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A Study on the Effects of Peer-Assessment Grouping Strategies and Task Difficulty in Maker

Education on University Students’ Higher-Order Thinking
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Abstract: This study adopted a quasi-experimental 2x2 mixed design in an undergraduate maker-education co
urse to compare the thinking-structure performance of peer assessment under homogeneous grouping (experime
ntal class) versus random grouping (control class) across tasks with different difficulty levels. Peer-assessment
comments from a Scratch task (low-load) and an Arduino task (high-load) were coded using the five-level SO
LO taxonomy, and a linear mixed-effects model was employed to examine the main effects of class (grouping

strategy),task type,and their interaction on SOLO scores.The results indicated thatin terms of class effects,the

experimental class obtained significantly higher overall SOLO scores than the control class. In terms of task e
ffects,increased task difficulty led to a significant overall decline in both groups’ peer-assessment thinking-struc
ture levels.A significant interaction was also observed:as tasks shifted from Scratch to Arduino,SOLO scores d
ecreased in both groups,but the decline was smaller in the experimental class,suggesting that homogeneous gr
ouping exerts a buffering effect under high-difficulty tasks.
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GARE, FARCHAARLR: AFLIFAERESF ) HEARKENES, BLZR
kT RE5FS 4S54 (Doubleetal., 2020; Panaderoetal., 2023). B4 Z#F 69 H 20 7
BT AT, TRAETINERGEEHEMBT IR EOH iR, AEFARLE X
EATRAFZ L RFORARRL?, AAMAKFOFETHE3SF (Bietal, 2019). £
BIEEMA KXFIF, R ZHEERTERTHONEK: RPN H T 2T RETIFH LT
EERSAN, BEAARAAAY, FNF LT HEKRE AT REREER, mIEPNE
sro A, RAFTIRE B RS, EFAER S EGR R, mARBAEFHEG R M, &A%
iNgm RT3, B AP G A TAMGESFSE e F KR E LFEXR) B, NAFEF
B AR IR S TR o

453 E R B SR AN AT e, FMARER MR, REEZF M. FARET,
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¥Aa7 (Tongetal.,2023). RIEHE PO AHMRAL, R EHE SN TS, BLAESHE
B, TRAHEALNEESTERRAITE, B335 T2 FHAKR WAL, 122, LA
TRV AT ENE SN EEE S X AEAERAE 53 E xR R R AR, LTS
WEMARN T EIEEEF, B, AL AN ARETOESIHEE T, AE LR T
AT R EAE R #HTEE.

ATULEFARTIRE, KRR EATHAREA: B RSB RF LIFRG LMY AR
At K FAEZ N T4 (SOLO LM KF), H4E5HIK R #89 Scratch A5 2| & 7 #7489
Arduino Bt, FABIFL KA FHEEZEMKFRGELSERTE, £5EE SR AR ARLE K
ARFEXELER.

AR T AR BB R

Hl: &R R R, B RF LR, A g IES TR EEIT,

H2: SEHFMIE BB SR SN, FALTFEHEEMRKFHEKRTIET %,

H3: 4R 50 mFR 5482 E AR A5 0km Gk EiE4n, My me S
ZMTHEZAR, MBS EEA % TER.

AR R RIS Ik
2.1 xR &

AR KRS A ZRAZEE PR R EERIET, AANFITEBERNF RS S, B
TR ARG AR TR GBI LT B A%, FFRHR—A 2 (A5 B Rsa/
FEhLs4a) x2 (4£4-% & : T1 Scratch 1& 5 #74%%-/T2 Arduino = R BT £ %) 69A%t, L F
WA AWML E, HHEENANEINELTE. BEEHZIFLAG SOLO EHERFS
(1-59)e FERIF—FATRSAESFIFLR, HELATINESHAH I, B
, AFXAEERGEAEA ZH5MIER, AR —ZA PR S AA, 58 E AR
AR, FHERKFELATRHERN THREZ LA,

2.2 FEINR G975 A

HERIT A LTI (R ELAMEE) BENANFITER, FEAHIKFTHRFELEA
#4 , 184 Scratch Zm42 5 Arduino B4 R 7 @ LATIRE L, BT mFEH, HETHAE
ks Ha it K Eag—E M, Hb 1 HEA I gE (N=35), & ZiFRT £ 0B R Ry a;
2 HEA AR HE (N=36), S MM EA IR s £ 7, SRR EFEASITINE%
P AR, BRETLEFEF (p>0.05),

BlRAL R Fi A e R A 5445 2 KA 2 248 E. ELFA], RITHRESFERZTL
fEoe A (s iR £, “BRAHFR) FFAEARE, EFTRAANLIE 344508, ik
TEZE A AR R AR AR A B IR B, B SRSFEIEEIR, R IE R R AN T
AN, TR B LIRS
2.3 HHLILHE

5038 B AU BAE 5 AR 154 5538 B AR PARAK B 2 893545 i3 42, T1 A Scratch B A5 4L
RS, BEFE B RAFIEBRASESEARF =4, BEITBATERK, TEALLR
By T2 A Arduino B2 AT RS, BRFARNAEESEE, FREMA., E4HZ
BELITAR, TERANKLS, A2 FEA. ANAARARAMSLRRE: 4%
A G, RIBIRAZIRAL 69 B 1P 2 K3 R AFE e AT IR SRR L F 1. AR ZHERTRA
WA R AR, TR E R LR AI M RN AR R ST R — R, A RERAG TR AR
N
2.4 KBNS 2545

RN ERN BT B EIF LR, FFAGPE A ST R TR, NEEE R, FR
BN B AR5 72 &, REFNNBEEILIEIFE 85 &, SHMK 157 % (L
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% 2)o WALMEZRK A SOLO 2 R AR FIT N EIL: HBATEW., 5 REH. XKL
MG R IR EMBANEBEITRA, A 1-5 5, .

Y2l T ALK B IE F X, PG AL N BR 40 ME B0 S TR S R R AL, % AL
89— B AR IR 45 R 4 Cohen’s kappa=0.837 (>0.70), ZmsbsE R LA RAFO— R M, 43 A4
SO ER, MELHBARERFITAER BB RRELHBLER, RBEEE LT 5 HE
SPSS26.0 F % A&
3HEEITELEX
3.1 FFiE B L LEH 6T FGE G AT

Bk, HEREESFBILETI KRAFTHES) = T2 (7 2 FAHES) BAM L SOLO %
ST RAEN ST, SEHEESFELEWRR 1 . KB 1T, A& Tl (Scratch £
%) MEBEH-FAHARIHARTERSKF; 44452435 T2 (Arduino %) WM&, HmAEEH
HHATRE, BRAESERE EATRS ZIFP SN LRI~ EEER.

Peer-assessment SOLO Scores by Class

—&#— Experimental class
Control class

3.93 (0.39)

3.40 (0194) 2.72 (1.09)

SOLO score

1.61 (0.94)

T1 Scratch T2 Arduino
Task phase

LMM results; Ci\ass p < .001; Task P{ .001; Class x Task p < .001
Values are Mean (‘SD?: error bars répresent SD.

B 1 SRI0 88 5 3F B8 HE ) 4% B SOLO £ 5-#hit i st
3.2 HMBLEAZEFR

AER —RIAAER AR AR BRI 2 5 ER KL IR, AFF 5L SOLO 4
AR T EMEEERGBEA, ER T4, E5EZTHEEF, F(1,425.033)=362.437,
p<.001, np>=0.460, % BAMK T1 %] T2, ZiFL A4 SOLO F0 ¥R EETIE: MA AR
¥ 2%, F(1,425.033)=135.496, p<.001, np>=0.242, LA EAHF A2 A 52 36 H2 S AK1F o
TR, RN, MAMESERE R EKRETFE, F(1,425.033)=25.999, p<.001,
np>=0.058, &oRAME 5 E L3t mA b Rrate R — 8 RS AE S RN BRI
th IR TR, B E—ERELEFFST %,

3.3 BiZkp 2%
A B R AT 5 EF ARG, TUUFR AT 4&#:

(1) Class % 2%, =¥k (BRALSAEIF) 49 SOLO K-FEAAS T2 (R
DA, T H Hl. (2) MK 7 #7149 Scratch (T1) 42414 %) & 7 #749 Arduino (T2) 4+
%, S YEfest B ILey SOLO F 0 BARE N T F T, 34 H2. (3) ClassxTask X LA H
RF, X EINSURRBENREZREENRTRESSH, ARESMEE SN EDR A G454,
AR R EIIG LR BAER TR RKINER A BAE & M B A5 T RE A R H8
WA — B, 12 RE A H T ARG B R,

4 1L
4.1 ZEKX AL L4 B
HBARRE, ARIFR = EAWEL: RIALS A LR ERE S, H£5EERASIE
1149



GCCCE2026

LAY BT ZART s w B ARG, AT XZ B 6 ZEARAE, HAASHE F:
A EIRAN B, B R85 SOLO A4k @ TR, BLEAS 7 XIF R A “HRAZ )
N, CAABYNTFARTELIPPRE“IEX RS —MBFEE —L B THAIEL. BA
%% B4 %A Scratch i£4% %] Arduino &, #48 SOLO 4R T M, #LoA4E 54 E LA
AHRELIFF R T oA 5RO TR, PARNARLAL: FHIEATL B T2 THZ 1.13
5, mATREIET 84 1.96 2 W4 £FEM T1 89 0.53 &7 K3 T2 49 1.36. X & AL£SEEE
%F, BlURALHE & A AT AR B KT, TR E T .

4.2 ZZERIAIERE: 91 L m AEEAEFH 25 A 40 £ 7

ZIPRRCE AR ZIEAR K, AL IF AR LIFARALRS, mMAREEZRIEHE. @
HRE, REAETE. HHBER, BRYSESRGIEFE R EROIHEE,;, —2F A3
M IR MR TAL, IPIEFLE B R BB, X —4 R T AN L i #7338 5 A 4 36 55 740,
AiFE| AR R, N TR sE, SHESARERN, FIFH IR TRE
BHHARE R ML B, Kmdpdl &Y B4eE5) (Sweller et al., 2011; Sultanova, 2025). £
Arduino £ 4, A F BRI A LA ERE, BHEE SRR, IS TERXLINRES
BERST ALK T

BSLFST, 2@ NiB LN do it %ok LIk A2 ALY 4T AL F ORI & & 3 R #
BOGVE A, KM BSNE I EiNd 7T MBS T EFESHFRE A LA,
AR T 3R A, 1EINF RS £ % HBLL R RO L RIEZILA,

4.3 FLGRE L F 77

AR BTt £ Z2ARIAHF IR RNEL R, AL, DEREENEEE®F K (G-
FHR—AIR), ARAFZAHRIREZ FHFROGRARIE, X—FAELRFET L
F WA AR % L (Campbell & Stanley, 1963). Hok, £ 453 % 5RFBIRF484, AR
DA BB AR R, B, BAERD (AANER), RE T % EERE
BEI M, BP0, KREFRIENIERREOHER D, MOAFRLIEH, RBTAZE—T
A2 B b A it £ AP H1 49 (Sadler, 1989)

AR RTBIEAT 7 Xokdt: (1) AR — B AIRMILS B AF R, AEIALEGR
BT RE; (2) SR RAE S X B 69 AR R T A B IR A s (3) o KEEAFHME=ZEA
MARR ARFHAETEEREL. (4) FERRER TS EADT S ANRER AL A H
o #B I E B Y KT 5 S M A AR F R,
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