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Exploring Criteria of Evaluation of Climate Change Models by
Preservice Earth Science Teachers
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Abstract: This study explores the criteria of climate change model evaluation by preservice Earth science teachers. The
participants in this study were 25 preservice Earth science teachers who attended lectures on modeling-based science
learning for 3 weeks in an Earth science education major course. The evaluation criteria of climate change models were
categorized inductively using reports written by preservice Earth science teachers and post-interviews. The results showed
that preservice Earth science teachers used various epistemic and communicative criteria to evaluate climate change
models. Implications for modeling-based climate-change learning were suggested based on these results.
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Fig. 1. Examples of high school student's climate change models evaluated by preservice earth science teachers
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Table 2. Climate change model evaluation criteria used by preservice earth science teachers

Criterion Description or example Frequency
Epistemic criteria
Logical Reasoning
Reasoning A moc.lel explains Causal relationships, mechanisms, etc. in detail and specific 23
reasoning.
Error A model does not include logical and conceptual errors. 8
Comprehensiveness A model comprehensively explains all the observations.
External Coherence
Theory A model is coherent with well-established scientific theories or models. 7
Target model A model fits the curriculum or the teacher's target model. 5
Real world A model consistent with the real world. 3
Evidential criteria
Supported by evidence A model is supported by evidence (data). 5
Proper use of evidence A model is Based on the correct interpretation of the material. 4
Variety of evidence A model uses a variety of data (related to factors of climate change) to explain. 16

Interactions between earth system and interrelationships between factors of climate change 13

. Radiant equilibrium process 3
Explanation scope
Carbon cycle process 3
Impact of climate change on ecosystems. 3
Communicative criteria
Appropriateness of the representation  Effective and appropriate representations (words, illustrations, arrows, etc.) should be used. 12
Clarity A model should be visually clear and easy for others to understand. 12
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g s, WIE s, 8t 71Xl —017}XI e
EF0[2kn M= MZkg Stue. SHRIBH F20| WAP
alig Ol HEH0lEk= Al 2IXIGi S
010F OfEA M ER I ‘RAE MZH0IL PJEJ A

FIEoR mots diM &
MO U= LHE OH—IHEL et XAl o
A E & nEs siFs Yeez Hop Al Eote

A

2 (comprehensiveness)
FAL 7|5} A ol &

QRS E

S0 B
15 Fel] AFuslee sl
dm BEREAS Wk Azl & 715
o Az e 99 ArsT 259 @
741% w wgehe FAR 49 AN olfolol
Roltk. 799] WA} o] 71%E A 3

Fo s FA9 545 2
o nelt 5 24 Pish e
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298 itk £ EoklA &3 -5 (Schwarz
and White, 2005), %17]13]Z(Oh and Lee, 2014), A}
A3} 2} (Cheng and Brown, 2010), T3 $4
(Nelson and Davis, 2012), A& Fofox 2 &2 A
Hl(Hogan and Maglienti, 2001)2} F-HESc) 7]
FAEL A 9] 7124 delot b=, o
2hA 715Hste] s A o FES FeE o)
3, AYE olEfate] Fehks o] B Fasith
Nelson and Davis(2012)= 25SHAE2 Stz 32
2dg wApt HWrkehs 7S 2ARIE Al
gt WAL F 91%7F Bde] 1421 £ (neatness,
artistic quality, arrows, labels...etc)s} ¥¥ ¥ aesthetics
& features WF9 7|1&S ARESE Aoz vEhith
Nelson and Davis(2012)14 ARE-SF Sub S &
dil= gy 7|$Hsie @42 oS %%‘—‘?45& &
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E2 el A 7R E 2Ed 548 3
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2T F LERHFUE A 2. (M=

Ole] WAL D: 22t @49+t W2 SEE 20| ofd & Jglof
20|12

N

3

oTw

Hlo

i

o b AR ARG 2 Bo] AL &
W A7 A4S HEAE BYNA thoi]
ks ARe) g SwolA] F2 ol
A QAN olshe taHoR 7 FHs FAE
el ohlgt the AT desE g8 g
oleie A AFIIAT

Ol AR A: X|TIOf 2HE LIES HiRS o 4 2 & 7]

PHeY 2E KITH) EMEOI o dsA&Eske A
fHEole. e o 1 o S XZIo| ojHciy
H2 T ol Eg HolM 2 ojEH msez MY
IC}. O3] AoZ7pK| HiPX|. Ut 71 3 O 2t

| e BRI YRR,

rm o|n o

bl



218 sizs - - AEY - LHE

9] AL O 7] Ale) s Al At
% U8S 27w WA, 2Ue P 5
e NS TP A,

Ofd] WAt O: M| 7|Yez= Xt tizle i MeSS
g M2 e 4 Zote. 22t glo] oA ol
3| 2Eis MeH 0l HE2 Zelehl ERole.
2HA O AES MM S0

2E2[E PRS0, Eedsl IiH0| RS = %lxl
Z

o] WA B 1Fdslel AEE god At
theksl g)ade] TEsAS AT Qe RS A
FoF Eloke] ZAo|L} zpHolY YAlS MAHsiE 1
g A= "é‘@/ﬂ O]Eﬁ} nule o] n)L=d
= Ao whe 71&Hs=

i)
Y
<
I
o
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ot
Jﬁ
rr

O] AL I X7 EHO" Y AR o) XzRe FoiftsS
M SH0| HIAHES el Skl 2iE A Zoke. of
£ 50! X7¢| 12X P b &0l HIF== 2 Ct 01 ol</of
= A2 g2 ’éééﬂﬂ Of24=20l SHKIEH O[N| CHY|
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o
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2% Mgl (external coherence)

9];‘4 A mdo] A At o] 2 4

g e o) gadt YAHEAIE sk 7IE
O]E}. WARY SHEe] 2 447} 715l tEk A3
Aol oA ARl 7Ee mdo] 7|Ee &
dHE ek ol2l Pr%‘OF—X]E ongtt. Oh
and Lee(2014)& =4 Hrlo} #dt HYPATLES
IFF S EUR o AR Ve R
go] ov] & Uil b A%t o] EeHA
e ArdThy g Aoaiglth. & ArelM=
739 o] WA} 71E Ao o|Ed ResleAE

o1 Aol 7IEeE ARSI

O] WAL E: DA AR 9 @i2let gk
OH=X|
LS—

[SH=XI, S=51A1

sk B Al 59l oH] wApt wAbe] B
# EY(target model)elV XEHHS oF A
P 71Fo2 AT YA ofu] wAREo] SAEC)
St RS ie w sk o A 7
Tolle 7180 2 AYE #3} o|8Rue W&y
o] a8 A&3Ie st ol #H3t w sy
Aol X HetwAt Bdg {7t sk 9o 3}
22 ALk gt st RS j"]7}?3‘]*‘: 73
o] Bz Aslo] thE7] wjEo g & 4 it}
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OfH| mAF F: Zfefxt SSH Q| &7t o, mSTAIM
HAlGHE 2% 24 (target modeldll X 7k= &2lo|ct
Old] DAF C: B7t J|E2 oot A Wi 1Y ZgXo= 2

= FE2 OfFH= Al WM JIE0IE. EI5| o] &
ST uWHAMOIM FHOIFD b= O W8S =0l SHI2

A elAlg 5k RU=K| ORIR| XAEQl =20 CisiA]
At WIS sk= 7[F0| U @i=h
m2ds Hrisle Sl weh 3t mde vk

© 94 AR 7IFe] tE F Atk AHE B
F= A3 A47F Utk Hogan and Maglienti
(2001)= 8shd 3HAY, Awkgl, Fskt, Aefakso] 4

ES EEF3E FE PoA ARk dEH 7]
5 v, A gt viE] Ay
AHRIES A4l FEo|u} Az, 71A]o] H|Fo] 1
d531] qJH7t & Fadh 7]—r—~i T
Zoltt, £ Aves wpet g "Eofx AxEHe
A A3l 71Fe] =yt HollA AEL A
He BTk
2 9)of 31e] o] wAks et mdo] AAAe}
Z SoJUEAE Hrt 7120 = 4T}
OH] WAL F: Z2EES AMAOIM ZHE, AE Soff Ao
A2E Sl tSst0 =2iFez FME Hoz AMA <=t
& 9= o Sh=X| ERIGHE Ais Sofl Wolek=Ct.
Z7{(evidence)
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Wb 7S YRR BFEE ¢ 0l A, B
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e, A9 2E 78hd s RdS v o
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SIStk olo tial Pluta et al(2011¥> Grosslight et
al.(1991)¢] Aol 50| £ Edof| tigt 7]
T2 AE T de Ags AHEE AASA X3
ol SHiso] RHlEH ¢IXEA 7]1El et o
s7F IFAQ el HEY ANES Aol AA
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FA AA 2dS AT 2 A A7 Fho
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= 224 2% SHEe] ARE ZleE YEhith
‘quantity of support= & A7 FAC TR’
713 frARE 715EelH, 16789 o] wAbt ARe-g
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519 HdE el A A7 FoAAte] Apele
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Zangori et al.(2017)2 7]%Hste] ofeAld EA
2 olalstar, HeHAel FEE P41 ol B
% R 71 EsE tEclel & Baye 4
silen, 53] gaeest 715Hs}t Alo]d] v
ol thek olel7t Tosite S AxsiT £
Adre gacdd 23S FEd U 3
715 Al&Ee] deld geket 71edst a3k
A, Q7 AEsHE)s M fske RdS M
o] 7sIAAL, a2zl ek dn] wAKES] BTt 7]
=& AR Zo)7)d, Baedd) ddE 71l d
Aoz g =g 102 B,

YA, 715937t Al vAle g2 715
sp7F AeiAle] ofd GFS A=A HE A
EdeideAh ddE Ve R, 389 o] WA

g 71Ee At
o5 WAt K: Se] & LagkoZ QIS Hst Mz Gl
MENADE 2lafetn Qdck=s A ME)
o] 7)F0l HelrE U mAIS olzde] Holg)
oh @ o] s 54 md) v 2

F olfz AE shalsh 2o B gt W =
Falgckel] 2AF N)EAL Al ©olF %4

EH—,— o] 7153} wg Z2aREL AA o v
= 9% x4 dF2 Q7= SHRITHPark et al.,
2020), G WAFES a9k thE A7 7L 9

l

2 SE it AL HIENT. ol9) dsE
34 A7E Ea FpHow 24 Bavh ol

2. QAfAT 7 l-’-‘-(communicofive criteria)
GrtaE 7S Bdlo] drit oAt olst
A FRHJEAE B7lehe 7ot & 299 A}

€ EA3 AAHCh Plua et al(2011)e HEA
(clarity), Z%}/3 (organization), %53 (focus) R H%
(audience) 52 71FL FE AT A-FH A
o] RE ZFo] 3 Rue] P HL AT
a3t 2 Aelxs oJAkeE HE 7ol F3e
274 ] (appropriateness of the representation), 8 E"]
(clarity)®] + 7K 71Ee® HFsE & SdleH,
¥zt 2o Al 7hE oB] wAREo] 7zt
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o7 et

0>
10
Il
il

A% (appropriateness of the representation)
;g e nde &3l giFel oriihEd}

g b R
i ox :
~ 1o
r—lN Y
E
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