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Abstract

Scientific models are an integral part of science education, and teachers have a prominent
role in teaching modelling and its use in science learning. Modeling refers to the creation,
evaluation, and revision of models that represent scientific phenomena. Meta-modeling refers
to the reflection and reasoning about the nature, purpose, limitations, and implications of
models and modeling. In the current study intended to investigate the level of secondary high
school teachers' modelling knowledge and their views on using the model in science
teaching. A sample of 295 science teachers (physics, chemistry, and biology) in the Iran
secondary high school who were available to the researchers was asked questions about
perception and the possibility of using models in teaching. The findings showed that teachers
give more importance to content knowledge than the modelling process and meta-modelling
knowledge. the student's participation in modelling activities was more to describe
phenomena and not for predicting phenomena, solving problems, or scientific reasoning.
Also, teachers rarely use the process of model designing, evaluating and revising based on
students' inquiries, and so the modelling process plays a minor role in their teaching
performance. Improving teachers modelling competence, supporting them in teaching based
on modelling, and revising the science teacher training curriculum to pay attention to
cognitive and metacognitive skills, including modelling and metamodeling knowledge, can
help to improve the quality of teachers' performance and also scientific literacy in students.
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Introduction

One of the most important activities that increases the participation of students in science
classes, and can be used to develop the science curriculum, and improve the quality of
teaching by teachers, is the construction of conceptual (scientific) models by students.
Teachers' understanding of scientific modeling, how to use models in teaching science, and
teachers' views on the objectives and applications of models can make models more effective
in learning science. Using models in the curriculum and transferring them to the classroom
does not seem easy. There are always challenges such as teachers' tendency to learn model
and meta-modeling knowledge, interpretation and absorption of new concepts by them,
resistance to new educational approaches. Certainly, the implementation of new educational
approaches such as scientific modeling requires having sufficient knowledge of the
approaches, and having a positive attitude towards the objectives, benefits, and performance
of them by teachers. This research tends to clarify the extent of understanding and use of
modeling and meta-modeling knowledge by secondary school science teachers, and then to
examine their views on the purpose and use of models in teaching science.

Method

In this quantitative research, which was conducted with a survey approach and was
applied in terms of purpose, tried to describe the knowledge of modeling and its application
in the class by science teachers. Data were collected during the academic year, from
December 2021 to May 2022. A sample of 295 teachers of physics, chemistry, and biology
courses of secondary schools in Ahvaz were selected. Data were collected using an electronic
questionnaire based on model teaching, which was designed as a survey. This questionnaire
was actually questions that were prepared for conducting structured interviews, but due to the
prevalence of the Corona virus, the questions were sent to the people in the form of a
questionnaire and electronically and the answers were received. After collecting the data
using the questionnaire, the quantitative data were examined using non-parametric statistical
analyses such as chi-square and Wilcoxon statistics. Part of the data included information that
participants provided to the researcher in response to open-ended questions, this category of
data was also analyzed using content analysis.

Result

Although the teachers participating in this study used all types of models, they rarely used
some models. Interactive and moving models had the least share in the use of teachers during
teaching and models including diagrams and symbols had the most use among teachers for
teaching. Performing the Wilcoxon test showed that (1) the scores of model type A (model
maps / diagrams) and model B (model symbols) received significantly higher scores
compared to other types of models and teachers had the most tendency to use this type of
models compared to other types of models, (2) the scores for interactive simulations (model
C) and moving models (model D) were significantly lower than the scores for other types of
models. Findings indicated that teachers use more types of models that traditionally play the
role of visualization in teaching and usually have the most use in textbooks. Teachers showed
that they are most indifferent to interactive models, these models can help improve problem-
solving and reasoning skills in addition to the role of description for phenomena. Science
teachers significantly preferred the use of models to explain scientific phenomena (G1) over
the use of modeling as a scientific method (G2) and teaching modeling and meta-modeling
knowledge (G3). Teachers prioritize the general goals of science education in their teaching
as follows: first, teaching content knowledge (learning science), then doing scientific work or



Exploring the Secondary High School Teachers Understanding...... Mojtaba Jahanifar et al. 155

the scientific method (doing science), and in the third degree, meta-knowledge or meta-
modeling knowledge (learning about science).

Discussion and conclusion

This research provided the opportunity to identify some of the important features in the
performance of science teachers, along with logical reasons for using or not using modeling
competencies in teaching. According to the findings of this research, it can be concluded that
a combination of weak curriculum, insufficient opportunities for sharing knowledge among
teachers, inadequate support for teachers, mismatch between curriculum and teaching hours,
and the form of exams and student evaluation, are the most cases that science teachers of the
second period of secondary school have counted for the obstacles to the use of modeling in
the class, and their perspective for teaching based on modeling competencies has been
somewhat vague. Other studies on why and how science teachers of the second period of
secondary school in Iran use models in teaching or what obstacles exist for them to not use
models were not available to researchers. In this regard, it is worth mentioning that this
research has not definitively determined whether teachers prefer to use paintings, diagrams,
and symbols instead of interactive simulations and other types of models or that limited use
of this type of models is due to lack of technical knowledge or deficiency in curriculum and
educational facilities. Researchers find more qualitative or mixed research that can provide a
deeper understanding of modeling competencies and how science teachers deal with the

model valuable and recommend them to science education researchers.
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Figure 2. The six steps of thematic analysis Braunn and Clark (2006)
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Table 1: Demographic characteristics of 295 teachers participating in the research
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Figure 3. The frequency of science teachers' use of various models for teaching
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Table 2. Comparison of teachers' mean opinion for using various models when teaching science (Wilcoxon test)
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Figure 4. The students' participation frequency by teachers in different aspects of model knowledge and meta-
modeling
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Table 3. Comparing the mean opinion of teachers to involve students in different aspects of model knowledge
and meta-modeling (Wilcoxon test)
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Table 4. Comparison of teachers' average opinions about the use of models in line with the general goals of
science education
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Table 5. The level of teachers' agreement about the effects of using conceptual models in teaching

63T a5 g3 5 5k T

Olles Loy 5 3ldas

QU&‘}A Loy sldas

03 s sladde Sleslazal 5

Solslne mlow 5 NSEY
(/1F) ¥ (/AP) YOF o osllas Lol Com e
\Zj:/:? AN Gl s YO ST 540 Gl 5 VA0 1B ST e glsme 1S 5 015 5T 205
Rt
V5 FV/OF ANA: (/va) Yry Ykl Sslge LIl o e
() LEYY Calliee 5 FY iCalee SIS E Y ol 5 VYY1 580 5 SIS s 0l Sl s e
(/YY) §Y (/va) Yrr U Gl lgn Ll o o
\ZT\/;\ S YP b s ¥0 i SLS E Y Glse 5 1VY 1580 s SLIS ol sl s el 5 ol
Sty
VALRRZ (V) YYY 5 3 05500 Ll o o
\i;'\/:\ S Gl 5 P il ST LAY Gilse 5 V¥ 1580 5 SMalS” sele sy oh Sl 2 5

s e S




V74 OL8es 5 5 Slex (oo ook s 53 ladibe (6 858 5 Joe Sl o g2e 93 0553 Oledne 25755 5518
&S 53 oede 2l Jml 4 bdus & amals uSTT K ol 5 Jeseie sba Oldas © Jodor b ol

Sl Callbwe Dl b 3810 S i sldad 5 S e S (e (6 8T3) poalie (5,8l 4 ST 5 e Ll
bl (s5ladite 55 plesl o e 3l ol e ke Oledan 313 OLES baaly ) L(P<H/0Y) 3,05 2
(mmen 5 ol gl gioma 13 5 O1558T 515 o gllae LI (sl i 1 oaly sl domys 55 pake s s 5
i 0T js e 5 S0 sbu | 5 015 T 25ls JY il (o ylge 3 5 w50

Sl Ol 4z 4 Gl W15 3 pale Oladro LTy & tags ain iy 4 ol o
2SS 2 g ghe Oladee Ol 3 (5ladiel 3 5 e (2313) (5ledde (Sogls o ggie 313 0L O 5 F (slajls sl
a4 35 eyl adle )3 5 Loy LET Jue ol L OT ol 0355 LT Ol psgie iy 5o
Kl 50T 555 553 aslitnyy oy w4 10T oy Ll fles S o Jiza 1 ook poalie ¢(55ludute
4 by walin b e (VO 55 din gy Sjle Wiy ol il psgie ol b 5l T 5l 0L (g 5ladie
4 by aalin b e (Y o o pole iyt o8 3 0T 51 Wl oo 5 oot LT (5iludile ( Sasls
s Sl oL CK;A (Mo 5 tpady sk wils Sl w1, b Kol o Pl 5 pmen LT (55ludute el
oo Oledan 1 (ol sl ol (6,50l sladilas ol Jlisa Wils o (o5 cledie (Samls psdsn b
crl 5 Xz LT 55507 ) shieny (g3lodde (Sosls o pgie b 4 izils lghl (Ao ,300) 2assy 53 odiS'CS 5
S Ao yoAY 5 i i ild e sl )lgs 35 seT Hsliieas SUlg 55 55 (Ao yaVY) OUT ST &87 Col S s
S oslizd 01> S obd 5ol 6 3lwdibe (8 3 adlas 51 Al od as 53 oS IS pske Olalne
W ok 5518 aals) 3 codeT s @y g5 oty St 8L 3 Oledin s 25 a3 gl 31 48 Ll

Oledne 3550 s 53 88 dinge 3315n SalS L i e G3lsn a3y o oS 08,5 e Oladae 31 ;30 Lol
c,,mg1,w,,u)mdvu;mm\ui;,igz)\{ﬁu;\fu;;lao@;&u\;\i”@%iéu&m,;
ol S el ot st ga_iils (S ila oS a0 1wl ath g 3Ll Cud 53 Oledas 1 K sy 03,57
Sis G 1) e sl tllr st Kos oan adl 5 (APDIF ) Cod S0 2Ly OT 30 5 Laaty i
asia &S ) &l (YFNY L) oy S5 g Ll st T @ Gl 50 1l bl 5 Cails s
Ll Ll oo il laaslinn  lacssgde 31 5l G Ld> gla 2l 5l (s ssbie &8 A8
AL (gledie dex 31 5 50T 53 036 (gladla i eslizal b (gla 2lle 51 Olsl > suaie

pohe Oladne 51 (55 (V 515 QLB 5 F Hlo 503 55 oddim e (Gla iy 4 b gy o SLlesl Cand O 50nde il
Silade (S Ls gz 3l (6L Siisel 5 lzip Ji Shke by L3 8 0k 1y S s 1SS 5 b ki bl
ol e S5 g3 Dl o s pshe s Belip 53 4 L OIS Cab ol (RO F ) S ol i/
oS 5 g ol gmee 13 4 Aol a5 3 OT Ll s enls oluanstl s Kaols jl dws opl 4 oabuiio
Doy 033 3m gy halip 45 Wi 55k ol g L OISS (Ll b 5 (L Sla)lgn 5 (oode sla s 4
3 o Al oS ABls bl Oledas 5 Ao ysY L S s alse JSa L L) pole G S sL ol dolis o
2 Oledee i A8 S e el 5 Siledie Sla Saasls plesl 4 Ly e s se 35T SUG



VYOl 55l PV (gl Sled ) Sled oadmn o ¢ b5 50T 055 sla3 Sos, We
ol A e T oo cladde b T gtz il i PS5 g g0 s oS 053,57 0,1 LA gla iy
YA ) pysTge 1S il 5 Ly clon b 5 ijsal Slsn iy o s kit Sgudoms sl 5 iy oo i
Gl Sasls (3350T L g doe pp e ol 6l 1y 35250 g3 iy c0diS' S8 Oladas dospsAr 1 i
Dbl s sbay (5 YFY) pgle Oladas 1 (6005 alss coplpesdle il S o551 (Bl 5 (JETL 5led e
Sgedoen [y o i sli Sleb sldaiy (e Sl Ay Ty 5 Sl esd ol ) sl ST Ol oS il
WOV =N F ) led s § oSS a5t g5 5 53 b b v OT 5 o oy b Ly (63 5 sl oo 6okS o
ST 5515 6,5 a0 5 F lssa 53 oz o iy s by o 5Llesl Cood 55 Olodinn i 5 bl Julows
P 5 oS o (ST gy S ey 4 oBiosls olamt| Slelu il 3l Oladas .3 S
L)l Sl eslizal (gl el s gume ale 1) OT 5 Lss (_;ljis G s by g WS oo Ll i
Dbl Cllzel 5/ [y OLjgoT_iils 3 g o azw] gt Lol tazils Hlghl alaa . Aizudls so 555 s )5 53 (55lude
el fnOlomiel (6l Ot laT ¢y pad GoiS e Loyl o) Sl il 455 oS g oSS (s A 5
las ST Y ) 4T e iy Olarly (Siledde Seo ol J2ay plosil 5 oade SIS Sy Flaj Spbit
g 45 s aOlmal (Sl ol 358 o (955 Sl ot T Gt 5 A g gl Sl ST b 2y S o 6,555
3bj (ST csiladie gabgn 5 (gwsd Dabyr 0355 gunn a3 gr DL alian ol Jos 0(VF =¥ ) IS
Sl bl e (pys By 51 il slaslis 5 DLl Sy coman 5 Olj 55008 el a3 o> o
33 lede (sla Seasls Sl eslizal sl 1y ple Oledan 305 Wl 5 o (5l o 5SS (1 (SLT L 055 0L

.MJ)‘JSJ:JEM(}LQ‘J.%)JS

S5 domd 9 S

3 3leddal 3 5 Jie G 1 (b5 5 (o 85058 psle Olodan &S50 o 5hiany Rassy
Oledne 315 DL anlllae ol (glaaly ol 43,8 plonil s 55 o 5313 ) 51 LaOT aliel Ol e gyt ¢ iommn
5 ot WSS Slegdse o glsme (HIS e sl oyl sen (aOT 5,08 5 Sy dadibe 51 0SS ys e
33 Golwd el 3 g e 53l Sl eslizal 5 55 aeT s cdites ode (iludie daly 503,57 355 oS |y il
SL)lge 5 ol Glaaiar Sledndls OS5 ags 5o & daw gt 938,595 p ke Oledes . lias o e 5 OIS
o3liel Loy oo 5 5 o (512 b ke 51 5 Azl oS 301 (55 ludute o Sawld) (5ludie sl
SWEB 515 055 5 pdomn (LS ol o D )lge 4 LB (ol 0ge Sl ol Wi Lol 7 5 S
ST 53 0L gUls 51 Oledas SST500 s opman 358 ChiE S5l 5 Ml o S5k e OT el
ol o Ll5 s Oledan 8 (IS )10 3 gms gy mnl p8n (SSledie 1l 5 (iledibe
Azusls e (ajl.c).s Solwdde f_}‘é}")"dﬁ‘ig)"‘) QTJ.:‘J Oladas .3)>'3J.;:§\ﬁ\ w)&f); I eslwds

ASTE el psle 55 5aT 53 o mme 48 457 (5,50 ol s s )l smm p sl 5550 555 01 s,
g O Kaa g% iy (uoeen oo 55l 5L e plowil (e (6, 85k I W le Coda aw oyl Lkl



WA OL8es 5 5 Slex (oo ook s 53 ladibe (6 858 5 Joe Sl o g2e 93 0553 Oledne 25755 5518
Oledan 2255 ol 3 (Kind & Osborne, 2017) w1 4l ol (oIS (slacandly 5 (5,5 3k Oltal (g g
Sbety o dalsy oS5 5 ol il (6,8 5k gl m Jal Coda Oies sl gl Jads disls Ola
ot 5 IVl e Sl 5 ke i) Sl Sasls Sy s skt S pkiay 5 S e eslizd (g5ledus
wdl 5S35 6l Gl o lis Sl giledde S Candly ol 3 Oledas §sin S o oslimul ey 53 aduts
S s e 5 asl 5 JoaS Sl b padse ol adl & s Bl cll ale s OLST 5 iy
il a3 e3> Sldal 4 e 5 o 201> Gl (Campbell & Oh, 2015; Miller & Kastens, 2018)
Sl Samals 28 K015 5 ke (515 5108 Salizal Lol oo 83l (il 5 ke s plowil oo 655k
15 or B o gie 033 5553 53 oo iy Slgme 4 LIS A Lol 0ds s 55 (11 s5Led el b
0 S 53 Al iladiel p il 5 3l eske S5k 53 bdds 3 4 (g 5 Lsoms ol S 3L 5o
0938553 33 333 (pl Slgome S Lsh o f a0 cpl Se Ok g5yl )l plies 5 5 o S 50
Olsea iledde gl Samls 25T 5 0dd LS| 03 0L Gren 4 (s $kmen (Jer o 8515 Jald alaw g2
Ol i 355 owyd Glgmes 33 Lk pl Sl job wlidCan ) 5 gowd (S50 wsd Slgmee 53 (ke )
3 e 5 oo 5)b55 e oo (bl 53 ASS e3lizl ey p 5 3 la (SKasle ol 51 58 Oledne b ol sago
g5 ol 25 el FOLT 1y ede dul 3 68755 O3l (215 53 (giludde o 03 15 ¢l (653,00 e
5 Shes b o o claidlad 55 1) 1) 5T J250s Sl 4z 51 LI Oledas aS7 Sl L L0l Sy Laid (ol o
ol L Ol (S5l (n G83 (Sl 5 3 Al 4G L L ga pl 5 S e S 0 e

5 S (GSludde de Aul 5 5,05 15 015 S Wi S e e Sk Shash ol o oSS 5 o she Oledas
3 OLSen 5 K (ol 5 s S b Bl ol L3S e (silede I ¢ ge slaai 1S58 15 0T S
%Jf\ 0 G;IP'VA (Nielsen & Nielsen, 2021; Cheng et al., 2021; Cheng & Brown, 2015) ol 5 &#
(Chiu & Lin, ) wst psle (25507 (655 0 (o il enlple s ol (ke Sladie (6557 0 (io s (10
3 Gdie b g o pu sbesls e dial e 015 SLa 516 Lyls (6 208 bles Oladas vy oo ki 4, (2019
s pe gy WIS 53 (S sS SHE dde (b s A5y ade sladie G BS5L 5 b 4 s Olis
50005 Sa 2o 5 Ol5seT tils &308 laatuils o U 543 o 4oy Oledns 4 o)l g0n & Sl S5y oy
s (e 6 S50 5 oLl e b b s (Schwarz & White, 2005) aiS™ slow! b s (6 5ludie ¢KaS 4 aOT
ol S ekl &k e 4 eyl gl s 811 0T (sl ale Sl Ol peas (s5ledite 51 ST
5 e (Bl o ol STy 5 S o sl p e S5 b 3 Ol saT il &S Hlie (gl 1y (feo b et
6 ey iy OSG oS 313 05l s iss s o)) i b s (6t e (6,8 0L 4 018 e g Slaesls
hdue (b 5 025 Sl b o LU & 2 (S 0 5l l 015 58T 21 (610 (63500 laio p Lo
Lehrer ) uS™ s ,8 glo code (6 K855 s 255 5 53 g5ledbe 0313515 gl a2 5153, 0ls SLs
.(& Schauble, 2015



VEYOlal 5 5ler OV gl 55l o) 5l cuadans Jlo i (25 50T 55 5183 S5 WY

23 ke (3Ll shieas Laslad 5 b yls sad cla 5L ) Bl o 03 Gesn ol 02 S S L e ke Olades
ssba s sas 5 la ali ey o 5 elad (55 Sladie Flmay a8 5 Ll S eslial ey oKl
Cf‘ff‘i‘ﬁﬁ .Uﬁfu.a A2 - Q\:;L& bl Oldal s 5 Lgd e oslatul wyd SLOLS (¢l s 55 Jgons
¢ oo )3 sl ST (glajls 50 5 Lo 5B ks C@A > b s s oS s Jue i 13l sl
Ls,:f.sli AL cb» Ooldal 4 Odewy (sl WOT I oslial &S by slacgiluans Jie jil.s sdde ¢!
0> LS Ul eslizul (65 gdous Hlaw o 55 Lo (al (65,0 (w5 Va2 3T ¢ SLas D)
Y3 51 S 5o g g0l s o e S 5 e 4 OT 4 G § gl Ol sy |5 Wadida Bias
Sl Olgea dde 3 5 S sad oslanal (g3luddel b (sla,lgs 5 e Ju\gjiig L (}Lpou,u‘{.u\{
(Gouvea & Passmore, 2017) & » o 0,4 S )b C&" oo Glasl gy wte b os altee > ol
CS e 1 oo i L 4L (ol ode (iludie B p Lo WS4 o i Oldal gl e 1 eslizal
(Baek & Schwarz, 2015; Krell & Kriiger, 2016) sil NS slacdlas 5 Ol 50T il

L (ede) srsede sladde &5 dishs 0L 5Ll Glafmn 4 Geoly 53 sy cpl 5 o iS'CST 5 Oladee
Slogedias g5 s LoT 5 ol Ll S..L‘..'Sda ¢S s 3 BB SR SR u.,ij':ij\) L;J:fsli Al Olgea
Slroyss 55 Giledite sla Kousls 35587 slgti coplply 608 o 03litul w3 d5 53 Sgdoes 5 g 5 Lo
Oladre copomen oy o 5 4 gloijle 5 (galate slgihy ((mlidlun) 5 (gond «5058) pole Oladrs oy
5ol S Loy bl by o a5 dmils DK Gl b 5 68 SIS (ragn o eSS 2
5 Sl olazrl (SladSs ! 31 oslizal iy UES ST 280 4 baos 8 53 dtee ssba | 55 (50T S Ml
SIS sk Siledde SOl S ez pile Olabae gl plel S 4 Wiy Ak
LS S8 Oledne 5501 1530 5 (g 5lud el b

b (bl 5 o 5058 n333) o gio £33 5593 pole puyd by (oSl hasn onl e Slgii
Do g sme 33 55 Saok ol sl L Gillas 5L ) oSl Sledal B g e (RIS Ly e
)}»54@1)&&-\')}194{ ‘_g)'LwJJ..a\Jéuijbuijy-\') Jde Jdl:qr}l; =3 Al iy 4 ¢ Jgl Hgma :sj:if
r.a)wjuucbajsr.au\il{ajl}wﬁiauﬂ .@\aﬁ@ﬁjleszixbjl{(}lsm)xabbo;\;@u@w:
okl s il (s Aol 45 ool g Li Bl 4285 | B (0180 3 o) phen o 5 ST pe ek 3
R 33 oS S L C‘J‘L‘; Oladee 4871 o sl azils |y Sllbzel 5 giludde 55 00T Coldal o 2 R
edel 0553 0Ll Sblowal G osei 1y ol 5 iledde lacs,lge I oslizul oy w &lse =Y
Siayy adl ol o e Oledas 4 iy oidu AT (5l Cadst as (slao 5 3l eslizal s sl Lles S
S o3 by )3 O ks 4 o el (S5 Olebne 5T (KOS o el o8 5yl 4
Wl Al il 63l 5 Ole) g Sale 4 53505 5L wlae

o eslsan 4T Ll ol 5 oo plrl daliin y ST T ho 5 Sl B Sl s Cuddne
Il st b Liloukeogh cazdls Jaike Ky o5 5obolen 1y la iy plas 08 wiasgaly LT 48 5505 35 1S



vy OL8es 5 5 Slex (oo ook s 53 ladibe (6 858 5 Joe Sl o g2e 93 0553 Oledne 25755 5518
Olaaiie $SaSTa b dig b s p 4l .ol 0 plawl 35 iyl L (glalzs dolih y $SSTa lni] 3 &ST
S Sag b s e 5l (S Lol (08 8 515 SISl 5 6 S5k 35 ok oy Lal 0T & ) s 53 &
5 P gl S alapbien) sbul kiten thn ety 0353 A 0 Slodomn eoalde L s
I aslidn ogﬁs,m\.a@cw@w@,:@b Jobe oali 51 Oladns &35 5 S’ oo (s 2 1) S5 S5
LTI VISV PO L;)jT@q- Oledae (g3ludael 5 (siludde (2315 85053 (6 5 Gaes SleNb 33 AL
Ll § g g0 G &S )3 (Sl Bl L 5 (55 b dLae Sl slizal (i ol O K

2 ladily 53 (IS ssba ol dla e 3 853 p sk Oledan lagenly 03 pbslo 4 by e K05 Zus gl
o) Oledma ¢l b 65 58 oo 3Ll Oledme 31 wylde O e 1 (6 5k 5 O15 50T L2505 Ola 5 (63900 b 5 p g Oloe
Jiijg,i;,,w..mi,_u\ﬂ_@\,@uwo&f&usj\6&;\)3)@,;u&ﬂﬂ;w;p4§mm)w;
50T o S s e Al b e y3 LK 5 5 ol dlilin y ot i 55 Oladas U3l § g 4 Lo gy 0
s 33 dS Sladae LT a8 Ulls b v das ¢ womant (ol 0355 a2 Oladre 5 20 (615 Ol e 5 5 5 a0kl
oodre 4 083D 50 SO (Slaoldl Slee ¢ o b lazdls o)l 5 odne (s 5 ool JKie cliles ST 0S8
L1s (5ol sloo)ss o 4 Laadl woasd alow g2a 093 555 51 Olakes Olusl 4l K5 Cussdomn 5t L Loy
S p o) Lo g

pole Oledas 5 Shee 53 ngo o S5 51 (50 b sls 1 Ol cul (o cal ool Glacy s soms 5 g sl
e 3 5d glulid eyl 3 (giledie gla Kawls 31 03 Soslinul b 5 05 Seslizal gl gilate bYs ol yena
Slp SEL G b whnd (> Wby Sl oS5 D85 et i Ul Shask o) slaedl
5t Slele by &b 231l Oleds 51 S6 glacsolas Oladrs o ils 2310867 zala
Elsn Sl dawsio £33 5555 ple Olalne o5 ol (63)) 50 (2 Ols Sl olaj,l 5 Sblel 5,8 IS
) ibodde (sl Samls 1 me 85 (51 LOT SIilotir 5 53 50 oIS )3 (5lede Sl eslizal (535 iy
jliﬁ}i.:-)‘ﬁ Ol s w}htjb;))bf"lﬁdw&‘ 3)\{)36&36\.&&)2.@‘oJ;WLgJ)-b-U
e 5 )15 3 s e 31 05 SSesltizal (gl LOT oly ju p» ailge do b LS o eslitul as y 5 5 Ldbe
Oldns LT a8 sl 03 S5 adein absd jsboas Jhn gt ol & ol T3 0LLE a5 ol ooml 4l )3 01 Kin g sy
L S eslazs! ladde C\}S\ 2le g Jela laggiluand gloa Laska 5 syl sai s S& 51 dias e =5 T.ej.p
sl ) 50T DUl 5 anys dalp y3 e by 2B 55 5SS 31 S0 dde g5 onl 3 35w S3linal S
s 5 Silede Gl Kawls Sl 55Gms <S5 Wil S 1y it oS 5L s S sty 08K
o oo i5aeT O SKaags 4 1y WOT plail 5 Al o ek 3,1 (S paieia |y ke L psle Oledas 3,55
S

S F ol



VP YOkl 5 5le OV gl Sl o) 55lad eaitans JL (il s s s, \VF
&b ol
..ujl,u;;:;,&.:ﬂ;\ﬁ@;mu;)wa,f@.au.u};idlolf.uﬁ}s

&b
s 520 093 8595 OlseT 05 5o ede (gilude 6&&1& S8y (VF ) dabls ¢ Slans 5 ¢ cimen ¢ 3 Slg>
https://jsli.shirazu.ac.ir/article_6941.html .\ 0-\Y0 ‘(\‘)rf%;j:ﬁlgju:,yl’@wtba

References

Baek, H., & Schwarz, C. V. (2015). The influence of curriculum, instruction, technology, and social
interactions on two fifth-grade students’ epistemologies in modeling throughout a model-based
curriculum unit. Journal of Science Education and Technology, 24(2), 216-233.
https://doi.org/10.1007/s10956-014-9532-6

Berland, L. K., Schwarz, C. V, Krist, C., Kenyon, L., Lo, A. S., & Reiser, B. J. (2016). Epistemologies
in practice: Making scientific practices meaningful for students. Journal of Research in Science
Teaching, 53(7), 1082-1112. https://doi.org/https://doi.org/10.1002/tea.21257

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in
Psychology, 3(2), 77-101. https://doi.org/10.1191/1478088706qp0630a

Campbell, T., & Oh, P. S. (2015). Engaging students in modeling as an epistemic practice of science:
an introduction to the special issue of the journal of science education and technology. Journal of
Science Education and Technology, 24(2), 125-131. https://doi.org/10.1007/s10956-014-9544-2

Cheng, M.-F., & Brown, D. (2015). The role of scientific modeling criteria in advancing students’
explanatory ideas of magnetism. Journal of Research in Science Teaching, 52.
https://doi.org/10.1002/tea.21234

Cheng, M.-F., Wu, T.-Y., & Lin, S.-F. (2021). Investigating the relationship between views of
scientific models and modeling practice. Research in Science Education, 51(1), 307-323.
https://doi.org/10.1007/s11165-019-09880-2

Chiu, M.-H., & Lin, J.-W. (2019). Modelling competence in science education. Disciplinary and
Interdisciplinary Science Education Research, 1(1), 1-11. https://doi.org/10.1186/s43031-019-
0012-y

Cortina, J. M. (1993). What is coefficient alpha? An examination of theory and applications. Journal
of applied psychology, 78(1), 98. https://psycnet.apa.org/record/1993-19965-001

Danusso, L., Testa, I., & Vicentini, M. (2010). Improving prospective teachers’ knowledge about scientific
models and modelling: Design and evaluation of a teacher education intervention. International Journal
of Science Education, 32, 871-905. https://doi.org/10.1080/09500690902833221

Gonzalez-Estrada, E., Villasefior, J. A., & Acosta-Pech, R. (2022). Shapiro-Wilk test for multivariate
skew-normality. Computational Statistics, 37(4), 1985-2001. https://doi.org/10.1007/s00180-021-
01188-y

Gilbert, K., & Justi, R. (2016). Modelling-based Teaching in Science Education (Vol. 9). Springer
Cham. https://doi.org/10.1007/978-3-319-29039-3

Gouvea, J., & Passmore, C. (2017). ‘Models of” versus ‘Models for.” Science & Education, 26(1), 49—
63. https://doi.org/10.1007/s11191-017-9884-4

Harrison, A. G., & Treagust, D. F. (2000). A typology of school science models. International Journal
of Science Education, 22(9), 1011-1026. https://doi.org/10.1080/095006900416884

Jahanifar, M., & Dehghani, F. (2022). Analysis of scientific modeling skills in secondary high school
students.  Journal  of  Education and Learning  Studies, 14(2),  105-125.
https://jsli.shirazu.ac.ir/article_6941.html [In persian].

Kind, P. E. R., & Osborne, J. (2017). Styles of scientific reasoning: a cultural rationale for science


https://jsli.shirazu.ac.ir/article_6941.html
https://doi.org/10.1007/s10956-014-9532-6
https://doi.org/https:/doi.org/10.1002/tea.21257
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1007/s10956-014-9544-2
https://doi.org/10.1007/s10956-014-9544-2
https://doi.org/10.1002/tea.21234
https://doi.org/10.1007/s11165-019-09880-2
https://doi.org/10.1186/s43031-019-0012-y
https://doi.org/10.1186/s43031-019-0012-y
https://psycnet.apa.org/record/1993-19965-001
https://doi.org/10.1080/09500690902833221
https://doi.org/10.1007/s00180-021-01188-y
https://doi.org/10.1007/s00180-021-01188-y
https://doi.org/10.1007/978-3-319-29039-3
https://doi.org/10.1007/s11191-017-9884-4
https://doi.org/10.1080/095006900416884
https://jsli.shirazu.ac.ir/article_6941.html

Vo Q‘)&«A}ﬁu’_’%}&m r}l.ow..i).JJJ:hdm&;)&}Ju\ﬁj‘@fﬁ(}}@)}}d@d{)}&)l{

education?. Science Education, 101(1), 8-31. https://doi.org/https://doi.org/10.1002/sce.21251

Kolassa, J. (2020). An introduction to nonparametric statistics (13th ed.). Chapman and Hall/CRC.
https://doi.org/10.1201/9780429202759

Krell, M., & Kriiger, D. (2016). Testing models: a key aspect to promote teaching activities related to
models and modelling in biology lessons?. Journal of Biological Education, 50(2), 160-173.
https://doi.org/10.1080/00219266.2015.1028570

Krell, M., Reinisch, B., & Kriiger, D. (2015). Analyzing students’ understanding of models and
modeling referring to the disciplines biology, chemistry, and physics. Research in Science
Education, 45(3), 367-393. https://doi.org/10.1007/s11165-014-9427-9

Lehrer, R., & Schauble, L. (2015). The development of scientific thinking. In Handbook of Child Psychology
and Developmental Science (pp. 1-44). https://doi.org/10.1002/9781118963418.childpsy216

Mierdel, J., & Bogner, F. X. (2019). Comparing the use of two different model approaches on
students’  understanding of dna  models.  Education  Sciences, 9(2), 115.
https://doi.org/10.3390/educsci9020115

Miller, A. R., & Kastens, K. A. (2018). Investigating the impacts of targeted professional development
around models and modelling on teachers’ instructional practice and student learning. Journal of
Research in Science Teaching, 55(5), 641-663. https://doi.org/10.1002/tea.21434

Nicolaou, C. T., & Constantinou, C. P. (2014). Assessment of the modelling competence: A
systematic review and synthesis of empirical research. Educational Research Review, 13, 52-73.
https://doi.org/10.1016/j.edurev.2014.10.001

Nielsen, S. S., & Nielsen, J. A. (2021). A Competence-Oriented approach to models and modelling in
lower secondary science education: practices and rationales among danish teachers. Research in
Science Education, 51(2), 565-593. https://doi.org/10.1007/s11165-019-09900-1

National Research Council (2007). Taking science to school: learning and teaching science in grades
K-8.  National  Academies  Press.  https://www.nsf.gov/attachments/117803/public/2c--
Taking_Science_to_School.pdf

National Research Council (2012). A framework for K—12 science education: practices, crosscutting concepts,
and core ideas. National Academies Press. https://nap.nationalacademies.org/catalog/13165/a-framework-
for-k-12-science-education-practices-crosscutting-concepts

NGSS Lead States. (2013). Next generation science standards: For states, by states. National
Academies  Press.  https://nap.nationalacademies.org/catalog/18290/next-generation-science-
standards-for-states-by-states

OECD. (2019). OECD future of education and skills 2030. OECD Learning Compass 2030, 1-146.
https://www.oecd.org/education/2030-project/teaching-and-learning/learning/learning-compass-
2030/OECD_Learning_Compass_2030_Concept_Note_Series.pdf

Schwarz, C. V., & White, B. Y. (2005). Metamodeling Knowledge: Developing Students’
Understanding of  Scientific Modeling. Cognition and Instruction, 23(2), 165.
https://doi.org/10.1207/s1532690xci2302_1

Schwarz, C. V., Reiser, B. J., Davis, E. A., Kenyon, L., Achér, A., Fortus, D., Shwartz, Y., Hug, B.,
& Krajcik, J. (2009). Developing a learning progression for scientific modelling: Making
scientific modelling accessible and meaningful for learners. Journal of Research in Science
Teaching, 46(6), 632—-654. https://doi.org/10.1002/tea.20311

Wade-Jaimes, K., Demir, K., & Qureshi, A. (2018). Modelling strategies enhanced by metacognitive
tools in high school physics to support student conceptual trajectories and understanding of
electricity. Science Education, 102(4), 711-743. https://doi.org/10.1002/sce.21444


https://doi.org/https:/doi.org/10.1002/sce.21251
https://doi.org/10.1201/9780429202759
https://doi.org/10.1080/00219266.2015.1028570
https://doi.org/10.1007/s11165-014-9427-9
https://doi.org/10.1002/9781118963418.childpsy216
https://doi.org/10.3390/educsci9020115
https://doi.org/10.1002/tea.21434
https://doi.org/10.1016/j.edurev.2014.10.001
https://doi.org/10.1007/s11165-019-09900-1
https://www.nsf.gov/attachments/117803/public/2c--Taking_Science_to_School.pdf
https://www.nsf.gov/attachments/117803/public/2c--Taking_Science_to_School.pdf
https://nap.nationalacademies.org/catalog/13165/a-framework-for-k-12-science-education-practices-crosscutting-concepts
https://nap.nationalacademies.org/catalog/13165/a-framework-for-k-12-science-education-practices-crosscutting-concepts
https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states
https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states
https://www.oecd.org/education/2030-project/teaching-and-learning/learning/learning-compass-2030/OECD_Learning_Compass_2030_Concept_Note_Series.pdf
https://www.oecd.org/education/2030-project/teaching-and-learning/learning/learning-compass-2030/OECD_Learning_Compass_2030_Concept_Note_Series.pdf
https://doi.org/10.1207/s1532690xci2302_1
https://doi.org/10.1002/tea.20311
https://doi.org/10.1002/sce.21444

YOkl 5 ole FV gl 5yl o) 55lad cpadms Jlu (il s s s, %4



