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Developing Digital Multimedia Educational Materials in an
Introductory Statistics Course at a University of Science and
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Ling-Hui Yang® Ting-Sheng Weng? Der-Ching Yang®
! Department of Food and Beverage Management, Tatung Institute of Commerce and Technology
2 Department of Business Administration, National Chiayi University

3 Graduate Institute of Mathematics and Science Education, National Chiayi University

This study involved developing digital multimedia materials and assessing their influence on students’ attitudes and
anxiety towards statistics in a statistics course at a University of Science and Technology. Digital teaching materials
were developed for Descriptive Statistics and Probability courses, they featured graphical and visualization
techniques to assist students in analyzing data, thinking about statistical ideas, and focusing on the interpretation of
results and the understanding of concepts. We assessed students’ attitudes and anxiety when they began the course
and after they had completed it. Significant effects were observed in 4 attitude scales (affect, value, difficulty, and
cognitive competence) and 3 anxiety scales (learning anxiety, examination anxiety, and interpretation anxiety). The
difference in scores (posttest-pretest) increases in attitudes and decreases in anxiety which were attributed to using
the digital multimedia educational materials. A partial least squares method was used to test the effects of students’
statistics anxiety, attitudes toward statistics, and application of digital teaching materials on their achievement in an
introductory statistics course. The results of the study revealed that statistics anxiety and attitudes towards statistics
were the most accurate predictors of students’ achievement in statistics at the beginning of the course. Nevertheless,
the analysis indicated that only students’ attitudes were a critical factor, directly affecting directly their
achievements at the ending of the course. In addition, statistics anxiety exerted an indirect effect on the
achievements in statistics by influencing the attitudes of the students towards statistics anxiety. This paper presents

a discussion of the implications of these findings for teaching and learning statistics.

Keywords: attitudes towards statistics, statistics anxiety, digital teaching materials
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G5 R L. SPSS 4atiids » T AANE R 2 st e Koot - IRAHZE 2 RN E 8T HA
B REE A B FR A LA T PO 2R R BRI BSR4 > DRI R PUZR AR R A i — B F A A
Bkl HECE 30 (U BEARE RIS - AR E /P JT0A (Partial Least Squares; PLS ) 7Y/
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(—) GETRRESTEERE %
A ME RNt R S E R A B AR EUR (Pn=-460 > t=-3.041; B,
=-552>t=-5.701) -

(2) St ERE RS TG %
Hiat EFE R H SR B IR 2B (Par = 3300t = 2,610 5 Bz = 5520 t =
5.102) -

(=) ETREREETERN Mk
HATE R R T i S SRR B A ) 52 B8R (Bar = -.238 > 1=-2.085) > {HIZHI
Bkl et R e E AR R B (B2 =-.042 > t=-0.378) (£ 2)-

%2
BB R R AR t{H
HIA 3
AR LRE tH  EELARE t 6
MEETERERERE > (B 735 6.323** 728 9.266%*
UsLERTIRERE > w‘ﬁj 665  6.032%* 808 16.072%*
URELEIRERE > PRIERES 755 10.900%* 571 5.991**
UEELEIBERE > 4% 521 3.900%* 618 5.784**
UEELEEgERE > L 871 30.678** 869 24.436**
UEELEEgERE > fE(E R 548 5.192%* 501 5.793**
UrsifErE SESKE R 819  17.372%* 762 9.020%*
UpsifEpE > EIEE 940 73.782%* 889 32.384%*
GistERE > BREE 852 25.808** 880  30.863**
URslfERE > REEEERE 706 9.802** 530 4.748**
sl ERE > G HEETIRRRE(BY) ~460  -3.041%* 552 -5.701**
Gt ERTIRERE > EIIH(B.) 330 2.610% 552 5.102*%*
st EERE > EERBs) -.238 -2.085* -.042 -0.378

*p < .05, **p < .01

(M) ATz R

IRHAGTHDAIE AR 1 HA RS T B2 AR TS R 4T R » TR t e - BERIETRE
BHEEES (affect) ~ {E{E (value) -~ [NEERE, (difficulty ) BEZT4I18E7] (cognitive competence )
VUi A BT ST R > /52 E f55E (learning anxiety )~ “ZE{ 25 (examination
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anxiety ) FOfEzEEERE (interpretation anxiety ) N2 EABEERKRL (F3) -

%3
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HILH] 3] FC¥ t e (1%-R0)
M (SD) M (SD) t (B
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RSB 3.081 (.62) 2.790 (.51) -4.489%*

*p < .05, **p < .01
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B - BN IEERAE - S IESRBIESRVEE (n+8ln-) » DU e RS (EECE RS HY 0 1h
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EE SRR R E

(&1 — (RirHN Frofts e
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X=C
st EFE (4 items) 14 12 42 .034
aiEtE2 (3items) 6 18 44 .005
#i=t&E (5items) 3 8 57 .000
FERSEH 3 5 60 .000
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(2011) AR EEARZER G TR AR AT SR o B W TR A R A58 1R E
(affect) EdEEAIEET] (cognitive competence) FIE[EFES - %577 (effort) HIRZIMF#(E - ¥5°

GeatREEE (difficulty) SRAIH " ASUNEE R TIRER, -

Kano A RERR IR SR B E A REES | BFE Z i E A AR R ER K
SBR[ I B G B A Al R AT S U5 AR - D H BE BE AR E 2 i E 7
Ko BB REER - BIRIRAE R - BB R BIER - FPmMERLIEETT
=0 A HiRAREEEN —ELE - BEZ > BHRENEEE " EEAERWE, 0
A AGERAR AR © A8 Kano 4 \E BB e HIIE R - DR SZ ER AL e A b Y
WHEN AR R AR TR IR T A0 . HAEED 0 TR A R TR 2 B RR B ek 4 22
B EREATIRRGT Z BB R T EA RS -

HRNEEENS - EERE R T ARUE S M M SRS A B e - =
B - pIRBICERERE (BT - PRty 0 2005) - EErEENEL SR E R R RIERGE R P A
B & A ISR LR A R FRAVER Y o (I TR RTREEEE -

(—) REFERETBMBEERETTE

LR ERE R AR BT RHRREEERE AP IR - AlAat S S B =TT A
HEEREERRE - —HHEBREER - DBEHR © S At ERE SR TR AT
TEAVAERE - BUESHER R ERER -

(Z) EREII TR

FEFHRAERZEER T EREERL > B TE RS KSR - SEmAR MR L
[RIERHHVEESERENR  EH P e rig s fEE i TR (S5E% 515K - BEWEE - 200
Wi~ Tun) BEIRHREEE 7 EHIR (A o B TR AT DRI SR ~ A DB R Ry
FrEiet » AT RN A RCRIET RV BB E R B R ARHET ~ fUEA
PR R DRSS o INIESR(CE RS FHRE D) - ki ni% LR e —Eh (0 - IE
Hh o AR REE A INENITRE T EBE R R A BRI B AR - DU
FUEMHTERRRHSISR - (EHA R S T B Bh 2 -

FEEAZEAEHEIENER - SR MR AAEEE ~ 06 - G BRSE LR SRR
oo BEMRRRTRE - ARRRETEUA S AR B2 o (LD M S RS BT - MR R A R R
AIBRCEHENTEINI - BBHERBREDE AR AAEE DT - T BB E T NETHh i
SHEEMELL > FIRFEE R R A A BT e Bt A -



BIWE > H[IEFH ~ HEF SRETBL I A R B SR A X 19

B

W5 Rt BiEET & (NSC 101-2511-S-271-001-) Z BRI - EuaH EIRFE 2 #BY -

SEUR

PREETS ~ B (2009) - 4atERSWIFE NS ? DB GBI R - BB
i 5 (2) »41-61-

ORI ~ 587555 (20059 H) - EaTRRERIIGRHE - Sh RIS EGET A2 T
NgEaEyE N ARREE S > WS EL -

FPEE ~ B85535 (2011) - Sat R B R G ERUE S - SSRGS - 33 (1) » 23-38 -

SRAEEE ~ mEEA (2007) - R & 4B B EREE R BE AN & SR E s 2 Ei5
W5e - TWEER > 14 (4) > 405-421 -

TR~ DL ~ FESEEL (2012) - Reffoiched Ve #5808 an B B I 2 (B 2052 — Kano 4
B R TCEL IPA J77ERIIER 38T - BT RIBRBEE®R > 5 (1) » 139 -

P75 ~ MRt (2005426 F) - DIMSESBENARRSTE T (BB 43 TR, B2 B@E N A
A ZREWEE - ShsCEERGS 2005 SFE2E ~ ZERBEVERIEE S - BIL2EE RS - =
k-

IR (2008) - JEH] Kano AP REAE imH — DHERHIRE HP - mBEEH - 15 (1) -
39-61 -

PIKH > SRR (2004) o REMEIAGH SRS SRR LERAVIFTBIRE - L aRAEEEi R
24 (3) »19-21-

RfE (2010) - RECIRISSFHEAE - BEREREEMT > 50 16 -

BEZ AR - 2158 (2005) - WEREREEEEGET AR NS HERERG R B E S -
BiRH SR > 16 » 555 -

Babi¢-Hodovié, V., & Mehi¢, E. (2004). Quality dimensional analysis: A basis for marketing strategy
of higher educational institutions. Zagreb International Review of Economics and Business, (1),
171-187.

Carlson, K. A., & Winquist, J. R. (2011). Evaluating an active learning approach to teaching
introductory statistics: A classroom workbook approach. Journal of Statistics Education, 19(1),
1-23.

Chance, B., Ben-2vi, D., Garfield, J., & Medina, E. (2007). The role of technology in improving
student learning of statistics. Technology Innovations in Statistics Education Journal, 1(1), 1-26.

Chen, S. C., Hsu, C. W,, Lin, H. C., & Chou, H. Y. (2010). The evaluation and using intention for
digital teaching materials of Penghu basalt. International Journal of Management & Information
Systems , 14(5), 141-146.

Chiesi, F., & Primi, C. (2009). Assessing statistics attitudes among college students: Psychometric
properties of the Italian version of the Survey of Attitudes toward Statistics (SATS). Learning and
Individual Differences, 19(2), 309-313. doi: 10.1016/j.lindif.2008.10.008

Chin, W. W. (1998). Issues and opinion on structural equation modeling. Management Information
Systems Quarterly, 22(1), 7-16.

H


http://www.airitilibrary.com/Publication/Index?DocID=18123112-201207-201210260032-201210260032-1-39
http://www.airitilibrary.com/Publication/Index?DocID=18123112-201207-201210260032-201210260032-1-39
http://search.proquest.com/docview.lateralsearchlink:lateralsearch/sng/author/Babic-Hodovic,+Vesna/$N?t:ac=217737256/abstract/1358F5409195B5C9997/1&t:cp=maintain/resultcitationblocks
http://search.proquest.com/docview.lateralsearchlink:lateralsearch/sng/author/Mehic,+Eldin/$N?t:ac=217737256/abstract/1358F5409195B5C9997/1&t:cp=maintain/resultcitationblocks
http://dx.doi.org/10.1016/j.lindif.2008.10.008

20 BB EHAT W2%% 18

Cruise, R. J., Cash, R. W., & Bolton, D. L. (1985, August). Development and validation of an
instrument to measure statistical anxiety. Paper presented at the annual meeting of the Statistical
Education Section, Chicago, IL.

Clark, R. C., & Mayer, R. E. (2008). E-learning and the science of instruction: Proven guidelines for
consumers and designers of multimedia learning (3rd ed.). San Francisco, CA: Pfeiffer.

DeVaney, T. A. (2010). Anxiety and attitude of graduate students in on-campus vs. online statistics
courses. Journal of Statistics Education, 18(1), 1-15.

Evans, B. (2007). Student attitudes, conceptions, and achievement in introductory undergraduate
college statistics. The Mathematics Educator, 17(2), 24-30.

Finney, S. J., & Schraw, G. (2003). Self-efficacy beliefs in college statistics courses. Contemporary
Educational Psychology, 28(2), 161-186. doi: 10.1016/S0361-476X(02)00015-2

Fitzgerald, S. M. (1997). The relationship between anxiety and statistics achievement: A meta analysis
(Unpublished doctoral dissertation). University of Toledo, Toledo, OH.

Fitzgerald, S. M., Jurs, S. J., & Hudson, L. M. (1996). A model predicting statistics achievement
among graduate students. College Student Journal, 30(3), 361-366.

Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable
variables and measurement error. Journal of Marketing Research, 18(1), 39-50. doi:
10.2307/3151312

Gal, 1. (2002). Adults' statistical literacy: Meanings, components, responsibilities. International
Statistical Review, 70(1), 1-25. doi: 10.1111/j.1751-5823.2002.tb00336.x

Gal, I., & Garfield, J. B. (Eds.) (1997). The Assessment Challenge in Statistics Education. Amsterdam,
the Netherlands: 10S Press.

Giller, S., & Barker, P. (2006). An evolving methodology for managing multimedia courseware
production. Innovations in Education and Teaching International, 43(3), 303-312. doi:
10.1080/14703290600750879

Harlow, L. L., Burkholder, G. J., & Morrow, J. A. (2002). Evaluating attitudes, skill, and performance
in a learning-enhanced quantitative methods course: A structural modeling approach. Structural
Equation Modeling: A Multidisciplinary Journal, 9(3), 413-430. doi:
10.1207/S15328007SEM0903_6

Hsu, M. K., Wang, S. W.,, & Chiu, K. K. S. (2008). Influence of attitude, anxiety and self-efficacy
toward statistics and technology on statistical package software usage behavior. In J. Wei (Ed.),
Proceedings of the 2008 Southwest Decision Sciences Institute Annual Conference (pp. 112-121),
Houston, TX.

Lalonde, R. N., & Gardner, R. C. (1993). Statistics as a second language? A model for predicting
performance in psychology students. Canadian Journal of Behavioural Science, 25(1), 108-125.
doi: 10.1037/h0078792

Lalayants, M. (2012). Overcoming graduate students’ negative perceptions of statistics. Journal of
Teaching in Social Work, 32(4), 356-375. doi: 10.1080/08841233.2012.705259

Matzler, K., & Hinterhuber, H. H. (1998). How to make product development projects more successful
by integrating Kano’s model of customer satisfaction into quality function development.
Technovation, 18(1), 25-38. doi: 10.1016/S0166-4972(97)00072-2


http://dx.doi.org/10.1016/S0361-476X(02)00015-2
http://dx.doi.org/10.2307/3151312
http://dx.doi.org/10.1111/j.1751-5823.2002.tb00336.x
http://dx.doi.org/10.1080/14703290600750879
http://dx.doi.org/10.1207/S15328007SEM0903_6
http://dx.doi.org/10.1037/h0078792
http://dx.doi.org/10.1080/08841233.2012.705259

BIWE > H[IEFH ~ HEF SRETBL I A R B SR A X 21

Mills, J. D. (2004). Students’ attitudes toward statistics: Implications for future. College Student
Journal, 38(3), 349-361.

Onwuegbuzie, A. J. ( 2004). Academic procrastination and statistics anxiety. Assessment & Evaluation
in Higher Education, 29(1), 3-19. doi: 10.1080/0260293042000160384

Onwuegbuzie, A. J., DaRos, D., & Ryan, J. M. (1997). The components of statistics anxiety: A
phenomenological study. Focus on Learning Problems in Mathematics, 19(4), 11-35.

Onwuegbuzie, A. J., Slate, J. R., Paterson, F. R. A., Watson, M. H., & Schwartz, R. A. (2000). Factors
associated with achievement in educational research courses. Research in the Schools, 7(1),
53-65.

Onwuegbuzie, A. J., & Wilson, V. A. (2003). Statistics anxiety: Nature, etiology, antecedents, effects
and treatments -- A comprehensive review of the literature. Teaching in Higher Education, 8(2),
195-209. doi:10.1080/1356251032000052447

Schau, C. (2003, August). Students’ attitudes: The “other” important outcome in statistics education.
Paper presented at the 2003 Joint Statistical Meetings, San Francisco, CA.

Schau, C., & Emmioglu, E. (2012). Do introductory statistics courses in the United States improve
students’ attitudes? Statistics Education Research Journal, 11(2), 86-94.

Schau, C., Stevens, J., Dauphinee, T. L., & Del Vecchio, A. (1995). The development and validation of
the survey of attitudes toward statistics. Educational and Psychological Measurement, 55(5),
868-875. doi: 10.1177/0013164495055005022

Schield, M. (2009). Assessing statistical literacy and attitudes following a second course of business
statistics. Retrieved from http://www.StatL it.org/pdf/2009PhelpsASA6up.pdf

Sizemore, 0. J., & Lewandowski, G. W. (2009). Learning might not equal liking: Research methods
course changes knowledge but not attitudes. Teaching of Psychology, 36(2), 90-95. doi:
10.1080/00986280902739727

Suanpang, P., Petocz, P., & Kalceff, W. (2004). Student attitudes to learning business statistics:
Comparison of online and traditional methods. Educational Technology & Society, 7(3), 9-20.

Tishkovskaya, S., & Lancaster, G. A. (2012). Statistical education in the 21% century: A review of
challenges, teaching innovations and strategies for reform. Journal of Statistics Education, 20(2),
1-56.

Uzuntiryaki, E., Bilgin, I., & Geban, O. (2003). The effect of learning styles on high school students'
achievement and attitudes in chemistry. Paper presented at the Annual Meeting of the National
Association for Research in Science Teaching, Philadelphia, PA (ERIC Document Reproduction
Service No. ED 475 483).

Vigil-Colet, A., Lorenzo-Seva, U., & Condon, L. (2008). Development and validation of the statistical
anxiety scale. Psicothema, 20(1), 174-180.

Watson, J. M. (1997). Assessing statistical thinking using the media. In I. Gal & J. B. Garfield (Eds.),
The assessment challenge in statistics education (pp. 107-121). Amsterdam, the Netherlands: 10S
Press.

Williams, A. S. (2010). Statistics anxiety and instructor immediacy. Journal of Statistics Education,
18(2), 1-18.



http://www.statlit.org/pdf/2009PhelpsASA6up.pdf

22 BB EHAT W2%% 18

Wise, S. L. (1985). The development and validation of a scale measuring attitudes toward statistics.
Educational and Psychological Measurement, 45, 401-405.

Zanakis, S. H., & Valenzi, E. R. (1997). Student anxiety and attitudes in business statistics. Journal of
Education for Business, 73(1), 10-16. doi:10.1080/08832329709601608

Zhang, Z., & Fan, L. (2014). Research on negative influence and strategies of multimedia education in
universities. In T. Shaw (Ed.), Proceedings of the 2014 International Conference on Education
Reform and Modern Management (ERMM 2014) (pp. 165-168), Phuket, Thailand: Atlantis Press.
d0i:10.2991/ermm-14.2014.46


http://dx.doi.org/10.2991/ermm-14.2014.46

HAFIARAIIL : tame.tw/forum.php?mod=forumdisplay&fid=56

Flz & (2015) -

BT Ll 4 e e R -
EREEFTH 2 (1) 22340
doi: 10.6278/tjme.2050313.002

R RIS TSR EIRREEERST

flz ¢
B 4T SRS ET T 4

BRI I AICEE 5 TR - ACSORAEVOEAN SR R R A S ) - BER RS A PREl—
fAlE i AR HEERRNE AT TR A Fe R A A TS R B R
1y TS - (ERATE T ER MR ATE TrIREA b T RS AR E N - Sl "ot
R | BTG IEER RIS HERE - (RS NS s n e A R A R A s h B
HRIEREAC BRI H R - (ESEA R SIS R P SR B S BRI AE A ek - RIS A
RO RS EALCEE EATEIRR > ERR AR C AR 2B R Bl T O EAVBERATE ST, - B
R A IR R R S N e PR S B e R R A -
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Specific descriptions of mathematical creativity have not been proposed. This article reviews mathematical
creativity from four aspects: products, indicators, processes, and contributions. A description of novelty in
mathematical creativity is different from that of original creativity; novelty focuses on the recombination of “old”
knowledge in mathematical creativity. The use of creativity tests for measuring creativity indicators may lead the
field into a narrow and limited conception of creativity. Recently, scholars have begun to use the multiple-solution
task to analyze indicators of mathematical creativity. Regarding creative processes, students recombine
mathematical knowledge and compare the recombinations by using the requirements of problems during the
incubation period. Through these recombination processes, students obtain new understanding regarding the old
knowledge. Creative contributions exist in two forms: historical creativity and psychological creativity. At the
school level, the concept of psychological creativity has been adapted for researching the mathematical creativity
of elementary school students. Mathematical knowledge and mathematical creativity are both critical. Fostering an
environment that encourages divergent thinking and connects to related mathematical knowledge assists in

nurturing a student’s mathematical creativity abilities.
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NI

RIS TR s AL ] o3 Ry 28 (ERAYIEI A+ (1) fEEEH (product) HYJTRISERE » w8 Ry by
AE M FENE (novelty) FIEZM: (meaningful ) (Jackson & Messick, 1965; Romey, 1970 ) ; (2)
SECREE R AR S AlSE ] 7 = aYAlE (ordinary creativity ) BFE=H AV

(extraordinary creativity ) ( Kaufman & Beghetto, 2009 ) » = MIJE= 5 i A 2= EAE RIS E B
SRR ERYE LR S (significant) 5 (3) tLASEE{EBTE (process) AL &R » S0 MRl
AR A VU E PSR —EFHA - BREEE - (EEIHASREEEE (Wallas, 1926) 5 (4) {ERIE IR
w50 Fs BliE = ZH B (fluency ) ~ M (flexibility ) ~ JFEIME (originality ) FIRE &1

(elaboration ) ZEPU{E$SFZ ( Guilford, 1950; Torrance, 1962 ) - £ <A BIE T E Z R EE—
REEFHRE S ©

[ RS R A S BV R R R R E R T DA o = (8= iR 7 (logicist) ~
Hi#Esm# (intuitionist) NP RGm# (formalist) » ##H w2 (10 FH AP TR IR AIES: ~ Roik
MFEH . B8RS EREEEEMEEYOEED PG E B BER Y RHRE

('science of formal system ) » H = A4 2T AF5% (symbol ) FIEC5% (token) 4HpK A\ =0E
FRA Crules) FERNEES - ATF RSV ERIGIEREZN (pattern) YA REEEER » =02
HAEEMEEIEMR TR - 2BV A R R 7Rz RIEE (science of pattern) - 417
s BER PR AP BG I RE S ER - TR RO EHE R EEEE
2 — - (ERER N R BT BET 7T AR HURR R 8T (new ) HYFFSRSA I E AIEVEE N4 Ao Y
R RIS T B ER s EAYREER - 28 T BERANE T ) 2 T RS EERAVRTE (specific)
I SEREEAE AN S VAR EE RSy B TR ) WE R S 2 B RE
JrEat R g FRYRE T o HRIE I A SN — R AL - B S 8EE
NEE RS R FEAESE S EF (Haylock, 1987; Mann, 2005; Nadjafikhah, Yaftian, &
Bakhshalizadeh, 2012; Sriraman, 2005 ) -

AT AR BRI P E R R RIE IO e AR R R A S 2P TR E S 2 — - AR NEERE ¥
BRI I FE Ul n] o Ry =05 | - (1) BRFCEERAIE T S 2 p mi eIy (% - AR
& (2002) #5MHED/NEE RS - BEEAIERIET SRR m SRS R E A E R Y
SAGRUR BRI S B VA - TR IEAS R ERE BT R AIE IR
BRETIISREBERA A IR R R A HIERAE: - BRIEIR A AT RERREER IR 2 = Y B2 AR R 2R
MEEERGEARE - (2) SRITEEBEAFEERANE ) RHVRIR - B (1994) (ERFEFEAl
& IS B R BT AN BT A T LR - S EESEE BV ARG - Sm i
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RSV RIEIE e A - (3) SEBERAE b TRAMEANS IR sGr 2R % -
WIBHZEAE (2006 ) DASEHeAmbs Ay AlZS = i R 48 e B N e AR AR B2 B Y B B2 Rl s T2l By
IR AT TR -

IR ABR TR BER RIS T A e B £ RIS 2 S0 V8537 - iH9E N BB ATE
AT BB R E F GRS BIRIE SR ERTEaT B - BRI e A B 1 B R
At AR W SR RS TN TEREFEA RAVERN N E IR e & 2 kAT
AL EDEA R AL - DRI Ry BB RIS IR ST £ R B & PR B SRR [ R ST ) 7 R A IR T
FREEAREEANS IR R AT E R S PR SO B S E BN 2 R B AS
TZEHENIRTEE - &2 R ETER AR AFETEE -

B RINEE — RS I E R am B2 RIS ) - NI B RIS AR AL 7. =]
EH - BERL - BRI IEE R E 7 A il Vygotsky 275 SR Al 2 R 48 R B2 e Ak
AYE S —( 58 Leikin, 2009 ) Hat e HIARASRE SR FT57 - ARAIEBE AT ZE S > Spraker
P B ER RIS T IR Ry T R B ER R T ARG AT A FH i 5 %€ (518 Haylock, 1987 ) < fiEAl
S E IR ST e B RS T ] 7R R g K (professional level ) FIEAFE 2K (school level )

(Shviki, 2010) ; " S5 @R | WYEER AN /2 A IR AIME B2 EE E R BRI ER I & ( Shviki,
2010) » HAEAELIEHEIR T IE LRI RCREY B R B RE A B EE EHYRANE ST (Usiskin,
2000) - (RIEPRET R G RV RIS ST TT TR B ST BRI R AR - K2 - Ft T 2E
R MERANE N TR EEGEHE T LE ERVEERAE T, (psychological mathematical
creativity )tk R 5 A= R L B ER R RES ELU) A H 1A 8 BB R e SR B R B B 1B Y

T (new) FEUE B THINEAE 5K W BERE AR BER B SR BRI > B T EE ) (adapted)
BEE AR TR G EAIRYEEE T A B RN ERYEER SRR £ (Usiskin, 2000 ) -
Hadamard #1 Poincare $558 5 22 Bl & AR AR SRS I B4R AIRE D B0 O BN EEARR - MM I7E
B AN ERRAYETEw)  FH5E 5 Y. (gestalt model ) (5[H Sriraman, 2005, p. 26) 525 ATEEE
VOB S B RIAFAE N B R B A AL o (Skemp, 1971) 5 b2 RS ETE "B 0H ) FEEE
AR R TR ST B A a3 - WA R VA BR h = BT REAH BARY AL - B B R AV ER IR
JEIERERG RN E A A TR | PEELERT T HIE ) AY884: (Haylock, 1987) - .0, BRELZEHI|
TeRIAE(E A A R s ad Rl TR N RENT R Ri i 2 — » fRHAIE RS Z YA Y5
f&# (Guilford, 1950; Torrance, 1962) : ZXifiy All4& /7 HI5R FTREIERTFE& (E A\ ATRE IHV A (EETR =
B ERZ PIRE] T Al ST FeAVE R (Sternberg & Lubart, 1991, 1995, 1996 ) » #T4-AKHS /152
FHLLZ T T B R 2 E A YRS DR RE I (Leikin, 2007; Leikin,
Levav-Waynberg, Gurevich, & Mednikov, 2006; Levav-Waynberg & Leikin, 2012) -
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ASCEE RS JBRFTR R RIBRE At R ) AR R EERE AL - HeamalEE T
AVHEBEERIBNEE HA S REiE - BT TEA ) BT R RAEE B RS HIAE
TR A& LIRS B RV B ANE TIMF R SCHUESRE - INIEACSCHY SRl E R Te B2 Al
EHHHAMAE R - BRI R RS R - SEERER BRSPS B - 5B
BER NSRS TIHE1E - BRI el fadam B e S B R RIS ) B BB B A

A~ BEalErsr R E A

— ~ AIEHFT R EE A

B e fE EE Y (product) AUERFTEIRIEEASHYE 3 - FEIER ZIREARE
& Fata s R (B AS ERIEE Y Bk (4 - BHEEE B IAE £ o FHARYBHFTR 2RSS (aTeAY
CE TR R ELRIAE M (creative ) » W14 BRI E T ELASRLE T SYC L Z i TIF LAYAE
J1E%EE | (having the skill and ability to produce something new, especially a work of art ) - {{<FE &l
AT AN TR > SRR E RS E L VEEHR (novelty) SZEANHY (original) »
ZAMEEE RIS HEME - RSV DL T 7B A (useful) ~ i M: (appropriate) BCEFEM:
(meaningful ) » 5 /2 BIIE & 0 A ST 3 BB Y R H AR MR E R - (e 8 PN 28 1
(adaptive ) BREEZRLANS NG - RHER R " AR FANTTRIVEES) » HATR
EAM A 5T RS EE AR A MR ETHI SR B LAFAYAE ST - 41 Romey (1970)
RS EAEE A - BY) - BOTBGARISHYAE T  Jackson Bl Messick (1965) 505y
T — (A A T ECRAY R - BT RCR T AN RAR ] DIHE Ry R AIERY
HARE R ERE R A A M B TP R E WY - AR BB P ) - RIS R
SEBRENIRE - B~ 55 BRH — Ly EYRRE - mtSEYEE AR - I
H AR E BRI T EREE - Hausman (1984 ) 7R RIS 1 78 fn il B8 A 78 dmf] & — THZENY -
TE— MRl ) T S R A M R A A S8 DASE & B i RV B M o - ZH5E 208
VLR RIS B HY RIS S A B S R HHZICHY - Vygotsky (1984) 5 Ry BIIAE ) 2SS R 35y B A
filz—7 -

=~ MRS IR

ESHNE HEAEE2E N wmalE 2 MRy Ff2 R H B AS TS w2 i
R BB ER RS Y A AE E D BRSO, - BUER RIS IV E R BT BER B RIAE T A% OARtE
DRIEE 22 B SR e B SRy A JE B e R B A e L R st MR B T - Spraker SRR BERATIE 12
Ry TR R E ARG S = - BB ZEAIEEST (515 Haylock, 1987) - Romey
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(1970) TEFRBEANE ) HBER A - KTEGHR AV S o TE—MAVAIE ) R R PEErI T
FUE AR B EHRAEMEE D - EEEERAE TG " FrsE ) WIERA
iR - T e B S &Y T F4S & (recombination ) » B E R [EIRVAERNZE (idea)
A& R (combination) ; JEfEAYE R E BIEE ZHIE AR VBRI & RCE A AR (useful)

(Poincaré, 1952) - Ervynck (1991) F2R8E2 Al 2 s Gk AllE A BRI R s3]
SRR T ARFIAYRR M - [EIR R RS BRI HE EAY A - BHRERANE 2
BRSSO EE S - FEEER SRS S S S EHR 0V K E R AR I AR
L LR S ROTER » RILE SR TR RS & T B S 1S 2R B 50 - FHIE
YEm AL ELRNE S T AR (Gardner, 1993 ) FIE = fE#ER RIS JIHVE A 20 B = Y BUEE
ABE (Usiskin, 2000) g4 -

=~ BEREINERYE

B ANE IE B FHVRIE T - R T S B B — (B AR 2R 8 Y 7 R A B R R
PRI B B B o HH Y B R MEA S B HE BE A e & AT BB TR - i Laycock 30 RS2 RS )]
TEPENFEIHVETRE (perspective ) SAfr ARV AL SRR B B W T AR AT E VEEEE (518
Idris & Nor, 2010 ) - Poincaré (1952 ) 2P A8i2 FAyEsE (discover) fE=ivA &RV B2 e
BEREGH - Z1&A MG RGRHER i IR SRR AR AR HY « $Ra)EEaR - B2 AlE mT LI
ERGEIPEL (forming) ~ FEEAT (recognizing) FI=HLA FIHYERE @ 1B BERT & RORFEHES R (& [F]
B ER AR AT RE I RAT ME » S RS2 Rk R [l - Chamberlin EiL Moon (2005 ) fRFE2AEAYEERA]
EIIERR R T EAHHE R R B 7 A R e BRI E FHRRERYRE ST | -
FH i LAV E e L ER i Y B SR R A A R BB - R S Y M RE G H LLRITH Y 7 2 BAR . -
M Ef R JTA IR — M EER - EFRPHVE AT EaEf A —EHEEME - TRl
SRS ER G HEENE (NEFEHAHE) REBERY B BIVEERENRET) - 11
PEHCHRE ) AYER T S8 SR [EIAY R AR AR T RE R B B B R AR AR SO R AR A R
HIVE RN - O HAE e A B aE INITAs —T -

2 ~ BEAIERTER

Kaufman £ Beghetto (2009) 58 AsalZEMERA T 7= F aYal%E (ordinary creativity ) #
FEFHEAYAE (extra ordinary creativity ) Wi{lE-R[EIRYEZX - Shriki (2010) JRaE B8 EERIE I IE
TR G (professional level ) FIEEREZK (school level ) o H B2 2 i 2 RERL G [H Al M4
A TR R AV R RIS 5 122 gAY E 2 2 B 4 EVRE B REFR AR =% (unusual ) ~ 37

s
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4 (novel ) ECEFEZZS] Cinsightful) HURES » N EGE & H N BRI BERETE T Y A& il AR AT
( Sriraman, 2004 ) -

— ~ BREROBZEIEER

"IEFEAVAIL ) RS E IR M HVAE SR AP TR ER A HE R o PR AT RIS E LR
SCEREIHIE T - AR ERESR MEAE R RN SR E S T A E T - Boden (1996)
TRPIRE S B LB A RIS E (B (AN A fR By TS _ERYRANIE T | Chistorically creativity ) -
kR (E RIS 2E AT AT B S g siE s EAYREIE] - Usiskin (2000 ) REEEEA REIE 7 Ak
JEER > B h e BN EEE 2R TTNER - FERSUEREATE SR B TR
ROGANE - B TARALE Y SIESE R 22k 7R 2 - B2 MTESSAY IR i e B THY
IG5 B Bl e T A A RS - 0 R R M B R CE S22 MR RIS hb Bl 5- A SE R A B3 PAIIEE Usiskin
R RAEE TR AEA BEEERET) - i R A D BB e o ] DU Ry B AR
BT - BERAIIZE A B FRR BRI ES YRR 5T - AT RS Ay Sm e 5 A B SRy
TR WECERNEER Sy H 2 o IR A DB BB R T Ry B VR RS
77 (extraordinary mathematical creativity ) = 5 EAVEE A% 77 (historically mathematical

creativity ) »

— - BRBRNEBERIEER

Ry TGS BRI A S0ET 8 - P aH A2 7E TR A7) i 2 18 A R Y B RSV 28 & Y X
8 BRI I AT RE AR CARARAE » Al R A B P tH AV R
JE DA B2 P I RIS - HFr R AMALERIBN S EHAE - BN ErValEEmaEERE
AL FEOAIRY 5 Boden (1996 ) KT RARYERIAERE & T 03 EAYENRE ST | (psychological creativity ) -
R A Ky T A AR TE B ECTAR EAY R B SR H RS 2 R R B B FE DL e R Bl
- (HHAEFE H AT RE TSR B2 IRyRag - BRIt T3 ERVRIE ST ) R EoRN B
HEIEHRNEE -

B/ INER B H Y B R A R i O R B S PTG R B ] » PRI B NER B AR T R
st EAVATE S ) PIREEELABI L BRI ERIEIE - IRIETE S LAVRIE T nl R R Al i it
RS R/ N E S B OO AV Al T | (psychological mathematical creativity ) #Y
REST - MR AERN—EEEEE AN AL TEE  RENHU A H Y /A BER
Rt R ERE S & TSRS B ARG FBEY Ty J77% o Usiskin (2000) 305852
A RETE 56 =R EE UK Y22 2 T A 25 R o B B Y B SR B R BB R MR - AR B B A
A2 T BB AR T A AR EEAN EEEREE - BFERAIE IR ELE H
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HAESE =R e ER IR - AR ) S S M R B o B SR B 56 TLAR I f 8 HE - Laycock
oy A BB RS A — (846 E MR TE T 2 TR oA > B = a5 A B &R HAR U
ELERMERAES) (51H Idris & Nor, 2010) - Leikin 81 Lev (2013) 58 /58S EE MBIt
BAREFHEE ST » R TR DR RS © BSOS TR B NE (B AE ST - o] TIRE
(BERE IRET 2% TP RIAVERREAE - HRERAIE IR AR S RESE I R LR AR AT E R
AR > LUK AT (i R T S Y B2 R

Bishop 52 B # S BE M B RR 2 EREIEE A AR B s= > ohlk " ER, H
TR ) IR N SRBERAE TIFRE R ER TSRS A TRV ) HRE
1 EBSEUEE T TR MANSENNE AR SRS AEE LN T EMHME, (518
Helsinki, 1997 ) : {(RAIEHIAA B SEHUESHIRE S - HEA SR SHHEEE S = ARG
R S - A S TR ERRE I E RS EREA—E )y - R EBEIR
W SRR R ER TR - RE LS (8B (D AR R RIS e AE B A PE AR B R R - WIS B
BN AR & Georg Cantor » f1jiF 0 F1 1 2 FEIAVE AR = 1 1y 5 B AR S P T 2808
% WIRES) - (HURGEHESREE IRV IEMEME I Al FR ey T ek E ) RET -

B~ BEalE IR

— ~ AESAERYVUIERE L

B T oS IR E R & B - 20 - FAIRIRS @SR - 527 (gestalt) BRI Ry
RIS AR 7y e O(E P B © 2E0E ~ BREE - (G T8RS (Wallas, 1926 ) 5 AE(EHIZ RIS E 1 TAE
TAFRIATEPE B - ASH(EEE (domain) HYRIGREE - E2E RS AT R AV IHES - 1AM E5
HYRIERAIRE T e B RIS PEAY RS - Al A A e S SR B g PR D7 7R AR R ]
B CEH RS EVESER R R S e DUR - (S B R R SRR H IR S BB 5 - 258
ke DAZERE AV PR D RIS 25 RIS T4 - ARy 4R - RS BRI B RN E R
RS » RZ B RINERER - & AiE 2 MBS A S ISR R A R
MREMAES - RG-SR ERHE LSS - RN ARTEEAVER R - 55 =P BB« by
WIS E - Al SR AR S A BB S B e - R R AR S aZe N IR e -
B PE S - AllHG 8 B i R B SR e T BV S S A M - MR O B AlSE il E
[ > S5 TR LB R RO IR T IR M SR R i e S S T RE 2 4 > E4h Dodds ~ Ward
1 Smith (2004) FEFERAYRE FIHTE (= AR RESCR -

= - BB ALEERR IR
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Hadamard {1 Poincaré {F 252 gll:& @2 AVafam s 52/ EAS (5[E  Sriraman, 2005, p. 26) -
Rt R AT RIS B S Y AR BER o Mol R A T A Y B B2 BN RS AR AR A AN A 2B M ~ Tl -
THIEA1EREE U (P& E: (Skemp, 1971) - Haylock (1987) 585 " #EFAIEE: | /E AT S R NGE
BMERIERRMER A B a - Bk TR H AR MR R RT A R OE - TR RARE R R
Fr 2 B SR B REAE ARV RIS - RIS VR ST R S4B T Re B LR S B ay B 4= - &
B A R R AR B R A T AR IRPEES | -

B EDSTERERTT S - 2 CIUREGE) SRS ENNERE - fE—(E8F TR &
AR BARE RIS MR ROt Y 2 A= 7R 2 AR ] il 2t L B2 3 S A P A a8k P 7R Y g

(Hayes, 1989 ) o 71 AE{F[E EL % T-RE & 15 2 — (I #E AR ZHV & 2 Al 109 55— S 22 i 1)
( Csikszentmihalyi, 1999 ) » 7E&F 25 s %13 T2 IS AT 2y (Bloom, 1985) -

B AT AR ER AR R RIS 5 58 U7 (Sriraman, 2004, 2005) » BUE2 205 R R B A

R B ST PIAE B E NHY B EE R R (Barnes, 2000 ) FOZE & [ 8 & 5 52

( problem-based learning ) FYR%RH ( Sriraman, 2003 ) DLUFEF-E2AE Y AIHE B 258 7 o 1 R RERME Y
RG22 B B2 R IR T A PR R R # R H Y 4% B (Sriraman, 2008, 2009; Stillman et al.,
2009) > 4 FHTEE R % TR EE ( multiple-solution task ) fY25E2 5=t ( Leikin, 2007; Leikin et al.,
2006; Levav-Waynberg & Leikin, 2012) » H H VIR G224 A B RAVERBERES B s A [ RV 8
BlS o ITEAREAMEE SR AR RIS A% (creative problem solving ) 14737 B
YA (Sio & Ormerod, 2009; Vul & Pashler, 2007 ) - gt EHA B A& B AR 173y A B B
HRTRIE TR T AR TAF » CHARBEEE S TAFRE L HEE#E | (Vul & Pashler,
2007 ) » fEWFE E R N EE Y AR A B A B B T AP RO T M R S - AR B AR AR IR 2R
R - e EEABERIVESE - W E LB H PR RSV E - GeEmRz
REEFHH EENEE - (BN BIVE S ML EHERE T - 5eE TS B S e Ay ISR 4
JEA BER AR F 0, - IEEE245 58 Sio B2 Ormerod (2009 ) FYEFE4S SR o0 Folin B HUE R &2
EENRHEAHEINEE -

=~ BEHRRE

(e FEEHE AR A0 3 AR 1Y - (RS ARSI FE P IRE B IR 2 — - HAl ALk
A% EHE R IEE2E £ T2 (Dodds et al., 2003; Sio & Ormerod, 2009 ) » 41 8 & [A) E T HE
s (forgetting of inappropriate mental theory ) FlzEfE#%5H s (remote association theory ) o AN
B [ S R A AR (R A P B Al S R R U A S A AR RV SR B R A - TR A
HANSG RS2 T E Bl RIS HHRH AV SRR (BES R R A m RV AR - (BRI E E B S RV
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HrE A G HIREE o PRI R PR AT by 2 B S R T R RS - B AR (DAY EE R R Y
TR o SN A E VM AR R RS E 0V B4R o AlEE S RIS e
EEANEDEEL sERE L EAYE D - Amabile (1989 ) s AllHE &1 R s ol B il ThY
oA (breaking set) ~ ZERZHAIAS (breaking out of scripts) FIEEHTEE] (perceive freshly ) = {75
EPRERETRERYARE - LY NIRBE It AT BN A AR Y S T2 VB S B 5 R - FrllATH
TEHIERS: (Weisberg, 1999) - WHIBFEELRZS/R | ik MR RASEFTE - BB IRPIB NS
i o Egse B AR B R F 00 REBFTKSIVE LR IERE - WENSIEEEE
wEH -
TEE Bany B RE T R TR G Y 58 AR 48 2K B RV 72 55 8 R0 B U S £ SR RS 58 L Y T
( Morgan & Forster, 1999; Sriraman, Haavold, & Lee, 2013 ) - ,(\BHEL S HE HH R R B o Al O B IR 2
HIEGEE @ st O R & R HHR R BV SRy TR R 2 — B AV IR R e R R FRK © ZE B
MRV S AR AR - (B A ERAERER » —BERRENmEE  RE5E
{bECE HIUREFHEEER R L - AR A0S -

{h ~ BERAIETIER

— ~ BBRIE 15

RIS T2 BRI R - FilGR H IR RS EHREMESE - E25nEH
BZE SR S AE R E A E ARV E - RS e Ry RS A — S ay KR RTFEHIEY
BYIRIRI ) DAL REE TR ABIERE (intelligent) 17 &ALy 2 — < L EHERSE
BRI IHTEAZ DA ATERRIT RS AfeT Chow) EEAEAINE ~ LIDHIE (measure) AIlEE
EGAARNET] S ESRAEEEARES - BT HRERIEERYAE ] - Guilford (1950)
Bl Torrance (1962) ZEEILURIEME (fluency ) ~ &M (flexibility) ~ A (originality)
FIKESUE (elaboration) RygllzE IHIVU(ERZ.C - FIACHIE RS E G BERIET) - HAifik -
EZ MRS R B R EAIE BRI LR — -

Hollands (1972) #E RIS S AV EE 0 E 2 VU EFE ARV B AllE 1) EAYEDS © T RiEE |
BT AT AENRE ST BRGSO R AR RERY RS © T 8im
Ve | EREEEARIERY 7 A B AR 1 B S E A RN E A S S A F E BEAEER © T A
M BEERRH AT EWEG R AN S FAME RIS BRI EE AT EAYE - AT
A] LA ER IR 5 RAUE 22 A R R IR MRV AR T 28 o DRI ) R P S B4 SR D DUE (R EG
S o R M O B B ERY B BB BB HYRE T o TR RS SR TE R AL
ELEARINER L FS AR R R B RIS JJ 2 R0 > 40 Dunn B Maxwell {5 75 5 7 2Ry
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ERT (2]Q Lee, Hwang, & Seo, 2003) ; [di FIEE ME(E B =R T (Krutetskii, 1976) ; [Ei%
RISV ERIBAIMEE AR T (Mainville, 1972) - ff% Evans - Song B Zosa % =(ir&%
Y[R SE R R 1 Em MR A ARl &= R T (51H Lee, Hwang, & Seo, 2003) - [L4h
Pitta-Pantazi - Sophocleous £ Christou (2013) WF5ea0AIBIREFISERAIE I HEREAIAHRR 1 - fiF
BRI AR S B ZE IR (spatial ) ~ EHSAY (object) FIIFEAY (verbal ) =ff - #5HHZ=RHY
ORI RE BB SR M ~ Sm MR RIS A IEAHRR - B AGHYRE A A R R B R R T FE
TR AERE - CIEBAVER I B REAN SR A S I Ky B 598 Msl Ry [F) A 8 K1 B RE T Y 8 22
(VRS € SRR IS -

Feldman (1999) 5[t Sternberg £ Lubart (1995, 1996 ) 1Y45amar By Al SRR 24 T ifse
E HRRE B 2N ER T - FrlGRISER TR FENRER - E2%E(LTalE
TSR R S T 5 0 2 P

Preoccupation with testing for creativity as if it were a trait analogous to intelligence led the field
into a narrow and limited conception of creativity. In the effort to operationalize variables and gain
experimental control over them, extreme simplification of what is meant by creativity was tolerated.
One of the consequences of the tendency to restrict creativity to a set of ability like fluency, flexibility,
and originality was an impoverished conception of development. Development in the psychometric
context meant strengthening existing abilities or teaching abilities to those lacking in them.
(Feldman, 1999, p. 169)

BN EHAE NERNESENRIE NSRRI WIFHENIRBEREVEEAIES] - i
ENE LT ER HAANE N EE A RERE T HENE - B HE R EENEERE I
AR — SRR 5 o

— ~ AEESIAVETTERE — B AV RN

Gruber B Wallace (1999) 58/ EFF 2 RVANRE JIRIEE A=/ D#L FSRAEVARRE S AR LB gt
M - KR8 1% - BA SRS N ANBLEA S #EUE SR TAVsE AR (Barron &
Harrington, 1981) - 7 Gardner (1993) -y HAE N LIFE (HEaEREHH » E2RE - &
RIS ~ RS BRIV E R ) AURRTT e B S — R B R A B g
D E AR B J R - FHAE Gardner BB SEWERE B ALSE 0 T HEER] > EEE B
THECRRIE A AREIE SRR - FEShE A — (R R AR 17772 (24 (A AP Y B S H
EIRLVZACE 2 (Feldman, 1999 ) -
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FyIt Gruber £ Wallace (1999 ) Aygll%E 0y E NI A REHFHIEAE T By, (purpose ) F1 ' #f
8 ) (duration) » ik 2 Al 2 H 2 A H A4S R RS E R R RIS I A A
o MLAFT R B BRI ER R T T ISR

The criterion of duration gives special meaning to the criterion of purpose, extending creative work
over time and capturing the notion of a creative life. To life a creative life is one of the intentions of
the creative person. (Gruber & Wallace, 1999, p. 94)

Gruber g1 Wallace (1999) VRIS EIVA GRS - ManpliE BNV A M =R - AliE
EHMHEERCHLE AR OB AEZTEECEIEE - & TIEEEPKENERL &
& #S FY R Al R gE T /K B I - 5 5 2 B S Tl & B N AE Bh AR A IR RR ( Csikszentmihalyi &
Csikszentmihalyi, 1988 ) - H Fii % 81V & I [EEE S AlE BRI NIE BN A B BlliE T ry 35 =

( Amabile, 1996; Sternberg & Lubart, 1995 ) -

GRIEBRERIE TIFER R TIMRIEE - XENEREIMERE - AIfEREIEJIHYIME
Btk - BRI E L RS B BRI MRAIRNE - Alg HEREE R =R EH AT
Fht% (Amabile, 1996; Collins & Amabile, 1999 ) - #RIEEHVRIE SSRGS - FHEESIILLEE
OB THERHRE (AR FIHEA S 20 SN2 EE RS NI EE
EIMEE MR 1 A REEME) - IFEAFIHE RIS RS JIryEEE - HIbfE
BEnEiEt  ZEEHERS BEENTFFONERR - FuBPERR2EE - 725
RE TP R HYADIE IR L2 BBk B CAERE B S - SRR R B G R S A O R &
AEENE » S ERF BT SR B RS AR Y NTE BN - (B2 BT EMREEEAEN T
TE (& » 2002)  FEH 2B R il F B R R BRI BB RS TR B 7 - B
T EHREEANS NI EREEANSE 'R EhAlEERE RIFE AN B EN A
F o (FE RS RERAER A T ZHI R I E RS AR TP AR AIPE EL - TRl VB2 Al
S TRTREA RS R ©

=~ BEEMES RS

SRS NSRS T #BUB % | (divergent thinking ) BE IS J7 i sk o
MR AR » B2 50 B R A BRI 77 (Chamberlin & Moon, 2005) = 7
B R TR T B 9465 2 AR A T 2 S T T R L B S R R ET B 2
PR B S A AT A SR S — - TSR | SRR T S A
7 ELBE A IR A O R 2 R T £ VR » BE 15 ERET AR I B e -
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(Krutetskii, 1976 ) PRI R B SR [5) 4 1 S FIARE R ARV ARE T - A BTN IRT TR EAYEL
B2 TSR M RSO RN ) TR S -

2 orf#E (multiple-solution task ) & ZERE2 AR [E 774 M —(E SR RRE - Fy T %6
{EFHANE ST BN E AT ARSI RER » B /2RI F 26 TR A PR T B R Al S IRy m M
FIEEEME - Leikin 5 A (2006 ) S ATHERZEN e s o AR AT 56 n[RAR AN 2 T AR RE B Al i )
BRI - AR ERE R B A R E Y - FIRER T E Z I R AR TR
BT HYEEEME: - Leikin (2007 ) 585 DK Gl f g L R DT A B R B E A EE - B AlE
VR ERE S SR - WFFCEE SRR HACE 2 e iR E 92 vT AR S R i TERE N ~ R
eyt R EE M - Levav-Waynberg B Leikin (2012) $t%f 330 {EE24 31T 2T 7245 5
A B2 T AR R R RE R 2 RV BB RS T R RIS RN B M - R SRR AR ER
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B2 - (SR - BEEAIE B R RE
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B TR AL A S AR A R R IR A E R AR SRR - 1EHL
BB RN BENE F O EBE A g - AR REY B B T BRA
OB MEEAYE o NIEERFIEE SR BRI ST S ET—E BRI, - R B
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% o RS PR R IR R Y > FREEARAVEER R R AR N A R YRR RE R
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HEAR B RA RS B B PSR AR A T - (B Sl (E (E 5 AR E A S HIANEN: - BRI
HERERAE BRI E - BENEETEL - RS AR A BB L
SREMHIRIIERL - (B R B RAISEAIIS A E » (AW E LT - &
SHELHER AP R o INIEE A BRI E (B (A EROR ERYEGEEANEE - AR RBESR R



36 BB EFHAT

oh iy B S PR B Al A
MHE 2RI T ERR " Falas ) R R AR B AV ASEERE ) (Kim, 2009 ) - Brinkmann
(2004 ) £2 t 4 51 Fe M7 B2 22 AR B 5 B B2 0 S5 TR T JE 34 A1) R B2 R P B9 B 4R R 1
(complexity ) » {HESA:FEERZE 2 32 A AV LS (the aesthetic feeling of discovering ) “fJE{E 1
PR PR B EEE (simple) - Peressini 81 Knuth (2000) faflyee A4S (5 E AR TIEESE)
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L o (5) LY - (6) P F 2 p g (7)) B2 2 BN EER-(8) &
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# - (p.154-155)
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Neumann ( 2007 ) 7 E% & U2 AlE DIV A GRS S8 7 BhiYIB5E (interactive environment ) ;
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In this paper, | investigate the contents of the important texts by authors in the Seki school in the Japan’s Edo
period and analyze the symbolic representations of fractions that Wasan mathematicians used in the process of the
development and transition from Bashoh(_)({%%;‘i) totenzan (%5&), and their related conceptual meanings.
Through the analysis, | find that there are five different ways used to represent fractions in the process of the
development of symbolic representations: 1.recording the division operation by words; 2.recording the divisor and
the dividend separately; 3. recording the division operation on the right hand side of ‘|’; 4. recording the division
operation on the left hand side of ‘|’; 5. the left hand side and right hand side of ‘|” being both numbers or rod
expressions, where the left hand side indicates the denominator and the right the numerator. By this way, the
fraction becomes a mathematical object which can be operated and manipulated. The symbolic representations of
the fraction are developed and transited, from the rhetorical mathematical expressions and the kind of division with
procedural and operational features, to the structural mathematical object “fraction”, and thus the operational
process precedes the structural object. In particular, the development of the symbols of the fraction is not linear, and
multiple representations emerged during the process. The symbols of the fraction that Wasan mathematicians used
reveal the duality of mathematical conceptions. Finally, the clarification of the development and the shift about the
symbols of the fraction used by the Wasan mathematicians turns into an important evidence for modern scholars to

determine the author, scriber and the date of a text.
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