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Abstract

Abstract

With the development of the times and the progress of technology, modern society
no longer solely emphasizes the mastery of professional theoretical knowledge for the
quality of talents, but requires the cultivation of practical abilities based on the mastery
of theoretical knowledge, so that future talents can apply theoretical knowledge to prac-
tice and solve practical problems. In recent years, education in various countries around
the world has attached great importance to the positive role of modeling teaching in cul-
tivating students’ practical abilities and core competencies. Based on models and model-
ing, teaching has been widely applied in the field of science education. The 2017 Edi-
tion of General High School Chemistry Curriculum Standards” issued by China in 2017
clearly stated that teaching needs to cultivate students' core competencies in the chemis-
try discipline of "evidence reasoning and model cognition™. However, in actual chemis-
try teaching, further research is needed on the practical aspects of modeling teaching.
This paper uses SOLO (Structure of the Observed Learning Outcome) classification
theory as a tool for evaluating modeling teaching, which can visualize students' thinking
level when constructing models. This undoubtedly has important significance for im-
proving the quality of modeling teaching. Therefore, combining SOLO classification
and evaluation theory in chemical modeling teaching to make students' modeling think-
ing level intuitive and hierarchical has certain reference value for effectively cultivating
students' core literacy in the field of chemistry.

This paper adopts literature research method, interview method, questionnaire sur-
vey method, and practical research method. Firstly, a literature review was conducted to
investigate and analyze the current research status of modeling teaching and SOLO
classification evaluation theory both domestically and internationally, and to organize
and analyze relevant concepts and theoretical basis. Secondly, the interview method is
used to understand the current status of chemical modeling teaching, teachers' under-
standing of chemical modeling teaching, the value and significance of chemical model-
ing teaching, and commonly used teaching evaluation methods. By conducting a ques-
tionnaire survey on students, we aim to understand their interest in chemistry learning,
the methods of chemistry learning, their understanding of models, and their expectations
for modeling teaching. Subsequently, based on the analysis of survey results and current
mainstream research perspectives, a chemical modeling teaching model based on SOLO
classification evaluation theory was designed. The "Electrochemical™ module of chemi-
cal modeling teaching was designed, and experimental subjects were selected according
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Abstract

to the teaching design for teaching practice. Through SPSS software analysis of pre and
post test chemistry scores and post class SOLO classification thinking level test ques-
tions, practical research results are obtained. Finally, summarize the research results and
conclusions, and propose prospects for future chemical modeling teaching.

The research results show that the practical research on chemical modeling teach-
ing based on SOLO classification theory can help students and teachers clarify the level
of students' thinking level during the model construction process, and more intuitively
display the stages and levels of students' thinking development during model construc-
tion. Chemical modeling teaching can promote students' understanding and structuring
of knowledge, as well as the cultivation of students' cognitive literacy in modeling. It
has a certain promoting effect on students' interest in chemistry learning and chemistry

grades.
Keywords: Model; Modeling Teaching; SOLO classification theory; Electrochemistry
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LB, MSRERIA IO, SRASHE LA 1R



O 2 B MRS A AR AL A

F 28 HEBSAEMELEM
2.1 SOLO 47318
2.1.1 B2tk

SOLO 43RBT 42 L O E 22 K B AR AR R B Be 2R . A
FR R BCERAS A S WA LB O F 2 NVR AT 7R G 3 i, A AR
[FIERE T B LB Sy /K 5 HAER R IEM IS, RXMACEAMUGE SR E, M
Hae o Ae B 77 071 1261, LU 30 iy B BAAE B2 28 RN 0 & R i B 2R v JE i
b, &5t BARIEEE LU E4S SOLO ) KPS W B A v /ENE . Ml
BT LE O R e BARME . R E MR, ToiEXN S A B A J K P 3847
HEEY, SRR BN R B EBFRS R — DR A MR . 152, A
A AT UK I 257 A A [R] 25 ELAAR v 8 s i LA 1 JE E 25 4 BT AR )2 IR, DA W 2
AR B R R KT o IR P 2 AR A 1) R B 4 S5 4 = TR 7 VAR N SOLO
SRR, SOLO &JE “Structure of the Observed Learning Outcome” &
FRIPAEE, BN MBS ) g R g7 28, 2241 [ 2 HAR ) ) By
RIW BRI REANER, BVETZ5 /9 7K°F (Prestructural ). F8 1 25 14
7K~ (Unistructural ) « % 51 25 #4 7K *F ( Multistructural ) . 9¢ B¢ 25 ¥ /K ~F
(Relational). % E/KF (Extended Abstract) [29, EAKNZEMMFE 2.1 iz

% 2-1 SOLO B 4E/kF
Table 2-1 SOLO thinking level
B 7KF FLARR X

AR ST SR IR AR A T MRS, 5 AN I w0 A A e i)
™ B, T AR T T, W e R EE T — A
AT IR R R R R TR, AR R B R R
B 25 R K B — /MR 5 ), R E SR N, WEEE, HREN

WA — k.
METRTANEIR, XA E R A A A 1) 8 24 A 58 i
% R Z, AMATTA ] PLIRIE )/, 3R mT DA Ta] 25 A AL 1) A, E2 T
15 NEEAR P A B i e [ L
AR RERE A MR ) A, (HR— BES R, A ATTHE L

SRR 4 ok S
RIRESHURNE 5 3 e 5 o 4 L
g MR, I LB SR S R

T DRBI 45 o A At 10 A, AEAEIE BE S H 53 A T

SOLO 43 Ko f& 25 Ak 7 [/ FL A I RLARF 7 2 0 0 1 e 650052 4 1 JEL A 2
WEEH TR TR AANE R 25 BB 0 B AT, (L IR 2 Tl B
de 2 IR R HOIK B, AR U — A B SRR IR 2 S B T — R R
B, T A — AN X R,
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212 MRB R

PG R PRAN 32 2 AR 1) 27 S0 SRS S AR AT B PR, O o AR B R 4
IKPMEREREIIRZIIE, M SOLO 7p S VA B 1 A m] LI L 2 2 [3] 25 il
BRI W7 A 1) R KT R R e BE T AR W] DLE I S A Bl
ff A B R 4EASE R R 2 BE 71, K SOLO 73 JEiFHir #EAE B
ENCL A S ey b2 o LR | T e SR U WY b X U A il ) -V RN T ) 5
s e BAVEMEAR S &, Ao AR 3 A2 15 m) LUK e S AR AR N7 A A
BEST, BARE BB E VA &5 R BB rh, et A R R 23 5
JR R JE o

22 RBIR H A
2.2.1 18RI pIE R

R (Model), RIETH:T 3 “modulus”, oA “REE”. “FEA”, HEAIH]
TEAE Ry — gl R 2 10 22 2 T B, B i 2R et TR a2 2 DU = Fh
MR

B, BRI AR RO AR R B R B R A R = R g, A
e — M DU SRR R IR B S. E0E RGN R I IRAEAR, FF H A R Y
B MRV, BB ] 58 1) R AEE2,

B, RRELRX AR, Sy E A R — R BRI R L. AR R ST PR
ERAREAEN P EARKI, SR N T IS, R IR SEPR A
M2 MEY o X — W RSP E B v DU T H iR stk 2, RIEH K
AL rF A P SR AR 3R FE A0 RN 52 2 Fr BBk R 131,

F=, EREIATHRIEREE G, SRR E Ch: BAE R E
AR AIEFE H PR T AL) F2 P — Pl BT 578 0 G 067 2 1R R A5 12 PR R AIE o BF 9 5 AE R ST A
R RES, N TS RMERE R, MR EDIE S, A E A
JREFAERE DL R, KT — Se i R AT HEAT 05

i EIRW AT, AT R 8 SO AL R A —
FURAE, XARRAEXS R J ARG . 250 R QAT T . MEFG . I T &
PR, DRI RETE 4 0 R MR B B B A2 e . AR AR, ARTE EOA R .

222 IRBEW 53K
FERI 2 U, AR 32 20 SLp R AN SR AR R A 341, e s A R

4 71
AR SE AR R R BT | o T 25T 2, XS IE AL K S i R
1
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WA AR, ORI SE 52 2 %0, B N R gk K5
BT AORRIEY . IR SRR

MR PR 8, AR, Yy, fFofil, Boepsiiy,
PR AR RS0, AR 2 SR FR KSR PR UE A HE 3 AL S RSB0 SR B AT 7]
AARAL, T =, JJTH0E. at. A iEss, i £ 252 D
SNBSS R, . . TR ai; fF SR
AR PVRRE AT S, i saa. AR RIS RS2, IR KidFE:
AT N FE R RAEA A P RO R AR IR, A R P R BRI BBl
P 2-2 Ps:

R 2-2 (A A
Table 2-2 Classification of chemical models

f AL R AR 43 2 %445
R AR AR TR BTz, FTHE
W) AR AR /L\
i
EREy it a2 S v W W
G Rt JEE R
2.2.3 BIRHZF

ERAHF T, ERAAHRZREYHE AR KD - R4 (David
Hestenes) 1 XFEH, FFHufth B T o BRAL S — R ] - DA QRS
FHETIIE T RIFAZER, HREH TRZZEHENERL. AR E
AT DU B 2 A e e A AR SR IR R R AT R dE s AT B2 g 2 A I YA 7R i e SEZ o
M RE /IR, A RS, HRTAE AR SRR LA A LR =
AR (1) P RpE AL (20 22 3 [FIRR A sl dp iy i i s (3) 3ty
BB IE RS AN . PAE BT (Kokkonen) SAARZR IR 5 14 A1l id 1 1) 4 H
M S A ST FT R KA I 22 AR A A 22 S 0 AR A, LR R4
BUA AR A AT AR 2 5] T R rP Ot 2 2 AR 2 ST R R S i = 381,

i ERnd, EHE WIS AR BCE PR By TR VRE € AL 5 R
Fomia e 5 AV R R SRR b, BT R Ay B A BURFE, K
FH ORI A R AE IR R EAT R, DA T8 52 2% (R A 22 il AL ] B4 T LA,
AR HA PR bt — AP E R — A R . BONFEBEAT R, B
BRI B E L, 5] R AR A I A, W B

AR TR AR R SRR B S R AR R B 5 i e 6 ST A AR O HL SR A )T
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O 2 B MRS A AR AL A

P R U 1 55 B S bR ) 7L

o A A BB AR T A A e B R A

(1 LR

TR TR ) 5 A AR A 27 22 R 0o R BA B RNIR 2 TR ) 0% R AT IR, FEX AN IS
FEH, A MR AR U AR Z B SR, AREETHEZL @1, Rk
TR G ERERNRZ AIOC R, W 7 AR5 ) K

(2) B EsH

B0 2 MM R AL . A5 R, B2 0 200 B4 o %) 2EL 1
AL R IR — P R IR . R 5 R 2 (8] A — e — 1 R il
ERTE IR 2 AR R B S A, R85 S e T B S W 5

(3)  ATHEEM

o AL S AR 1) B B R LR A T B AR 2 R O R,
AR AN R ENR 2 F) 50 R A AR Y, 3 T DA w27 AR 0 AR T by i 2 A 27 S
REJTIIRJE, WOR AN TR A2 KR D68, 5% 97 22 A ik 22 S R
DERIR.

2.3 EME N FS]ER
2.3.1 g kA

M EMER, @GRS —MEZENY Y. EHFE N,
AT TR AR 32 Bl I A A R B TR 2 AR 5, T R R
PR, ) I R SR EBORIE T AL AR S ) HiS . JERKIENHE D
R RT3 SOW A, A 3 S5 2 B0 R B X AR G A B
PR, FM. FARTESI A IR B 3 ) I E RO, AU
Ny RN B SR B, AR DA “ e 0, TN A E AR 5,
SR N LA RGN G N o S AETE BN, BRI A 2 T B B 2 ) 2
AL RN, TR R R RSN, IS ST R . 4k
MINA, O 22 AR O FHRE L, i R 2l B RIR R

LERE, BWIE XIS WRNFEER ST NS, BTRFET ¥4
Y38 B RN 06 TR B R B MR R S0 B T X L. BR AR, X AT A P AL B
AT RS Hem A R, Rtk @R 32 2% ST 3R A i P A 2 @A W
s H AR —EU, RIS AELE N PR R T AP SR A A, DAk 2B R AN
ERFRME
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232MRBR

AR 4 SO A vy P AL S AR A B SR, v R AL S O A 4L A A
FUAEES, NAZE LAy TG, B GRRE B LA A O AR AR
Z b B P A, MR E e TR, RGBSR R
MR A2, EHEPAE RIS 22E 08 0 RIR 256 2 T8 [ R,
A FIIR Z 18] (R SCHRIT S HEZR AT A e A T o [RII, 0T il e v B i
HEEEIEEIN GG, WOREAE A AR R R AN F 5N B BRI, S
AR T FIR LS R A FIRE /1. 34k, BOMERB A E ST, BN
B A VOR B C 2R R R R T a2 — e e, TR EEC A E
AR B AE AR, TP R s AR I R R e 1A RS A A IS B
AR B LRI BOTH 5 FARGFRARDL 12 32 CER 2 I #EE i,

2.4 F I HMIBL
2.4.1 TRILHEIA

2 )M B R AR AR O E IR SR e 8 T DA R S B IE B AE — B
[N R R e, SRR FIR . FREARTRE 7 (1 B A e i 7 144, 2 =) i
PYERIRIA, AR R FAZ O B R AR AR AR — 2B IE I, T 2 7
TE B I B R K58 6008 1 280 SRS R 0 5 AR 0 T AR B A R R o AR XA
IR, A CAH AR AR N IX AR A, A R A KT
e AR IR, 222 AT KT IS A ) s K B s A, 2
I ZNMEZANEH, REGH AR T EKCPES, 5505 5 5] 3 p B i
PR R IR AN 2-4 Fis

5

.y

P -

P30T
KP2 K
xe1 T

& AT

=5

B 2-1 2 > HERT AR
Fig. 2-1 Learning advanced models

242 ARBR

IR AR AR P A AR P R S R BRI . (SRR
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O 2 B MRS A AR AL A

AN B Al g R AR B S BT 2 A B B A AR Y, MR T A R S B
AR RR Z [ HEATICR I8 HEAT B2k 1) B LS s AT iE sl 8RR 46
Wi Rk, FARE R E R e Y, EERE
28 PN R 7 - 3 R 0 6 - P J AR R - DA A R - AR R - R DR A IR AR, 3K
—RINE R EATR B FURLE S S AT R, 2555 S R
B A28 B KT RS ROB 25 I I B A R KT IR 22 5

2.5 ZERIEEL

2.5.1 IBip kA

SERMEFRREAZER . WO 55 = AE e T2 18] ) SR E X
25 B S AR R R AT SE B I R AEFIA R0, = HRAE IR I BV
i 3 MHERAEMA B ZVGRME L2 R, 3 FHZMIFAFEY AR, 1M
e LA LA S A B4, 2 —Rher e g 28 477 AW, il 2-5 i
o

FEm P e, = HE RIS LR EAR T AEMNEM . WO 5
=FA R T RIRIGR, T $R m H R SE B 4R 5 5 TR AR B 4L
FEERMZ O FR IR, At = ERAL N th R A S AR T N R AR B A Al A A Y
HIRAEDIRE, PR EREARERE D).

P 2-2 = B RAE B ZETT 5
Fig. 2-2 Multiple representation thinking mode
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£ I3F STFUFERAFIRVBPES DR

3.1AERR

N T AT EIET SOLO 7 KPP BAR 1 =y AL A AR U, 24
T 1 AT AR A B R B . BRI, AW T E BT 72T SOLO 7
VPN BAL 1 A R BB BUIR (T, JRIE I i B AR A5, R
MRYEE LR T ELOMA AN T @ AR, Fvk s “2T SOLO 71
REWRK TR WHEERIEKYE, 85 “3T SOLO 72k
R P S R (A SRR .

32 ABENMNEE AR

AW IR B2 3 AR 92 3 AR 0 i TR AR 2 MR i — SR g 2 AR AR AR YRR
BTG, AESTARAMERE, WitWEN L. 248 NS EUN N &,
3.3 FAFENERIT SN
3.3.1 [a)&E4%F|

N R I B R A e o i I By NE= 237 S 1T s S I Ty =8 23512 A R T
T R I Y K 2 B S A DA - DA K b S K 2 2R 32 16 B2 - ) 240 18 SR A
4, CAEMBENBELFRFE A, e8RS SR T E A, Z
LEEMN 6 NEEXT B P bR ECF IR B R S, BAREE IR 3-1 s

R 3-1 2 S R 4l H =

Table 3-1 Bidirectional breakdown table of student questionnaires

— R YEFE TR iRt

SO A A S SRR R R R A A 5 5 1-4

X AR TN KRR Tl INENFE 5-7
TR AT R D ey SRE v B E 0D T Sy WA BN 8-11
AR F N FH A 0 2R A P ALY (R AT RO R 2 12-15

o} SRR L 1 2 B AT B B SR RS RS 16-18

332 REEESE

XHBEUHIR IR S BEAT (5 R i, AR LR 3-2,
% 3-2 MBEEES T

Table 3-2 Questionnaire reliability analysis

FEAZRYN  Cronbach’s alpha T H Sk Baetlett BRFZAS 56
2 3 pg KMOTIERC p bofsig.
140 901 19 .889 1178.761 171 .000
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AR A 19 BUFIE R, K RE SRR F N SPSS 23 3, #HAT
SR M, MEHTTLLAEH, Cronbach’s alpha RECN 0.901, i BHA 7] 45 1Y
fERE L. KMO fE24 0.889, HIZEME{E N 0.000<<0.001, wiH in) &R0 fE L
B LRERE, RIS ARSI G5 S RIT.

3.33[)HRPELERS IR

(D EAERS N &

IR J5E ) e B X A AN A RS S BTSRRI AL 2222 3107
AR T AT T, D9 ORI SRR Fe S 3 B Iy i 1) 8,
H. HARRELIR AR 3-4 s,

*® 3-3 MRS
Table 3-3 Attitude towards learning chemistry

i . wWE JERE . JEH A
T E=x NE=S
s ] e - B3 S RYAN N1 b=y -
. - AL 35 65 37 2 2

R 222 2EL e, Pz, R

=2 LSRRI R HE 25%  45.7%  26.4%  14%  1.4%

> 21NN H S > "

DOl w2 ow a2

. et EH 86%  48.6% 19.3% 157%  7.9%

2 Fy AR RFELTCHE

B 3SR LRIl S 20 55 48 12 5

x Wiz e 143%  39.3% 343%  8.6%  3.6%

B 4IARNEIM— BRI S 13 22 47 43 15
5 PR IR AT R 7 HE 93% 157% 33.6% 30.7% 10.7%

N R EAE AT A S AR T IS T, AR 1R, JEE R
FE. 0. AFRE. EEFAFEER G008 25%. 45.7%. 26.4%. 1.4%.
1.4%., HHUCTAT I, RE 2 AR TG 2 5 ST R U I S BE, XA 2 BR LU A
LR, B 2 e, EERE. FE. PO, ARE. EEAEEN S
EL 735 8.6%. 48.6%. 19.3%. 15.7%. 7.9%, K#l/r2#Az I A2Es0iR L
PezeToRifd, RIS I M LR R . A 3 H R T2 ST
XFAE, AN T FEGdEEMAZ &S, EERE. FE. o,
AEE. IFEAFEER G258 14.3%. 39.3%. 34.6%. 8.6%. 3.6%, M I
R EE R AR A A S AT A SR T IR SN2 B 77 AT % 2, Tk
RN ARG S5k, TERIZ R 4“2 TR R T 1 77 7,
FARZEFRE. A, for. ARE. EEAFERZER S5 58 9.3%.
15.7%. 33.6%. 30.7%. 10.7%, VLI AEIEANNZIN—E K HHIE R H 1
J73, AR B AR IR BT e = 2 R R T .

(2) PR R AR )

ASHE L )T LA 17 8 R B0 A AR A S AR R AN 2 AR ) 1 R L AT
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AT, WP ER A RIS AT, T AR S R R 2 AR KT
PR AR AL RE LR 3-5.
R 3-4 FE N BRI A AR

Table 3-4 Student's level of understanding of models and modeling

0 R s =N
ﬁ oL e FEE m ww rEE ﬁ;j
I > ST oy
5.8 VN AT B ML A 15 69 39 13 4
. 7, HE 107%  493%  27.9% 4% 2.9%
N R SINSL A=y R Py i .
{?C, AN ERHCR s S S A ij?é 1723% 507%% 2%24 4 g% 2 f%
s th, ATLAHIRZFh. ' ' ' '
TIEA T R S 2R H A "
fts TZIH?:%;?;{tL%ééﬁifgz;i; Wit 22 50 36 28 4
& = o i S 157%  357% 25.7% @ 20% 2.9%
Y e e T T 6 2 e 22
AR RS AR DRI 5 5% 16%  20.7% 47.1% 15.7%

FERIZ R 5, A 7T LA A AR A A A O B Y R P
A, BB SRR TR R s [ TR R 6, MBIk A
AR T AR P DL R 5 SRR 2 TR (R R A € (0 1 il R R 7,
AU AR PR AR A TR R EEANER, FUSH L S AR R S A Ty
A EA BRI . X TR 8 MR LAY, 8 H BT E B
T, —EAb U T R 2 AR RS AT A R S S B . 4R
ERrik, seAAE H AT SRR AL AR i A A B R
(3) MEAEARHCEAIIT DL

R 3-5 WA AU AT IR L
Table 3-5 Implementation of Chemical Modeling Teaching

i3 - WE JERE o - e A
i = NS
o i o = [F] 7 SRV N1 b=y A
9.fEfL iR, kA .
N BEL 7 16 29 66 22
YA G 4T »2 Uil
%WZ"IE%;?;%%%%@ g ke 5% 11.4% 20.7% 47.1% 15.7%
k.
1008 b Mt H
¥ R R s EA BgE B 16 20 31 69 4
3 SRS SESRE 5 114% 143%  22.1%  49.3%  2.9%
1k, AT UH
2 WIS EH 4 13 47 50 26
1 IR FRIEIL LA, G 29% 93%  336% 35.7% 18.6%
& 1WA RS B .
B S, LS. s Dor 18 16 4l 88 7

_ R - kb 12.9% 11.4% 29.3% 41.4% 5%
. EAMAMyARE, g g g o 5%

13 B I A 2 T AR TR AL

o 4 e kA 8 18 51 40 23

- f 1] /, e R

t XT%M/EE/\JE%ﬁﬁz%E HE 57%  12.9% 36.4% 28.6%  16.4%
vrlre
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MEREIE A, HARRAENFRE T ISR 24T HLS I R
BEED), R AR Z NI AL E AN SR P I R A B
SRS, UL AT WAL S AR A TR Sh AR B Bk S R s T PR S 22, (R R 10
H, VA 114A% A G ER R EMS SRS PPyt B4 S E
SRR 3 G AR AT PR, T WO B — 2R R R AR . R
SN 11 ZIREEEH A R EHNS AT FRIEL R, JF
wWHEE. AR, P, ARE. EFEEARSR S8 2.9%. 9.3%. 33.6%.
35.7%. 18.6%, HIUtA]WL7E H BT iR e, R IMA L 2R
HFHEARAL, ERE 12 d, X “EBrEMaEssBgESEl. HEds.
ISR RAABEN T @R, FAENEAFER SR 41.4%, BHAR
e [R5 AR R RS o 2 AR DR FR BUp 7 AT i 2y . 13 A2
Jixf A IR AR R S AT VRN, AR R RE. . Pin. ANFE
By EEARZEM SRS PN 5.7%. 12.9%. 36.4%. 28.6%. 16.4%, IHHE
BRI A B 20% 5 A R AR R 2 A9 B2 M PRAR
(4) 2 - AR R A Ol

%% 3-6 “is AL A A 1 15
Table 3-6 The situation of students using chemical models

i3 . wWE O dEwE o - PEHEA
i o = S NGRS e
i i 78t i = [ Ha ANIH] i
14815 25 ST 22 50 2
1z YU (LB AR
s DL FFEEA (B AR 28 26 39 42 5
% R, Fees (Bd SR 20%  186% 27.9%  30% 3.6%
W ZRhek). EFREY (ET
2 ERRERD SREBIE S .
1557 - 8 2% E B A4k 2 50 "
[ty \vaiﬁiﬁﬁjrﬁi;ﬂﬁgf ?;f O 10 12 44 54 20
e l/\l@ﬂ{iﬂ%{%%*%i{i/\g E H: 7 10/ 8 60/ 0, 0, 0,
A - M 1% 6% 31.4% 38.6% 14.3%
e B4 HER,
I

16. 1B B & % W) R, &
S R AL 2 AR T 1 T v
R

LIk 13 11 63 37 16
HE o 9.3% 7.9% 45%  26.4% 11.4%

IR A ) R T T S AR AE ST A 2 ST R T A S AR A s A O
AT T A 14 52 T RS AR AL | A7 S AR A & MR Y 1 A A V0L
FARBBEERERE. A, B0, AEE. EEARRER SR8 20%.
18.6%. 27.9%. 30%. 3.6%, ULEHE TR KERor AN TR 55 i
S AR AR . FLRF A XS ) 15 AR T e 2k B B A R T il
A A B ARG g b (B, R RE. M. hor. AR, 3
AR R H BN 7.1%. 8.6%. 31.4%. 38.6%. 14.3%, K#f=2AIEA
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SR AR AT PR B2 B AR ARG SR B A, A MR BE A RN . Tt
TR 16 & B AR AR T A2 % I jRI, 2 A R A R R AR, AR
Az, ARES EERAFRER 58 9.3%. 7.9%. 45%. 26.4%. 11.4%,
KR53 27 A2 38 B LU AU 2% I AL 27 ) R R AN 2 R AR 2 g e In) R, pl e ]
Koy F AR TR R A . WA IR HE FHBE il b it %
A IR BT B 2 v e B 7K

(5) “FA N S AR B IR AL 23 B

37 A A AL A
% 3-7 Students' Expectations for Chemical Modeling Teaching

i - WE AERRE . JEH A
ﬁ‘ —] = \—Ai);

s I 785 o - A 7= SRV NI =y s

v WTEUCNHE OISR i 66 35 51 23 25

§ (8 7 B L 33%  17.5% 255% 115%  12.5%

T 18RI AT b e N

t iéﬁﬁi&gggjﬁiggigéggéﬁgfh aE 47 60 30 2 L

2 o ; b 33.6% 42.9% 21.4% 14%  0.7%

g 2 ST W 5 0) 0) 0) 0 0
19. %50\ N ZITifE i "

J - EE 33%  175% 255% 11.5%  12.5%

TP -

TG ) R 17R8A N B CA A AR Y 1 e 0D /e B4 7, IRl R A A
M. Fr. ARE. EEFAEBERA SRSB4 33%. 17.5%. 25.5%. 11.5%.
12.5%, #dBoR KA A E 3 O ERe IS 25 5, Ul 5 A
PEELE B B N R IR IR AL A S AR R I IE . 18 AR AR
TN FE P Gl AN RE R = H SR 7 2 R, IR 24
WA 20 A 7 S 5 N TR BER S AR B 2SI DGR )il 19 222 i
FETT e AL A I R A5 ML AZONS 2 A R I A AT VA, KB40 2 A R 30T
T A R AL R AT . 2R BT, A H W E IR A
A AN R A AR, IF HoA BB AL 2 ITTE H W B4 52380 R I JE A B 14k
PR

3.4 FUmimk
3.4.11FRiE1ER T

N1 A A A S AR R T R A O A S BOMAE H R AL
I SOLO 73 RPN B AE RV L H AIEHL, JEHL T 58 2] SR 45

P BOMREAT VAR (DRI N B, ViR E BN R A2 BT A
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Ol X TR AR EEHCE ST O BN R . &
PRACAAAAE N AR SO LR T &, BAR NI 3-9 Fror.

% 3-8 UMk H %

Table 3-8 Detailed List of Teacher Interviews

i i
1-2 e UITENE ¥ N
3-4 o A TR I AR () A SN
5-6 SOLO Z3 FEFR L I IA IR B A0 N FH A5
7-8 X R A A T FE
9-12 TR I R 1B U ANAE L 1) 1) 7
13 X A AL
3.4.2 THRBIR T

(1 FMEAME B4t
S 5ARRITRIE I ERZN EEZ Oy — & 240m, 3t 18 A, AEER L
Ko

R 3-9 FUTHA(E B ot

Table 3-9 Basic information statistics of teachers

Hs S5EMPLT 6 1F-10 4F 11 4E-15 4F 16 £ DL 1
ANH 3 2 2 11
14 16.67% 11.11% 11.11% 61.11%

(2) XTI B2 ) T RRFERE Y, 8 KM H1S B X T
AR TR, (HLGIEE] 44.44%; AR T RALSEERECAN BT RE 2 4, 4
Eboh 11.11%. BB rr L, 48 K B0mT TAL S A T . BRI
3-1 FfizR:

50

40

33.33%

11.11% 11.11%
w . .
0
FERTH EFTH HE T FRETHE

B 3-1 ey AL SR MOk T AR 1 1 G D

Fig. 3-1 High school chemistry teachers' understanding of modeling teaching

(3) XTI “ 45 7 AR AL AR VAR D R 7, ol “ bR T
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fik”, At 27.78%; AT EEBUNERE “CARE T WXt ai R T LR,
KB BT AT (R R VAR B AOP R = 1 AR, IXSehr B4 b
EREBCERIT RIE R T EORHIRERG . BAREE & 3-2 s

30

e 38.89%
20 27.78% 27.78%
: I I
10
5.56%
0 [ ]
FTE TEEED b TRR EETE

P 3-2 e Ak 2 U T B B T A BR A T A1 10 1 A A SR
Fig. 3-2 Survey results of high school chemistry teachers' understanding of the methods and steps
of modeling teaching
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Fig. 3-3 High school chemistry teachers' understanding of SOLO classification theory
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Fig. 3-4 The Results of Applying SOLO Classification Evaluation Theory to High School Chemis-
try Teachers
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Fig. 3-5 Support level of high school chemistry teachers for high school chemistry modeling
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Fig. 3-6 High school chemistry teachers' supportive attitude towards high school chemistry model-
ing teaching
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Fig. 3-7 Survey results of high school chemistry teachers guiding students to carry out modeling
teaching
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Fig. 3-8 Survey results of high school chemistry teachers evaluating students' modeling
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Fig. 3-9 Survey results of high school teachers' evaluation of modeling teaching effectiveness
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Fig. 3-10 Survey on Modeling Ability of High School Chemistry Teachers
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Fig. 3-11 A Survey of High School Chemistry Teachers' Recognition of Modeling Teaching
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