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NCIIMTUBAIBE IIOBESAHOCTU IIOCTUTHYRA YYEHUKA
Y OBJIACTU ITPMPOOHVX HAYKA N IbIXOBOT HAYYHOT
CEJI®-KOHIIEIITA IIOCPEJJCTBOM BYTCTPEII METOJIE’

Caxxerak: Y papy he 6ury npuxasan crenudyudad MCTPaXXMBAYKN IPUCTYIL KOjU
6u Tpebano deurhe xopucTnTy y 06/1acTy APyIITBEHNX HayKa. IIpo6memM ncTpakmBarmba
TUI[A0 Ce II0OBEe3aHOCTH JIBe Bapujalie Kaja ce y aHaamu3y ykbyuu Tpeha Bapujabma u
OJICTPAaHU HeH YTUIj HA [o/lasHe Bapujabie. IIpegmer ncTpaxmBama OFHOCUO Ce Ha
[OBE3aHOCT mocTurHyha ydeHmka y o67acTy IPUPOFHMX HAyKA M EUXOBOT HAYYHOT
cend-KOHIIENTa Kajla ce KOHTPOJIVIIIE YTHUIAj IIPOLjeHe YIuTe/ba O HUBOY Kopuirhermba
MCTPXMBAYKOT IIPUCTYIIA Y HACTABY KOjy peanusyje. Kako 6u ta mosesanoct 6mma nc-
TpaXKeHa aHAM3MPAHMU Cy IIOJALU HelaBHO peann3oBaHe MehyHaponue crynuje TIMSS
3a YeTBPTHU Pa3pej; OCHOBHe IIKO/Ie HA HOBOY 3eMajba YUECHNIIA, 4 Y UMby fOOUjamba MITO
HOY3[aHuju pe3ynTart, KopuurheHa je 6yTCTper MeTofa KOjOM Cy FeHepICAHU MHTEPBAIN
[OBeperba 3a pasMaTpaHe KOperaluje. YCTaHOB/BEHO je A ce [T0/Ia3Ha HeraTyBHA [0Be3a-
HOCT aHy/IMpana yKbydusameM Tpehe Bapujabie. ¥V sak/bydHNM pasMaTpamyMa farte Cy
IIpenopyKe 3a yHarpehuBarme NCTpaXXMBaYKe IPAKCe Y HAIIO] CPESUHIL

K/byuHe peun: megaromka HCTpaKmuBamwa, OyTCTpen MeTofa, mocTuruyhe, cend-
-koH1enTt, TIMSS

YBopg

TIMSS (Trends in International Mathematics and Science Study) mpepcrasmpa
npojekar MebyHaponHor yapyxema 3a eBanyaumjy obpasoBumx nocrurayha IEA
(International Association for the Evaluation of Educational Achievement), umja ce
peayu3anuja ofBuja y 4eTBOPOTOAMIIBYIM LIUK/IYCUMA C LMJ/bEeM IIPOBepe 3Habha yIeHM!-
Ka 13 MaTeMaTyKe ¥ NPUPOSHUX HAYKa Y YeTBPTOM ¥ OCMOM pa3pefy OCHOBHE IIKOJIE.

! gordana.miscevic@uf.bg.ac.rs
2 danimir.mandic@uf.bg.ac.rs

3 Paj je HacTao y OKBMPY IpojeKTa Yumre/bckor (axymrera 1u3 Beorpaga: »Konmenumje u
crpareruje 06e36ehuBama KBamureTa 6a3uIHOT 06pasoBama 1 BacnuTama« 6poj 179020 (2011-
2019), unjy peanmusaunjy puHaHcupa MUHICTapCTBO IPOCBETE, HAyKe 1 TEXHOIOLIKOT Pa3Boja
Penry6rmke Cpb6uje.
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Harmra semspa je o cafa ydectBoBana y TIMSS eBanyanujama 2003, 2007, 2011 u 2015,
a off 2011. roayHe MCTpaXKMBambeM Cy 06yxBaheH!U ydeHMII 4eTBPTOT paspefia OCHOBHE
mkore (Marusi¢ Jablanovi¢, Gutvajn & Jaksi¢, 2017). Cpbuja je u 0Be TOfUHEe Y4eCTBO-
Banma y nuknycy TIMSS 2019, anu he npsu pesynratu cBux seMapa Koje ¢y obyxsahene
TeCTMpameM 3BaHMYIHO O6MTH 06jaB/beHn Tek KpajeM 2020. roguue. Tu pesyrraru, mo-
pef; 0CTaJIor, YKasyjy Ha moBesaHocT ofpeheHnx Bapujabmy, monyt nocturayha ydeHnka
U3 IIpefMeTa U HeroBOr IPeMETHOT Ce/id-KOHIIENTa, Tj. CAMOIPOIIeHe O YCIIeIIHOCTH
ydema tor npeamera (Mullis, Martin & Loveless 2016).

I[ToBesaHoCT Bapujabmu ucTpakyBadn 6a3upajy Ha CTATUCTIYKY 3HAYajHUM KOpea-
IMjaMa, ajiii OHe He MOpajy OMTM 3HauajHe U Ha HOBOY momynanuje. C 063upoM Ha To Ha
UCTpaXMBa4 He MO3Haje CBe e/leMeHTe Tomyanyje Beh caMo Heke off THX e/leMeHaTa Koju
4yHe KopuinheHu ysopak, HOTpeOHO je KOPUCTUTHU METORY Koja omoryhasa ussobheme mo-
Y3[IaHUX 3aK/by4aKa Ha HMBOY IIOMy/Ialilje, OIyT MeTofie 6yTcrpern (eHI. bootstrap).

YIpKOCCBOjUM BpeTHOCTUMA, Oy TCTPeIl METO/a PETKO Ce KOPUCTU Y UCTPKUBABIIMA
y OPYLITBEHUM HayKaMa, HoceOHO y Hamoj cpefyHy. CTora OBMM IIPUIOTOM JKeMMO Ja
WIIYCTPYjeMO eHY IpKUMeHy. Y TOM L1by pasMaTpaheMo jefHy HEOOMUHY ITOBE3aHOCT
YCTaHOB/bEHY Y IeJArolIKMM MCTPpaXMBamUMa Koja ce Tude mocTurHyha ydeHuka us
IPUPOIHNX HayKa I IJIXOBOT HAYYIHOT cerip-KOHIIeITa, Koja je, kako he 6utu mpuxasaHo
y 0BOM papy, umak Herocrojeha, jep je y ctBapu mocnennua yrunaja tpehe Bapujabie.

[ToBesanoct nocturHyha u cend-KoHIenTa

Vako je y OpojHMM [ocajalllbuM CTyAMjaMa yTBpheHa IO3UTMBHA ITOBE3aHOCT
nsMmeby nocrurayha yueHuka y o6macTyi IpMpOSHUX HayKa ) HAyYHOT Cen(-KOHIIeNnTa
(Chang & Cheng, 2008; Jansen, Ulrich & Liidtke, 2014; Grabau & Ma, 2017), noBe3aHOCT
Ha Kojy ce (hOKycupaMo y 0BOM pajiy MoxXe fia Oy/ie HeraTMBHa KaJja Ce aHa/Im3a pesynTa-
Ta IIOMEPY ca HIBOA YYeHMKa Ka HUBOY LIKOJIe, WK gp>kaBe. Tako usHeHahyjyhu pesyi-
TAaT! OTKPMBEHMU CY Y HEKMM Off paHMjux uctpaxyusamwa (Hip. Wilkins 2004; Liou, 2014).

Ycmepumo maxmy Ka aHanusn TIMSS nofaTaka Ha HMBOY Ap)KaBe. 3a 3eM/be ydec-
Hute cryauje TIMSS 1995. moBe3aHOCT IIpOCeYHe BPeJHOCTY HAYYHOT Ce(-KOHIIeNnTa
Ha HMBOY [ipXKaBe U ofroBapajyhe mpoceune BpefHOCTH OCTUIHYha y 06macTy Ipupop-
HUX HayKa Ha HUBOY fipKaBe 61a je HeratusHa (Wilkins, 2004). Moryhe je ma cy yue-
HYIIY KOjJ Cy MIMaJIy BUIIIA IOCTUTHYha, y Topehemwy ca ydeHunmma umja cy nocturuyha
611a HIDKA, OMJI CTPOXKM Y €BaTyallyjyl YCIEIIHOCTI CBOT y4Yera y 00/1acTy IPUPOSHIX
HayKa. TakBa IT0Be3aHOCT MOIIa je fia Oy/e y3pOKOBaHa I II0OCTOjarbeM KYITYpPOTOMKIX
pasmika Mebhy apskaBama. Ha mpymep, yueHNIM 13 a3UjCKIX 3eMarba y KOjUMa je TIPHUCYT-
Ha KoH(py4MjaHCcKa opujeHTanyja (a Koje cy Mehy Hajbo/be paHrMpaHUM 3eM/baMa ydec-
Hunama TIMSS ncTpakuBama) 06M4YHO CMaTpajy ha Cy HUXOBa IIKOJCKa MOCTUrHyha
IIPBEHCTBEHO O7Ipas3 HUXOBOT IMYHOT Pajia I 3a/arama, a He CIIOCOOHOCTH Koje TTOCenyjy
(Stankov, 2010).

HeraTtyBHa moBesanocT usMehy mocturnyha y mprpopHuM HaykaMa 1M Hay4HOT
cend-KOHIIENTa BepOBaTHO 611 MOI/Ia fla Oy/ie aHy/IupaHa Kaja 61 ce eMMMIUHICAO0 YTHUIIA]
Tpehe Bapujabie kKojoM 61CMO MepWIM YTULA] OBaKBe U JPYIMUX KYATYPOIOLIKUX pas-
nuka. MebyTum, omepalyoHanusaluja TaKBOT Mepema IIpefiCTaB/ba TeXKaK 3afaTak,
a ¥ HeMaMo CasHama Ja je 61Ia KopumheHa y HeKOM Off IOCAfalllbUX UCTPaKUBamba.
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Crora 6u ce Tpebao oxycuparn Ha apyre Bapujabie Koje MOTY Aa MMajy yTULiaja 1 HA
HOCTI/IFHyha " Ha cen)-KOHIIEIT. I/IMajth y BURY fa edyKacHa HacCTaBHA IIPAKCa IIPBEH-
CTBEHO JIOIIPUHOCH KBaIUTETy obpasosama (Stigler & Hiebert 2004), Bapujabma o k0joj
roBOPMMO OU ce MOI/Ia OHOCHTH Ha IIPaKTH4YaH paji HacTaBHMKa. Taksa Bapujabia je fo-
cTynHa y okBupy noparaka TIMSS uctpakuBarma; Mepu HUBO Kopuirherba NCTpaKiBad-
KOT IIPUCTYIIA Y HACTaBM, Koju 61, mpema Moeed (2008), Tpe6ao fa pefcTaB/ba CTOXEP
AKTMBHOCTN Ha 4YaCOBMMa IPUPOAHMX HayKa.

Y oBOM pajy MCTpaXKyjeMo fia /I je MOBe3aHOCT mocTurHyha ydeHuka y obmactu
IIpUPOOHUX HayKa U HBUXOBOT HAy4YHOT Ce}I(l)-KOHLIeHTa 3aMCTa HETraTUBHA, 1 aKO jeCTe,
fla I TaKBa MOBE3AHOCT MOXe fla Oyfie aHyMMpaHa Kajja ce KOHTPOJNIIIe YTUIIAj HUBOA
kopuirherma UCTPa>KMBAYKOT IIPYCTYIIA Y HACTaBM IPUPORHUX HayKa. OfroBopy Ha 0Ba
IuTama IaTu Cy 3a nopjarke crynuje TIMSS 2015. y 4eTBpTOM paspefly OCHOBHE IIIKOJIE
KOju Cy HaBeJeHN y ITomaum cy npeyseTu ca 3BaHMYHOT CajTa CTY/Mje JOCTYII-
HIM Ha Be6 appecn http://timss2015.0rg?, Ha Kojoj ce Mmory Hahu feduHULMje yIOpMIL-
HIIX T10jMOBa KOj) OArOBapajy TMM TpUMa BapujabiiaMa, Kao ¥ HauMH bJXOBOT Meperba.
OCHOBHM CTaTMCTMYKM IOjMOBM KopuinheHNM y OBOM pagmy Cy: kopenauuja, KOjoM je
UCIUTHBAHA MoBe3aHoCT usMeby nBe Bapujabie; dapyujanna Kopenayuja, KojoM je uc-
IOUTHBAHA IOBe3aHOCT n3Meby nBe Bapmjabie Kafa ce OTKIOHM (KOHTPOJIMILE) YTHUIIA]
tpehe Bapujabiie Ha Te ABe MONa3He Bapujabe; u Oyiiciipeli meiiioga, KojoM cy ofpebenn
MHTepBa/IM NI0Bepera 3a pasMarpane Kopenanuje. C 0631poM Ha TO fia je 3a Pas/IUKy Of
TIOMEHYTUX Kopenaumja, 6yTCTpeH METO[a BEpOBATHO Malb€ ITI0O3HATA HEKMM YNTaouMa,
OCHOBHIU JIeTa/b! O TOj METOMIM JIaTU Cy Ofie/bKY Meitiog.

Merton

Y oBoMm pany kopumtheH je y3opak of 47 3emMaba yuecHnia cryguje TIMSS 2015. y
4eTBPTOM paspe/y OCHOBHe 1iKore. JIncta semama Hasefiena je y[Ta6emu 1]

Y ucrpaxkuBamy je kopuirheH KopenaTuBHu A13ajH. Bapujabie cy 6ue ITociuinyhe
(mpoceyna BpegHOCT mocTurHyha ydeHmka u3 o6IacTM IPUPONHNUX HayKa Ha HUBOY
npxase), Cen-koHyeilidl (IpoceyHa BPEFHOCT YUEHIYKOT HayYHOT Ceidp-KOHIleNTa Ha
HMBOY Ap>KaBe) u Vciipanusare (IIpocedHa BPETHOCT, HA HUBOY JIpXKaBe, yINUTe/beBe
IpolieHe HUBOAa Kopuirhema MCTPaXMBAYKOL NPUCTYIA y HACTABU IPMPOJHMX Ha-
yKa Kojy peanusyje). Haumu Mepema Tux Bapujabay objalimeH je Ha 3SBAHUIHOM CajTy
crynuje TIMSS 2015.°

Iomauu cy ananusupann y nporpamy SPSS. ITlopen kopenannoHe aHanuse, y K0joj
cy kopuinheHy HOpManM3oBaHM IOAALM 3a CBe TpU Bapujabie, KopuirheHa je u 6yt-
CTpel MeTofa Kako Oy ce Jo6MIM MOY3faHUj) 3aK/bYdLIM O PasMaTPaHOj MApLUjalHOj
kopenanuju. OBa MeToja fiaje MOfaTKe O IIONMYIALMjM KOpUIIhemeM IIOHOB/bEHOT
y30pKoBama (Ha IIpyuMep, TOHAB/ba Ce Y30PKOBalbe BeMUKM Opoj myTa, 6apem 1 000 myTa)
Y3 IPeTIOCTABKY /ia IIOfjallyl 13 y30pKa IOTUYY U3 MOIy/Ialyje Ca He3aBMCHOM U UJIeH-

4 VsBop http://timssandpirls.bc.edu/timss2015/international-results/wp-content/uploads/filebase/
full%20pdfs/T15-International-Results-in-Science-Grade-4.pdf, tabene Exibit 1.1, Exibit 10.5 u
Exibit 9.5

5> 3aBapujabie Cengp-konyeiini v Vciupaxusarse, BuneTn objaimerna y cacray Tabena Exibit 10.5
u Exibit 9.5, peciekTnBHO, KoprucTtehn Be6 aipecy IOMeHYTY Y IIPETXOAHOj QYCHOTH.
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taHoM pacniogienioM (Efron & Tibshirani, 1998).° 3a cBaku 6yTcTpen y3opak padyHa ce
OyTcTpen olieHa TapaMeTpa (Ha IpuMep, IapLyjaiHe Kopenanje), Ha 6a3u yera ce u3Bo-
Jie MHTEPBa/IN IOBEPerba KOji Cy 0O0MYHO aCHMIITOTCKY IPEeLU3HIjI Off OHUX JOOUjeHnX
07| IPETIOCTAaBKOM HOPMajiHe pacroperne. To ce MoXKe yYMHUTM Ha BUIIE HAYMHA, Off
KOjux je HajpoOycHmju 13B. BCa (Bias-Corrected & Accelerated) nmpucryn (Banjanovic &
Osborne 2016) koju CMO KOPUCTUIN Y OBOM Pafy.

Pesynratu

Kaxo je y papgy xopuihena Ilnpconosa xopemaunja u IlupcoHoBa maprijanHa
Kopernanuja, Koje ce 3aCHIMBAjy Ha MPETIIOCTABIY O HOPMATHOCTY PAcIIOfieia pasMarpa-
HUX Bapujabnu, BpegHoCTH KopuinheHux Bapujabny cy Hajmpe HOpManusoBaHe, jep je
yrBpbeHo ma pacnognena Bapujabne ITociiuinyhe 3Ha4ajHO ONCTYIA Of HOPMajHe pac-
nopente (Shapiro-Wilk statistic: 0.879; df = 47, p = 0.000). Pacmonenra HopMan“30BaHKX
Bapujabny Huje 3HAYajHO OfCTyMmana of HopMmainHe (p > 0.860), HutH je 6umo ayTejepa
(enrn. outliers), tj. momaTtaka Koju OMTHO OAYHAapajy of ocTanux mojaraka (kopuinhen
je TeCT 3a HeTeKUMjy ayTiejepa JOCTYIaH Ha Beb ampecu https://www.graphpad.com/
quickcalcs/grubbs2/). 3arum cy, mpumenom 6Oyrcrpen Merome ca 5000 y3opKoBama,
ozpebenn mHTEpBamM moBepemwa 3a Kopenmaiuje u3Mehy HopManusoBaHUX Bapujab,
Kao M 3a MaplyjaiHy Kopenanujy usMehy Hopmanmsosanux sapujabmu ITociiuinyhe u
Cencg-xoHuyeilill Kajia je KOHTPOJINCAH YTULIj HOpManu3oBaHe Bapujabne Vciipaxusatrve.
HNobujern cy cnepehn nurepBanu nosepema (trma BCa) ca 95% HUBOOM IOY3/{aHOCTH:

[-0.639, -0.087] - xopenauuje Ioctuuinyhe n Cengp-koHuyeilii

[-0.554, -0.011] - xopenanuje [ocimuinyhe n Vcitipaxusarve

[-0.182, 0.434] - xopenanuje Ceng-konuetiini u Vcitipaxcusarve

[-0.654, 0.051] - mapuujanua kopenanuja Iocitiuinyhe n Ceng-koHueiiiti Kaga ce
KOHTpo/uiie Bapujabia Vcitipascusarve.

Kako je nHTepBas moBepema 3a MapliyjaaHy KOpenanujy cafip)kaBao HyTy, Hapiy-
jamHa Koperanyja Huje 6ya 3HavajHa. [Ja 61cMo 61y CUTYPHUjI Y Be3U ca OBMM MCXO-
JIOM, OBa aHAJIN3a je IIOHOBJ/bEHA JiBaJleCeT MyTa M CBAKM IyT MHTEpPBas MOY3IaHOCTH 3a
HaplujalHy KOpenamujy cafp)kaBao je Hyl1y (MHTepBasl IOBepermba 3a MPBY KOpemarjy
HMje[THOM HUje CafipKaBao HYIy, JOK je MHTepBaJ II0Bepema 3a APYTy KOpenalujy caf-
p>KaBao HYJy Y IIeT Off TUX [BajieceT IIOHAB/bamba).

3ak/by4Ha pasMaTpara

borarcTBO cakyIybeHUX IOJATaKa 3eMa/ba YUECHMIIA, HIX0BA JOCTYIIHOCT ¥ YIO-
pemprBOCT oMoryhaBajy KOMITIEKCHMje aHanm3e NCTPaKMBayMMa KOji He XKeJle caMo Jia

6 Caaxu GyTCTpeIl y30paK ce y3MMa U3 pa3MaTpaHOr y30pka (OOMYHO je MCTe BeIMYMHE KAO Taj
y3opak) KopuihemeM y30pKoBarba ca 3aMeHOM, LITO 3HA4M Ja HEKM MOfALM Y 6y TCTpeIl Y30PKy
MOTy 6UTU UEHTHYHNU aKO Cy y30PKOBaHN Biille TyTa. Ha mpumep, 6yTCTpell y3opak 13 y30pKa
{1,2,3,4,5,6,7,8,9, 10} moxxe 6utn {1, 1, 2, 3,4, 6,6, 7, 9, 10}.

7" Axo 61cmo renepucanu Behu 6poj nHTepBaia nosepesa, perymo 100, Taga 61 95% TUX UHTEP-
BaJsla TpebasIo fa cafpXKy TauHy BPEFHOCT pa3MaTpaHOr momynanujckor mapaMerpa (Hoekstra,
Morey, Rouder & Wagenmakers, 2014).
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PerucTpyjy panrupame CBoje 3embe y ofpehenoj o6mactut y ofHOCY Ha OCTaje y4ecH!-
e, Beh 1 fa ucnnrajy mosesanoct xopuuthennx Bapujabmu, kao urro cy Hocinuinyhe
(mpoceuyna BpegHOCT mocturiyha ydeHmka us o6IacTM IPUPORHUX HayKa HA HUBOY
npxase), Cenp-xonyeiidl (IpoceIHa BPEFHOCT YUEHIYKOT HAYYHOT Ce/ih-KOHIIeNTa Ha
HUBOY fip)XaBe) n Mcitipaxusearve (MpocedHa BPEJHOCT, HA HUBOY Ap)KaBe, YUUTehbeBe
IIpolieHe HJBOA KOpuIIherma MCTPaXXIMBAYKOr IIPUCTYIIA y HACTaBY MPUPOFHNUX HaykKa
KOjy pea/m3yje).2 Y oBoM pajyy ucrmtuBaHo je a i je nosesanoct [ocimuinyha u Cend-
-KOHYeflilia HeTaTUBHA U, aKO jecTe, Jla M TaKBa II0BE3AHOCT U Jla/be IIOCTOj! Kajia Ce Kao
KOHTpOJ/IHa Bapujabna ysene Vcilipaxusarve. Ta IOBe3aHOCT OuIa je 3a1ICTa HETATUBHA,
Kao wmTo je HaheHo y apyrum nctpaxkusamuma (Wilkins, 2004), ann ce TakBa II0Be3aHOCT
aHy/mMpana y3 KOHTPOJIHY Bapujabny Vcilipasusaree, ITO IIpeMa HAallMM Ca3HambUMa
HIje yTBpheHO y [ocajallmbuM UCTpaKuBamMMa 0asMpaHMM Ha IOJALMMa CTYAUje
TIMSS. Vnak, y4nTe/b) y4eHNUKa ca BUCOKMM MOCTUIHYhIMa Cy, Kao ¥ IbUXOBU YYEHU-
111, MOI/IH fia OYly CTPOXKU Y IIPOLIeHN HUBOA Kopuirherba MCTPaXMBAYKOT IPUCTYIIA ¥
HacTaBM IIPUPOJHNUX HayKa KOjy peannsyjy, y mopebhemy ca yauTe/puMa 9ujy Cy y4eHUIIN
uManu Hipka nocturayha, mro Hac omer ynyhyje ka KynTyponomkuM pasiukama Meby
Ip)KaBaMa, Koje HUje jemHOCTaBHO MepuTu. He 3anemapyjyhm xibydne enemente edu-
kacte mkone (Hukonuh, Maugnh & Kocragurosnh 2018), HapenHa nctpaxnama 60m,
cTora, Mora jia 6yly ycMepeHa Ka OTKpUBaIby Apyre (KyITypOJIOIUIKY Make 3aCHOBaHe)
Bapnujabiie Koja 611 aHy/IMpasia pasMaTpaHy HeTaTUBHY II0BE3aHOCT, IOBe3aHy, PELIIMO, Ca
LUTUTATHUM KOMIeTeHInjama HactaBHuKa (Puctnh & Maugunh 2018). V Tom ummy, a y
CKJIafy ca IIPUCTYIIOM KopuiiheHOM y OBOM pajiy, NCTpaKuBauy 61 Tpebao ga KopyucTe
Buie o 1 000 ysopkosama 11 BCa (Bias-Corrected & Accelerated) npucrtyn ogpebuBamy
UHTepBaja nosepema (Banjanovic & Osborne 2016), mpu yemy 61 peannsoBaHy aHAIU3Y
Tpe6ao MOHOBUTY BUIIE JieCeTHHA MyTa Kako 61 ce yTBpAWIa CTa0MIHOCT [OOUjeHIX
Hanasa. HapaBHO, y 1mby 3a00ummaxkera ycIoBa O HOPMalTHOCTY PAacIofie/ie, YMeCTo
IInpcoHOBUX KOpeTalMOHMX Mepa, Tpebano 6u xopuctutu CHupMaHOBe KOpealyoHe
Mepe, a/lil TO HUCMO YYMHIIN Y OBOM pafy, jep y KopuiiheHnoj Bepauju nporpama SPSS
6yrcrpen mMetopa Huje 6uta gocrynHa 3a CoupMaHoBe maplyjaane Kopenanuje. Hama-
Mo ce fja he xopuurhenu mpuctym u Te mpernopyke 61T Of KOPUCTHU UCTPAKMUBAINMA ¥
mpyiTBeHNM HayKama y Cp6uju y unmy yHanpebusama mocrojehe ncrpaxupadke mpak-
ce, KOja, 3a cajia y MHOCTPaHMM OKBMPUMa, YK/bydyje HaBoheme MHTepBaa I0oBeperha
u BenmunHe yrBphennx edekara (Giofre, Cumming, Fresc, Boedker & Tressoldi, 2017).

8 Base mogaraka TIMSS cryguja Mory ce cno60ogHO U 6€CIUIATHO KOPUCTUTH Off CTPaHe CBUX MC-
TPa)XMBaya y CBETY y3 KOPEKTHO I03MBakbe Ha N3BOP MOJaTaKa.
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EXAMINATION OF THE RELATIONSHIP BETWEEN STUDENTS’
SCIENCE ACHIEVEMENTS AND THEIR SCIENTIFIC SELF-CON-
CEPT BY USING THE BOOTSTRAP METHOD’

(Translation In Extenso)

Abstract: this paper presents a specific research approach that should be used more
frequently in the social sciences. The research problem concerned the relationship be-
tween two variables when a third one was included in the analysis and its influence on the
initial variables removed. The subject of this research dealt with the relationship between
students’ science achievements and their scientific self-concept when controlling the in-
fluence of the teachers” assessment of the level of the research approach applied in their
teaching. In order to examine this relationship, the research used country level data from
a recently realized international study TIMSS in the fourth grade, and with the aim of ob-
taining the most reliable results, the bootstrap method was applied to generate confidence
intervals for the correlations in question. It was found that the initial negative relationship
was annulled by the inclusion of the third variable. The concluding remarks contain rec-
ommendations for improving domestic research practice.

Keywords: pedagogical research, bootstrap method, achievement, self-concept,
TIMSS

Introduction

TIMSS (Trends in International Mathematics and Science Study) is the project of the
International Association for the Evaluation of Educational Achievement (IEA), which
is being realized in four-year cycles and is aimed at examining students’ knowledge of
mathematic and natural sciences in the fourth and eight grades of primary school. Our

! gordana.miscevic@uf.bg.ac.rs
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3 The paper was produced within the project of the Teacher Education Faculty in Belgrade, “Con-
cepts and strategies of ensuring the quality of basic education and upbringing”, No. 179020 (2011-
2019), whose realization is financed by the Ministry of Education, Science and Technological De-
velopment of the Republic of Serbia
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country participated in TIMSS evaluations in 2003, 2007, 2011 and 2015, and since 2011
the research has included the students of the fourth grade of primary school (Marusi¢
Jablanovi¢, Gutvajn & Jaksi¢, 2017). Serbia has participated in this-year’s cycle of TIMSS
2019, but the first results from all the countries included in testing will not be officially
published until the end of 2020. Those results, among other things, indicate the connec-
tion of certain variables, such as students’ achievements in the relevant subject and their
subject self-concept, i.e. self-assessment of the learning success in the relevant subject
(Mullis, Martin & Loveless, 2016).

The researchers base the connection of variables on statistically significant correla-
tions, but they are not necessarily significant at the population level too. Since the re-
searcher does not know all the population elements, but only some of those elements that
constitute the sample used, it is necessary to use a method that enables deriving reliable
conclusions at the population level, such as the bootstrap method.

Despite its advantages, the bootstrap method is rarely used in social science studies,
particularly in our country. Therefore we would like to use this contribution to illustrate
its application. In that respect, we will consider the unusual connection established in
pedagogical research, concerning students” achievements in natural sciences and their sci-
entific self-concept, which, as this paper will show, is still non-existent because it is actu-
ally the consequence of the influence of the third variable.

Connection of achievements and self-concept

Although numerous studies so far have established the positive connection betweens
students achievements in natural sciences and the scientific self-concept (Chang & Cheng,
2008; Jansen, Ulrich & Liidtke, 2014; Grabau & Ma, 2017), the connection we focus on
in this paper may be negative when the result analysis is shifted from the student level to
the school or country level. Such surprising results were revealed in several earlier studies
(e.g. Wilkins 2004; Liou, 2014).

We will direct our attention towards the analysis of TIMSS data at the country level.
For the countries participating in the study TIMSS 1995, there was negative connection
between the average value of the scientific self-concept at the country level and the per-
taining average value of achievement in natural sciences at the country level (Wilkins,
2004). It is possible that the students with higher achievements, in comparison to the
students with lower achievements, were stricter in the evaluation of their learning success
in natural sciences. Such connection may also have been caused by the existing cultural
differences among the countries. For example, the students from Asian countries with
Confucian orientation (which are among the highest-ranking countries participating in
TIMSS studies) usually thing that their school achievements are primarily the reflection of
their personal work and devotion, and not of their own abilities (Stankov, 2010).

Negative connection between achievements in natural sciences and the scientific
self-concept may probably be annulled if the influence was eliminated of the third vari-
able, used to measure the influence of these and other cultural differences. However, the
operationalization of such measurement constitutes a difficult task and we do not know
whether it has been used in any studies so far. Therefore we should focus on other vari-
ables that may influence both achievements and the self-concept. Having in mind that effi-
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cient teaching practice primarily contributes to the quality of education (Stigler & Hiebert
2004), the variable we speak about may refer to the teachers’ practical work. That variable
is available within the data of TIMSS studies; it measures the level of application of the re-
search method in teaching which, according to Moeed (2008), should represent the pivot
of activities in natural science classes.

This paper investigates whether connection between students’ achievements in natu-
ral sciences and the scientific self-concept is really negative and, in case it is, whether such
connection may be annulled when controlling the influence of the level of application of
the research method in natural science teaching. The answers to these questions are given
for the data of the study TIMSS 2015 in the fourth grade of primary school shown in
The data have been taken from the official website of the study and are available
at http://timss2015.org*, where definitions can be found for the anchor terms suitable for
those three variables, as well as the method of their measurement. Basic statistical terms
used in this paper are: correlation, which examines the connection between two variables;
partial correlation, which examines the connection between two variables after remov-
ing (controlling) the influence of the third variable on the two initial variables; and the
bootstrap method, which determines confidence intervals for the correlations in question.
Since, unlike the above-mentioned correlations, the bootstrap method is probably less
known to some readers, the basic details about the method are presented in the section
Method.

Method

This paper used the sample of 47 countries participating in the study TIMSS 2015 in
the fourth grade of primary school. The list of these countries is given in

The research used the correlative design. The variables were as follows: Achievement
(the average value of students’ achievements in the field of natural sciences at the country
level), Self-concept (the average value of students” scientific self-concept at the country
level) and Research (the average value of the teachers’ assessment of the level of the ap-
plication of the research approach in the natural science teaching realized, at the country
level). The method of measuring those variables is explained on the official website of the
study TIMSS 2015.5

The data were analyzed in the SPSS program. Apart from the correlation analysis,
which used the normalized data for all three variables, the bootstrap method was also
used in order to obtain the most reliable conclusions about partial correlation in question.
This method provides data about population by resampling (for example, the sampling
is repeated many times, at least 1 000 times), with the assumption that the sample data
originate from the population with independent and identical distribution (Efron & Tib-
shirani, 1998).6 For each bootstrap sample, the bootstrap assessment of a parametre is cal-

4 Source http://timssandpirls.bc.edu/timss2015/international-results/wp-content/uploads/filebase/
full%20pdfs/T15-International-Results-in-Science-Grade-4.pdf, Tables Exhibit 1.1, Exhibit 10.5
and Exhibit 9.5

5 For the variables Self-concept and Research, see the explanations within Tables Exhibit 10.5 and
Exhibit 9.5, respectively, on the website mentioned in the previous footnote.

6 Each bootstrap sample is taken from the sample in question (it is usually of the same size as that
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culated (for example, of partial correlation) on the basis of which confidence intervals are
derived - usually asymptotically more accurate than those obtained under the assumption
of normal distribution. This may be done in several ways, the most robust of which is so-
called BCa (Bias-Corrected & Accelerated) approach (Banjanovic & Osborne 2016) that
we used in this paper.

Results

Since the paper used Pearson correlation and Pearson partial correlation which are
based on the assumption of normal distributions of the variables in question, the values
of used variables were first normalized because it was found that the distribution of the
variable Achievement substantially deviates from the normal distribution (Shapiro-Wilk
statistic: 0.879; df = 47, p = 0.000). The distribution of normalized variables did not sub-
stantially deviate from the normal distribution (p > 0.860), and there were no outliers, i.e.
data that substantially deviate from other data (the outlier detection test was used, avail-
able at https://www.graphpad.com/quickcalcs/grubbs2/). Then, by applying the bootstrap
method with 5,000 samplings, the confidence intervals were determined for correlations
between the normalized variables, as well as for partial correlation between the normal-
ized variables Achievement and Self-concept when controlling the influence of the normal-
ized variable Research. The following confidence intervals were obtained (of BCa type)
with 95% reliability level”:

[-0.639, —0.087] - correlations Achievement and Self-concept

[-0.554, -0.011] - correlations Achievement and Research

[-0.182, 0.434] - correlations Self-concept and Research

[-0.654, 0.051] — partial correlation Achievement and Self-concept when controlling
the variable Research.

Since the confidence interval for partial correlation contained zero, partial correla-
tion was not significant. In order to be more certain regarding this outcome, the analy-
sis was repeated twenty times and every time the confidence interval for partial corre-
lation contained zero (the confidence interval for the first correlation never contained
zero, while the confidence interval for the second correlation contained zero in five out of
twenty repetitions).

Concluding remarks

The wealth of the collected data from the participating countries, their availability
and comparability ensure more complex analyses to researchers who do not want only to
register the ranking of their respective countries in a certain field in relation to other par-
ticipants, but also to examine the connection of the used variables, such as Achievement

sample) by using the substation sampling, which means that some data in the bootstrap sample
may be identical if sampled multiple times. For example, the bootstrap sample from the sample {1,
2,3,4,5,6,7,8,9,10} maybe {1, 1,2, 3,4,6,6,7,9, 10}.

7 If we generated a larger number of confidence intervals, for example 100, then 95% of those inter-
vals should contain the accurate value of the population parameter in question (Hoekstra, Morey,
Rouder & Wagenmakers, 2014).
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(the average value of students’ achievements in the field of natural sciences at the country
level), Self-concept (the average value of students’ scientific self-concept at the country
level) and Research (the average value of the teachers’ assessment of the level of the ap-
plication of the research approach in the natural science teaching realized, at the country
level).8 This paper examined whether the connection between Achievement and Self-con-
cept was negative, and in case it was, whether such connection still existed when introduc-
ing Research as the control variable. That connection was really negative, as established in
other studies as well (Wilkins, 2004), but such connection was annulled with the control
variable Research, which, according to our findings, has not been established so far in the
research based on the data of the study TIMSS. Nevertheless, the teachers of the students
with high achievements may have been, just as their students, stricter in the assessment
of the level of application of the research approach in natural science teaching realized by
them, in comparison to the teachers whose students had lower achievements. Once again
this indicates cultural differences among the countries, which are difficult to measure.
Without neglecting the key elements of efficient school (Nikoli¢, Mandi¢ & Kostadinovi¢,
2018), the following studies might therefore be directed at revealing another (culturally
less based) variable that would annul the above-mentioned negative connection referring,
for example, to teachers’ digital competences (Risti¢ & Mandi¢, 2018). With that aim, and
in line with the approach applied in this paper, researchers should use more than 1 000
samplings and BCa (Bias-Corrected & Accelerated) approach in determining confidence
intervals (Banjanovic & Osborne, 2016), whereas the realized analysis should be repeated
several dozen times in order to establish the stability of obtained findings. Of course, in
order to avoid the conditions of distribution normality, Spearman correlation measures
should be used instead of Pearson correlation measures, but we did not do it in this paper
because the bootstrap method was not available for Spearman partial correlations in the
used version of the SPSS. We hope that the applied approach and those recommenda-
tions will be of use to social science researchers in Serbia with the aim of improving the
existing research practice which, currently within foreign frameworks, includes the listing
of confidence intervals and the magnitude of identified effects (Giofre, Cumming, Fresc,
Boedker & Tressoldi, 2017).
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APPENDIX / ITIPMJIO3U

Tabena 1: AHanmu3npanu oAy
Table 1: Ananusupannu nogany / Analyzed data

BRI Gt Hoc:rmruyhe/ Self-concept/ | UcTpaxnBamwe/
Achievement | Self-concept Research
Ayctpanuja/Australia 524 9,7 9,9
BbaxpewnH//Bahrain 459 10,3 10,7
selgiom (Fomshpart | 512 o8 B3
Byrapcka/Bulgaria 536 10,8 9,3
< HA3AA [py3unja/Georgia 451 10,1 9,8
HaHcka/Denmark 527 9,8 9,2
<= BACK EHrnecka/England 536 9,5 10,1
NHpoHesuja/Indonesia 397 9,8 10,6
MpaH/Iran 421 10,7 12,1
Mpcka/lreland 529 9,8 10,0
Wtanwja/ltaly 516 99 10,0
Janan/Japan 569 9,3 11,3
JyxHa Kopeja/South Korea 589 9,1 11,4
KasaxcTtaH/Kazakhstan 550 10,5 10,9
KaHapa/Canada 525 9,8 9,7
Katap/Qatar 436 10,2 1,1
Kunap/Cyprus 481 9,7 11,9
Kysajt/Kuwait 337 10,4 11,2
JlntBanuja/Lithuania 528 10,0 88
Mahapcka/Hungary 542 10,1 9,1
Mapoko/Morocco 352 10,0 11,1
Hemauka/Germany 528 10,1 8,9
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Hopseluka/Norway 538 10,3 8,4
OmaH/Oman 431 10,4 12,1
Mosbcka/Poland 547 9,9 9,6

Moptyranuja/Portugal 508 10,2 9,2

Rusian Federsion 567 92 92

Northern riand 520 o7 85

CwnHranyp/Singapore 590 9,2 10,7
CjepurbeHe Amepuuke

OpxxaBe/ 546 10,0 99
United States of America

Cnosauka/Slovakia 520 9,8 10,2
CnoseHuja/Slovenia 543 9,7 9,4
Cpb6uja/Serbia 525 10,5 9,8
TajsaH/Taiwan 555 9,8 10,6
Typcka/Turkey 483 10,8 11,0
YjeanrbeHun Apanckm

Emnpatn/ 451 10,1 11,3
United Arab Emirates

OuHcka/Finland 554 9,7 8,7
®paHuycka/France 487 94 9,7
XonaHgwja/Netherlands 517 9,8 83
XoHr KoHr/Hong Kong 557 9,3 9,0
XpBaTtcka/Croatia 533 10,4 10,1
Yewka/Czech Republic 534 9,6 9,0
Yune/Chile 478 9,3 9,9
LLIsenacka/Sweden 540 10,0 9,1

LWnaHwnja/Spain 518 10,0 9,1
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