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Abstract

The cultivation of logical thinking skills is a key link in achieving the training objectives for graduate
students. The empirical analysis in this paper finds that environmental support and independent
exploration have significant positive effects on enhancing logical thinking skills, with the role of
environmental support being more pronounced. Further heterogeneity analysis reveals that: 1)
Compared to students who have not systematically studied logic, those who have systematically
studied logic can achieve more significant improvement in logical thinking skills based on environ-
mental support and independent exploration; 2) Male students outperform female students in im-
proving logical thinking skills through independent exploration, while female students surpass
male students in doing so through environmental support; 3) There is no significant difference be-
tween students in STEM fields and those in humanities and social sciences regarding the improve-
ment of logical thinking skills through environmental support; however, in terms of improvement
through independent exploration, humanities and social sciences students outperform STEM stu-
dents. Based on these findings, the paper emphasizes the necessity of incorporating logic courses
into the core curriculum of master’s degree programs. It also advocates for the full utilization of
teaching models such as “reasoning-application-reflection” in logical thinking skill training to en-
hance the logical thinking abilities of graduate students.
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1. 5|8

W AL RE T M BERE T AR B R R MR L AR bR, R R E L R E AN 5 [ e Se
(TR 1], BB AT A B PGS 5K, B 70 AE R 97 R B IE BN S S o 1A s o B [ 250k}
CHURAE 20 2 70 SEARE R BFA B EBL4ERE S FUNEE AR EE 2], Ttk
HTHARHE AR BOE SO R R R I (=B 5T AR 20 KR 7 2(2020~2025)) S5 SCARTIIE T AR (1 5
BRAVHTRE ST HCHE A AR R AR T R (3] AR AL T AR I A R R S AR A,
RS A — 8 I ERAR,  EDAN 0 o] A PR SR 1] R s AR08 An o] [R5 SCHR s TR SO S R =
WERIR, MESFUEEN, LT CZMER4]. E A S AR BOE 422022 )R A R, LA
oA AL SR ELI 5 LE A 40%, A8 X RHA SCAEE T AR BB & EE R 65%, SCRISH 4 5F 78 A4 A
6] FH 7 S R B AR IR LA 62%, 42% 1) FIMfEA & sl AL a5 B, 2B .
S RAER e . FAETE SR P 200 T 51 FBUBCCER TR B 2 800E, B2 X W0 S0 8 1) i 4
SE, TR SR S T A B S AT B X ) S AR BE BRI T A S R, BT
B3 3 AR % #: F9(5] .

AT, ARSCEREE T M7 s il A 78 AR 8 58 4k e 1 R & i B 500, s AR i ris,
PRI LA 7o AR 8 A AR R 3R TSR R 38, D CSCE A 9T AR A R e R S T AT IS it
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2. WA IZ AR FRUERE NS SRR
2.1. BEBHENIANESHEE

W AR MR I ANHE R S AR A T 5, AR AR S R AT P A ER AR B, REBhHh
SRR WIS . FURE R dh g™, RVERIR e, HEERTER, B RS, JREES T AEMEENEH
SBYE R FEARRHE, BURE -IE M OB AR AT, R A i e in) AT R AT G RO B T4 . ¥
LR R iR NSRS B B al b, IR R B AR, AT SRS, RS
NERG . I AIAEEE, 0 B Ik 3 4 R R J1(6]. (Em S8 E O, HIREANEHE
MYt N RS EBRINAT S LB E LR Hir, WRE AR S EEEZEHGE 7], X2E
BHATZHHEEY G O oy — PP AR [8]. TEF0IL T, Z B YERE oy — R AR S 25 A R 9
Z—[9]-

WA EYERe )T X A S 5 eiE ) B S @M ). RESH F =AM AR R .
WD) 2B B Y B . MESUE T X A B E M RS, BEE AR AR e . TS,
WERKIZHEET), AZEHERRIEL[10]. WIE Sy 2 T UE a8 0 HE B @ 45, WE BR824 05 i 1)
WRBES, ICREXAH SIS S A BT A XA R B AT AT IR B G510 1 HE T, A% D T M
Hil YIS AR AR (1] X FERAMLERGHEIAE S B RIAT, 38 B2 L B 2 45 I . )
JI AL AN PR NS SO Al b, VAR B BRI 2 SR A, T A A SR R RN TR HE 4,
B R B ST AT I AR TR Sk o DRI R 2 RS BV 48 HERR SR AR U5 i, U LI B R AR,
TE A M E AR [12]. 24 B4R A/, BEaE RN RE, A5 2 B4 R R
[13]e BFAERE FEERICNERFEHSELINEY, BESZEH MBI, Eaex 8552
i RI[14]. B FEEEEHARAREERNZEFMEIREER, E-L KRB UBHET A 2
)57 > BE TR

2.2. WisEIEE R YR N M E &

W70 A2 2 4 AR e 77 2R R B0RT BAIX 23 S N TE MR I S AME IR B R A 7T 5 & B4
IR AR AR BN AR E RGP ENRRE . 50 sE R S e o i D s =4
JiHl

AR A2 2 S YRR DA R Al . BT S, WS R E A T MRS REAW
A CREMR” BEER, TR 1h SRR S VA A I 1 T A A A i 2 AT 15]-[17].
Mussel (2013) [I8]HIBF LR, GFar O AERIRS S IFHCE SRR AT o4, B EdmE. %
ME5ZMAERE, NOLEMERAERMER) ), FHMEEURE B IRt B 4E . Ghanizada [19] [20]/]
W TR R I, PP R R 2 o) O AR AE R I IE 1A X &R o Sternberg A1 Sternberg [211K 8, Xf
WERIDGER . AU b 2 =) 25 B AN SR 2 SR AN AR LR IR BN R 35, 2 75 R R AE 2% S s =) vh = B i i JE
%, R R E DY R IR T O, MER. FEREE L DL N SR 1 Mk ST A A SR 4
RefireA g R . TR RN, DL >) IR e 2% A 1 ) 1R S48 8 B A 1A N 2Rl R BE s R B e 1)
WA [22] o fiFER 1) R IFT B 0 50 A2 f il LEAT 0 M, PR IERA RIS 1E, TSR Z M I 4 2k R (23] $E
WA GOl FF S BRI T R, BB AR T B R B4R R S R 1 [24]. BB AL, HEH)
S5 KBS WG BT RO 2, St S 2 ) i oot DA IR 2 o) 5 A TE R
MR [0 25 D95 2R [25] [26]0 BhAh, i 8 4E 0 R TEPE . BRARE AT Ok X ik B R e AR
R BEAEFH[27].
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HEREHE RGN, BEMRNEE B BRI NPT A RGN A R E. 12
FRURAE AR BIEMRTHE R LR /T HIME i8R, EAARY], @l RGN AL —
FReAd, HRE BT R EUR E T RZNGRIRRA, BRI FIRZ LTINS mER A
Ko BEFREAE NS R AE R AE T2 SR M U 2R 1R SO I ORHR[28], MR E R A IR A S RGIRAE
RE/IE TR I ERAE . AR T WESC R R R BE 77, R REARE TERE T B — Fh AT JURBL[29]. 2
TR, T IREE S S AR A B TR IR € M U 2 A B 4k RE 0, (HIR A HE AR R A
g1, b EAR RO AR IR AR A R ARG b, SRIGKER R 5 2 AR5 2%, JF LR
NURE AR E S AN, IRERZEARG L SOt 5N, UAZS 5RITIHE . ARG
Bz, REVEZAE YN N MG MET & . BRNS 52 ARIE SN POIE LA B T2 48 B 4E 68 113271 (30]
(311 SRE PN FGFAT RS etk s st LK A A DA r () R el fiE , 2 fie it 12 48 R 4R AN )i 1k 18 %
(O E EEIATT[32].

PG AL S T ER AR N — P B 4T A T AT S AT AR RE . “ S B (BB 4R
SRR BLSEAL 2 AR IORTE, AR SR, EESRIESEA] . SEPRRISEAT, T2 T o i AL
YT, FRABAI, DL—MUROGER SRR AR TS B A N A [33]0 SR BRIE S R SRR,
TR, MARIGE TEIBIIRER, HIGR RSP E, EEEIS, AL RAfHEiE, era
T AR ] (R 2 SR T TR R ) — i R 2 D75 sURAT A o S P B R v 51 S B 85 4 114 L B2 2
oy, MR SCW I BRHIE . — . RSO A R T, BRI B RG] SR IR
B, oSt BRI R RS SO .

MG LCRL I RBYE — ik, R AR RAYERPY BOL R AEBEE B0 B, AR R E Z AR A B % T
Ho wEHELE =2 EET AR, —20HREZTIRMESS—, KM T B3 OB AR 2
UEVE . E AL = I AR, SECER AT RARIE A — S 1T 58 BRI R TT(34]. I )
ZrRAARTE K, RS TR B YEAAHIE ST 0 F 2, SRS T ARG R 3L, AR R KR SR
FERIE 4

2.3. EIEFEM

WA 2R A B 0 5 T AW TSR >, TR SRR, HRAAE AL, N
WERMARE, ZHET TN — B BU LR R ot 7 A2 A R R 2, SR MR
FORFE. REEECAR R RIMHE BN 2RLECT SN B R SAMBRRIET RGBS, REERD
B 2% DA 2R 1) AR EL AR PR B xR RE ) s it A . W SU T 00Kk R, B WE St RZ M E T
SE LR B HHERT T, i B RTHE T TR SCHRIE LA o ASC S 78 0 46 5 R sy BT T Tk
R, WEBETATHIERA R, JTRAGHE SR, 12T ERA RN 17 R Lt
TR BAERE T TR R R, DA BERTE T A 2 A B AERE T (52Tt -

3. ARt
3.1. ERERSHEIEWE

FEAE S v P R SRR AR AR b, B R B T 7 EARLE R AT AT M, R AR R
MR EIEAT T W3, RIS A ST TR IE S 565 . RIS 25 G i 700 SR I 7 A 1o,
KA SR FRmOT R FalEl a4 382 4y, HA a2 337 4. FEAREEIE 1.

BHREARTHME L 46.6%, Lot 5 53.4%; AN, 22~25 % I 65.6%, 26~30 % (5L
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32.3%, 31 % K&ULE&SE 2.1%; FR A5, BTG 45.7%, ASCHEZE G 43.6%, HAth 5L
10.7%; SEp AT 710, Wit — % b 40.1%, i+t R 34.1%, i =FE% N 25.8%;: 2K
R, Eid@ R 45.1%, % ESEHEE S 54.9%.

Table 1. Basic information statistics of the valid sample

= 1. AYHARRERSE

AR 55 NBUN & B /%
5 157 46.6
4 5]
& 180 53.4
22-25 % 221 65.6
S 26~30 % 109 323
31 % KU 7 2.1
FET 2R 154 45.7
Ll 2 N SRR 147 43.6
HAth 36 10.7
i+ —E % 135 40.1
FEg i+ — 4% 115 34.1
Wit =% 87 25.8
T, 72 152 45.1
RN E R
3 185 54.9

3.2. TEIEEF
3.2.1. RRTE

ZIREHI(2021) [35]. 5T7(2025) [36]43CHk, FiZ B YERE /I 4E AR R X NS TS
FIRE 2 A Rdebr. SRR T 3 AN =%d6bs, B EREIRR % 4 DN =238 5. TebR UL I
# 2.

3.2.2. WRBTE

S (2021) [41ERFFSCHR, KRR XA S 5 IRiE . S @M. kKESH
F N3 AR IR . M S IRIE A B 4 D= gdRhs, BRSEM RN T 3 A= g0E, B
5B E$8 B 3 = dehs . @ B AR RE J) B VP I B A SRR RE T . VEARTR AR UL L 2.
3.2.3. IFHTE

REFFECAPER . AEEE . BRI G T A SCHE RN R/ ) ARG A A ) I R A R s ) AR
o FEMTRbRULH K 2.

Table 2. Description of indicators for explanatory variables and explained variables
2 BRLTESWRERTEIEMIA

—Jiiatn & i /S (e

Wi YERE & HRIEN REMG T Tt 2> #7 1) A, 4 HH S
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T WA A LR T, 3 2 b ok T 5
REfSIZ LB AR, A R Ag Uk n) 3
REBE PLIIRIE P R AR A iR
RERGIG T L ARIE H ORI AL, IR AT A R IE
B S ) REMS B IF 70 R A% I IS R &
REAERE P22 R0 RUSE T A e S o i) 7L
BEBS IO, ANE HIRZ NI A
REEBEEN BEAGIL I PEHB VAN S AR A
BEGZ MR 222, IR AT B i B 4E)5
ABH B2 2 R A 2 X R I 4R B R A R K B
TSR T A B i M URAR 2 2) VT F B Rl A R 4k fE )
IMZH 5 S E U TR AT IZ AR AR 8 2
UEIESEN S 5RWHIH MRS sh it e 1 RAZ B4R E )
e AR S P EE A SR AT B T BB 2 4 B 4R e
5 R MZ IS i e it 1R AZH B YA
AN 52 5 X B 1A 32 A B A B A AR

N

(i
o
&

EZN R

HERER

3.3. MERE

3.3.1. WiEMEF o

AL AMOS AR SR ATIAEPER T4 . WARIGUS S AR B X A3, %o 52 R 3% ) A% 32
e HERZ 2 AR, SHZH B4R EAEERE . RURN A . bR ERE S 3 AN R
AT AR SGUE R 720 B o BB FE B L a2 3 B, SEMR ZR A »%/df = 3.084, RMSEA =0.079,
RMR =0.020, CFI=0.983, IFI=0.983, NFI=0.975, TLI=0.960, ¥{k{l&)F RIT, 1245 B 4ERE R
22/df=1.797, RMSEA =0.049, RMR=0.014, CFI=0.989, IFI=0.989, NFI=0.976, TLI=0.984, ¥k
LA AR

Table 3. Results of confirmatory factor analysis

3. WIEMEF OISR

2/df RMSEA RMR CFI IFI NFI TLI
LR R 3.084 0.079 0.020 0.983 0.983 0.975 0.960
BN YR )y 1.797 0.049 0.014 0.989 0.989 0.976 0.984
PR <5 <0.08 <0.10 >0.90 >0.90 >0.90 >0.90
AT R4 R4 R & R R R4 R4
332. RO¥ME

ASCAEH AMOS29.0 F1 SPSS27 AU it AT X 43 FEAG 6, A SR LU P 3 B 7 22 FIAH O¢ R vt
B BTN DX 2 255, 5 Bk R TR AR B AVE H AR AR 5 T 5 HoAth 7B #5248 B 11 Pearson AH5E 230,
Wi 4. % 5 fizR, AVE BT 7 AR#R i T HoAth 78 76 48 211 Pearson AH2C R %, P B RIGFHIX 93U,
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Table 4. Discriminant validity of logical thinking ability
4. BEEBERNEXIHE

W& 5AE S PR 44 1 RBE5HEFEH
W& 518iEH 0.818
Ll ASTE v ApA] 0.776 0.815
REBEHEN 0.656 0.720 0.789
Table 5. Discriminant validity of influencing factors
#=5 PMEZENXDIHE
PR HERR
B 0.746
HEHER 0.689 0.751

34. SENE

AR AMOS29.0, [FRHAESEE(CRMNEEREE, FHETE TR Z AVE K&t
BPE, WEE 6 Fian, CRIJKT 0.7, AVEXIKT 0.5, WHARERE RIFHEE SISRUE.

Table 6. Analysis of reliability and convergent validity
Fo. EESWHHEST

AR & CR AVE
W& 518 0.890 0.669
Ll ASTE v ApA| 0.856 0.664
REBEHE) 0.832 0.623
S H 0.790 0.557
HEHZR 0.836 0.564
4. WASRMTHREIZE B4 ENRSHED
4.1. EELETSHT
Table 7. Results of baseline regression analysis
= 7. HELREASER
T R (a) R (b) R (c)
0.947"* 0.375™* 0.323"* 0.249"**
SEARR R
(0.057) (0.028) (0.020) (0.020)
N 1.653"*
TN X s
(0.125)
1.504**
HERZR
(0.099)
A 2 H H H H H H
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R
. 13.100*** 19.488"** 15.076™* 5.649"* 2,442 5.009"**
i AT
(1.707) (1.672) (1.736) (0.843) (0.609) (0.602)
N 337 337 337 337 337 337
Ad-R2 0.501 0.399 0.459 0.402 0.472 0.353

VE: "p<0.1,"p<0.05,"p<0.01.

RBFSIZM Statal8, RAAPEFIRMGTE, EREIR. 8 SUXR. FOL AT L2
WAL T, i T ISR E BB B AR IR, SR 7 FUR. U B )
SR A RO AR A TR, U RS £ IR SRS, IR SR
ELBAE R ORI, ()R £ MR SR B AR ) =4 T4

GUR, GRARBIR S5 R RSO B RO MR B T,
AN BRI, RS RO A AR A BT SRR AR RN . £ AT
FRUBARBAERL )= TAON RS N, JORRHES S EN MK, xRS A
Bi/h.
42, BEBRENNR R
421, BEFREE INBEBE IO

BERERINER . B SRR, JE T AR T SR I T R
PR DA R OB . 5 8, B ) AR IR BN A IR, B b)
Rk TOM R IIRBOCHE IR0 ME R AL B R .

Table 8. Heterogeneity analysis of logic course participation

#* 8. BB LETEZERORRMEDN

1A (a) 2 (b)
kit % it kit it W it W it
0.999"** 0.922"*
ZEE TR &
(0.078) (0.084)
1.974™ 1.373"
WY R
(0.160) (0.190)
B 1.605* 1.467"
EEX ¥
(0.150) (0.135)
EAT IR P P P 3 3 3
- 10.356™*" 13.474™* 14.272** 12.681°** 21.905™** 14.798™**
G el
(2.461) (2.318) (2.291) (2.701) (2.292) (2.231)
N 152 185 152 152 185 185
Ad-R? 0.553 0.423 0.532 0.464 0.252 0.419

WHFORIL, TR PSR G R R, MBSCRr . B ERR B REOVEH RS, B =#0E
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R BYERE IR IE R oM. 2 S I I SRR AR T A (8] 9 R B0 )N 0.999. 1.974 A1 1.605, HE %A

SR AT 0.922, 1.373 Fll 1.467. 45 Rt B =) it @ 5 4E

R YERE S50 T 5
4.2.2. HAERIZIEDYERENHFNT

YN
AR

M PR 2R IR SRR R RN E

FEEHER . T, F454%. 5 LZERERRIEILT, Wik VAR Z 57 %0 FRmER
XA EYERE I, GRS 9 PR . AR (a) R 45 RO DY 3N 12 4R FE A BE SIS, AR (b) it 2%
R AR A SCRE . B SRR I PN G 2 4R A RE 7T B

WHERIL, @B EREEmEER, BIHRSHOVIEHEE, WEmE, JFEE2REgERE
JIHAT AR FEO) AL R 5 R AR B SR RIS A B4R RE F7 4T 8 B EIRRIETHE M B4 e

7175 T AT B4 IR

Table 9. Heterogeneity analysis by gender
= 9. BRI R RSN

1T (a) 7 (b)
5 8 5 5 & &
1.027°* 0.860***
SEAR R &
(0.086) 0.077)
1.892** 1.435*
RIE
(0.200) (0.161)
o 1.592** 1.390**
HIEHER
(0.146) (0.137)
AR 2 H H H H H H
12.241** 13.290** 18.262** 14.942** 19.310* 14773
A
(2.633) 2.171) (2.673) (2.643) (2.053) (2.230)
N 157 180 157 157 180 180
Ad-R? 0.501 0.455 0.390 0.455 0.358 0.412
4.2.3. ERAFNEFRFHEEBLEEHAT
Table 10. Heterogeneity analysis by discipline background
F10. AXHASHNFSETRARENERES T
1T (a) i (b)
pLib Rk BLib s AR R E
0.909"** 0.910"*
SEARR R
(0.087) (0.094)
N 1.645** 1.542**
TN X s
(0.194) (0.201)
B 1.410** 1.433**
HERZE
(0.147) (0.163)
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R
AR = = 2= = yis &
- 15.285"" 13.233" 20915 17.639" 20.100°"* 14.495"*
i AT
(2.587) (2.599) (2.536) (2.586) (2.394) (2.693)
N 154 147 154 154 147 147
Ad-R? 0.453 0.431 0.356 0.410 0.334 0.389

FEFSHIERS . PR R, T FZER, WUE 1RV A R SN 5w R 3000 12 48 S8 45 68 7 10
SN, ZERANEE 10 P o A7 (a) R ER 4 R0 R B0 B2 4R B LERE 77 HORZ IR, B2 (b) R R 5 LM A 3 (134 5
SCRF, H BRI AR I AR B YERE T IR -

WETERIL, fE@BER T, SRR R K B RO I 2, B4R E R B 300 B TR 7T
A5 NS R0 A R BB YERE PRI W 2. AR, BRI A LA SO 2 R
SEWT TR SR T Re e st 2 A B AERE T IR T, A SCHE SR A0 FUARAE B B R R IR HE RS
YERE )T AR ILE L T B TR LA

4.3. &5

(1) PABESCRPATE R 200 - 7 A2 4 B AERE 3 THT BB IR et B, HIABESCRF
FRRAAE B E et

A SRR S, AREE BB AR 2] 52k, R0 78248 b s 48 J8 25 B8 7 10
FRITBUE 7 ARE WSROI, SRS TR AR IR, SIS SRR A REY 2. AR
ARHIF I ZRr, 258 B 4k RE 0 3T 10 9 R AT R S BRI 2R AT RE 35 D508 22 AR I8 IR B 4k RE /0. T H IR
WEREL, AREERBOA M A RRR A, R B AN BRI R 2% Ry, kR
MR B2 2k 4.2 1. ATRAUON, @ARSARIR A2 S HLL B2 R B 4RI Zh kg 1248 B 2k fg
TBRTFHOFERAI AT REWE . — 71, B BCREDT 2 B RN SRS EA L, HRZ ZHAEREBIR
s B, 2 AR AR B AERE V) B TR A ANRIRE IR, Sk Z A RS eh I ZRAEE T ANH T2 48 8 4k g
iR, SECFAMRAMEIATE, APREE R, 55—, SRR A AR S R 45 R
I LA B TR M ANA T2 B e e 4R T . A ERE L0 U2 i MR RE BT A AR B
AR BEAE T o AETRFUMAE IR A PR BUR T B RSB T 0 22 AL R B e Re I I3RTH B
RIFIIMCR . ARTRIANNRE, 2AES SEWIHH | D520 b ST A%t G s S 7+ L2 4R 8 4
REJ1, EHRRA REFKIESR, B ERRA T AE RN . AR N 2 I MG, HRITAH
SNSRI FE R SEAE R ) (¥ IR R R R e A B R B R e D) R R N EEPE A T, ERRE T B ERR
IEERVeUR i

(2) WESCRME ERZBS SRS B 5@ 5 785 B EAFERE ERERH, WExt
B SRIEI MR, X B H R R

A G A s P AR R, AR R A0S, M AR, SRS
MIBEZRATE 7 WIEA R SAAEEERI “HEBLR” AR “WAARTAX” o BBl A id 2 e, 58
— SN EAUECSCHER ] T CARAER R, AR B SR AR AR SR S RO, RS B
RS, X AR A B SR R, BB T AR AR R e ) SR T S BN E 5 B
WS S5RUEYT, R AR SR AR B S B 2, FINAAFAE & BT A ERR =,

() FBVESHT A, I IEE AR LR G RN R AECRE . B BIRREXEH B YERE /1527t
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