNKa MOTUBAIMOHNM ITpoduinma Tpedano 6u
ma Oyze IIpeiMeT Ja/buX pasMarpama. [Jpyrum pednma, Tpebano 6u McouTaTyi KOH-
TeKCTyasHe paKkTope KOjy Cy TOMe MOIJIM JOIIPMHETH, TIOIIYT KBaUTeTa HACTAaBHOT
Iporpama, KBaaurera 1 6poja cati podecOHaTHOT yCaBplllaBamba HaCTaBHMUKA U
cmano (Sevkusi¢ & Kartal, 2019). Vimajyhu y Bupry fa je TokoM mepuojia maHjemMuje
HacTaBa peajM30BaHa y I3MEHEHUM YCIOBYMa, 6110 61 KOPYICHO ITPOBEPUTH Jja /I
je ¥ TO JOJjaTHO YTMIA/I0 Ha HEeTaTVBHMU TPeH]I IPOMeHa Y MOTMBAIVj! YYEHUKA, Ko
¥ Y MCXOJIMa HaCTaBHOT ITpoIieca.

B 3AHJ/bYYAK U UMINJTUKALMUIE

MoruBauuonu npodumm Koju ¢y UAeHTU(UKOBAHM Y HAIIeM MCTPAXWUBAMBY Y
CKJIafly Cy ca TEOPHMjCKMM IIPeTIIOCTaBKaMa M Hajlas3)Ma IPeTXOJHUX MCTPaKu-
Barba y Be3!U ca MOTMBAIMjOM y4€HMKA PasIMUUTUX Y3PacTa 3a yuere NPUPOJHUX
Hayka. [Tokasaso ce ma cy ydeHuuyu miaber IMKOJICKOT y3pacTa pelaTMBHO BMCOKO
MOTMBUCAHM 32 yuere IPUPOJHMX HayKa, IITO HOTBPhyjy cIMyYHa UcTpakuBama y
KOj/Ma je TIpUMeeH IPUCTYI ycMepeH Ha ocoby (Linnenbrink-Garcia et al., 2018;
Wormington & Linnenbrink-Garcia, 2017). [Jobujenu Hanasu notsphyjy pesynrare
APYIMX MCINTYBAbA []a YBePEhe YICHNKA Y COIICTBEHY KOMIIETEHTHOCT MOXe OMTI
3HaYajHMje Off MHTPUH3MYHE MOTMBALje, U TO HE CaMO 33 OCTBapyUBambe IOCTUT-
Hyha y mpupopgHuM Haykama, Beh 1 3a KBa/IUTeT IBIXOBOT 3HAMbA.

VcnutuBame CTaOMIHOCTY MOTUBALMOHUX IIPOdIa TOKOM IIePUOJa Off YeTH-
P¥ TOAVIHE YKa3ajIo je Ha TPeH[| CMambyBama 6poja ydeHnKa Kojy Cy BeoMa MOTVBIU-
CaHU 3a y4yewe NMPUPOJHNX HaYKa, KOjJ MMajy BUCOK HOXKIBJbaj CaMOe(pUKaCHOCTH
U OCTBapyjy BUCOKO mocTurHyhe Ha Tecty sHama. VIMajyhm y Bupy ucrpaxnpama
KOja II0Ka3yjy [ia MHTEPECOBalhe I MOTUBALIMja YYEHNKA 3a yYeHhe IPUPOIHNX Hay-
Ka rybe Ha MHTEH3UTeTy TOKOM InkonoBama (Karakolidis, Pitsia & Emvalotis, 2019;
Patrick et al., 2008), Ba>xaH kopak y 6yayhum ncrpaxnpamuma tpebano 6u fa 6yne
IpUMeHa JOHTUTYAVHATHOT IPUCTYIIA a 61 ce MCIIUTAIO KOMUKO je CTabyIHa Ipu-
MaJHOCT YYeHNKa MOTUBALVIOHUM IpO(UINMa TOKOM IIKOIOBamba.
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Jlabe McmTyBarbe pasmMuNTUX aeKTUBHIX U MOTUBALMOHNX (PAKTOPa, Koje
O cafpKamo U pasanyuuTe MHAMKATOpe mocTurHyha, Morno 6u o6e3bexnutu 60spe
pasyMeBarbe y/ore MOTUBalije Y yuerby NPUPONHMX HayKa U yKasaTy Ha IIpaBlie
IpOMeHa y HauMHy pajja HACTaBHMKA M Y HACTAaBHOM IUIAHY M IIPOrpamy, Koje ou
nojpyKajie yderme IpMpOJHUX HayKa. PesynraTy Haller ucTpakmupama yKasyjy Ha TO
fa 6y HacTaBHUIM Tpebasio fja y3My y 0031p pasnuke usMely MOTHBaLMOHNX IIPO-
¢duna yyeHuka u ga OIpuUMemYyjy HacTaBHe CTpaTeruje Kojuma ce yHanpeDhyjy kom-
HeTeHIMje YYeHNKA U IBIXOB JJOXKIB/baj CaMOe(UKACHOCTY Y HaCTaBM IPUPOITHUX
HayKa. Y 4eHINYKO OllayKame COICTBeHe KOMIIETEHTHOCTH TI0f] yTUIIajeM je mopebema
Ca BpIUIbAll¥Ma ¥ 3aTO je 3HayajHO [ja HACTAaBHUIM I'Pajie Maibe KOMIETUTUBHY
CpeiVHY 3a yueme U Jja 0Xpabpyjy yueHuKke fa ce GoKycupajy Ha IMdHe aKageMcKe
IJbeBe, YMECTO Jja ce opefie ca ApyruMa. [la 61 ydeHMIM pa3Bujamu NHTEpeCOBambe
3a IIKOJICKY 33/JaTaK U pasyMe/iy HberoBY BPeJHOCT, HaCTaBHUIIM 61 Tpebao y Behoj
MepH Jja OfICTUYY ayTOHOMNjY Y4eHMKa 1 ja denrhe mpyskajy noBpatHe nHpopma-
1uje. 3a y4eHUKe KOojy M3pa’kaBajy BUILM HUBO JOXKMBI/baja CONCTBEHEe KOMIIETEHT-
HOCTM HaCTaBHMIM MOTY JIa OCMICJIE MI3a30BHE 3a/laTaKe KOjU IMOACTULAJHO IENyjy
Ha y4eme 1 Koju he M omoryhutn ga soHOCe COICTBEHe OJTyKe TOKOM Ipolieca
yuera. Ha Taj HauMH HACTaBHUIM MOTY IIPOMOBMCATY MHTPUH3MYHO MOTUBICAHO
ydeme KoJi yueHMKa. VcTpaxxuBama, Takobe, II0Kasyjy fa ce MOTMBALIMOHY ITpobIe-
MM KOJ, y4eHMKa MIaher MKOJICKOT y3pacTa MOTy YO/Ia>KUTI aKO HaCTaBHUK IIPY>Ka
Y4eHMKY OCeOHY MOAPIIKY 1 IOMOh, Kao U YKOIMKO pa3Buja IpujaTe/bCKy aTMOC-
depy koja je 6asupana Ha nosepewy (Ng et al., 2016; Patrick et al., 2008).

Orpannyera HallleT UCTPaXkKBakba OfIHOCE Ce Ha TO ILITO CY ITOJjallyl 3aCHOBAHN
Ha CaMOIpOLIeHaMa YYeHMKa, Kao U Ha TO Jja foOMjeHe Be3e MOTUBALMOHNUX Bapuja0-
nu ca nocturiyheM ydyeHmka He yKasyjy Ha IpaBlie yTuuaja. Vmak, cMatpamo fa
Hallle MICTpa>KMBalbe MPY>Ka JOIIPMHOC KOPITYCYy HOBUjMUX UCTPaKMBaha y KojuMa ce
IpUMemYje IPUCTYI yCMepeH Ha 0co0y, Ha Taj HauyMH IITO IPOLINPYje pasyMeBarbe
yJIore KOjy MOTMBAIIMja MIMa 3a yderbe U MOCTUrHyhe y npupogHuM Haykama. ['ene-
paiHO, OBa MCTPAKMBamba NPeJCTaB/bajy BaXkaH KOPaK y pasjalllibaBaiby CI0XKEeHO-
ctu obpasalia MOTMBAIVje U BeHNX BUIIECTPYKMX OffHOCA ca IToCTUrHyheM, Ha Koje
Cy yKasasie Teopuje MoTuBanyuje. JlobujeHn pesynTaTti ZOIPUHOCE IIPOyIaBaby MO-
TUBAIVje YYeHNKa MIaber IIKOICKOT y3pacTa, KOjii Cy pe/IaTMBHO Mo 3aCTyIUbeHN!
Y UCTpaXkKMBambJMa, YIPKOC IOTEHIIMja/IHO [AJIeKOCEXKHUM ToC/IeuIiaMa Hellpuia-
roheHNX MOTMBAIMOHNUX YBepea Ha pa3Boj KOMIIETEHIIja HEOTIXOAHMX 3a Oyzxyhe
ydeme U ocTurHyhe y npupogHuM HayKama.
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Ipunoe 1
Teporwe y ckanama uHmMpUH3U4Ke MOMusayuje u camoePukacHocmu
Y yuery npupooHux Hayka

YxuBam fia y4uM 0 IpUPOJHMM HayKaMa.

JKeneo/xenena 6ux a He MOpaM Jia y4uM O MPUPOIHMUM HayKaMa.
IIpuponHe HayKe Cy focafiHe.

Y4uM MHOTe 3aHMM/bUBE CTBAPY Y OKBUPY HIPMPOFHUX HAyKa.
Bonum npuponne Hayke.

Papnyjem ce yuermy npupogHUX HayKa Y ILIKOJIM,

ITpupopHe HayKe Me yue KaKo CTBapM Y KMBOTY QyHKIIMOHMIIY.
BomuM f1a pagum eKcrepyMeHTe U3 MPUPOJHIX HayKa.

IIpupopnHe HayKe Cy jelaH OF MOjUX OMU/bEHMX MIPEIMeTa.

O6uYHO MMaM ycriexa y yuery IpUPOJHIX HayKa.

3a MeHe Cy IPUPOJIHE HayKe Teke Her0 MHOTUMA Y Ofie/berby.

Hucam go6ap/mo6pa y IprpogHuM HayKaMa.

Bp30 y4uM rpafiuBo 13 MpUPOJHUX HayKa.

Moj yurerb/Moja yduTe/buIia MU KaXke ia caM 06ap/mo6pa y ydery IpUpOJFHIX HayKa.
IIpupopHe HayKe Cy MU TeXe Of 610 KOT APYTOT IIpeaMeTa.

IIpuponHe HayKe Me 36yIbYjy.
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ABSTRACT

Understanding motivation for learning as a complex construct allows for education to be
tailored to students’ individual characteristics and needs. Although different combinations
of motivational factors lead to different outcomes, there is still a remarkable scarcity of
research on students’ motivational profiles in science. To identify groups of fourth-graders
characterized by different levels of intrinsic motivation and self-efficacy in science, we
applied the person-centered approach. By conducting secondary analyses of data obtained via
student questionnaires and science knowledge tests in TIMSS 2019 in Serbia, we examined
motivational profiles” structure and relations to achievement as well as the membership of
students of different genders and profile stability across two research cycles. The cluster analysis
revealed four profiles characterized by different levels of intrinsic motivation, self-efficacy, and
achievement. Students who reported higher levels of motivation and self-efficacy were more
successful than students with lower scores on these variables. Students who reported the highest
levels of self-efficacy and moderate levels of motivation demonstrated the highest achievement
levels. This finding indicates that teachers need to use strategies for improving competencies
and enhancing students’ self-efficacy. It is necessary to examine contextual factors that might
have contributed to the increase in the number of students who demonstrated low levels of
intrinsic motivation and self-efficacy, and the lowest levels of achievement.
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@ INTRODUCTION

In the modern world, science and technology have become increasingly important
and scientific literacy has come to be considered one of the key competencies to
be developed in the process of education. It has been emphasized that a certain
level of understanding of science is necessary for people to make decisions about
themselves and the world in which they live. The concept of scientific literacy is
complex and ambiguous. As such, it has been differently defined across the literature.
Theoreticians who belong to what is known as the progressive movement in science
education mostly hold a view of scientific literacy that emphasizes the application
of scientific knowledge and skills in everyday situations (Bybee, McCrae & Laurie,
2009; DeBoer, 2000; Mullis, Martin, Ruddock, O’Sullivan & Preuschoff 2009; Sadler
& Zeidler, 2009). Scientific literacy likewise implies an understanding of science as
a form of human knowledge and enquiry as well as an understanding of the way
science shapes the material and social world that people inhabit (Baucal & Pavlovi¢
Babi¢, 2010; OECD, 2006).

In addition to cognitive aspects, scientific literacy encompasses attitudes,
beliefs, values, and motivational aspects. Attitudes towards science have a significant
role in the acquisition of scientific and technological knowledge, the application of
scientific concepts and methods in various real-life situations, and the establishment
of a career in the field of science. Therefore, the key goals of science education do
not only include the acquisition of knowledge and skills, but also the development
of interest in science at an early age, along with a positive attitude towards the
application of scientific methodology. Students in lower primary education are
naturally curious about the world around them and their place in the world, which
makes this age particularly suitable for learning the basic scientific concepts. Recent
studies have shown that with adequate support and well-devised teaching strategies,
students of this age can efficiently engage in conducting research, gathering and
analyzing data, and evaluating simple scientific models. Consequently, they can gain
an understanding of much more complex science concepts and processes (Enyedy,
Danish, Delacruz & Kumar, 2012; Lehrer & Schauble 2006).

In spite of major efforts that many education systems have invested in the
improvement of science education, the results of longitudinal studies warn about
discouraging trends, including a decrease in student motivation for learning science
over the course of education and students’ waning aspiration to forge a career in this
field (Alexander, Johnson & Kelley, 2012; Plenty & Heubeck, 2013; Potvin & Hasni,
2014; Zusho, Pintrich & Coppola, 2003). Hence, the identification of factors that
contribute to the quality of learning and achievement in science has become one of
the pressing research problems.
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Student Motivation and Achievement in Science Education

Different motivational constructs such as student interest and enjoyment in learning
are viewed as the main driving force of learning in the context of formal education
(Fryer & Ainley, 2019; Pintrich & Schunk, 2002; Schunk, Meece & Pintrich, 2014;
Wigfield & Eccles, 2000). Student interest is defined as a content-specific phenomenon
that reveals why students are motivated to engage in a particular activity or learn
particular subject content (Renninger & Hidi, 2011). Reasons for engagement can be
extrinsic, such as the expectation to achieve the desired outcome, or intrinsic, such
as finding a particular activity interesting and enjoyable. Researchers have devoted
special attention to the study of self-concept and its contribution to achievement.
Self-concept is defined as a multidimensional construct that is specific to school
subjects (Marsh & Craven, 2006; Marsh, Hau, Artelt, Baumert & Peschar, 2006) and
pertains to students’ belief in their ability to complete a task and their expectations
regarding the outcome of this activity (Bandura, 1997; Zusho et al., 2003). Self-
efficacy constitutes a motivational belief in the sense that a higher perceived self-
efficacy contributes to setting higher personal goals and affects the intensity of
dedication to their realization. Setting challenging goals raises the level of motivation
and increases the intensity of striving for achievement.

The relationship between motivation and achievement has been studied in the
context of various school subjects, with researchers applying different theoretical
frameworks and methodological outlines. Correlational and experimental studies
and meta-analyses have shown that motivational characteristics are significantly
linked to achievement, that is, that students who exhibit higher levels of self-efficacy
and interest and highly value a particular subject achieve better learning outcomes
(Cerasoli, Nicklin & Ford, 2014; Hattie, 2009; Lee & Shute, 2010). Furthermore, it
has been confirmed that in comparison to other variables, self-efficacy correlates
more significantly with achievement (Meece, Wigfield & Eccles, 1997; Richardson,
Abraham & Bond, 2012; Stankov, 2013).

Motivation has been recognized as a crucial construct in the field of science
education. Meta-studies offering overviews of the long research tradition in this
field have revealed that students’ motivational beliefs and self-efficacy are among the
key factors influencing school achievement (Lavonen & Laaksonen, 2009; Osborne,
Simon & Collins, 2003; Wang & Degol, 2013). Likewise, it has been shown that a sense
of competence is a better predictor of student achievement compared to intrinsic and
extrinsic motivation. For example, recent research conducted on samples of fifth-
graders and sixth-graders has shown that students’ self-efficacy consistently predicts
different dimensions of affective, cognitive, and behavioral engagement in science,
both in a school environment and in other contexts (Bae & DeBusk-Lane, 2019; Ben-
Eliyahu, Moore, Dorph & Schunn, 2018). Furthermore, in a study involving students
with the highest levels of achievement in science, Chen and colleagues determined
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that these students” dedication to learning and their self-efficacy had the greatest
predictive power (Chen, Zhang, Wei & Hu, 2019).

The Person-Centered Versus the Variable-Centered Approach

Althoughnumerousstudieshaveidentified positive relationsbetween the components
of student motivation and academic achievement, the obtained relations have mostly
been weaker compared to other psychological and educational factors (Howard,
Gagné & Bureau, 2017; Kriegbaum, Becker & Spinath, 2018). It has further been
shown that different variables contribute to these effects (Marsh & Craven, 2006;
Skaalvik, Federici & Klassen, 2015; Vesi¢, Dzinovi¢ & Mirkov, 2021). These findings
suggest that the relationship between student motivation and academic achievement
is not unambiguous, which means that is necessary to examine potential limiting
factors. In this sense, the crucial flaw of the variable-centered approach, which has
been dominant in this research tradition, lies in the fact that it does not allow for
the identification of subgroups of students with unique patterns of beliefs within
a sample or between samples. Conversely, the person-centered approach offers
the possibility to identify subgroups of individuals characterized by different
configurations of motivational factors and beliefs about self-efficacy and examine
more complex interactions between these components (Bergman & Trost, 2006).
Within this approach, special techniques are used, including clustering and latent
class analysis (LCA)', in order to isolate different profiles of participants giving
similar answers in relation to motivational variables.

Studies that adopt the person-centered approach examine student profiles in
science using motivational and other characteristics as identification measures. These
can include students’ self-efficacy and motivational beliefs, (Andersen & Chen, 2016;
Bae & DeBusk-Lane, 2018; Boe & Henriksen, 2013; Conley, 2012; Linnenbrink-
Garcia, Wormington, Snyder, Riggsbee, Perez, Ben-Eliyahu & Hill, 2018), students’
personal characteristics, motivation, and learning environment characteristics
(Radisi¢, Selleri, Carugati & Baucal, 2021), epistemological beliefs (Chen, 2012;
Kampa, Neumann, Heitmann & Kremer, 2016), and student engagement (Schmidt,
Rosenberg & Beymer, 2018). The results of such studies have shown that students
exhibit different combinations of motivational beliefs about science as well as
that some profiles are more adaptive than others in terms of the key outcomes of
science education, such as achievement on standardized tests, scientific literacy, and
choosing to forge a career in STEM? (Snodgrass Rangel, Vaval & Bowers, 2020).
Likewise, studies have consistently replicated the finding obtained in variable-
oriented research that students’ sense of competence more significantly contributes

' LCA - Latent Class Analysis

2

STEM - Science, Technology, Engineering, and Mathematics
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to student achievement in science education compared to intrinsic and extrinsic
motivation (Chen, 2012; Chen & Usher, 2013; Ivanova & Michaelides, 2022).

The international comparative studies of TIMSS and PISA examine students’
academic achievement and the contextual factors that explain this phenomenon,
thus representing a valuable source of data for studying the relationship between
motivation and achievement. Still, a relatively small number of studies have so
far used these data to identify different student motivational profiles in science
(Hofverberg, Eklof & Lindfors, 2022; Radisi¢ et al., 2021; Shmidt et al., 2018) and
mathematics (Lali¢-Vucetié, Sevkusi¢ & Mirkov, 2021; Michaelides, Brown, EkI6f &
Papanastasiou, 2019). The key advantage of these studies lies in the fact that they allow
for the identification of different patterns of motivational beliefs among students on
a representative sample as well as to monitor students’ membership in motivational
profiles and determine whether it is stable or changes from one cycle to another.
These data could be an invaluable source of information for both educational policy
and practice.

In our research, we adopted the person-centered approach in order to study
students’ motivational profiles in science in TIMSS 2019. Our findings have both
theoretical and practical implications. The analyses conducted following this
approach can contribute to the existing literature on motivation as a complex and
dynamic construct and allow for a better understanding of factors that influence
student achievement on the TIMSS science knowledge test. The identification of
different student motivational profiles can help tailor science education to students’
individual characteristics and needs and consequently contribute to higher-quality
learning and achievement.

The aim of our research was to identify and describe student motivational
profiles in science education based on differences in intrinsic motivation and self-
efficacy. We examined motivational profiles among fourth-graders attending
elementary schools in Serbia who participated in TIMSS 2015 and TIMSS 2019. Our
study addressed the following research questions:

1. Which motivational profiles in science can be identified among students and

what is the structure of these profiles?

2. What is the nature of the relationships between motivational profiles and

students’ achievement on the science knowledge test?

3. Are there any gender differences in student motivational profiles?

4. Are student motivational profiles in science education stable across the two

research cycles, TIMSS 2015 and TIMSS 2019?

Based on the results of relevant person-centered studies (e.g., Ivanova & Michaelides,
2022; Michaelides et al., 2019; Radisi¢ et al., 2020; She et al., 2019), we expected to
identify consistent profiles with similar (higher and lower) self-efficacy and intrinsic
motivation scores. Furthermore, we expected to identify inconsistent profiles in which
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self-efficacy and intrinsic motivation would not have similar result distributions. In
terms of relationships between motivational profiles and achievement, we assumed
that students reporting a stronger sense of self-efficacy and higher levels of intrinsic
motivation would demonstrate higher levels of achievement on the test compared to
students with lower scores on these variables. Finally, we assumed that students with
inconsistent profiles and the highest scores on self-efficacy would demonstrate the
highest levels of achievement.

B METHOD

The study was based on a secondary analysis of data obtained through student
questionnaires and the science knowledge test within the TIMSS 2019 and TIMSS
2015 international assessment frameworks.

Sample

In TIMSS 2019, the sample comprised 4,380 fourth-graders from 165 primary
schools in Serbia. In the sample, students of both genders were relatively equally
represented (49% girls) and their average age was 10.60 years. In TIMSS 2015, the
sample included 3,976 students from 160 primary schools, (49% girls), with the
average age of 10.75 years.

Variables and Instruments

Since 1995, TIMSS has assessed student motivation for learning science using
measures incorporated into student questionnaires. Over the cycles, the scales have
been revised, motivation components have changed, and the selection of claims has
gradually become more theoretically justified. Since 2015, authors have referred to
self-determination theory to describe the motivation construct used in the TIMSS
2015 and 2019 assessment cycles (Hooper, Mullis & Martin, 2013; Hooper, Mullis,
Martin & Fishbein, 2017). However, no clear explanation has been provided regarding
the operationalization of statements in the scale of motivation based on this complex
theory (Ivanova & Michaelides, 2022; Michaelides et al., 2019), which has been
empirically validated in numerous studies, across different cultural contexts in the
domain of education (as cited in: Saréevi¢, 2015). For fourth-graders, the TIMSS
motivation construct comprises two variables: students’ attitude towards science
and self-confidence in science. The first variable is interpreted as an indicator of
intrinsic motivation, while the second variable constitutes an indicator of students’
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self-efficacy. In our research, these two measures were used for identifying student
motivational profiles in science.

In both TIMSS cycles, the assessment of students’ intrinsic motivation for
learning science was conducted using a one-dimensional scale comprising nine
statements used for obtaining students’ self-perception of enjoyment and interest
in learning science and affective attitude towards subject content (a = .90). The scale
for assessing self-efficacy in the learning of science is likewise one-dimensional and
contains seven statements pertaining to students’ evaluation of their success and
difficulties in learning science (a =.84). In TIMSS 2015, the reliability of the scale of
intrinsic motivation was a =.88, while the reliability of the scale of self-efficacy was a
=.83. Students expressed their degree of agreement with the statements using a four-
point Likert-type scale (I completely agree, I agree, I disagree, I completely disagree).
The statements are provided in Appendix 1.

To assess the factor structure of the two scales, we conducted a confirmatory
factor analysis (CFA) using the JASP software (JASP Team, 2022), based on the
analysis Ivanova and Michaelides conducted on the data obtained in TIMSS 2015
(Ivanova & Michaelides, 2022)°. The CFA revealed satisfactory fit indices for the
scales in both research cycles (Table 1), especially after the inclusion of the factor
of negative item formulation (i.e., the negative wording factor). The effect of this
factor was highlighted in the aforementioned research as well as similar studies that
confirmed the fit of the two-factor structure of the motivation construct among
fourth-graders in different TIMSS cycles (e.g., Michaelides, 2019). Additional support
for the use of motivational scales could be found in the results of analyses conducted
on the data obtained in TIMSS 2019 for all participating countries, including Serbia
(Reynolds, Khorramdel & von Davier, 2022)*.

The analysis assessed the factor structure of the scales of self-efficacy and intrinsic motivation
on a sample of fourth-graders and eighth-graders from the US.

Scales measuring self-efficacy and intrinsic motivation were analyzed with the application of
the IRT (Item Response Theory) approach. For both scales measuring the attitudes of fourth-
graders and eighth-graders towards science and mathematics, the results showed that items
were comparable in the majority of countries.
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Table 1: The Fit Indices of the Scales of Self-Efficacy
and Intrinsic Motivation

The structure of the motivation construct 516.298* 95 .998 .035 .033
with the NWF (TIMSS 2015)

The structure of the motivation construct 800.121% 95 .998 .044 .032
with the NWEF (TIMSS 2019)

*p<.001.
NWE - Negative Wording Factor

Student achievement in science is operationalized as the mean of the five plausible
values on the knowledge test (M = 500, SD = 100). The test measures student
achievement in different domains of science content (life science, physical science,
and Earth science)’, within three cognitive domains: knowing, applying, and
reasoning. The design of the research allows for students’ average achievement to be
interpreted in relation to international benchmarks that constitute indicators of four
levels of knowledge: advanced (625 points), high (550 points), intermediate (475
points), and low (400 points).®

Analyses

To identify student motivational profiles, we conducted a two-step cluster analysis.
Each set of data (TIMSS 2019 and TIMSS 2015) was analyzed separately. We chose
this method because it allowed for a more direct comparison of our data with the
results obtained in recent research conducted on TIMSS data with a similar goal
(Lali¢-Vuceti¢ et al., 2021; Michaelides, Brown, Eklof & Papanastasiou, 2019). We
used descriptive statistics for the analysis of cluster structure and conducted a one-
way analysis of variance to determine whether differences in cluster membership
were linked to students” achievement on the science knowledge test. Furthermore,
we performed a chi-squared test to identify potential differences in the distribution of

5 According to the current curriculum for the first cycle of primary education in Serbia, science

content represents an integral part of the mandatory subjects of The World Around Us (the
first and second grades) and Nature and Society (the third and fourth grade).

For more detailed descriptions of competencies at different levels, see the methodological
framework of TIMSS (Peri¢, Gutvajn, Josi¢ & Seva, 2021).
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boys and girls across clusters and to determine whether the structure of motivational
profiles differed across the two TIMSS cycles. Data processing was carried out using
the SPSS 27 software package.

B RESULTS

Characteristics of Motivational Profiles in Science: TIMSS 2019

Table 3 shows descriptive statistics for the two measures based on which motivational
profiles were identified, self-efficacy and intrinsic motivation for learning science.
The correlation between these two variables was relatively high (r = .63, p <.001).

Table 2: Descriptive Statistics for Motivational Variables (TIMSS 2019)

Intrinsic Motivation 4,314 2.69 13.19 941 2.03

Self-efficacy 4,310 3.43 13.29 9.91 1.83

We conducted cluster analyses with the application of the procedure described in the
research by Michaelides and colleagues (Michaelides et al., 2019: 36). Considering
that cluster analysis is an exploratory procedure, it is possible to extract and interpret
different numbers of clusters, especially in a two-step cluster analysis. In this case,
the number of clusters was limited to five and based on the criteria that each cluster
includes at least 7% of participants and that the solution is good or at least acceptable
(Kaufman & Rousseeuw, 1990). An overview of all cluster solution is provided in
Table 3.

Table 3: Cluster Solutions Identified in Science (TIMSS 2019)

2 6 (g00d) 39.4, 60.6
3 5 (good) 21.4,27.6, 51
4 5 (good) 13.4,27.8,7.8, 50.9

5 .5 (acceptable) 13.4,24.1,7.8,38.9,15.8
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Each cluster solution met the minimum requirements for being accepted as the final
solution. For further analyses, we selected the four-cluster solution. The choice was
based on cluster structure and relevant theoretical assumptions on the potential
existence and effects of inconsistent profiles (Michaelides et al., 2019: 37). In
comparison to two-cluster and three-cluster solutions, four-cluster and five-cluster
solutions offered greater possibilities for interpretation, but the five-cluster solution
did not provide any new information compared to the four-cluster solution.

Table 4 shows the structure of student motivational profiles in science. By
structure we mean the distribution of students across clusters and the values of
the variables of self-efficacy and intrinsic motivation. The first motivational profile
encompassed students with high levels of intrinsic motivation and self-efficacy in
science. The second profile included students with moderate scores on both variables.
The third profile encompassed the smallest number of students, all of whom reported
moderate intrinsic motivation, but had the strongest self-efficacy of all students
across all profiles. The fourth profile comprised half of the sample and included
students with a weak sense of self efficacy and low levels of intrinsic motivation for
learning science. Therefore, the obtained results confirmed our assumptions about
the existence of profiles that differed in terms of structure, with the identification of
both consistent and inconsistent profiles.

Table 4: Distribution of Students Across Clusters, Descriptive Statistics for Intrinsic
Motivation for Learning Science, Self-Efficacy, and Achievement on the Science
Knowledge Test (TIMSS 2019)

M SD M SD
1 577 13.4 13.19 0.05 12.11 1.49 533.16 66.20
2 1196 27.8 10.00 0.92 10.25 92 530.89 70.14
3 337 7.8 10.08 1.39 13.29 .04 555.90 61.63

4 2188 50.9 7.98 1.13 8.63 .88 514.29 77.86
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What Were the Achievement Levels of Students With Different
Motivational Profiles?

The obtained results confirmed both of our assumptions related to achievement
and different motivational profiles. Overall, students who reported higher levels
of intrinsic motivation and self-efficacy demonstrated higher achievement levels
compared to students with low scores on both motivational variables. Furthermore,
students with the strongest self-efficacy and moderate levels of intrinsic motivation
demonstrated the highest levels of achievement. As shown in Table 4, students
encompassed by the third profile had the highest achievement levels. This inconsistent
cluster (different scores on the variables of motivation for learning and self-efficacy)
was significantly more successful than the first, in spite of its members exhibiting
lower levels of motivation. Students included in the first and second clusters
demonstrated similar levels of achievement, even though students in the second
cluster exhibited significantly lower levels of motivation and self-efficacy compared
to their counterparts in the first cluster. Students encompassed by the fourth
profile had the lowest levels of achievement. The analysis of variance confirmed
that between-cluster differences were statistically significant for both motivational
variables (intrinsic motivation for learning, F(3, 4294) = 4232.10, p < .001,
n? = .75; self-efficacy, F(3, 4294) = 3726.83, p < .001, n*>= .72), as well as that
cluster membership had a significant effect on achievement, F(3, 4294) = 40.07,
P <.001,n?=.03. Post-hoc tests (the Tukey HSD test) revealed that the difference in
achievement between the first and second clusters was not statistically significant
(p = .93). Likewise, there was no statistically significant difference between the
second and third clusters in terms of the variable of intrinsic motivation for
learning (p = .52).7

Observing students’ average levels of achievement across clusters in relation to
the TIMSS international benchmarks, we noted that the score that the members of
the third cluster achieved on the knowledge test (555.90) corresponded to the high
international benchmark (Graph 1).

7 We conducted three separate one-way analyses of variance for each of the three variables:
intrinsic motivation for learning, self-efficacy, and achievement. Presented in the paper are
only the post-hoc tests in which there were no statistically significant differences between the
profiles, while all the other differences were statistically significant.
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Graph 1. The Relation Between Motivational Profiles and Student Achievement
on the Science Knowledge Test (TIMSS 2019)
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The results of the analysis of gender distribution of students across clusters showed
that there was no statistically significant difference (x*(2) = 2.73, p = .256). In other
words, boys and girls were approximately equally represented in each profile
(Table 5).

Table 5: Gender Distribution of Students Across Clusters (TIMSS 2019)

M
1 292 285
2 611 585
3 174 163

4 1,055 1,133
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Characteristics of Motivational Profiles in Science: TIMSS 2015

To address the question of whether the structure of motivational profiles in science
was stable across the two TIMSS cycles, we conducted identical cluster analyses of
data from 2015 (Table 6). For further analyses, we likewise selected the four-cluster
solution.

Table 6: Cluster Solutions Identified In Science (TIMSS 2015)

2 .6 (good) 42.7,57.3

3 5 (good) 37.5,32.6,29.9

4 5 (good) 26.2,12.9, 30.9, 29.9

5 .6 (good) 15.5,12.9, 13.8,27.9, 29.8

Table 7 shows the structure of motivational profiles and the achievement levels of
students with different motivational profiles. The analysis of variance showed that
all differences between clusters were statistically significant for both motivational
variables (intrinsic motivation for learning: F(3,3955) = 4905.20, p < .001, n*=.79;
self-efficacy: F(3,3955) =3752.26, p <.001,1?=.74) as well as that clusters significantly
differed in terms of achievement, F(3, 3955) = 104.69, p <.001, n*= .07, with a single
exception. Namely, post-hoc comparisons showed that the first and third clusters
did not significantly differ in terms of achievement (p = .86), even though the first
cluster exhibited high levels of intrinsic motivation and self-efficacy, while the third
cluster obtained moderate scores on both variables.

Table 7: Distribution of Students Across Clusters, Descriptive Statistics for Intrinsic
Motivation for Learning Science, Self-Efficacy, and Achievement on the Science
Knowledge Test (TIMSS 2015)

M SD M SD
1 1039 26.2 12.61 .36 12.06 1.53 539.82 65.76
2 512 12.9 9.90 1.10 13.20 .06 557.10 60.85
3 1223 30.9 9.58 .94 10.15 .88 542.10 64.53

4 1185 29.9 7.84 1.17 8.27 .90 503.07 79.32
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Students encompassed by the second (inconsistent) cluster demonstrated the highest
levels of achievement. They reported moderate levels of intrinsic motivation, but
obtained higher scores on the self-efficacy variable compared to students encompassed
by the first and third clusters. As in the case of the third (inconsistent) profile in
TIMSS 2019, the achievement of students with this profile (557.10) corresponded to
the high international benchmark (Graph 2).

Graph 2: The Relation Between Motivational Profiles and Student Achievement
on the Science Knowledge Test (TIMSS 2015)
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Did the Structure of Motivational Profiles in Science
Differ Across the Two TIMSS Cycles?

The difference between clusters isolated from the data collected in the years of 2015
and 2019 was tested via a chi-squared test, which showed that the structures of
motivational profiles in the two TIMSS cycles were statistically significantly different
(x2(3) = 453.55, p < .001). Subsequent z-tests of proportions confirmed that the
number of students in each of the profiles significantly changed between the two
assessments (p < .05). Namely, in 2019, the number of students in the first, second,
and third profiles decreased significantly, while the number of students in the fourth
profile increased significantly in comparison to 2015.

Observing the structure of the profiles, we noticed a trend of change in the two
TIMSS cycles. Namely, in both TIMSS cycles, profiles no. 1 were characterized by
similar, high scores on the dimensions of self-efficacy and intrinsic motivation for
learning science. Another similarity between these profiles was reflected in students’
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moderate levels of achievement. However, the clusters differed in the number of
students. Between the cycles, the size of the first cluster diminished by nearly a half,
going from 26.2% of students in 2015 to mere 13.4% in 2019. Furthermore, profile
no. 2 from 2015 was almost identical to profile no. 3 from 2019 in terms of scores on
intrinsic motivation and self-efficacy. In other words, these profiles only switched
places. Both profiles were characterized by moderate levels of intrinsic motivation
for learning (around 10) and the highest scores on self-efficacy compared to other
profiles. Students with these profiles demonstrated the highest levels of achievement
in their respective cycles. The size of this, most successful profile was significantly
smaller in the second research cycle, going from 12.9% of students in 2015 to 7.8%
in 2019. The starkest change was observed in profile no. 4. In both TIMSS cycles, this
profile was characterized by low scores on self-efficacy and intrinsic motivation for
learning science. Both in 2015 and 2019, students with this profile demonstrated the
lowest levels of achievement. This cluster significantly grew in size, going from 30%
of students in 2015 to 51% of students in 2019.

B DISCUSSION

Our research on motivational profiles in learning science among fourth-graders
from Serbia revealed a relatively high correlation between students’ self-efficacy
and their intrinsic motivation for learning. In other words, a stronger sense of self-
efficacy was accompanied by a higher level of motivation. Similar findings were
obtained in the previous TIMSS cycle, in 2015 (Lali¢-Vuéeti¢ & Mirkov, 2017; Vesi¢,
et al., 2021). Students reported somewhat higher levels of self-efficacy compared to
levels of intrinsic motivation for learning science, which is aligned with theoretical
assumptions of relations between the self-efficacy and motivation (Vesi¢, et al., 2021;
Zimmerman, 2000).

According to self-determination theory (Deci & Ryan, 1985), motivation
is explained by a sense of competence, relatedness, and self-determination.
Students who are certain of the competence invest greater efforts and exibit
greater perseverance. Thus, beliefs about self-efficacy affect achievement (Patrick,
Mantzicopoulos, Samarapungavan & French, 2008). Numerous studies have shown
that students’ self-perception and motivational beliefs affect learning by influencing
the way students adapt to specific learning situations as well as their estimation of
the proportionality between the efforts they invested and their success in completing
the task (Seegers, Van Putten & De Brabander, 2002). Perceived progress reinforces
the sense of efficacy, which further improves motivation. Students” motivation and
self-efficacy in different subjects have been identified as predictors of achievement
(Marsh et al., 2006; Marsh et al., 2013). In the face of difficulty, individuals with a
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strong self-efficacy keep thinking strategically, while persons who are less certain of
their efficacy decrease the amount of effort invested.

The structure of motivational profiles identified in TIMSS 2019 showed that
different groups of students reported different levels of intrinsic motivation and self-
efficacy in science. In three out of four profiles, the level of intrinsic motivation was
comparable to that of self-efficacy. The small number of students encompassed by the
first profile reported high levels of intrinsic motivation and self-efficacy. The second
profile encompassed around a quarter of the sample and included students with
moderate scores on both variables. The largest number of students (approximately
a half of the sample) reported low levels of intrinsic motivation and self-efficacy in
learning science (the fourth profile). The third motivational profile constituted an
exception. It encompassed the smallest number of students and was characterized
by inconsistency between the scores on the two variables. Namely, students with this
motivational profile were moderately intrinsically motivated, but had the strongest
sense of self-efficacy in comparison to students with other profiles.

When it comes to the relationship between motivational profiles and
achievement, our analysis showed that students with different motivational profiles
significantly differed in terms of their achievement on the science knowledge test.
Generally speaking, students with higher levels of intrinsic motivation for learning
and a stronger self-efficacy demonstrated higher levels of achievement, while
students with the lowest scores on both variables demonstrated the lowest levels
of achievement in science. Similar results were obtained regarding the relationship
between motivational profiles and achievement in mathematics in TIMSS 2019
(Lali¢-Vuceti¢ et al., 2021) as well as earlier TIMSS cycles (Michaelides et al., 2019).
Furthermore, our analysis of the data obtained in TIMSS 2019 as well as TIMSS
2015 showed that the highest levels of achievement in science were demonstrated
by students with inconsistent motivational profiles, that is, students who had the
strongest sense of self-efficacy and moderate intrinsic motivation. Likewise, when
observed in relation to international benchmarks, these students’ scores on the test
indicated that they possessed higher-quality knowledge compared to students with
other motivational profiles. According to the description of competencies associated
with the high international benchmark, these students were able to apply science
knowledge in everyday situations, which is a crucial aspect of scientific literacy,
according to contemporary theories of science education (Bybee et al., 2009; Mullis
et al., 2009). This finding indicates that self-efficacy could be more important for
achievement in science compared to intrinsic motivation for learning, as shown
in similar person-centered research (Chen, 2012; Chen & Usher, 2013; Radisi¢ et
al., 2021). Other studies have also suggested that a sense of competence is a more
significant predictor of academic achievement compared to enjoyment in learning
(Bong, Cho, Ahn & Kim, 2012; Dzinovi¢ & Vujaci¢, 2017; Kriegbaum, Jansen &
Spinath, 2015; Moéller, Zitzmann, Helm, Machts & Wolf, 2020; Prast, Van de Weijer-
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Bergsma, Miocevi¢, Kroesbergen & Van Luit, 2018; Spinath, Spinath, Harlaar &
Plomin, 2006; Vesi¢ et al., 2021).

In the context of contributions to achievement, studies have found that
motivation for learning and especially intrinsic motivation, which is associated with
the need for developing personal abilities and autonomy (Deci & Ryan, 1985; 1987),
can be more significant for acquiring high-quality knowledge and realizing long-
term academic goals (making academic choices, gaining a deeper understanding of
the content, and long-term interest in a school subject) than for academic success
and achievement on the test (Vesié et al., 2021).

Analyses of motivational profiles identified in TIMSS 2019 revealed that girls
and boys were approximately equally represented in each profile. Other studies
have reported conflicting findings regarding the link between student gender and
motivation (Chan & Norlizah, 2017; Pintrich & Schunk, 2002). Having in mind
that studies have commonly reported gender differences in developmental changes
in students’ perceived competence and intrinsic motivation (Bouffard, Marcoux,
Vezeau & Bordeleau, 2003; Wang & Degol, 2013).), further research is needed in
order to illuminate the relation between gender and student motivation in science.

In terms of the stability of student motivational profiles over the four-year period,
in-between the two research cycles, the obtained results showed that the structure of
the clusters was highly similar. However, the number of students encompassed by
each profile changed significantly. In comparison to the previous cycle, in TIMSS
2019, there were significantly more students with low levels of intrinsic motivation,
who expressed a weak sense of self-efficacy and demonstrated the lowest level of
achievement. At the same time, we observed a decrease in the number of students
in other, more successful profiles. This negative trend in membership in student
motivational profiles should be further investigated. In other words, it is necessary
to examine the contextual factors that could have contributed to this trend, such
as the quality of the curriculum and the quality and the number of hours invested
in teachers’ professional development (Sevkusi¢ & Kartal, 2019). Having in mind
that during the COVID-19 pandemic, the learning and teaching processes took place
under different circumstances, it would be prudent to investigate whether these
circumstances contributed to the negative trend in student motivation and learning
outcomes.

M CONCLUSION AND IMPLICATIONS

Motivational profiles identified in our research are aligned with the theoretical
assumptions and findings of previous studies on student motivation for learning
science at different ages. Our findings showed that students in lower primary
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education were relatively highly motivated for learning science, as evidenced in
similar studies that applied the person-centered approach (Linnenbrink-Garcia et
al., 2018; Wormington & Linnenbrink-Garcia, 2017). The obtained results further
confirmed the results of other studies that found that students’ belief in their own
competency can be more significant than intrinsic motivation, not only in terms of
their achievement in science but also in terms of the quality of their knowledge.

The examination of motivational profile stability over the four-year period
revealed a downward trend in the number of students who were highly motivated
for learning science, had a strong self-efficacy, and demonstrated high achievement
levels on the knowledge test. Having in mind that studies have revealed that the
intensity of student interest and motivation for learning science tends to decrease
over the course of education (Karakolidis, Pitsia & Emvalotis, 2019; Patrick et al.,
2008), it is essential for future research to apply the longitudinal approach in order to
determine the stability of student motivational profiles throughout education.

Further research on different affective and motivational factors involving
multiple indicators of achievement could improve our understanding of the role of
motivation in learning science and point to favorable directions of changes in the
teaching practice and the curriculum that would support the learning of science.
The results of our research suggest that teachers should be aware of differences in
student motivational profiles and apply teaching strategies that improve student
competencies and their self-efficacy in the science education. Students’ sense of
competence is affected by peer comparison, which is why it is crucial for teachers to
foster a less competitive learning environment and encourage students to focus on
personal academic goals instead of comparing themselves to others. For students to
develop an interest in school tasks and understand their value, teachers need to invest
more time and effort into encouraging student autonomy and providing feedback.
For students who exhibit a stronger sense of competence, teachers can devise more
challenging tasks that would stimulate their desire to learn and allow them to make
decisions independently during the process of learning. This way, teachers could
promote intrinsically motivated learning. Research has also shown that teachers can
help alleviate motivation problems among students in lower primary education by
offering special support and assistance and developing a friendly atmosphere based
on trust (Ng et al. 2016; Patrick et al., 2008).

Limitation-wise, our data were based on student self-reports and the obtained
correlations between motivational variables and achievement did not reveal the
direction of the relationships. Nonetheless, we believe that our research provides
a contribution to the corpus of recent person-centered research by broadening our
understanding of the role of motivation in learning and achievement in science.
Generally speaking, these studies constitute an important step towards elucidating
the complex patterns of motivation and its multifold relationship with achievement,
as highlighted in theories of motivation. The obtained results contribute to the



STUDENT MOTIVATIONAL PROFILES IN SCIENCE: TIMSS 2019 IN SERBIA | 135

body of research on student motivation in lower primary education, which is still
relatively scarce in spite of the potential far-reaching consequences of maladaptive
motivational beliefs for the development of competences necessary for future
learning and achievement in science.
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Appendix 1
Statements in the Scales of Intrinsic Motivation and Self-Efficacy
in the Learning of Science

I enjoy learning science.

I wish I did not have to study science.

Science is boring.

Ilearn many interesting things in science.

I like science.

I'look forward to learning science in school.
Science teaches me how things in the world work.
I like to do science experiments.

Science is one of my favorite subjects.

I usually do well in science.

Science is harder for me than for many of my classmates.
I am just not good at science.

I'learn things quickly in science.

My teacher tells me I am good at science.

Science is harder for me than any other subjects.

Science makes me confused.




B

(8]

B

m

(8]

m

m

STUDENT MOTIVATIONAL PROFILES IN SCIENCE: TIMSS 2019 IN SERBIA |

REFERENCES

Alexander, J. M, Jonhson, K. E. & Kelley, K. (2012). Longitudinal analysis of the relations between
opportunities to learn about science and the development of interests related to science. Science
Education, 96(5), 763-786. DOI: 10.1002/sce.21018

Andersen, L. & Chen, J. A. (2016). Do high ability students disidentify with science? A descriptive study
of U.S. ninth graders in 2009. Science Education, 100, 57-77. https://doi.org/10.1002/sce.21197
DOI: 10.1002/sce.21197

Bae, C. & DeBusk-Lane, M. (2019). Middle school engagement profiles: Implications for motivation
and achievement in science. Learning and Individual Differences, 74, 1-13. https://doi.org/10.1016/j.
lindif.2019.101753

Bae, C. L. & DeBusk-Lane, M. (2018). Motivation belief profiles in science: Links to classroom
goal structures and achievement. Learning and Individual Differences, 67, 91-104. https://doi.
org/10.1016/}.lindif.2018.08.003.

Bandura, A. (1997). Self—efficacy—The exercise of control. New York: W. H. Freeman and Company.

Baucal, A, D. & Pavlovi¢ Babi¢ (2010). Nau&i me da mislim, nau&i me da u&im: PISA 2009 u Srbiji-
prvi rezultati [Teach me to think, teach me to speak. PISA 2009 in Serbia — first results]. Beograd:
Centar za primenjenu psihologiju.

Ben-Eliyahu, A., Moore, D., Dorph, R. & Schunn, C. D. (2018). Investigating the multidimensionality of
engagement: Affective, behavioral, and cognitive engagement across science activities and contexts.
Contemporary Educational Psychology, 53,87-105. https://doi.org/10.1016/j.cedpsych.2018.01.002.

Bergman, L. R. & Trost, K. (2006). The person-oriented versus the variable — oriented approach: Are
they complementary, opposites, or exploring different worlds? Merrill-Palmer Quarterly, 52(3), 601
632. https://doi.org/10.1363/mpq.2006.0023

Bee, M. V. & Henriksen, E. K. (2013). Love it or leave it: Norwegian students’ motivations and
expectations for post — compulsory physics. Science Education, 97(4), 550-573. https://doi.
org/10.1002/sce.21068

Bong, M., Cho, C., Ahn, H. S. & Kim, H. J. (2012). Comparison of self-beliefs for predicting student
motivation and achievement. The Journal of Educational Research, 105(5), 336-352. https://doi.org
/10.1080/00220671.2011.627401

Bouffard, T. Marcoux, M. F, Vezeau, C. & Bordeleau, L. (2003). Changes in self-perceptions of
competence and intrinsic motivation among elementary schoolchildren. British Journal of Educational
Psychology, 73(2), 171-186. DOI: 10.1348/00070990360626921

Bybee, R., McCrae, B. & Laurie, R. (2009). PISA 2006: An assessment of scientific literacy. Journal of
Research in Science Teaching, 46(8), 865-883. https://doi.org/10.1002/tea.20333

Cerasoli, C. P, Nicklin, J. M. & Ford, M. T. (2014). Intrinsic motivation and extrinsic incentives jointly
predict performance: A 40—year meta—analysis. Psychological Bulletin, 140(4), 980-1008. https://
doi.org/10.1037/20035661

Chan Y. L. & Norlizah, C. H. (2017). Students’ motivation towards science learning and students’
science achievement. International Journal of Academic Research in Progressive Education and
Development, 6(4), 174—189. https://doi.org/10.6007/IJARPED/v6-i4/3716

Chen, J. A. (2012). Implicit theories, epistemic beliefs, and science motivation: A person—centered
approach. Learning and Individual Differences, 22(6), 724-735. https://doi.org/10.1016/].
lindif.2012.07.013

137



138 | SLAVICA SEVKUSIC, SNEZANA MIRKOV AND NATASA LALIC VUCETIC

(8]

(8]

m

B

(8]

m

Chen, J. A. & Usher, E. L. (2013). Profiles of the sources of science self-efficacy. Learning and
Individual Differences, 24, 11-21. https://doi.org/10.1016/}.lindif.2012.11.002

Chen, J., Zhang, Y., Wei, Y. & Hu, J. (2019). Discrimination of the contextual features of top performers
in scientific literacy using a machine learning approach. Research Science Education, 51(2), 129-158.
https://doi.org/10.1007/5111656-019-9835~-y

Conley, A. M. (2012). Patterns of motivation beliefs: Combining achievement goal and expectancy-value
perspectives. Journal of Educational Psychology, 104(1), 32-47. https://doi.org/10.1037/a0026042

DeBoer, G. E. (2000). Scientific Literacy: Another look at its historical and contemporary meanings
and its relationship to science education reform. Journal of Research in Science Teaching, 37(6),
582-601. https://doi.org/10.1002/1098-2736(200008)37:6<582::AID-TEA5>3.0.CO;2-L

Deci, E. L. & Ryan, R. M. (1985). The general causality orientations scale: Self—determination in
personality. Journal of Research in Personality, 19(1), 109-134.

Deci, E. L. & Ryan, R. M. (1987). The support of autonomy and the control of behavior. Journal of
Personality and Social Psychology, 53(6) 1024-1037. DOI: 10.1037/0022-3514.53.6.1024

Dockett, S. & Perry, B. (1999). Starting school: What do the children say? Early Child Development and
Care, 159, 107-119. https://doi.org/10.1080/0300443991590109

Deri¢, I, Gutvajn, N, Josi¢, S. & Seva, N. (Ur). (2021). TIMSS 2019. u Srbiji: Rezultati medunarodnog
istraZivanja postignuca ucenika Cetvrtog razreda osnovne skole iz matematike i prirodnih nauka
[TIMSS 2019 in Serbia: The results of an international research of the achievements of fourth-grade
elementary school students in mathematics and science], Beograd: Institut za pedago$ka istrazivanja.

Dzinovi¢, V. & Vujaci¢, M. (2017). Samouverenja ucenika o kompetentnosti u matematici i prirodnim
naukama [Students self-beliefs about competence in mathematics and science]. In M. Marusié
Jablanovi¢, N. Gutvajn & I. Jaksi¢ (Ed.), TIMSS 2015 u Srbiji (115-127). Beograd: Institut za pedagoska
istrazivanja.

Enyedy, N., Danish, J. A., Delacruz, G. & Kumar, M. (2012). Learning physics through play in an augmented
reality environment. International Journal of Computer—Supported Collaborative Learning, 7(3), 347-
378.DOI: 10.1007/s11412-012-9150-3

Fredricks, J. A. & Eccles, J. S. (2002). Children’s competence and value beliefs from childhood through
adolescence: Growth trajectories in two male sex—typed domains. Developmental Psychology, 38(4),
519-633. https://doi.org/10.1037/0012-1649.38.4.519

Freedman—-Doan, C., Wigfield, A., Eccles, J., Blumenfeld, P, Arbreton, A. & Harold, R. (2000). What
am | best at? Grade and gender differences in children’s beliefs about ability improvement. Journal
of Applied Developmental Psychology, 21(4), 379-402. DOI: 10.1016/50193-3973(00)00046-0

Fryer, L. K. & Ainley, M. (2019). Supporting interest in a study domain: A longitudinal test of the interplay
between interest, utility-value, and competence beliefs. Learning and Instruction, 60(1), 252-262. DOI:
10.1016/j.learninstruc.2017.11.002

Hattie,J.A.C.(2009). Visible learning: A synthesis of over 800 meta—analyses relating to achievement.
London, UK: Routledge.

Hofverberg, A., EKI&f, H. & Lindfors, M. (2022). Who makes an effort? A person—centered examination
of motivation and beliefs as predictors of students’ effort and performance on the PISA 2015 science
assessment. Frontiers in Education, 6, 1-17. DOI: 10.3389/feduc.2021.791599

Hooper, M., Mullis, I. V. S. & Martin, M. O. (2013). TIMSS 2015 context questionnaire framework. In I. V.
S. Mullis & M. O. Martin (Eds.), TIMSS 2015 assessment frameworks (pp. 61-82). Chestnut Hill, MA:
TIMSS & PIRLS International Study Center, Boston College. Retrieved 14. December 2022 from the
World Wide Web http://timssandpirls.bc.edu/timss2015/frameworks.html.



m

(8]

m

STUDENT MOTIVATIONAL PROFILES IN SCIENCE: TIMSS 2019 IN SERBIA |

Hooper, M., Mullis, I. V.S ., Martin, M. O. & Fishbein, B. (2017). TIMSS 2019 context questionnaire
framework. In I. V. S. Mullis & M. O. Martin (Eds.), TIMSS 2019 assessment frameworks (pp. 57-78).
Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston College. Retrieved December 14,
2022 from the World Wide Web http://timssandpirls.bc.edu/timss2019/frameworks/.

Howard, J. L, Gagné, M. & Bureau, J. S. (2017). Testing a continuum structure of self-determined
motivation: A meta—analysis. Psychological Bulletin, 143(12), 1346-1377. https://doi.org/10.1037/
bul0000125

Ivanova, M. & Michaelides M. P. (2022). Motivational components in TIMSS 2015 and their effects on
engaging teaching practices and mathematics performance. Studies in Educational Evaluation, 74,
101-173. https://doi.org/10.1016/j.stueduc.2022.101173

JASP Team (2022). JASP (Version 0.16.3) [Computer software]. https://jasp—stats.org/fag/how-
do-i-cite—jasp/

Kampa, N., Neumann, I, Heitmann, P. & Kremer, K. (2016). Epistemological beliefs in science—a
person-centered approach to investigate high school students’ profiles. Contemporary Educational
Psychology, 46, 81-93. DOI: 10.1016/j.cedpsych.2016.04.007

Karakolidis, A., Pitsia, V. & Emvalotis, A. (2019). The case of high motivation and low achievement in
science: What is the role of students’ epistemic beliefs? International Journal of Science Education,
41(11), 1457-1474. https://doi.org/10.1080/09500693.2019.1612121

Kaufman, L. & Rousseeuw, P. J. (1990). Partitioning Around Medoids (Program PAM). In L. Kaufman
& P. J. Rousseeuw (Eds.), Finding groups in Data: An Introduction to Cluster Analysis (pp. 68—125).
Hoboken: John Wiley & Sons.

Kriegbaum, K., Becker, N. & Spinath, B. (2018). The relative importance of intelligence and motivation
as predictors of school achievement: A meta—analysis. Educational Research Review, 25(120-148).
DOI: 10.1016/j.edurev.2018.10.001

Kriegbaum, K., Jansen, M. & Spinath, B. (2015). Motivation: A predictor of PISA's mathematical
competence beyond intelligence and prior test achievement. Learning and Individual Differences, 43,
140-148. https://doi.org/10.1016/}.lindif.2015.08.026

Lali¢-Vugéeti¢, N. & Mirkov, S. (2017). Learner motivation, perception of the primary school teachers’
practices, and students’ experience of self-efficacy in mathematics and science. Teaching Innovations,
30(2) 29-48. DOI: 10.5937/inovacije1702029L

Lali¢-Vugeti¢, N., Sevkusi¢, S. & Mirkoy, S. (2021). Motivacioni profili uéenika u matematici: TIMSS
2019. [Motivational profiles of students in mathematics]. In I. Deri¢, N. Gutvajn, S. Josi¢ & N. Seva (Ed.),
TIMSS 2019. u Srbiji: Rezultati medunarodnog istraZivanja postignuc¢a ucenika Cetvrtog razreda
osnovne $kole iz matematike i prirodnih nauka (125-144). Beograd: Institut za pedagoska istrazivanja.

Lavonen, J. & Laaksonen, S. (2009). Context of teaching and learning school science in Finland:
Reflections on PISA 2006 results. Journal of Research in Science Teaching, 46(8), 922-944. https://
doi.org/10.1002/tea.20339

Lee, J. & Shute, V. J. (2010). Personal and social-contextual factors in K-12 academic performance:
An integrative perspective on student learning. Educational Psychologist, 45(3), 185-202. https://doi.
org/10.1080/00461520.2010.493471

Lehrer, R. & Schauble, L. (2006). Scientific thinking and science literacy. In R. W. Damon, K. Lerner, A.
Renninger & I. E. Sigel (Eds.), Handbook of Child Psychology, 6th ed., Vol. 4. (pp. 153-196). Hoboken,
NJ: Wiley.

Linnenbrink-Garcia, L., Wormington, S. V., Snyder, K. E., Riggsbee, J., Perez, T., Ben-Eliyahu, A. & Hill,
N. E. (2018). Multiple pathways to success: An examination of integrative motivational profiles among

139



140 | SLAVICA SEVKUSIC, SNEZANA MIRKOV AND NATASA LALIC VUCETIC

m

m

m

m

upper elementary and college students. Journal of Educational Psychology, 110(7), 1026-1048.
https://doi.org/10.1037/edu0000245

Liou, P-Y. & Liu, E. Z.—F. (2015). An analysis of the relationships between Taiwanses eighth and fourth
graders’ motivational beliefs and science achievement in TIMSS 2011. Asia Pacific Education Review,
16(3), 433-445. https://doi.org/10.1007/5125664-015-9381-x

Marsh, H. W. & Craven, R. G. (2006). Reciprocal effects of self-concept and performance from
a multidimensional perspective: Beyond seductive pleasure and unidimensional perspectives.
Perspectives on Psychological Science, 1(2), 133-163. DOI: 10.1111/].1745-6916.2006.00010.x

Marsh, H. W, Hau, K. T,, Artelt, C., Baumert, J. & Peschar, J. L. (2006). OECD’s brief selfreport measure of
educational psychology’s most useful affective constructs: Cross—cultural, psychometric comparisons
across 25 countries. International Journal of Testing, 6(4), 311-360.

Marsh, H. W,, Vallerand, R. J., Lafreniere, M.—A. K., Parker, P, Morin, A. J. S., Carbonneau, N., Jowett, S,,
Bureau, J. S, Fernet, C., Guay, F,, Salah Abduljabbar, A. & Paquet, Y. (2013). Passion: Does one scale fit
all? Construct validity of two—factor passion scale and psychometric invariance over different activities
and languages. Psychological Assessment, 25(3), 796-809. https://doi.org/10.1037/a0032573

Meece, J. L., Wigfield, A. & Eccles, J. S. (1990). Predictors of math anxiety and its influence on young
adolescents’ course enrollment intentions and performance in mathematics. Journal of Educational
Psychology, 82(1), 60-70. https://doi.org/10.1037/0022-0663.82.1.60

Michaelides, M. P. (2019). Negative keying effects in the factor structure of TIMSS 2011 Motivation
Scales and Associations with Reading Achievement. Applied Measurement in Education, 32(4), 365
378. doi.org/10.1080/08957347.2019.1660349

Michaelides, M. P, Brown, G. T. L., EkI6f, H. & Papanastasiou, C. (2019). Motivational Profiles in TIMSS
mathematics: Exploring Student Clusters across Countries and Time. Amsterdam: IEA & Springer
Open. https://doi.org/10.1007/978-3-030-26183-2

Mirkov, S. & Opaci¢, G. (1997). Doprinos razli¢itih faktora u ostvarivanju veza izmedu navika i tehnika
uCenjaiskolskog postignuéa uéenika[The contribution of various factors in the realization of connections
between learning habits and techniques and school achievements of students], Psihologija, 30(3),
181-196.

Maller, J., S. Zitzmann, F. Helm, N. Machts & F. Wolf (2020). A meta—analysis of relations between
achievement and self-concept. Review of Educational Research, 90(3), 376-419. DOI:
10.3102/0034654320919354

Mullis, I. V. S., Martin, M. O., Ruddock, G. J., O’'Sullivan, C. Y. & Preuschoff, C. (2009). TIMSS 2011
Assesment Frameworks. Chestnut Hill, M.A: TIMSS & PIRLS International Study Center, Boston
College.

Ng, B. L. L, Liu, W. C. & Wang, J. C. K. (2016). Student motivation and learning in mathematics and
science: A cluster analysis. International Journal of Science and Mathematics Education, 14(7),
1359-1376. DOI 10.1007/s10763-015-9654—1

OECD (2006). Assesing scientific, reading and mathematical literacy: A framework for PISA 2006.
Paris: OECD. https://doi.org/10.1787/19963777

Osborne, J., Simon, S. & Collins, S. (2003). Attitudes toward science. A review of literature
and its implications. International Journal of Science Education, 25(9), 1049-1079. DOI:
10.1080/0950069032000032199

Patrick, H., Mantzicopoulos, P. Y., Samarapungavan, A. & French, B. F. (2008). Patterns of young
children’s motivation for science and teacher—child relationships. The Journal of Experimental
Education, 76(2), 121-144. DOI: 10.3200/JEXE.76.2.121-144



m

m

(8]

STUDENT MOTIVATIONAL PROFILES IN SCIENCE: TIMSS 2019 IN SERBIA |

Patrick, H., Anderman, L. H. & Ryan, A. M. (2002). Social motivation and the classroom social
environment. In C. Midgley (Ed.), Goals, goal structures, and patterns of adaptive learning (pp. 85—
108). Mahwah, NJ: Erlbaum.

Pintrich, P. R. & Schunk, D. H. (2002). Motivation in Education: Theory, Research, and Applications
(2nd Edition). Englewood Cliffs, NJ: Prentice Hall Merrill.

Plenty, S. & Heubeck, B. (2013). A multidimensional analysis of changes in mathematics
motivation and engagement during high school. Educational Psychology 33(1), 14-30. DOI:
10.1080/01443410.2012.740199

Potvin, P, Hasni, A. (2014). Analysis of the Decline in Interest Towards School Science and Technology
from Grades 5 Through 11. Journal of Science Educational and Technology, 23(6), 784-802. https://
doi.org/10.1007/s10956-014-9512—x

Prast, E.J.,, Van de Weijer-Bergsma, E., Miocevi¢, M., Kroesbergen, E.H. & Van Luit, J.E.H. (2018).
Relations between mathematics achievement and motivation in students of diverse achievement levels.
Contemp. Educ. Psychol., 55, 84-96. https://doi.org/10.1016/j.cedpsych.2018.08.002

Radisi¢, J., Selleri, P, Carugati, F, and Baucal, A. (2021). Are students in Italy really disinterested in
science? A person—centered approach using the PISA 2015 data, science education, 105(2), 438-
468.DO0OI: 10.1002/sce.21611

Renninger, K. A. & Hidi, S. (2011). Revisiting the conceptualization, measurement, and generation of
interest, Educational Psychologist, 46(3),168-184. https://doi.org/10.1080/00461520.2011.56877
23

Reynolds, K., Khorramdel, L. & von Davier, M. (2022). Can students’ attitudes towards mathematics and
science be compared across countries? Evidence from measurement invariance modeling in TIMSS
2019, Studies in Educational Evaluation, 74, 101169. https://doi.org/10.1016/j.stueduc.2022.101169

Richardson, M., Abraham, C. & Bond, R. (2012). Psychological correlates of university students’
academic performance: A systematic review and meta—analysis. Psychological Bulletin, 138(2), 353
387.DOI: 10.1037/a0026838

Sadler, T.D. & Zeidler, D. L. (2009). Scientific Literacy, PISA, and Socioscientific Discourse: Assessment
for progressive aims of science education. Journal of Research in Science Teaching, 46(8), 909-921.
DOI: 10.1002/1tea.20327

Schmidt, J. A, Rosenberg, J. M. & Beymer, P. N. (2018). A person-in-context approach to student
engagement in science: Examining learning activities and choice. Journal of Research in Science
Teaching, 55(1), 19-43. DOI: 10.1002/TEA.21409

Schunk, D., Meece, J. & Pintrich, P. (2014). Motivation in Education: Theory, Research, and
Applications. Pearson, Inc: Boston, MA.

Seegers, G., Van Putten, C. M. & De Brabander, C.J. (2002). Goal orientation, perceived task outcome
and task demands in mathematics tasks: Effects on students’ attitude in actual task settings. British
Journal of Educational Psychology, 72(3) 365-384. DOI: 10.1348/000709902320634 366

Skaalvik, E. M., Federici, R. A. & Klassen, R. M. (2015). Mathematic achievement and self-efficacy:
Relations with motivation for mathematics. International Journal of Educational Research, 72, 129—-
136. DOI: 10.1016/J.1JER.2015.06.008

Snodgrass Rangel, V., Vaval, L. & Bowers, A. (2020). Investigating underrepresented and
first-generation college students’ science and math motivational beliefs: A nationally representative
study using latent profile analysis. Science Education, 104, 1041-1070. DOI: 10.1002/sce.215693

Spinath, B., Spinath, F. M., Harlaar, N. & Plomin, R. (2006). Predicting school achievement from general
cognitive ability, self-perceived ability, and intrinsic value. Intelligence, 34(4), 363-374. https://doi.
org/10.1016/j.intell.20056.11.004

141



142 | SLAVICA SEVKUSIC, SNEZANA MIRKOV AND NATASA LALIC VUCETIC

(8]

m

B

m

(8]

Stankov, L. (2013). Noncognitive predictors of intelligence and academic achievement: An important
role of confidence. Personality and Individual Differences, 55(7), 727-732. https://doi.org/10.1016/j.
paid.2013.07.006

Sareevi¢, D. (2015). Struktura akademske motivacije u ranoj adolescenciji prema teoriji samodredenja
[Academic motivation in early adolescence based on self-determination theoryl. Zbornik Instituta za
pedagoska istraZivanja, 47(2), 222-248. DOI: 10.2298/ZIP11602222S

Sevkusi¢, S. & Kartal, V. (2017). Postignuée u&enika iz prirodnih nauka: glavni nalazi, trendovi i nastavni
program [Student achievement in science: Key findings, trends, and the curriculum]. In M. Marusié
Jablanovi¢, N. Gutvajn & 1. jaksi¢ (Ed.), TIMSS 2015 u Srbiji: rezultati medunarodnog istraZivanja
postignuda udenika 4. razreda osnovne skole iz matematike i prirodnih nauka (51-65). Beograd:
Institut za pedagoska istrazivanja.

Valentin, J. C., DuBois, D. L. & Cooper, H. (2004). The relation between self-beliefs and academic
achievement: A meta—analytic review. Educational Psychologist, 39(2), 111-133. http://dx.doi.
org/10.1207/s15326985ep3902_3

Vesic¢, D., Dzinovi¢, V. & Mirkoy, S. (2021). The role of absenteeism in the prediction of math achievement
on the basis of self-concept and motivation: TIMSS 2015 in Serbia. Psihologija, 24(1) 15-31. DOI:
10.2298/PS1190425010V

Wang, M.—Te & Degol, J. (2013). Motivational pathways to STEM career choices: Using expectancy—
value perspective to understand individual and gender differences in STEM fields, Developmental
Review, 33(4), 304-340. DOI: 10.1016/.dr.2013.08.001.

Wigfield, A. & Eccles, J. S. (2000). Expectancy—-value theory of achievement motivation. Contemporary
Educational Psychology, 25(1), 68-81. https://doi.org/10.1006/ceps.1999.1015

Wormington, S. V. & Linnenbrink-Garcia, L. (2017). A new look at multiple goal pursuit: The promise
of a person—centered approach. Educational Psychology Review, 29(3), 407-445. https://doi.
org/10.1007/s10648-016-9358-2

Zimmerman, B. J. (2000). Self-Efficacy: An essential motive to learn. Contemporary Educational
Psychology, 25(1), 82-91. DOI: 10.1006/ceps.1999.1016

Zusho, A, Pintrich, P. R. & Coppola, B. (2003). Skill and will: The role of motivation and cognition in the
learning of college chemistry. International Journal of Science Education, 25(9), 1081-1094. DOI:
10.1080/0950069032000052207

Recieved 20.07.2022; Accepted for publishing 15.11.2022.



