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Middle School Students’ Performance in
Creative Thinking of the Literacy-oriented Mathematical
Symbolic Operations

Feng-Jui Hsieh Yuan-Jung Wu Lan-Ting Wu
Department of Mathematics, National Taiwan Normal University

This study developed a two-dimensional framework to examine the performance of creative thinking of
general middle school students in solving literacy-oriented problems of symbol operations with
unknown variables. The first dimension is the mathematics process, including formulate, employ, and
interpret. The second dimension contains three indicators of creative thinking: fluency, flexibility, and
originality. This study adopts purposive sampling, and a total of 210 students from 8th grade students in
32 classes from 4 schools in Taiwan were randomly selected to participate in the study. This study uses
a questionnaire survey method. Open-ended questions are designed based on real-life situations. The
questions are designed to stimulate students' creative thinking, and each question can have infinite
possible appropriate answers. The results showed that in the process of formulate, employ, and interpret,
the performance of students in each process decreased in the order of fluency, flexibility, and originality.
For fluency, there was little difference in students' performance across mathematics processes. For
flexibility, students performed best in the interpret process. For originality, students performed best in
the formulate process. The study also found that when students were encouraged to come up with highly
differentiated and unique answers, many students demonstrated excellent creative thinking skills in
combining elements to produce new products, providing novel answers that far exceeded expectations.
innovative answers that far exceeded expectations.

Keyword: formulate, interpret, mathematical creative thinking, mathematics process, employ
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B~

ZE [ Partnership for 21st century skills (2011) /ANARAY 21 40 SRR gEHEE S > 55— 1{
FeRE st RS BLAHT (Creativity and Innovation ) - FR[EHZE Bt B METE H EAE S aRAZ
mEEBELAEE )  KESFEZEEEYHS, ( Organisation for Economic Cooperation and
Development [OECD] ) fz ¥ 82y 2022 FHE 24 55 JsEZ 5= ( Programme for
International Student Assessment [PISA]) B Al#E Ty A ZEFE 28 (OECD,
2023 ) 5 A[fEHYE » PISA 2022 W RIRBRENE Sy anid - 1 22k 2 MU Bo A el g A
Nt OECD Fy 2030 FEE R BN EMCEHRVGTET > AIENAHZEA @ MElFhE
R T EEREREE (Schmidtetal., 2022) - BN EER RIS T H 25 EHEH AV - AHIE0 HIE
TERTIEAVETR: - fEBEEREAYT & DIRIZRIE B Tan i » BN AR T E A LAY
BliET] - $HANE T ~ BUERANE ) - RO A S ENHERERET - At HEEERAVEE
BE T - ATy — {8 &R o B S Y <

Bl SURERES
—  BRBFTNAIE N EBERAE N

BlliE S HIRESAE Guilford (1950) RIJJHR(E TRt EZ B AR - H 5 2 H Al fy (R 22 5
F ek BLPROHIGE R T R — B L3, (ZIE % » 2015 5 Mann, 2006; Sriraman, 2005) < f¢ &l
ESINRTE - BE R R A F 2 RS I R E A - 2 AliE 7 B At A
RS (FIanAEG 1)) FRA Ei AR AE ( Amabile & Tighe, 1993; Barron, 1955; Guilford,
1950; Stein, 1953 ) - [fi #r#HELA ARV H E AR B S Bl G S FEEH S P AR AE -
OECD (2023) 2t » fEERBFE B E G T A& J1 A 2 ¥ FARERZEF Y - T H 2
HWEERGRZENAN  EHEOTEHAREAN ) MAHANEEAZRES "THEWN
(appropriate ) K5 © iSfEHVE AH Kaufman ¥4 Beghetto (2009 ) 2 HAY K C (Big-C) Al
/e (Little- ¢) FBAME » K CREHYZEHAIE T - B & B8 S s e 42 AT AE 7k
B B — SRR A B B 0 T/ ¢ RIREDEHE ARG 17 - BIR A\ sE R B il
ZENANETT Ry e MR E R el LB EAEE ST © /N ¢ BYELZEL Cropley (1992) fffe
A2 E5E > Cropley S0 BIE BB TS+ T BEAVANRET) - LHZFEAIRY - FHRAVFIH#H
REE S (p. 6) 0 EEEEAEEIALES (creative thinking ) » {£5w K EFLHH T YA
JIWE o BRFRAE T AE S ) Bl T ANEEE ) Ry[EIFEE (Guilford, 1956) -

Guilford( 1956, 1968 ) £ Al 7& 7 Ak A 7 BRIV ERR » 42 H Y8 14588 ( Structure
of Intellect) f1 & T — KM : % (thinking) BIECIE (memory ) » gl 8% ) H f—EHZHEH
7y o MR Y EEEE B (divergent-production ) 7878 2 42 R & A A IUVA B0E 220y =5 Bl Al 8
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2 HE R - Cropley (1992) MEEMPIAVIEL » B EERAF T > A& BEN ALt
FHUESE > Volle (2018) B Sternberg (2003 ) 58 Ky 38 HUE S AR AL IRV BB 4S > 22—
T AEMEEF I - AP PR s Ry B 45 50H A S B2 Mednick (1962) K Poincaré (1952)
Fir 5 5 Al 2 /85 3R T VA A MR SR E RO AR T RIS R R —fEAE S R T E SR
4 BT & SR 4 & EYIRIBRE » &G YT 2R BEUA TR DL BRI W i 78 i R g1 Rk
= o &F _LATHl > BRI R A R R R A M S B T R A E A #
A B T EE AR A HLUEE AV AR

FERIE B IEEMIZEAE E > Guilford (1956) thffiH 7 EARAYERR - A7 f ol 35 B B
EER > RHERENEEEE T TR ) (fluency ) ~ T 8 | (flexibility ) ~ " FAIE |
(originality ) » F1 " #5#E% | (elaboration) - fF 1956 fFRYSCEE i il 15 H ¥ R ERY " 808
M (sensitivity ) BEJJ&3E3 (discover) Y —{EE N ER - REFEL2HH L TIHES
RE T RIS IR A R PB4 RIS IV FE 2848 (Torrance, 1970; Williams et al., 1971) » &
BRI IBUE DR R e 7 [F 35 HUE % (divergent thinking ) 8NN RIS AV EIFREE » HY
e e flxdE EERE Iy —IE8 BiF{5ET (Albert & Runco, 1998; Haylock, 1987a) -

DAt 1 TRASARAE R ZR A B0E T Al 2 B 5 By BOMI ZE A8 AT 75 a0 S 0 o] 7 25 L F5 AR AT
’E o BESEL DDA E A B IVRE IR B RGBS A E AR AR R i
Y EANFUER EERRE SRR BRI - A RE i E EE R AR EE RE IR R RE
HEME - BT Em B A RE I AR N BUE M4 (Hollands, 1972; Kim et al., 2013 ) = {£75 711
fefE b DIERFIRT = (4512 (B0 © 828355 A > 2015 ;5 Haylock, 1987b; Kim et al., 2004;
Lee et al., 2003; Leikin, 2009; Leikin & Lev, 2013; Mann, 2005; Molad et al., 2020 ) B¢#1 VU /{E
fEiE (B0 - FREEE > 2020 5 Guilford, 1956 ) £y 22 FLg fE FHAYMEOE -

WIS DR REEN — MR EE T » S BUR E S (B4 - 852 ) MEARYEE ] 2
0 WA L RYEEE (Schoevers etal., 2020 ) o fEE2REFIEEL » MRS AW FT4E
R FRIE ) ~ 8RR T ~ B RE ) 2 AHRA (IEAERR ) BN AHERYEE S (Jeonetal., 2011,
Kattou et al., 2013; Leikin, 2013 ) - BEZAEEF 0 HBUER RIS 1A K B Ay fiz - (41 —f%
BlE TIE N > B A —EEE BV EF (Mann, 2005; Sriraman, 2005 ) - W5 EER A /)
HYERE AR S E B RS I - 1R & [EIR SRR B2 A8 ST BAAI%E /7 (Schoevers et al., 2020) ©
HHVEE FUE B RIS 7 R B2 AR RS TR T ~ W& DU A 2= 22 Y AE ) (Laycock, 1970 )
HHEFR RIS RS G EHEE S E A B S B R B2 BT AR 5 2 6
77 (Ervynck, 2002 ) 5 A HYEE TR B RS T2 BB S HUE 5 42 2 TU M R U AR A Y BE
77 (Silver, 1997) - &5 B Al - E{EREEN A ERKEBR - B2 RS B 55 J7 ol 17 5 72 85 <H
I A R A A i T R BORUA B AR BHUEE - TS 2 T B R T A R R Y BE

= BEBAE TSR

FHASH S K-12 R AIS DHEFE > EERENBEEEL - Hf Ll Krutetskii (1976)
WrgeE MR S 2 A i ELAUER I » Krutetskil 3275 B IS 7 7& — TR R RS B 52 T RE Y A2



R - RRE ~ BB E £ BAFRERERTRMRES 5

070 R BRI - R R AR DS I 2 T R RIS B AR ) AR IEERET TEF S E
Flan > SREAR B EE 2Rl ERYRE B o Sriraman (2005 ) 58 & 8E2 A S IF R B E (R
4o S — MR AKER - B AW B E B E IR (W) - RIAZE IS
BEE o Y —RANANE IV E b o SRR E SRR S A AR e RS S N EY)
(Haylock, 1997; Leikin, 2009; Sari & Hidayat, 2019; Silver, 1997 ) - iz £t HIEG Ay (G 48 2
Fir A R B BT B # 7] A bl FEAY 22 i AR L B2 4 | A R AR E (Haylock,
1987b; Krosnick, 2018 ) »

TEErE B AE AR EMEAY | > Haylock (1987a) $2H T = FEAEIH4E B B B9 R RE X
A R REfE R (problem solving ) » —fHZf# - EHEF (redefinition) ~ fI#EEE (problem
posing ) - 2278 H Fil Bf i BUEE RIS JIAYIASE - REBERH 2o AY - B Fei T R R /NI B
(B0 = SIAZA ~ BRAIEZ » 2008) « 12K - DAZE AR PRHIE & ) i 78 B AERTG HA = -
Novita B Putra (2016 ) 3 10 {ir/NEENALREEL A DL PISA B H ARSI - DAL 2R PR
WEEHE GRS 2AMAMERIRIE ) - $SREELDL PISA & HAY A BRI
BRI RIS R - I FRRY IS R A DL PISA S & M BN - BEAinyH
RIS A S DA R - DRI R ZE R iV ARUA B T IR | (cognitive jump ) 2 18 EL A1l 2 PR 54
SRR B A RE R - B SR R R R AR IR RS ST A o

2EFHEAENNEBH R LCERD » P 2FMFT BN B (RIEE
BRA1E - 2008 ; #REEEZ » 2020 5 BRZAELE - 2006 ; 32 & 2005) o 5B o 8EL RIS JTAY I
3¢ IR FEA (2015) fEHARMBEHMEEFWITEE 7 BRI TEAARNE - &
TLEEEAER o stE SRR EEEEST 0 o RIS - BB By AR IERES 2
&% ~ BREEE 77 » RIERF I 0~40 73 2 RFHIY 0~24 75 5 BRI AR ER & K% 1E
B EHIVEREHELS Y BEEEEZE 5% L~ 2%~2.99% ~ 1.99%LLUF 53 A48 0~ 1 ~
257 SRS INAE R T Al 7 8 o BEEE 7 i 50 48 SRR i 9¢ L 2L SR BIOHIE B8 R 14
somtE - BEUEAIM: > £ BHEAERE - iSRS R EEASE - 5F - SUERIT
EEEE - MAREERMBIEEANRIENAERE - FEEGEAHYEE 0B EE (4 E
TAGHHEER 1 HY 3x3=9 {E%s - A H FENEEL 2 WER) % ZEHFHEEH
&JIE/NE R IR -

&r LA i w0 H A2 R R B RS I B B ST DI N A Ry £ - R B ARy
BHFERIRGE B 4 ayEs: - B H aYaet Bk & H Al & Ea R a8 -

=~ PISA BEXRHER A AEHABEFHRRA

FH b Al SRR ER S R R > BER RIS B BB EAE RS LB M M E B AR T - B
K KIS EUER /(L5 AR AP E e OECD #JRiy PISA B2 EFFE (OECD »
2023 )> PISA 2022 38 5 B2 X B & (B AR £ = (%52 1872 - P (formulate )~ [ ( employ )
#2¥E (interpret) HUETEEMHE DML RE A TEHEMENET - P BEGRBEAF
FIR A A [FHIESR - Douglas FE A (2020) f2iH - BERPAVRTRE A HETIEE - WHBIE
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R EE PR - T EESE - R AR HEE - Azis Bl Nurlita (2017)
1 Woodrow (1982) S RERERIIA(F BUR TR e B B N S HE B - ISR B2 RE DY
EE LRGN 57 - PISA 1 [F]Fa% o FEAE BB B 2 A B ~ UB - PR AT SRR B P T
B B RE (OECD, 2023, p. 50) « AT FEfa i B EHY 108 BrE2ERAE Py 75 55 5 B o g B
A TS%HY/NEIZS BB UE R > BURHAL IS BV E M -

&Rty RHSORRERST m] A > S 0 A B b 2 B2 IS T R IR AT B i 58 B 0 38 5 PR
EAREEANE TR E TEAVMERINtER = - HUPRA LN PISA BrER 28 A VG fh 5
AT o [EIRF A B R MM LIRS B R B E W R EE -

I~ W5 H HYEEIRE

AWFEhtie —gEm A BN — R T A (REEEE) NWAEEFERR > Ed—4E58]
R S — 4R A R - B RIS B 55 AR ER A Leikin( 2009 )~ Leikin 82 Lev(2013)
i Silver (1997) {# FHAY&SHE - BIANE B F G =R Gt - @tk - BaltE - Ko
G E RN E AL VAN - BiE MR s A A TUARIRE T - B Al Al 2 B
7 A W AR U ARV AE

R EERAETE » ARBTZEERA T PISA 2022 B2 RE N EFRE » BEEHK - ERAM®RE
—(HEERERE - HhP GRS HYE A B T AR R BB RS T AR © FERTERYE
EFIRES ~ B2 ~ B B A TIRARGS AV RE © SR RRE Ay & STl B AR R BB A SR

(OECD, 2023 ) -

FESER N A HYBE A | > FIT38E Y P B P BRAR B A B RO

B FERT H BRSO — e B T A AE R R Y B A T E A RS BB EY) 2 R
o - BRGUTFEELT -

(—) BT AEEEmEHE S SREZEBR - EPK - B - 2REEFRERL=
(EE B T E AN B ZE IR MRE ?

(Z) BITAEERRK - EA - eBEBEFER L =B8R T - RIS S
M~ Bt - BRI RRIE R ?

1 PISA F2BE%TEMERIHE © Interpret refers to interpreting, applying, and evaluating mathematical
outcomes o (R4 EEIFRMRE] » AR ARMEF (applying) BE2&E S L[
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AR FRRBEH R EREEEEAA TR MR TR AR T BHBHEEE 2 MG -
R EWBIEEE R ATEHENER - FRBERT S B=ETEE - ST ERED A E
—(HERBEE - BEBEAEET - sxitix/D 3~4 [HERE A S RHIET -

AR AL 5 T BRI AE R BA TS - (B B e R i (B B 22 A o - ISR
Z  FEMERBET > BALE -EZBIANGIERE - FrieftiVE AL - FrAEH &S
Fkagat - A B BER A1 A T e % AE A (61 € (M BUEMES 2= A R > AWt 7e &8 5 # A
DIAMRZ A EE S bRt - R 7RO A Z TS % =5 R0 RF HIEEE - EallE
g DEOREA G A R —AEE > ZRRORBEFEZ - DU HAD [ S e i A 8 20y 8%
B BUBRNE ARG S = EIEIE - gt - 2l - BaErRA -

BEbtgE TR AV 48 m TR BB EEG S i > B RGETamEE 2 % = 80% ~ Ff-FY
HERLL RS 20 FEHYE L DR =824 FRERE R &R 2/ DR =/ - UK
[ E N B RS R 5

FERGHRETERE - B MG ML REIFS » DS BRI R A a5
Zh > WECERIEERH > Bg - dilEE 20 A4 TR - DUAIBI R n1 T M
FrReaVIEE > B LUB L 1R 2R -

WrgE TEAVE RN g |
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(—) T HEERER

R A TIT 5 B B S A B R, T SR S R B st — R A T Eh
IR A I A T B (EE B RS - T TS (R T IR S
SR EL RS R T o B TSR TR EE B T N PE AT e I
FISUE S FIREE 2 Eres B x RREE - NEOEE FHEZEEmEMm 1 -
ALK Cx+ 1.

(=) BEBENIEREEE

PERITY BB AR AL ) (58 P 1 B2 B B AR 595 - 050 R 91 [ SR 2 B A R (i
3MEEZE TR AN TR RS R R ST B S EE AT B R
AAHREF - (EESE Fla - Flb» 2% 1350 ) TEERESER BTEMEES -
Rt —ERE - BIABEEEEE T il | (EER 2 28R 1HH )

(=) ERBRENEREEE

VeI FE AT I | BRAT RS S - AN A —E T8 FIRERR s e
I RS, - S A T E R MR G Y LR 10 0 (TR 88 0 HIERE EEE S
(PR & T E1E] MRS » TR AR 2 (M8 2 T S (A T AR TR A
TEIE > RS T B AR - (EERSE Ela~ Elb > 2%% 1308 - )

PHNARHEE PRSI ERE H - BRI 2 A% 5 | HEE L T A ZHEDH
LT —EHE SR > ME AR TR, HREEEE RN —ENE (1)
FERFOEETEE -  EER%E2 2K 1HH ) F2 EEERE " HEmR
FIRE T IR M - S — IR S E TR i A TN (EE
B3 £%FK 13 - )

() AR EREEE

PERIR BRI B 5 | BT EE - BN A —(E TS EE  F IS IR B pE
LA A BT > (5B IA  — (E ETEATBUE - B S - AR i B S
SAUAM RS T ER S BN BES > BENEETEFEE + 1 SR EEE
26 BEMIEETEERY x 2+ 11 SEIEEER 21 - RELEE - B8 Ty
HER AR = A2 55 | ERE R T A R R AR I R = R il
[ & T HH s 5 P o » i (N IR ARE - | GEE A Ha- 11b> 2%
F U - ) E2EEER THERESEACE -E_EES > H il - 5l
MR 25 5 A E i R AR IR TR A S s R - GEE RS 2> 2%%
13REH « )
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LGS - 5 7 #EH - ZORBAEGH 10 M5 F 7 3 S — (88 B ZREA
G2 (EEZE > HIFERER TESAE R EFHE BN FMFNERE?  BITERNE 23
AR A 2 (E/NE - B AUTERVE AR E SRR 1 AR - HRPAEL > B
&= o PR JEM - BRRBESRIEA 3~ 4 3/NE G - Sl - EelTERyEIE
H&H 67 3/NE  FEGWFRYE - MEAEE WL > BREEFRNRG S BT EE
ZEFEPWATRE BB ANE - BUERFHAE BB E RN B —@Er 3 34 /NEEE
AT

=1
AEEE BT ENAEE S ZIEEE N ZEE o miAE

e

%% (F T E 2 (]

il B (F) JEF (E) 2B (D
Vi aes Fla, Flb Ela, E1b Ila, I1b
SErE Fla, Flb Ela, Elb, E2 Ila, I1b
Tl F2 E3 2

A VINEL 3 4 3
= HEER

AREPFERILE S > A£G EILEE F M HUW AT e 8 SFAR AL Bl A - [N R EEEAl
SRS RAE R > BRI A —E R EER (Baer, 2016) > fEIEERHIFEEL - LA
FREEMU ENSERRT  BRYRNER RS ZD - EEFEEA ] LIRS > RIBEEE
[ o R B PR S B2 Y A5 L BIGELE o B BB > g A A B E R R RS 4
(BT HEEFRIIRAVEE) - AT LM TR 2 AR EAE 2B A R b~ 1 ER
& BB RIRT SR o &y R B~ o INJEES A B m s A > S IL Bl BE AU 2 pE gl 22
Bl SHHHLA 32 JE2 8 FIESPIBMRENIN 2 —84 28 (554 MUy 2 ZNEAFH
IR ANE IR G ) ARIHFERR AL 213 L84 Hrpr g AR Ry 210 fir (3 (3 ffEZ )
F4 104 {7 ~ 224 106 fiz » WIFEEEA AR 2 oK -
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The tradition of "bequeathed problems" is a major factor in promoting the development of Wasan.
Japanese mathematicians put forward some unsolved problems at the end of mathematics books. Other
readers who solved these problems generally wrote books about their solutions, and at the end of these
books, they asked more difficult questions and encouraged those willing to study and solve them. In this
study, the researchers investigate “Mushikuizan” under the Japanese tradition of “bequeathed problems”
from a perspective of didactic transposition to unfold how such historical problems and contexts could
be transposed to mathematics teaching and learning today. This study is conducted from the perspectives
proposed within the Anthropological Theory of the Didactic developed by Yves Chevallard and
subsequent scholars. Specifically, the researchers analyze the "original" mathematical knowledge
produced by Japanese mathematicians in the Edo period; develop two classes in the university course
introducing the tradition of Japanese "bequeathed problems" and the problems of "Mushikuizan"; and
investigate students’ reactions to these classes through the worksheets comprising students' work and
feedback. In the analysis, the notion of praxeology is used to better understand the mathematical
knowledge required to solve “Mushikuizan” problems and the mathematical knowledge used by
students. Through research, we found that the notion of praxeology can be used as a tool to analyze the
historical texts of mathematics and describe the mathematical knowledge used by students to solve
problems; the theme of "Mushikuizan" allows students to experience three aspects of mathematical
thinking, cultural experience of mathematics, and understanding of mathematics.
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