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Abstract

To address the structural challenges in implementing collaborative inquiry in primary school math-
ematics classrooms and the need for competency integration, this study proposes a 5C collaborative
inquiry classroom-process model. Using cross-sectional questionnaire data from 336 students in
Grades 3~6 from a school in Shenzhen, China, the study employs confirmatory factor analysis and
structural equation modeling to examine the measurement structure of the model and its associa-
tions with students’ self-reported collaborative competence, inquiry competence, and perceived
learning gains. The results indicate that the 5C model is positively associated with students’ collab-
orative competence and inquiry competence. Both competencies show significant parallel indirect
associations between the 5C model and perceived learning gains, while the model also retains a di-
rect path to perceived learning gains. Furthermore, the 5C model is specified as a second-order fac-
tor and receives empirical support from the measurement analysis. Because the study relies on
cross-sectional questionnaire data, the findings only indicate statistical associations under the
specified model and should not be interpreted causally.
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BFEARAE (2022 428D ) BUABIHE 5, JFER S MG BRI RGHEE S5 B0E AR 7 AN REARHE (2022
ERR)VE L SEE[1]. MEBRALEFE, OECD T 2015 4 /E 3 “Future of Education and Skills 20307 i H 2%
2 AR RN UM T ) AR R BT 7% B AR HeRe. SEANEM, JFR AT EEMA RN A SEEE).
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Figure 1. The 5C collaborative inquiry framework and its application in mathematics education
[ 1. 5C SERRIERREERFHFPRIN A
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5 AMOS T H JF 46748 S AR ORFF AT B T B, S AERE J15E 1 R 5 OR B S IR 5 ST b A T A 1)
b5 Q20, EARMK) “MBHHS——AMOS LEIRE " XN R I LA K S1.

3.3. FhAE

AW FARFCLE 1 T FE AL (SEM) AT SR AT, R 2 4EFEGeit 7157 %% 5C BB I 2 450 )R &
[FCEE. B, STREREIEHATEIERK, XA Cronbach’s o K46 P #5— S5 E, @I KMO I Al
Bartlett R4 3 H) Wi & 553E & 7 b o 7EBRERE L, @I 501 K 40 BT (CFA) 23 Jl A S — B A
T INERY, HRIEVERE ). R RIS BN o) IR A I A

NS IO SRS, R S5 T FEAR AL AT B AR S BT . AMOS JE R4 H o, AR S ECR H i R AUAR
THEMUL)fhTE, B8 5C AL GRS . BRIT R IR SR AN 5 I 3R a5 Z IR (1 GG B AR S M AL R
Bootstrap fiiff, K73 5000 ANu] FHEEFEA,  H A H IR A 57 Hp 7 2 40 B s 3R BRI R 75 I BB REA
ASCHE S Bootstrap BAE X A TFG v (a4 00 . Bbah, 1E AR YESITHS Pearson #HC7 #2231
F BB R ARE A OG5 T AR S T 0 S R A, Goirt & RS BB A BUE T TR R AR .

AW CAF AR 53 BT AT SEM At Rt — DR 2 2 SEM Sl T PELL J2 T 1 BE LN .
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Table 1. Overview of internal consistency

1 FRR—EUMEHE

5 AR N Cronbach’s a IS5 Cronbach’s o 76 CITC JEH
C1 L5 5t 3 336 0.859 0.774~0.852 0.678~0.763
C2 JLWFH.BF 3 336 0.803 0.682~0.768 0.615~0.702
C3 L% 3 336 0.817 0.723~0.777 0.645~0.697
C4 JLATS 3 336 0.838 0.752~0.809 0.667~0.727
C5 JA e 3 336 0.844 0.766~0.810 0.682~0.731
G 1ERE 3 336 0.801 0.690~0.772 0.604~0.683
WRERIT 3 336 0.816 0.708~0.814 0.600~0.708
SR 2] 3R A 3 336 0.822 0.735~0.786 0.645~0.697
PERUN 24 336 0.916 — —

ik N RFNEM, CITC ForBEBUATHY:  “MS Cronbach’s o 15" F74 B & BITUS 1) o 2 E0HE
. SRR = RN

W4 1 fis, WEEH4K Cronbach’s a 4 0.916, F4EE o /T 0.801~0.859 2 [f]; &4ERE CITC ¥k
T 0.600, MEEEIN)G o &HILRGNME ETF, FHE R EA A2 00N 3 — 80k

4.2. WHEEECM

KMO &9 0.880; Bartlett Bk A5 55 25 (2 = 3977.674, df = 276, p < 0.001), 5 B AH &40 g & i3k
AT M
4.3.5C —(rMIEER

ARSI EE AR p N T (LR BEER . SRR ELS . LSRR TS L ) i G i S
WA — Bk, AHIE 78 8 56 KB AEPE R 7 20 M (CFA)ST— B TL A TR AT A 06 . 0 M B AE % 5%
(1) A5 ML AR A 75 A5, A7 T L L B AR B s (2) AN PR A A 0 S R S B SRS B 1 A
B

— B TR AR T AR SR 5 ANEAR RS IR AR E] 6 RLC R

Table 2. Fit indices for the first-order five-factor model
= 2. —mi AEFERH SR

YKt SRk GuilA ghit
CMIN — 112.205 —
DF — 80 —
CMIN/DF <3 BHAH, <5 A[fEaz 1.403 AR
RMSEA <0.05 48, <0.08 A/ H:Z 0.035 HAH
GFI >0.9 ¥EAH, >0.8 A[#:5Z 0.957 FRAH
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NFI
RFI
IFI
TLI
CFlI

>0.9 HH,
>0.9 HiAH,
>0.9 HH,
>0.9 A8,
>0.9 ¥4E,

>0.8 [ #:5%
>0.8 W #%
>0.8 [ #:5%
>0.8 W #%
>0.8 %

0.956
0.942
0.987
0.983
0.987
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4.4.5C ZTE—MIIERAVE

AL 5C — Bl A A
— &M=, CRAMET 0.70. AVE MET 0.50 H#EimiiA® it B3, WiENEEXR

Table 3. Convergent validity of the first-order confirmatory factor analysis model of the 5C dimensions

#= 3. 5CTE—mMIIEEETFRRBANE

R 5 U U

REREL, M A5 (CR). 1477 Z R HUR (AVE) AR AL BH 736

WEINZ %

i Estimate SE. CR. P Std.Estimate CR{H AVE{A
Q4 -~ 1 0.748
Q5 - C1 L H &t 1.175 0.079 14.869 ok 0.850 0.862  0.676
Q6 - 1.165 0.078 14.982 ok 0.864
Q7 -~ 1 0.845
Qs - C2 JLHFH B 0.934 0.074 12.676 *k 0.712 0.809 0.586
Q9 - 0.952 0.073 13.020 ok 0.733
Q10 - 1 0.790
Q11 - C3HLEH R 0.956 0.069 13.820 ok 0.799 0.820  0.603
Q12 - 0.995 0.077 12.970 ok 0.739
Q13 - 1 0.824
Q14 -~ C4 JLATS 0.793 0.056 14.160 ek 0.754 0.841  0.638
Q15 - 0.906 0.059 15.241 ok 0.816
Q16 - 1 0.836
Q17 - C5 LA ¥ 1.119 0.072 15.561 il 0.820 0.847 0.649
Q18 - 0.915 0.063 14.475 ok 0.758

e BRI A T ***p < 0.001. CR NG5, AVE 77 ZARE,

%3 &N, BYEE CRBIAMET 0.70. AVE it 0.50, HWMFEAREfTii B giitB%, KWk

TR BA T 2K RE L.

4.5. 5C T E—HriiE¥I A EE

Nt PRI B R AR, AR Fornell-Larcker YU A0 80 B #EAT I AE . % AE I 2Lk
AR T 77 ZE R UR (AVE) P TRV T2 8 5 A AR B 2 (M R R R 8L sebn v vl i R &
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Table 4. Discriminant validity of the first-order 5C model: Pearson correlations and square roots of AVE
4. 5C TE—MIIEFIRIE: Pearson X5 AVE FH1R1E

C1 3L JH 5t C2 L H C3 I H R C4 750 C5 LT
Cl L5 5E i 0.822
C2 JLRfFHBF 0.344** 0.766
C3IHLHHE 0.352** 0.461** 0.776
C4 AT S 0.389** 0.494** 0.477** 0.799
C5 A5 0.431** 0.351** 0.470** 0.426** 0.805

VE: RN 2R KT AVE SF R, **p < 0.01.
Wk 4 pion, K0& AVE TR K TN &R 250, % Fornell-Larcker #E N A7 3R15 470 1) H)

A o

4.6.5C —HrMES&H R EtASNE

Nit—L K 5C IR KB R BRI E R, S E kM 5C AL S A&ERE . AR
FEL A IR =R T I BT . ML A bR . A SR T R EE W% 5, BARD T
UL72 S1 M2 S2, A% Ut &1ty Fornell-Larcker 31 %) 2k B 46 56 45 5L WL 7% S3.

Table 5. Measurement quality of the second-order 5C model and the three-factor outcome model
F 5. ZM 5C ERSZERTE=FAFERNNEREMA

s it 22(df) 2Hdf  RMSEA CFI TLI CR/IAVE

—Fr5C iR 125.635(85) 1.478 0.038 0.983 0.979 0.833/0.502

HRE R =T #rff: 0.804/0.578; RFL:
et 32,154 (24) 1340 0.032 0.993 0.990 0.821/0.606; 3kzi: 0.823/0.608

W By 5C B, C1~C5 7L 5C bR HEALER AT AKX 0592, 0.714, 0.768. 0.763 F10.690, 34 p<0.001. —[X
T, SRR, IRARFRGBAE IR AVE “F R4 0.761. 0.779 1 0.780, 35K TR &[AIAHK &
%1(0.374. 0.435. 0.391), FHEA EZMHRIE

4.7. BESHEREKREER
4.7.1. RBEFMESMETFMN

NG ST FUBLE (AL (B BR AR ORHK, SR GE TR X 5CL B RERES) . IRTTE IR 5 N 27 21 3k
i Z AR S0 RIEAT BEAR R 5, IFidid Bootstrap V£l TH ] R B AS X 7]«

Table 6. Overall structural model fit indices

7 6. BAGIIEBI SRR

9K =R Palli [y s Gt E ghit
CMIN - 330.552 -
DF - 242 -
CMIN/DF <3 FAE, <5 A7 1.366 AR
RMSEA <0.05 48, <0.08 n[#:5%Z 0.033 AR
GFI >0.9 HiAH, >0.8 A[{£E% 0.926 AR
NFI >0.9 FAH, >0.8 AJfE% 0.916 AR
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RFI >0.9 FAE, >0.8 AJ#E%Z 0.908 P A
IFI >0.9 #iAH, >0.8 AJ:%% 0.977 P A
TLI >0.9 #iAH, >0.8 AJ$:%% 0.973 P A
CFI >0.9 #iAH, >0.8 AJ$:5% 0.977 P A
%6 BN, BARGEMEAIR B E R A R a2 VEE .
4.72. BERBESRIBLELER
TERRRLE RIFRIEAE E, SRR N EE R BRE 2 RITI L, SR NET.
Table 7. Regression results for the structural model paths
7. SHRAERAEE SR
Az Estimate S.E. CR. p Std.Estimate
H1ERE - 5C 1.118 0.158 7.061 ok 0.635
AR - 5C 0.845 0.128 6.593 ok 0.607
TN S 3R A -~ H1ERE 0.245 0.079 3.113 0.002 0.260
RSB E - WAREFR 0.200 0.093 2.155 0.031 0.168
BB 2E STk A -~ 5C 0.536 0.179 2.993 0.003 0.323

FE: ***p < 0.001.

IHTEE SRR

1 EFTBCE BRI, 5C SEERET). IRFUR R R R F B BRIERB(IE 7), HL Al H2
RAFGU SR o 285 RAE R T 0 B BOR BRI -

2. SRR SR TUR IR 5N 52 S1 R 28 2 (A1 P8 52 6 3 I 1) R AR 5 T

3.5C M 23R 2 IMAFAE B AT, (AR AETE LS B G VR RR ) AIER T 2 R 1N IR H 0R BK

4.8. [EHEXEAELE

K Bootstrap fili##i%HE & 5000 Y flith 5C 28 & 11 HE S MR T 3R 975 N 22 ST 3R 7 2 (ALY [R5
Bko % 95%E(EIX AR E 0, MMM [EHCHGARI G R, s R ILE 8.

Table 8. Indirect association analysis

8. [EIEREL

1z et Estimate Lower Upper p 1H

5C— RN 2T 3k A BN 0.536 0.166 0.944 0.007

5C—A1ERE 7] — a5 > 3K 2 SR AN 0.274 0.097 0.533 0.004

SC R HIr —~ AN 5 I 3K 2 (B4R 2 0.169 0.006 0.399 0.038
SN 0.979 0.710 1.342 p < 0.001

EVERE ) AR B AEFRUE AL I3 2% Ry 0.274, 95%Bootstrap 17 [X 7] /9[0.097, 0.533]; XA &K k1%
(FIAEARTEE AL R B2 20N 0.169, 95%Bootstrap B {7 [X [H] [0.006, 0.399]. P~ X[EIIAEE 0. BT M7
THI 1) AN RE R DA TR, AR SCKs L RAR N I ., T ASE R S A A ke

gi b, SRR SRR IRAE 5C SR 23828 2 10 RIS B IRIRIA B ORIE . X — 45 o “it
2 - RFF - G R7 MITHEZLAR LWL RIS, 75 45 G IR S . W24 L R DA N 1) B 2 56 4
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4.9. R SEXME S

NEDLEEARFIEARHE, X 5C F4ERE. SFRESN . IRIUR IR 5 BRI 2] 3R e BEAT iR 1k G A

Pearson 5%/ Hr (L% 9).

Table 9. Descriptive statistics

F . MRMGITER

ey i FEA & /M S YNEL M bk

C1 5 BE 336 1 5 3.432 1.059
C2 LRI B 336 1 5 3.711 0.936
C3LEH R 336 1 5 3.688 0.968
C4 HAT S 336 1.330 5 3.757 0.984
C5 a8 (2 336 1 5 3.380 0.979
5C 336 1.850 4.920 3.610 0.694
H1ERE 336 1 5 3.651 0.943
RARRT 336 1 5 3.495 0.931
RGNS I3k A 336 1 5 3.800 0.980

RAHTEEROLE 10)87R, 5C HEMFRES . IRITR IR MR 23R ot 2 [ 1 2 W35 IEAH G A 7
TR 5T 1) 5 B T — 2

Table 10. Pearson correlation analysis
5% 10. Pearson tHX 43 #h

ClILj5%E C2 ;j%ﬁﬁﬁ C3 3Ty C4 ATt Ch A1 5C (= 7 W e
el i ES B i 7 EST ISk S
C1 )5 5E 1
C2 LBt EHF  0.344** 1
C3LIFEHE  0352%*  0.461** 1
C4 4TS 0.389%*  0.404**  0.477** 1
C5 LA e#r  0431**  0.351**  0.470**  0.426** 1
5C 0.710%*  0.745**  0.753**  0.775**  0.556** 1

E1ERES] 0.307** 0.318** 0.424** 0.381** 0.383**  0.478** 1
I FE TR 0.331** 0.377** 0.354** 0.342** 0.388**  0.458** 0.371** 1
BN CEREE 0.297%* 0.285** 0.372** 0.369** 0.370**  0.436** 0.435** 0.391** 1

FE: *p<0.05, **p<0.01.

b 4 S R T R MR T R YRR SR, ELA A R DR SR
5. WHR5R=R
5.1. 5C RN EBEW S KGR

A FEIBI S R T RS U0 T 5C A M HR SR B o R AR (I 5 M 3 5 2 DA R SR
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HAE. a8 RE R, IR, SHTESE. IR0 S AT LB e H AT R 5y 5C iRy, BN
PRI B A2 VE ], RUNZSFRIRARESGRAG T WD G B S R 3E— 0 Hr kL, 5C Bk
HAEMERII IR FMBIN R BB BRI KB, ARG 5, AT SEERANILHT B TR
FAERBYMEMN B, RYUSHELSERES SRAEREBOVR MM . LR R SRR A 1R
TN EA T RE IR IR, DLEE BBt . EANVEN e — DA s R BT T ) 5 A RE 40 L
I FEPR AT S 5 Y BRECERCR - T 5C R S 22 A Re A Bk B 2 E VP, 42 R AT RENR
I SRR ARG . AMARAUR AR R e sy AT I £ 22 YR B ik e gk — 2D 3R

5.2. B1ERENSIRE RFFHVEHEXE

W3R M S, FE S E HOREI TRE A v, 5C 5800 2 ST 3R 28 22 1 S B[R] INF 28 vy & 1R B A AN
WA RFTEWFRIAT EI . PR ARSI AN 73 70l 0.274 F110.169, [R]HE#E 42 2 MLy 5 & i IEbRAEAL,
BORHEM 45.3%. X —45 G “IfE - R - SR MANHERM — 80 HEAM A ERE ) MR T R FRAE
BB R B R R B S AR ST R R A AE R PR S 22 R A G 90 T e SC BR  AT

53. HEXBRET

WEFLAREW], 5C BN/ NA SRR T B AR — Mt — DRI REHES . Horp, SR et
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B AR, ATHSE 5C BN ACRAE T M B S5, N BOMHR BLIE ) it YR SRt AN
MR BRI 45 S RARTEM BTGB, & EIRFTBEAR B N ERAE 5 PP SCHF -

6. FIRERE

ARWFFIET 336 4 = BNFEYAEM R BEIE, RIS R E R, LR LRI R.
FAT LA (LB U 5C AER AR S AR . SR BN, AR A8 5C i &
BT MR HIA AL , 5C 5548 BIFAERE S TRATRIERURAN S 2] 3R A 4710 2 1B ) R BK, A 1ERE
NFRA TR RIS IR, FIRGE Ry 12 - % - A7 BICEREE IRy D Il &
GRS, AH RO R AL B R B A A

K FAAFAE—E R . FEASKRIR T —Frgks, HAEWE EEoR B [F— i ) s 2242 | v, B
FREZ BISLF T VE M ZE . SRR B RBEARE TR RIPEECH R BASCUIAMA R RN, #
L SEM Rt — DAL THHESZ T BENLRION, , AR R 1 XL 385 A 1403 FH P DA S 7 i 2 [) PR BRT SR O 3R AT
T ARRE . 5C I P2 IR AN BRI [E] I 25 B PR B SRR 5 5 AR ARG, ARSRIE AU 785 T RIP AT . AT R A
SEREARZE XA, 3 — R R AR RS SRR )M AR I X 2 BE o ARSI FE AT KR
AR, AEUREWE . FAMEM . BUMPES AR AR I E 2R, IRHN B, KRR
W EER, WESLIRETE, HE DRI 5C AR I AR E T S L ORI R AR
£ E&WA

EFASRFES “T =7 MR 2020 FRAE % — RIS “ LB IR E B3 5 RNt
FL7 (REHLHE S : BCA200090).
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YL AANFEAMRLER A “ BB + AMOS BEARE” XbRiE. JRAE A 24 A0S 80E S g 5
NS 1~24 [, AMOS 3R BRI 24 ANINAS A Q4~Q19. Q21~Q28, Hirh Q20 i H FHEAI ML= .
i C1 4% 1~3 81(Q4~Q6)E &, C2 Hi#f 4~6 Mi(Q7~Q9)F &, C3 % 7~9 i(Q10~Q12)% &, C4
%5 10~12 @(Q13~Q15)/¥ &, C5 i 13~15 H(Q16~Q18)/¥ &, A1Efit Il 16~18 f(Q19. Q21.
Q22)f &, TRITHFTHER 19~21 Bi(Q23~Q25) i &, BN ~) 3K i HHEE 22~24 #1(Q26~Q28) [ & . FITH#L
B2k B AT 1) AMOS #1 SEM #irths [ 1 S H4abn AR britk iR 5 7 L.

Table S1. Loadings of the five first-order dimensions on the second-order 5C construct
& S1. ZMr 5C EBIth AN —Pr4E R 2= B 5C BYELTT

FEAZ EbrEAL T S.E. C.R. p P4k 2K A
C1 3L)5 56 <5C 1.000 (J# &) — — — 0.592
C2 &M H 5 <5C 1.190 0.161 7.370 p <0.001 0.714
C3 L R —5C 1.306 0.176 7.434 p <0.001 0.768
C4 JL4T52E <5C 1.463 0.194 7.547 p <0.001 0.763
C5 LA EHT —5C 1.176 0.162 7.273 p < 0.001 0.690

#: ZFr 5C ) CR=0.833, AVE=0502; MBI &°h 42 =125.635, df=85, y¥df=1.478, CFI=0.983, TLI=
0.979, RMSEA =0.038.

Table S2. Item loadings for collaborative competence, inquiry competence, and perceived learning gains
= S2. E1EaEN. RREFERME SRR IIE T

AP I [t A S.E. CR. p P4k 2K A

%5 16 (Q19) 1.000 ([&l5€) — — — 0.814

EAERES % 17 Hi(Q21) 0.812 0.069 11.779 p<0.001 0.694
%5 18 i(Q22) 0.878 0.069 12.646 p<0.001 0.769

2 19 /8i(Q23) 1.000 ([ 5E) — — — 0.670

WARET %5 20 Hi(Q24) 1.185 0.099 11965 p<0.001 0.824
% 21 75(Q25) 1.286 0.107 11.987 p<0.001 0.832

2 22 [i(Q26) 1.000 ([ 5E) — — — 0.789

JREN 3R A 2 23 #i(Q27) 1.111 0.081 13.768 p<0.001 0.826
%5 24 [5i(Q28) 0.906 0072 12592 p<0.001 0.721

T A1ERE ST, R H IR 5IRA% S 3R 1 CRIAVE R 0.804/0.578. 0.821/0.606. 0.823/0.608; =K T A&
N 2=32.154, df=24, x2/df=1.340, CFI1=0.993, TLI=0.990, RMSEA=0.032. XH4E5 KN N AMOS FIFAElr
2, RS 5 H X N e R LA T .

Table S3. Fornell-Larcker discriminant validity matrix for the core constructs
= S3. 12 Fornell-Larcker ¥ B3 B 56 FE

LA 5C H1ERET WARET AN 23R o
5C 0.709
H1ERE 0.478** 0.761
W F 0.458** 0.374** 0.779
A ) 3R 0.436** 0.435** 0.391** 0.780

e X AZIHE A &M & AVE [P dEX] 260 Pearson #H ¢ R 4L,
FIHA) &M 2 2 %1436 /2 Fornell-Larcker #EN . **p < 0.01.

B 5C 5 =Tigt AT E M AVE FITR
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