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Abstract

This study investigates the effects of the CER-L framework on students’ responses to explanation
questions in a Chinese A-Level Physics classroom. The CER-L framework consists of four dimensions:
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Claim, Evidence, Reasoning, and Scientific Language Accuracy. It aims to help students construct
complete explanations. This study selected three A-Level Physics students as individual cases and
compared their pre-test and post-test responses to explanation questions. The results show that all
three students achieved higher total scores in the post-test, but their dimensions of improvement
are different. Student A showed clear improvement in Claim and Reasoning. Student B improved in
Evidence and Reasoning, but still cannot clearly explain the topic of waves. Student C showed clear
improvement in Claim, but declined in Scientific Language Accuracy. The findings suggest that the
CER-L framework can provide an effective structural scaffold for physics explanation questions, but
it cannot replace conceptual understanding or scientific language training. In teaching practice, the
CER-L framework should be combined with subject-specific causal chains, comparison of examples,
answer revision, and differentiated support.
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R DU KA T P MR R B (P S o)A B 1 29%. T CAIE 7E 2025 fE4x4Er, MRl &t
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Figure 1. The proportion of explanation questions in CAIE 2025 examination papers
and Edexcel 2025 winter examination papers
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TE S, B RS AR RE R RS A AR, AL E AR NIRR, DR B I A .
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EHEFEAN, M TRERTEE WK AS AU, BRI 1T BEUOES 70 N A LA B, H g
PR ARG 10 A2 B B2 B AR IR A R DL EE BRI AS BBt T A2 [l i % . JulE s
I7, SRR 8. ORI R IR 1] [RIE, ARYE A 2 A B S RS IS 0 R
£ CAIE iRl P2 Erh, H A PIgRMRRER 40 1) b LL A 10%, TMifE A2 (1) P4 &, %5
F+# 39%.

R, $R7TAE F A 24 S 28 S o AR MR S R T I . RS OC R O B AR, B B 2

12. EVRNMRBMAENX

TAL o LA SE AR RE AR B A0 1 45 X I XE RE o AR 56 [ [ X B 2R 1 K-12 B2 30H
HEZL5RIR, ARMT2AX TR 22 I RBORAE =N BT RS Bt 5 TR LSERRN A #5520
R MBI R DL R AR O [2]. R, RSB RS, SRR AN S R AR S A, N E
PR A0 i F 2R O ME S AR 27 S R A SRR AR . R T TAL ke i) 2 WA R RS 1 AR B T 0 X —
PR IRINEDR, AR ERIE H AR B, ACHEWERER, MRS kAt
R . AR FURIL, e IR UL A% Gt 00 M B2 ERAR 2B A8 2 b~ AE X RN AN T, X222
P L AR A AR BRI, BOSRE AW R BT A T AR R3]

2. EIRHEZRMICELFR
2.1. A-Level FENRBERR AN ER

DAAS s L =9 ) CAILE 1 Edexcel 2510 R AE1,  TAL X 224 I B SR ANV R [B B #8208 s A 5K,
BB s R, N TRV EE S . AN E IR RN, IR R R R
SR BRETE DL R AR 2 AR S 4] [5]

CAIE (1) AO2 FI Edexcel [fIVFAMEZE i # LR 22 A REBE BB IE B . Mok AR, JEEGBIG . M
MR RMEAEEHMAER. 75, MIBSREZRKE, CAIE fEfe~iA explain i FIfRE A : BT E
PEE R BRI BRI OC R, SRt A (88 77 S DU OGIESE 1] Edexcel BEER 125
feA[4] [5]-

ZEERTR, 1AL T FUMAARERR R 2 FABEE AR N H Ty s, RaaB R mRsE,
FEUESE (A EREATHERE, SR )5 DLE STV R R IEHEAT R IE .

2.2. CER B KilR

FEURAR SO 2242 58 B RE RV AU VE I SL 5 T, A2 % T MeNeill 5 Krajeik 21 /) CER HEZE
[6] - IZHEZLIR L T SCHR H Toulmin ¥ 35K, FR7E LA _F AT 7 9C TRl 222 21 (1 03k [ 7] - McNeill #1 Krajeik
BT ) CER 1 claim. evidence 1 reasoning = M0 # A . e claim $8 72 — AN FH K 01 25 J5 s i) 3t
MW B4 18, evidence /& —28 7840 W 1] DLSCREML AR50, LU a5 ERAR DS BRI
reasoning & F4E AN 2510 2 AP SCREIE MRS, B ALS TIEH AN EEEE . McNeil 75 2 S50 IS 21011
SERAR R IX —HEZRAE AR A R IE 0, o] DARTH AR AR R E MR T T I RE )] A CS % | CER HE
BRARH SGSCHR P ) SR T E (LA 1)

BT AL [FE 5 R, CER MEZRINIE H TG EL. Bk, ASCEREFWETEAFTER T, W
AT ] 1AL 522738 5] N CER HEZE K H AR 5R0E . SR, o [ 252 AR TE R 2 AR e REE 2 v T W 1) 5 — X
MTE T ia G I JE A T S R AR I . FET 0k, EJRAN CER HELLSE A2 b, AN T —14
Y i ——R #1855 WER 14 (Scientific Language Accuracy).
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Table 1. Analysis of research participants and findings in studies on the CER framework in references [6] [8]-[10]

F= 1. 3CHK[6] [8]-[10]# % TF CER BRI RN RMEER 574

CHER TR Fh BIRNR REH AU - SRR R

Supporting students’ construction of e S, SAEERTRR . IEHE R
scientific explanations by fading 2006 i H AL égiﬁﬁﬂ%ﬁgﬁﬁj& HEBE BT =N 5 352 9 W
scaffolds in instructional materials LT BHTFS].
Supporting students’ construction of PRSI R i TS AERI
scientific explanations through ge- R RVER BB BRI R ARSI R B TR
neric versus context-specific written BEE ER S CER HEZE, 1 Sfrw B34
scaffolds BT 4RSS [9].
Scientific explanations: y; | =
Characterizing and evaluating the [ éﬁ?ﬁJW%ﬂfﬂfﬁf}i?X\ UM H R CER 23,
effects of teachers’ instructional 2008 EEREREL AEL RBUIRRRSCHE AT R[6

: ; JEF CER MERf R ppe o o)
practices on student learning = A~
Teachers' use of curricuumto - SUBWEEI i it RmsomscierARR, 24
support students in writing scientific 2009 BEATF} 2 ERE {1 R 3 2 FETF R A F 10
arguments to explain phenomena AL B eI [10]

2.3. Mg EmY

RS 2 A PR 17 SO 28 R 75 (0 PR 24 S0 MBI AR 5 R 3 e o W VB
AR %k — RO, SR BOE AR R IR, 7EMAE R 2
RIS S AT HE S, T2 7 SRR U AT (077 S8 5 418L, R R LR

A~
AN

S AEREMOCR[LL]. M2ERHE S BA ISR, AEfe. &5 BB R R, RN BRI RIEE., 75K

X [12]0 X2, JUHARZE S AL B E 2 ARG T M. I, ASCRAEH CER+ RlAiE S HE
FATEREZR (R AR CER-L)EATHE 7T, 25 e BIME R IRAVIE S ET, MRS B 9 3L 2 R :

Table 2. Chinese-English terms and core assessment criteria of the CER-L framework

3 2. CER-L HEZR R 4E B B h 53X BR LA R 4 D B A

5 3'a PPV EDE )22 L Wrbr e

Claim S HRE AR IAT . HERHL R T )
Evidence WEHE A H AR T A B 7 MY B R
Reasoning HeFL R S R T T AT A P P B D R AR T RS G0 ] SRR A
Coherence BF2E F T ARG T IEFR S RIARE

FUTAREBNAE AR AR F R A BAEFRIRE . AR AUEE BT EREA AW PR
ik WEERIE . SFAFRIE IEHRRIE . RMERIL . AR AR IR X BE ATy 5, B A A3 A 350 43 A
o, WICVATEM F SCERAE[138]. KRR PH AR SO CER AEZEI RN, AN H WISk

KR, BIRHEATE 5 RIEMSR .

24, IEFFFE—F—HFEPIHNA

R i 2 SR 30 I 1) e U R R X BEAE, 2R AT DATE 3800 8 [5]3R5 0 58 i T M7 K AT 45
T IZ G BETH 27 A ST 58 AT 5 7K [14] o THAE —XF — U3 R, R A8E I B0 S okiZ B 3T 24 4E
P 5E AT 55 117K F . Wood. Bruner F1 Ross #i& H 137 ZE 02w & — AN R A RN v, kAN
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“ESIEHOTIE S TR RALS” RIEN “REMSrseATS” [15]. i, AHE 0 TR & 50 2%l B 222
“HeE R BN R B4y SE R S Rt T SE R R
3. R
3.1 MIRFG=E

TR ZARBIDHIEE S 0771, T B OFEAREAT KRR, im0 = A
% A-Level #HE 2L [RHFEEEL, MHT CER-L HESE 0T 2 W AR S0 11 25 3R B 0 540
3.2. fIRIRFIER

AT T = L I0E2 MRS /740 T R 0 h B IAL P32 4 (L2 3). REBEE 5%, = AM&
SYITE 5~7 JEREA, JERIFBLH ROty Sbiinl . SR RUEHERAE 7 [k . EURRRAREA, HiY
RVHIYIGRE 1A R, SREEAR T PG AR T 22 R RS 110 R R B35

Table 3. Basic information and pre-test performance of the students in case study
Fz 3. Bfla i FEEEARERURBINKFE

24 HIW A BB ARy FHRK
A 6.8 A2 BE 3] CIE 31MH
5.3 AS 25 2] CIE 1/MH
5.2 AS Hi R CIE 1R

3.3. HEFMILIT
R IZFET TS CER-L HEZR T, FEH AMAHE.

Table 4. The four stages of teaching intervention design

=4 BEFEFFEITH 4 NHER

Bt BEANE HEHK
(1) wirm SN T8 AR R HE R I SR 4 ) R
(2) WA EYEHIE CER-L HEZE ik2e AR @7 CER-L HEZE
(3) AL 0 3P P S B A Ak S A B 2 A 5 R ) R 2 1 2 R K
4) Ja BERCHE, kST e AT

e 4 P, AW BL B R H08 R SCRAER SO . 3l RS RO SR IETA 5 H A
R, AR SR Se BRI R KRR R .

HI AT S RS L SEHCA AP AT SRR T, AJa U H F AR S E IR ARG, TR IR
FORYAERE ) LS . XS BOAN ] 2 A T s P P B R AN —RE R o XA BRORAE AR B3] A AE
JRIFR, R WAR G 7 B AES R, WA BEE L 5E CER-L HEZRAE A R 3E 1 h sd FH IR 22 57

3.4. BiiEWER

ARG EAARE HS: HAERTNA R, WEGIER. BSR. FNEZR. 2T 0%,
8 CER-L EHUAHEIT 73, R ME% T McNeill #1 Krajcik $2H ) CER &4, HHhn T R3#1ES
WERTE LRSS, FEANYERE IR IR 0~3 0 HEAT ISy, M3t 12 J3[6]. B0, Ui AR 7 5 — 4 5 sl M A AR
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Berp RO, BEAREM K 5. Fo M B R0 4 Al B 3 AL IAL MERUT S PRI BT %, B
AR S0 BHE AT
3.5. BIESAE

G M0 N E BFIR A E M SCAR AT A T - 58, KHE CER-L & H0U6 A= B4 Hi il An g i 25 22
ATy . Hok, XA BB BT SCAR M. BJa, i B S A S0 28 S0/ N AR I A [R] 55 0
X,

Table 5. Rubric for CER-L framework
%2 5. CER-L fE32E M
i3 34 RF 24y BEAIERR 14r: HIBikts 04r: BEHR

G ELE, e, AL,
Claim  THAZER, Wit ALl B8R gt s R s iR

fo. i IEABTRIER T
T 54 B AR L . B s, (R -
Evidence  4M0f5 BUE AR, gy con TARUEREAR b pegn ey o PRI ¢
bi%) T, HERIETE

Z AN HER
AR, (HRRD
REEY R, SRR

. KGasE

GRS P A, s T THECYIELS

- oy IR AE E. 479 9 N 3 Hb ST)=|
ReASONING o i gt f S o %’gggﬁgﬁf Bgigy kg, TR
A SRR aite e B85
- . N R o
R E R, Yok AR, JOC RERRMARESIIE g e g
e PSS Sk AEN, A R, s AN
Language AIEZE, mIREA /D EIEVREL WO NG (ER Y, T BIREL, SEEE X
Y A= \Efﬂ ey —= VA HE ’ = ’ ji‘nl:l“‘ ool
PIERREA Y E I AR HiR B LA R
4. G55
4.1. ATEMEGFLER
6 M 7 BB T =445 A AT IR 5 W i) 2 Ak
Table 6. Total score and changes of pre-test and post-test of three students
6. ZRFEAINAMENN2TUARTL
FHERS AU JE ZHE
A 6.8 10.2 +3.4
B 5.3 7.8 +2.5
C 5.2 6.8 +1.7
Table 7. Score and changes in 4 dimensions of the three students
R ZBFEANEENDBURTK
EhmS S RS A AR AL B RIT R PHAE S R
A 15 0.3 1 0.5
B -0.2 1 12 0.5
C 1.3 0.5 0.5 -0.7
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LRGN, =HERB A PTERT, YR A RS M BLE AR . HE SRR, =
AR TR BERSETHE B A e . 224 A S RN AR, a5 sl & 24 B &
oy BARA T, HIHAE AR SRR L0 LA IR S22E C FRTHIB B ELBOR, (HARHAT ST
FUH EEAE AR B AR AR X — R . BRI R, AREFFORK kg R IR E AT
T FE B A AR o

42. FHE ANESIT

AR, 2 A BRI HRRE, HEERZIERAED IR ZEm. Flin, (Eee
EREDRBE R, H#4AESE:  “The tension provide centripetal force because the sphere do circular mo-
tion.” IZEREIRE RN, HERAM DU KD I EE T MO KRR, BRGRAL,
HEPREE A R

R, A AR AR SIS I R RS A e, EMRRE AR SR RERS, S AEREE]: “In
ideal gas, molecular potential energy is zero. So internal energy equal to total molecular kinetic energy.” 2 ZH
BIRAFAE TR I TA RO A5 ) /L, (HRRERE ST “/r T3 RENE” FTLL “WRESE T 70 T B 8hae” e
Ik R . TE PET scanning 1 H H, 224 thRERSIE I KAl A fo SRS 2 .

KRS, A A RAE R A H A S RS B AR e O Re, IX S5 SRR, BRI
i CER-L ZRAT Bes A B T2 28 SRl AUV R e a5 A AL AR, TR e I8 RN KN 2584

4.3. F4E BARDH

MIPIANGERE R, A4 B HISRTE 2 B4 P e iE 4 A8 A A R 5 T, T 458 MRik i T B 0.2 43,
VLR B I REAR IR T IR AR R I )

RO AR, A B AERSL AR B AHDGIN GG, (B REONMING. B, MRLETI AT s g fa
JERHS, #4255 % “constructive interference happens.” %2 A6 KB I8 H IER45 1, (HR %A 1H 1%
AR ZE . AL ZE MRS . TEAIE FEMRRE A H R T 4 IR I, WA 4 o BRI .
PRt 2R B 7 B A 0 = B 0] A il E 8 SR AN HE R I A

JEl, TEMRETE SRR E R, AR IR B R BRI RS 2, BIRRIR IR A —
SeEVE R AR, (H R OGS BRI /& 5E B B DG, (R H h 5 DR N “ RalZh 450 ) “Af
YIRS BAT AR &

SR, 2FAE B RS 3 M (R R PR o 5 hod B AN A R R S SR SRR H 22
REi:  “constructive interference happens and bright fringes form” 2%, XM RIEHAE “FXRE”
JE T

SRR, 4 B SRR, CER-L AEZLR(EE FTER B I st h B 2. AR KT
TiURT REHS B A U AN SR UE R FIHERE, FUR M AN JE DASER R 3 R T R e B R 454, DRI M B
RO R S HR T DL, PR AT CER-L HEZRF T A LAZE 5K

4.4. ZHE CARSH

P4 C R RIRTHEE /N . WA, SR MRIR 25T i R (4P, R4 5 P A 2E
JETT BN REAR T, A2 5 #EFPE TR 7 0.7 70,

AT, Z24 C RENEIRBIER 5 H VS AR IS B, (HRBAHEB I AR E . B0, e
RIESE - R ERE, AEEE: CHE TR, R TERTLUZEIARR] T AR ELIEE . 2R AT
SRS, T HRA RIERR AR LRI G R FIREML, 2 AEAERR AR IR EZ R, 423 7 “ignore air
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resistance” A “YMAZFIE J3” , ULAMLEREE U “HIAEH B nT DLZBERE /)7 (BRABAS i ot 4)ix —
KRR, (HEAH— B UM A IME R RS, K, 24 C 2ERTI A ) 32 2 ) BB AE s 5 BB
FE, MUY B SRR I 70 5 R SR

JEMIH, A C AR HRRT B2 G o 90 a0 7E R I 5 I s 0 BTN, 25 AEER R “speed
increases, leading to air resistance increases. So acceleration decreases.” %% % AR A B & TR S, HE
PR A KR, (H RS I 7 5 M ek B 1) S B 3

TEXADZEHIR, EREFERE, ERTAumd @ HEY, 24518 “acceleration equals air re-
sistance” X —RIAAN R LNEE M, M EEEX R R, IEEMTSEDE T ARYEE, —
BARAHSE . X —HAR U C ATRRICE | Al BIAR, IIEEEAR” X450k, HENTE
J3+ S BE TR0 I8 P S R (R R O R AT SRR TE IR R R B AR . DRIMTE AT R B, %24 C mf
RE R AE TS WS 075 1 AP R R0 1 2 8 T = B LA R P R U s ) B 58 Fo S A 2

FrUASARSKRE,  H T 5 U H AR A B VR AR AT S SBH iX — o — R F, 4 C R R#
TEARRE . 2 C 11 a M SR I E s T DL DS SR B B 3R 27, A A MRS B i A A R e ) AL

45. ING

gi b, =HAERRNE R TR, ER T RN S, U] CER-L HEZUN S 2R ke
AW BA — 5 SCRE R, (BRI AAEAN R E L B R SR I F ANl

5. #1ig
5.1. CER-L #EZE xR SRR HE A

WAL R, CER-L HESLRT REXS A A MR AU 207 26 T B, el 2 R T 4R B, =
EA L ROECE S

HRSGRMETR, CER-L RS EZABIEMREA N L, EARE Ak AP A 4E S 23R
T, Eeinz2 AR R A HER PRS- THER D, IR EMASRER: CER-L HEZAN A [R] I it A i L )
JIHTA.

5.2. FRIFENTFL R

AHFCR) =2 AR R AR I TR B 22 R, X UM DG 2 AW AG R e U, TS 324k
AT BER I H 32 RRAEAS [ H BN [ 204

A BB “ A NAL” o FLm I A H W B A2 1 2 U5, (HR RS LR 2
HoASE P AR A R T AR o X Ul W AR 18] A IR ] REAT B T22 25K CER-L Z5H0iE R AN BRI 45
He

M2, 224 B (e TR A IR AR IR, BRI A6 AESE AR, (5 AR e IR 2
g5k, BRI A FIONRE .

P C I E AN R, B TR R T RENS S T 25 2] R ROV R 7, A PRt 20 B T e S i HL ) 324
AR AR R A5 R 1 E AR A R RE T BT

Bk, CER-L HEZEEIRAENS 2 EIRMAR B G5 ISy, (HAPAER B IE NS, TR B0R
TERAUE RGBT R B AR .

5.3. YIEHSHHRIZE SRR RENRN
BT A S I R AR 52 CER-L HEZRAIACR . CER-L HEZ HAERE B 2 A A O BRI A

$
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7, FRAEMSRI. L AR iR MRS M R SR S, b
WAW BRI, R EATHR A BN, AR ARDAEAEF T CER-L A4, i Lh4L 4L it
R

B, PR, MR, BT YRS RE R R, SRR E A CER-L B, &
5 B 2 N FL AR 5 B2 E RS QOWP I BB B . B0, SRR VI 2
URBER IR VR FEURGE, ML VST KA T, PSSR YR, IR 3 2
5.4. E—EE)IG R BIEA

A C A RITR, R H R — BT 6 S ECRM AT, RRRTIFA—E R MR K
ERAE. tetn, =22 CHT I H AR e B v i BRI L, ISR IR B
fem. (HAE CIRME IR S A AR Ui, LT BB 10 ML SRR 1R 2 AR, A2 58
W S5 AT 1 o

RERBAT, #IME s 8 B FSREORH B P R ARG 70, XA iR S w] AR Bh 22 A
BT WARE, BhA] R A M SR EHRRRT, HUTN 25 2 I R A R BLIE SR,
PLAnfE SR e, AR RENE IR S OCHRE NS, BOMT B — PR E A T B B R R AR, 4
A RE AR I A TR T B i) AL

5.5. 3t A-Level BB EFENB =

£i L, CER-L HEZRREWS T B2 B R R I S5 h, JCHAE S5 IR MR IR AIHERE T U5 s SR 2K
R TR, 8RR A2 A S B ACT (PR, ARESACE BB S I #ey:, EWT L
VRN — PR RELE R SO

TERESR, B, HNTEDYEBURMMREN . 2 S BRI Sy, FHARE N AH
EYEEMES, MR TICRA LR % . CER-L HEZLAT LA B~ E WAl — I R RN & 218 RS
AHERR = AN FEAHR ), e AL B R “HHMOGRE " Fm “BHIRRRRT o

Hk, HOMBCKE CER-L MRS HARMIBENLS 4 & o AR 24N 1 B B A AL, CER-L HEZE
HEEH RAREHES, TANRE H SN ERRZ R Kk, 7EVH#R CER-L NESEZ R, HOUMRL 2 et il 2 %
TYBEARK R, R R0 R IERER 7 R U 35 #r

e, BHAE S HEMIESR ZAEOMSI NG A bR, EIGERREIUEREE N, AR ) B
o, EERENS RIHER TR A RIS BILR LG R . BUTTT SR O A RIE SR, 51 AR5
BRI ERE, FRIZLHIRR, A R BRI S AR S

5.6. AR

AT TEATIAFAE =[] 8«

i MEAREN D, MEDURAEBIRAEYE, PR St SN YT RIE FOREAS, i 2 2 I AS
IR B R ESA2E, ORI CER-L HEZR K& 1

H, SRR E AR e E, ZIRTEABEMREN B, — X R e 4
— AR, A JEAERREAS B R A S 2 A A A AN R B By 2 BEAT 73 BB 5T

=, BIRAWETUE = A BT DR VP> rTEEE,  (HIT 2 bn e A B 47 mT R 52 21 80T PR 22 57
Mg, JUHAZ “BlEAE SRR X462, R[EIEPIHHEITIAR, e AR —RIEE
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Table S1. Raw marks for 4 dimensions in CER-L framework

His 1. CER-L HEZ2 4 MNERE HUE 14T S

Claim Evidence Reasoning Language

EIRES Y 1.2 1.7 1.0 3.0
A B .

Ja Sy 2.7 2.0 2.0 35

AU 5 1.7 0.3 05 2.8
224 B HE -

a4 1.5 1.3 1.7 3.3

I 1.0 1.2 1.0 2.0
S C HE o

JEM S 2.3 1.7 15 1.3

Table S2. Raw marks from three individual IAL physics teachers

Miz= 2. 3 i IAL Y3 EIma#NIE1E S

U A U B i C

Claim Evidence Reasoning Language Claim Evidence Reasoning Language Claim Evidence Reasoning Language

FE RS 1 15 05 3 15 2 1 3 1 15 15 3
Aﬁﬁ JEMs 25 2 2 3 3 2 2 4 25 2 2 35
FE RS 15 05 0.5 3 2 05 0 2 15 0 1 35
Bé&z Jasy 15 1 2 3 1 15 1 3 2 15 2 4
FE R 1 1 1 3 05 1 1 2 15 15 1 1
ngﬁ Jasy 2 1.5 1.5 0.5 25 1.5 15 2 25 2 15 15
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