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An Analysis on Cultivating Scientific Thinking of Normal Students
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Abstract Scientific thinking is an essential component of the core literacy in biology, and as a foundation-
al course in the Biology Science (Teacher Education) major, Cell Biology offers a rich array of experimental facts
and conceptual foundations to foster students’ scientific thinking. This paper first emphasized the necessity of em-
ploying conceptual teaching to achieve both knowledge transmission and the cultivation of scientific thinking in the
education of prospective biology teachers. It then explored the scientific thinking methods reflected in conceptual
construction and provided detailed arguments for teaching strategies such as concept map, history of science, mod-
eling, and critical thinking to develop prospective teachers’ abilities in induction and generalization, deduction and
reasoning, modeling and model-building, as well as critical and creative thinking. Finally, it validated the effective-
ness of conceptual teaching in improving students’ performance in Cell Biology and their scientific thinking skills
through the establishment of a teaching evaluation system and analysis of its implementation outcomes. Therefore,

this study successfully developed a conceptual teaching paradigm that integrates knowledge transfer with the culti-
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vation of scientific thinking, which provided an effective strategy for the education and teaching of biological sci-

ence majors in Cell Biology courses at normal universities, and also serves as a reference for curriculum reform in

other disciplines.
Keywords

strategies

20174E, PR e b B Bk KB R R E
FEYEE A T R R R R A R R 2 B e
AEYERE ST BRI, 2020455 H, A A
A E R R AR B W e SN EE ), A TE e
2RV R T AR B VR I R 224
HAE, BRFERRZRA. BREH, FHER
e VPR BT ORI A B SR IR B AR AR Rk
N DR R A S BT O e B H bR, B
FEALFIRL 2 SR B YR R IR RS, DA
TENNERFIREE 3] [ [RIE, 252 R 2= 4RI 4R, X
— B AR TG AR FE AN [F) 2 ST B AE 2 L
WU R IR B IR I B 5 R AK , T H NIy A= R R AE
B KL A RS R AR R A% 0 2 97 B e IR
SR AENAEDRER L MEIREE, A
ST ARG N LA 1 22 R, Bl L YE 51 2 se e
IR RE, [FII SE 6 PR 78 1 R R 6 2 DA R 24
SRR, B2 TR AEY) EF LS,
LN — AN DS R G0y EEARER) SR, RE
MZE TAE#H BOCER = B YE 35 9%, (Hi R R
IR & B s R I A R 22 B gk e it 7t . (A
I, ARSCHL CAGH B A=) 5 B0 O AR R R O, R R
MR FT N & 0 15 77 T 3 A R S8 4 6 7 1) S ik i
1, DAHHSEELE T ME S 20 I R R A R R R 4
B 7% B EAF Ay

1 FRA#BMSHFEFINCERFEHEN
HE M

(38 e AR PR AR AR TEE (20174 R, 20204F
BIT)) e LML RIFNIRIER B, R R 45
NEDFLRI RO RIEZ —, TR F B2
FREH H AR . 208 S LSRR, I
12 FH R (0 JEL 4 53 DR SR g e I B i) ()
BYES SR, MG, (S HE A H R
HE(20224F /R )Y R Rl YR N A P 5588
PIARZ DR TES . AT UL, R A 2 A 2 SR 4
RE A 2 B A S B AT 55 . R

Biology Science; concept construction; knowledge transmission; thinking method; teaching

BV RIS A R h s AR A UM B A 7, R
BT h S A A ) S S R R TR IR
S, IAEYI LA NG A B2 YR RE T (1 97 2k
HE, MSHERENEE — R WHEED),
Bhp B, EREAE LSRR, AN
FRVE RN MR A B R B, 30 iR 2 A BT T o
WS DAL s IS HEAT HERE . 70 M AN ok 1), A
MY AR T, Al s TSR HERE . 40
PR E Rl BAE T i, AR ELR b Sk & 1
AR, FEREME S TR, Bl B4R iR 2 B
YR RIE A, M B ARG T 0 B
FHIRMUBE TR, (8 fhATTREDS BE A Rotidt T R
BYETEDh; WA Rl YRR R IR, 2 RES TR
MM A O . BRI, M 2B ) St T
AR AR 2 B, M Her SR B Y2 8]
A R E AR RN ALK R . HAl
MSH AT A B R R HARRRE
MIBLG, TER T WS . WM. B R
A RS EA S A 2R AR I R )
FROO MR, (R Z S B FIRAR R NS,
2% TR AR, UiS TSR
BUERE IR R - XTI, W5 B AR N 5
AL O SR O R R 2 T A AT R RS
YERE IR

2 R SHFHEFRFBLEMNEE
2.1 AR EIARE BY

MR TG 2 1 R 0o SRR, AN %
W AZ IR, SR, SEfR, e E B
BN FOR S AT BT . I, BE )
R AR, ST 1 R M R
. RBMERILRE, B S BUR R
AR SO 1L T4 2 0 5 D (38 L) TP A A
B TP TR 3 BB Ay (B 1), i RO 005
BRSPS ORI A T B, T TN e
EEISY S



1678 LI
®1 AREVFHSENP AR FRYE
Table 1 Scientific thinking embodied in the construction of concepts in cell biology
& Fid 2 R Y
Concepts Construction process Scientific thinking
Yiisn. AMEE  Agbusi . IRFIZE AR REE RIS RS T, T I 44 5 R4
SR S5IhRE. RO AR AN, S RIS A AR I A5 5 TR RGBT A B AR
J5 5 R A ORI T, WA BRI e RS2, ¥ R 2 AT R, MRS AR A s 2
eSS RN A BB & i e
AR S ARTERCIR AR AR AR B I SR AL, R RN A S B R BETE A N SEIN, e BUHEE R R e S
WAL IR AL T R E FIDNA NI LS Bk, ZRER B A TR IR, FAERNA B
“RNAH S B FeAs BAREAL TN RE, Hy AR AR fr e IR 2 49, it B AE R 237 9 RNA
WG . ATP IR D Y R IR TR, SR AR AR A ) 5 D% 2 B ATP & g 2) i, TRy 5
GEREGH . Qe R AR, et ST AL e v 10 2 U S B O SRR, DNA R 8 (1 i 4
135 200 T 2 G2 e R 0 ) SRR, R R A P A - BB AL
FULBERRAG. JtE 51 S A BB IE IR LA FATP 5 7504 Bhya 7 O L5 BB ks SR % 1 A
PEH . 4. Je i A HIERERAE i A P £ T 3R IR R SRS 1 B SR AR HE AR 2 75 7T A
S ek AR A5 2 T 50 200 M SRR, R 2 A e B R AR PR 4 i 8 WA 240 A A AT
SET AR, PRAS AR i P
MERR. (Foies RN B, A AR IR I AR e A AR v 25 s B RS Bk gk
SRR AR AT R AL RN 7T H W25 3R AT U3 GPCR {5 5 LB 51 20
HEARUTIE. M AGUETIKTSIRE, IS AT, I COPIIZAL BB AR, Bert A Wik ZRkRl 2 B4k kR &

REE SN O

EABCRS GILL . B R IR LRy A RRHE S A B D) g, TR
UGN, BN A A TEE M B2, HEPIPP AR 25 MRS 1) P 22 3 AN e T R
FHIES 3R A%, BCACANR R T LA 0 22 53, HHEZRAR A0 I8 T SRR i A PRI A 7 1Y

H B

2.2 HEFREE

A AR B R R BRI . £
BRI, AR A2 L S TR B T
KRREW, AR %5401k
SR SRR B, CUEAR RGN A R R
0 TR A 2 0 SRR R A SR T VR RN
0, 51 5 TR S AR R, EITT
RS TR BT VLI S R BTSN TS, 7
I S i r 7 P N AR R B SI2 ) R, B SR B A 1
T (RIS 2 A 0 X AR 2 P IR R A/ S T B R B A 0
(EI, SO T d2 R Bk 7 ik Re Sl gk, 3
THT Rl B e R
22,1 A AL BN 5B IEEAES]
WA Rl 2 B () Sty 2 i 900 A o 5 418 ) e
ARRFE Y JTTEZ — . AHLEN) AN R 2 A X 1%
SERHZ O 1) R A AR B V2, TR I M T ) 6
ROE A PR SR AR L . MR B — P
HLAVRIRAE RN M) T, REO5H 200 B NI AL
T S S 2 TR R R SC R . Bln, TR s
WA, WREANE R B EBEMMS, WS
B, B 0SS, BMSER. 2hi

R R TN B ARSI, B N 8 M,
A AR ARE A 1) (1) 38 606 R AR AT B AR EE , JRHE
FEIH PN R, ERE AR B BGER, W R
GEIIRA R (B D). XA BT ER R
iy NWeshizkn. Eshigi. S Rrk/ER).
HIEYR. SR AEEEES. 2R R ERES
Z IR R, B REINR R IX S A R A . DRI, 4
M EAUE B T2 AR A ARG AR, R
FRE A BAR T 5 MR RE D I L ELR AR

222 AAAFELIBRERELEERD BEEL
VE R G 5 HEBE B SEER VO A, @i 38 5 R 27 S )
MES SRR, iES A T MR AT R R 5T
(R AR AN ) 732, FR W TR U I AR A 4, A
SR A IE BB R I AR AR T R Y
Ja ™ DUME 55 S O 0 R il —— g4I 2 n A ik
LA AR AL (20194175 DR AR B 22 B R 2232 ) Ky
file (1) USR] 52 midid 2R L
B, XN 21 40 H AE 1% 2R (erythropoietin,
EPO)/K-F-F+ & . SEMENZA [F1BA Pk SR A 5
¥ -1(hypoxia inducible factor-1, HIF- 1)K i1t %
ik, R AR R, 513 AWM R IR B %



FEIAS: A A S B T B R A R R R T 1679
& 2451 HEEMES 7
Ly ™ BN HELA E’Jév\?r

Ny b
—

=5

IR e R =

=t
ad

TR ) 0 5 2 11—
IR I R A 2 R b Nat-H ST e i

AR S 5 o 2T GLU T RT3

2 m@yﬁyﬁ[ ‘ KALEH
@ﬁ%éﬁ%éﬂz%%LL

K | T4
*Effﬁ i 42303
AES R B A

NN AR G

FEES

BB/ T ABC%%W’%

s i 22 E R A R 2 e (2T Fﬁdﬁ;ﬁ
VIR Nat-K"4
el 5 ﬁﬁﬂ{%ﬂg o R
9533 mﬁ
IR 1t
u;‘-‘k
Ry s zjﬁzﬁi BB e
-»m&am%%%i%: N KA
M p 2 AL R 1

P
Bl YREESE

Fig.1 The concept map of material transport
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Fig.2 Analysis of students’ cell biology performance under conventional teaching and conceptual teaching modes
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Table 2 Analysis of the difference of each dimension of scientific thinking between students
in conventional teaching class and conceptual teaching class

R g W= YE 55 A B PR WM+ Wi S )
Y Class  hrfEZ 7L J¥: Class  brifE % R
Scientific thinking Xts Mean equivalence Scientific Xts Mean equivalence
t-test thinking t-test
t Sig. t Sig.
T sl J5E
VA 5 M 13t 4.13£0.50  2.826 0.005 RZIE 19t 3.45+0.68 2.293 0.023
23)F 3.86+0.61 23)F 3.19+0.64
HZE SR 131 3.85£0.60  2.333 0.021 RIETE 13E 3.42+0.82 2.197 0.030
28)F 3.60+0.63 23)F 3.1340.75
T b5 e 135 3.80+0.70 2971 0.004 T 13F 3.53+0.67 2384  0.019
238)F 3.43+0.73 23)F 3.24+0.74
A A 19t 3.46+0.64  0.554 0.581 A 19t 3.460.64 0.554 0.581
28t 3.39+0.77 23F 3.39+0.77
(b GRE i 19t 3.36+0.73  0.878 0.381 JhBE 13t 3.40+0.70 0.705 0.482
28 3.24+0.77 28 3.31+0.79
AR 13t 3.68+0.68  0.041 0.967 E2IN 19t 3.58+0.35 2.988 0.003
23)f 3.68+0.65 23)F 3.39+0.39

Sig.: WEM.
Sig.: significance.
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