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1. FUC®IC

Btk Ty — U OF ) (the science of patterns) & T A2 )7 (Devlin, 1994; Steen, 1988: Sawyer, 1955) |2
o CBFHEEOWEIRE SN TE (B2 (FHoffman, 1989), Z I TlE, B - BFOEEIIBWTLFFM
BYEGE, ShbOLEENPLNRY - R RWES, 2088 = EFAH L THOEEL2 FET 2 L o 2iEBEI 250 A
NHZLOEEMEPTRFMEN TV, TDENIBWTH, BFEOZOWZ T % b LIS LS RESS T 2 ED %
ENTETWw2 (Fujita & Yamamoto, 2011, FiH, 2011 ; IIA, 2011), L22L Lo X9 %iGEENE%E  OFFTH
SN, FNZFTREFAOIEE IS VEEv, EBE, WAHWARIEFIFICBWT, NEOTH/ Y — > DT
R Z O Sy — 2 OES Bz IETAIEE, 2007 ; FAAK, 2002 ; T, 2000), /87— OAKEREOEEE (]
ZAX=TH, 2005) Lo AN L IN TS, T TERMTIE, BFE T8 — v ofF) L3 582H % G
L, SLICHFHAFICHEDLIMOME L OBEREBIRS 52 L1280, FEBF~ORY) AN 2 X )BHICT 5 2
EERBEIIEET S,

2. TINg—>OFE; OBRE

FREFOLIROFTIE T8y - oftE, LRI HE, FIZIEUTOL)ICEZ LN TEL  THFHS
=V ORFETHN NI -~V OEHETH L5201, HFEMLILIEIRDEIRIETHD, N5 — Y OMOBGRE
WRLERT L&, HMECERA ROy -V 2XHITEL 8, Ny - OMOMREEFELZVERL
0T AHEIE, RNy —CRSHL, a—MMbL, LR TEIE, ¥ —r DI MNTHAEETLI L, HeFEH
B2 HID 7201287 — 2OV TOH# T2 TH D, N7 — DS IEIRT 572012 (FE, /3
Y=Y DOMONY - RGO LI LR D), BFEON ) F 2T 01E, SLORRD 54 TORFNINY — 0 2l
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AL, FEESCHLLEND D, [HE] BFICHEDL AL, XY=V IZOVnTOEERTAFT2IEL, BRL,
AlYE L, FIT 2, (MSEB & NRC, 1990, p.12), T XH /Xy —> T, 3L, #L, My Lt%2H
683 (Hoffman, 1989, p.19) &3 25EXHTEH 575, WV L-HARFREOVBICELIELINLBR, Wb
W L H B FRE L ORI B L 7256120, HRROmED S ELTLOEER~NOBIT 2 e L T2 TR,
EWVIHZRFAL, BEIS Ny = NS LI EOEMRICEDh > T, Bl ZIE, Schoenfeld (1989,
1992) 1%, HFEFAY T AT LSBT L HHEMERLBEM T2 Sl S HAPEICOWT, 20 TAUSCHEZ JET 5
AR AATH 5 | (Schoenfeld, 1992, p.344) &ik~_2Z—FT, Bl L OFUNEL R L TIERM 2GRS
{3 — VR L (pattern-seeking) |ZHEIASE IS (p.335) & biRk~_TWwb, F 72, Moschkovich (2002) &,

PRSP LIET UL T8y — Rl EERENDLIFIETTIC, N7 — U 25l 5 2 L ITBFICB W TR 7
EETH D, (pp.202-203) LN, NF— U ERWZ LRSS LICETEZENTWA L) IZH L% (Barbosa
(2011), Vogel (2005) HZ&H), 29 LTk, FEHEOERUEEROMMZRMT 2 —FH T, MoRFL O
PPEZ R T 5 2 LT, BFOREDO T 2 AHBICT 2 fEfrtd HATWA,

FEOFRMIE, $r Ty - oR, LTAMZTHEFICO RSN TWA, Iz 1, Hersh (1997) (&, /%
= ORI UG EBFICBIT AR LGB, B AERICHEAET S L RNE T, Ny —r
RHEIL THFOPICORFIET LB DT TERL, FHICEILETOREORIHETLIOD, 2802 810k
D, MWEEICEWER (over-inclusive) 72X 8T 5, ZLC, d LOWEICHEL &9 & 95 &R, THFEFH
NG = DFEFWINZE) L) 2R, HEVBEINTIEILLS AL LD BT WS (pp.177-179: Yiparaki
(1999) dBH), B, B CHIH L7284 2 Th, FEFGICEb L8 — b hTwiz, F/z, /3
Y= ERBHEL, TNCHESVWTRINT A2 81d, BEEAMILEREHELEHNT 5L 5 (Resnik, 1982) 120,
ZOMAZEL 5 & & (van Hiele, 1986, p.23) IZdfTbNTwa EThUE, b0 HBOEHLY DL DITHEL,
TEIZ LTWwaD & &2, ERMITS 22088 = 2L TEFRICKIBLTWwWA ESA L),

Ty — R, LI HIE, EFOBFREFERFOMEOILN) 2 RBT 57201 ffbhTnbd, filz
1X, Devlin (1994) (Z19MALK I, $ai3%k, ¥, @&, &k, ZHOWIETH - 7225, FHRDILAY 251 T,
BB 8 — O ERAD I L2 RELTVE, FOLET, BAHAZ DNy -, fEmeLaIaz
F—arony—r, ESLENDNY =2, oy — 2, SRR BHIED Y — >, fIBO/Y =2 D6 DI
T, BEFEORIEE ML TV b, IROMBR RNy — 2 DfFEE W) E 2 T E D L I1Z, Hersh (1997) 7254F
T BMOFEE OFEBRERET L TA D, MFERE2 X ETHE, 2F ) TXOR,) I2BWTIE, XOFIZERX
IZDOWTOEE, #EEIT, ZOTF—=FOHFIINY -V 2 T Db b, FHZ08F — 1L ) X 255
fF13720, N7 =0 2 XOFELFEDT 720, 27—V I L TX2WLO»hDY A ST LR E, NF—
DFE ISR R X DIFICENEND EEZOND, IhE Ty —CORF) 2B TIRD L% 51E, s
HIRD S D88 — 2 ThHZ ENEHENDL, bLAALENLTH DY — B IFET LI, FORY —
DB L WEBEWN R TH DL — IOV TDNRY — 2, WhIEy — D8y — > (Steen, 1988) %H%H = &
UKD VG505, BERNFRIITCONY -0 eEZ2 0N, DF), TONETH 7285 — %0, ORI
IhRwEZshiny—-razptd5E, 0.0IRLFCHOHANMNERO, &) LOMKREZILE LS DHP,THY, P,
VT I EPEEHRODIRR RO DL LD, TRAODDDOPEEEIMEINL /NS — 22 TINZTWL
XY, OO —2D] K=+ L—b2RERbDIZL T, (Steen, 1988, p.616) D TH D, "5
MPONRY = IZHDE, FRENHETAI LR, 2087 — 2R (formalize) L, BHEFHSHICERLZ L L
[ UCldZ vy (Devlin, 1994, p.14) T, 3 LLPIIOVWTD X% — L OFFE, 2lEd LD THNIE, P.2H
TGEENGELE LTHOTRETAI LA, BlzIE, MESORAICHEb - TIE, "W (Lo ZibE) (12
3B BRIEMEFIET 2 CE LA 287 — ) RV SN0, RPNy — v B 5 % B F5e okt
REARRTIE ] THOTHIZRWNEIHAEL-DOTH S (Devlin, 1994, pp.88-90),

HB, BENRTHLH/NY — U HPWHFEMRNS R WZENDTH-728 LThH, 7= HEPEZDO G &
olzl &L, $§CIC2 "Xy =2 TR>ELR->TEBY, ThdDevlin (1994) 2% T, /85— Ll
R EDERZEEZ 5N A, FEE, IIT (2006) 1%, abstract?® %R | OFMRIZR 25E121E, TFRIE T
Ly RVOERTEVIERTHY), FMOFIZOFFHRLTBL, HHVIEIEMBYICIETLEIDLITTHY, TN
Mgy 305 % v (p.25) & LTwah, BlAEDevlin (1994) &, FREFETHRDEAWLZFHFNETDH
DEE, MBEW Gy - ERBLTWA, KiZ320) T, 3ADFED, 3D00DFK—), 30o0%ICIbEL 2z
MRy =3 bEL, TNELRBLILBT L2003 THH T4, EHIHEDETY, 2 EFEIH
N, HEICIYDEWICHEBED TSN, THIZOWTOLNEW ISy — ) P sh s e BamrEFn Tl b



T8 1 88 — 2 DR ORZTT & FRBEF O -RORRE 171

(p.9)o F7o, "R FIE, ERASPER/NE Vo ZMERD S — > (patterns of infinity) Zatik L7z 0K -7z

TH720DHFEOETY ) (p.74) & LTEHEOTTWaA, HaaeMFE D50 X 9 2 A/ 2 BUFc B BF5Exd 4
NG = LTI A Z 8, WISy - b2 FeLFHTrb0EE2 L9,

2O L2, RERAORTOEATHY S, EEDevlin (1994) 13 TABIMENICAERTIEL WSy — 2 %
P2 TWD, (p.54) LR ZA, RERIIBIT2HFANBLOTEEL, AHIZL YRR I NG 88— DIRD FEW
DIFFLEZOND, 6L, REPURIOZELZEGRIIONWTONY — bl Enb 2L, ENPBFOH7:
B OREOLN LI EERBELTVD | BFOH -3 HOREIBITE2ENDAT v 7, M5H10
Y=V aRBNTHIETHD, RICZFDONY — %, ARER=ATEOMED &9 2B 2 0omE i b+
5 ENK B, ZTOMBHIBE WG LoRER L LT, BIEES Nkt %8 — VRO oD 0d L
vy (p.55)s

Boridony — v 2 ZER L LTEAIT) 2L T, KNy — U ICHT 2 AR M FiEe ®EsE 5, £2CT
HZH 788 — 1220 TIE TRl 2 il e o O FERBFETH Y, BUrmeka, Me, ThizHvws LT
&%) (Devlin, 1994, p.3), D5 Thh, HEEGFTHN, BFOMOEHTHN, #1287 -2 %2 Hn
LA EHTE 2T E L, B0 "2 oN e WEOARME, (Steen, 1988, p.616) »A4:F
NHrZEly %%,

Do Xz, BFEx Ty —rofkg, & LTIRADEEICE, Ny — Y AEREHRE - EROGLRET L L0
BIEEZIL) SEDBVLETHY, 9 LRAHIE, Mokl o@Enwz3ilHssL b1z, Ty —r ok
o L WIAIR T ERRET A LOVIGEIBETLILDEEZOND,

3. TINa—0OFZF, b5 DERBFEANDRE

B COFE Ty — R, LT AR FH, FREFISFTLTED L) LR % 52 2052 Thb, &

KRB D HALFEDONNY =V LR TIENTELI DD, FRTOEE - BFEIBWTHEETLNE
D, UKD ELBNOHLHMDINY - E#EZ5ND T IR D, FEB, Romberg (1989) X "/8% — > OFE:, 12
b, SBREFOCHNRANES ORI FICL Y wEsns LR L, &, &M, A% mfssE, & ®
(shape), DY = IZL DO HND ERRTWE (p.4), FFEC, ZORZFTIZED, HEHCHERE,
WA LIC B A EF L L PRI ED L N TE A ERBL TS (p.4). DR LI TOME
5, FREFIHLTRO L) RRRE2HEL LD TEL ¢ (a) HERHIDSDFENEMMTL IO/ —  2Ftak L7z
bOLLTHEKTLI L (b) ¥HICBWCREELFAEOFE Thbb TR, £ 2L GUTHRNL 7
T —7 ; (Romberg, 1989, p.4) DEMHENLIRETHAL I L ; (¢) Wik y — U 2RO R LT 5T & THE
NEZAIETELZE, UTZENZFNIZOVTHELLATWLLZ LT 5,

Bl ZoRME, BMFNXE, CrAeE, 7— 7 0B, bAEIIBWTOHEE - BFOIEARN 2 FEHNE
THAHH, Devliin (1994) FINEIMAT SO — 2R RT LD THDLEEZ TV, 2T, TRLEFN
DFENFEIZONT, ZDEREDL ) BNy =0 272 0%0hEERLTB 2 koo s, Bz,
INFREAFET TORBFETCRELREL 5O LIFAEHLE ZOFMHIIOVWTERZTAHAL, bEdbtonl, 2,
Lo 7 HARE, FRICHEBR/N S WEREIL, Devliin (1994) AT A L ICAMO L ODEFT D ICR SN B X
y—, $%bH T—D2L (oneness); "D & (twoness)) Zitilbdr2dbneE2Z5NL (p.9)Y, 7272 L Devlin
(1994) DX ICEARHERE V) 12 Loy — v O%E, Bl FFEBOBBOM L OB L HOLICE R 2551
INTEWD, NEROFEIE o TEEZ THEVIL) OMEIZOFEFTEIETI W LIl b, 22T, B
THEETHHRHEIOVWTE, =28 1208 ) CTH#EEEZ IR 728 — V2R T 20008 THY, Zh
3T B D8y —  RFLIRT L ONMANER CTH A EEZ DI LIk b, INFRRFETIEIBIILER S A
WICEWEAERBL, 221100 F L) %2Eo720, GIEHEEZEZ /DT 5 EHL 0D, BIZLERY M Vi
BRD &) %7 — v OBERTEBEFABTH Y, TOEMTEMRIL (instantiation: Resnik, 1981) 7> 7L — K
(Resnik, 1992) &ExXDHZENTE L),

DX HIZHFENEDTER T B85 — Y ZWREICT A 2 L 1E, BEOFENENLDONRY — VDY, Ry —
DM RIRD AT, 85— &) LOBRRHE T2 E 2RO TH LI L e HfICT 5, Whid, HBiGoss
Y=oV TOTFES 7254 ) OMGHS ARAROEKRTO) BHFE2EL, TToo/Ny — 2 ICHET 5 X
I A (Resnik, 1975, p.37) J &b LT, TOFEEEZ LI ENTE S, Greeno (1991) 13D 5 FHNED
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F L F D EMAESE (conceptual environment) &FEUN, ZOWEEZIFERL, ZOMHFEEED, ZO®RETI ) HE
WKEIT D L) bl bh2FHE LTRAITVEY, IO — U PEFLMREEZ L 5001F, ZOMREZHE
JELCHET 5 2 L1, Greeno (1991) OEZ K EBAETHLEZOND, RORBHERESCFEEEOTFE L LT
DHRFBRWZDDOTIEIRL, HORLRT B8 — VIOV TOBBOFRIREE 2 52 L OREEUIRBENS,

7o, BE - BFOFENEE Y - ERAODEEZ L LR, OB HIZHHEbo TS, FEHICS
W, XY =V ORHRIEA TN T E Woa 7Y — DY~ ERBTIENENTH AL, D XRH S
INF = VPIZDOWT TZEDINY — PR D9 %58, (Sawyer, 1955, p.36) L, TLO/NF — 20005 ED
INCEFNLEO»EFHAT L LD, Ty -V oRs, L LTCoOBBPOMATEE 2515, Bl 2 IEWittmann
(2005) 13 %7 = ORF, OFZIEDS L FE TS LATHD EOB L L CHBR+FH=BEEY) T,
FEHUNY — > (odd pattern) | 1Z 2BHIC 1 DT oD Wy =2 THY, FOF—2 89 LKL
R L TLEOEREZFHP L TnE, 20, BIEESN Y — P ETLHHEZ2EE R OIS — 20,230 &
ML TWE, 2OXHI, FEHANRIGLRT 587 — 2L 5 2 & T, - BEFENTHBH OB R &
WA E 2 ), LELRFEPOD ) ¥R RS, RBHRIET AL )12, TIIEFBREFTITb R 5l O
ZoWTH YT 5,

DED X ), FRNEEMO POy =2 25l Lzb 0 LTEKRT A2 L1, FHORKTECA %255
D8y — > OMROBE L UCHIEILL, /- Z20HRTRB SN2 LT 23O 20T 5 %225
n5,

R (b) DB BT AR L AMOTHEOBHRICOWTIE, EThnsX )12, B ORENLRENTE
TWwWh, $hbb, BERHICBW TRy -2 REL, 2037 =2 2FH L TER A ERTRE L OIRE
THb, Blzidfer (2011) 1, FHEMHE 2L OFTEOZFITORIKDLLFLOTIZR L, —HOFEMEEZ Y
FCTEZ, ZOHIINY =V EREL, TONY -V EEZRDVLEAZAT) 2 LT, HEPEMIICR ST & adEl)
LHERREL Twb, F72Wittmann (2005) 1ZFREFHICOWTEIKHONTHEM T ) AET V2OV, AT
RO M L RS, Ny —vERML, ZhE2FHL THRRT 5 L o FROBEEN LR TW 2,

ARaD Z 2 TOEICHED W THIE 2 T1UE, ZENRIIOWVTHIRRCER2ITo TNy — 2L, 1T
DL ONEMRELIZD Lozl bid, "y =Y of:) O—MEHTIEH 555, 29 LTEENTH 2 5 Tk
X2, BENGOBBICOLDN DL EIAICEERIEDH L EEZ SN D, Sawyer (1955) 13755 — »H3iE Y K LEL
BEANTHE, "TRAELDBTA T 7L LTERTE2EME,) (p.36) 2F2E TR LBRNTVLEY, ZOEKIIE
SO RICME L, ZORBITESENROIRICOLNLEEZONDL, ZDL &, BRI EL - BFOFHNE
ELTRAIEN TV S DO THNE, ZOHENIHEE - HFOFHL LT AR TV, F72, B HFEoFH
NEDFLIR T 585 — b D Ty = ORE) 12b b, L L, E8NENZE) TR EWHAICIE, F2H
TR L MBOEFE L DFENIZOWT L [AFEDBEN AL 5, N7 — 2 BT 2 L ICEHISH A 551213, #
S X0 BEASR T B BEEHE - AN THE0OEH®E T 5 LD ELE LS,

WIRITRIE () D, Fii-3s — VR RFORN G L L CEENEZAET A2 LIZOWTEZLTHDL, THUTIED
B L 2B DBENDHA ). F—IE, TTICEENRTHLNY - ERETHHBCHANZET L L TH
T2y — Y EREDHTHA, 03, E8EHRIIOVTRWEENZNY -V HE 2 ROELEWN R LT LHETH
b

FE—DNRY = EREYVHT LI, 20D5 4 TP EZOND, — D3RR —BALDOEZ HICHEHRT 55D
T, WREZNOMBICEZBEZLZDDOTHY, ) —DZMRENINT A L TILONRY -2 D) LORHR L DI
EHTH2DDTH5, sinrThLE, Bz, dODEF N ICHlEREE AN -V Z2BICE D ELRL Wizl
B2, O E RS CROMEICE R B ETH Ny — AT LN TE L, FOLET,
HERBED NS — VIS LBREDNNY — T 28EL L TOHBEOREEITH) 2Ll b, T2, THEMED
1086 F 5 72 5 ROALICHES & ) B Z G HED 72Xy — v 2 EZ B LT, MNIEECREIEYHTI LT
b ANABITLT, THHOMEBEZESC L TNy -V OEREZITH) 2T, LABLE VI -y —raiEL
720, IEAARENAOKRE ED180X (6—2) +6=120°DLMAILL L TZD/8F — 2 2R 2 55812, NAOKE S
H336°=180X% ((5/2) —2) =~ (5/2) DL A& L CIES AR ET HZ &N TESL (FEH, 1996), y=ax+b X
y=aft VIR TR TELHERONY — L 2 EZ LTV LEICIE y=aRy=ad+ batec L Vo 72 TRIBRTE %
IS — U ERBETHIENTELD, 72770, TONY — 2 HETHERE2ERWCET LGS, HizlcRkeEs
B XY — VU HFRET T BT 2 0@ » DRIV ETH 5 9 o TED SNy — » OREEEIRZ1T 9 12
B0, HE - BEFOXRICBWTIED # (fruitful; Kitcher, 1984) T3 2 DIGENSLIEIZ R b LEZ 55,
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BEHEDOEROMNINZOWTIE, ZAFDRY — > Oh TS N=AF v 8y — VIERT 5, BREOESD
HTEREVI RS =V PIFICERTA L ool %, COBRALLTERLILENTELTHA), TLDINY —
YOBFIEDF T, FRIZEED D RCIRD BN E RTINS — RNy~ L LTERETADDEEZ S,

BEORGWZEINT NG =V BEBERICT HEA1E, Devlin (1994) 2SBR_TCW7z, FEENGOFEFE TR VS
NIy — LR ETN, ZNUPREFOH 50 HOMEICOLH S (p.55) 2 EIHFInT 258 TH b,
W 258 & LTI, RFELARVIZBWT, ZRETOROFETBIE SN0 1 OEEICH NG 88 — >
AR R REIN Dy — > 2 RNBE LTIRADBIET, TNOTHESNENSY -2 ThH IR LExG &
THLIEDNEZLND, Lo LIFFRIZBWTY, REMRFOTIEZWY, FAEOBITrER NS, flz1E,
T35 — &P Z TRLl L T FATIETE & W EDS, Rn7Z2 8N 88 — v Don O i TER S
B, ORI ERICL BN - E LTI NDL I LI D, HEIIIY — L DR TBE SNy — U H
EHPELENRIEDLS L RERL L), T2 TH, MR TIHESGH? O RSN BEMD/ Y — v %
HRDH, HFERTEZITRWEEN Y =, BIZIEy=axk FCRTE LN -V HEZZEWN R EL, 20
NG — Y DFEEEIITON T D LA LN TE DL, FHEOFELREL, b5t 0b Lotk
DE, HHVIFEEOR L FHLEELOMICAONE Y — 208 E LTEARR L2 ET, 2Oy - HE%
BERG L L, IR EHBEOMD ) b EO L DB EERIRA BN 2R T LI L L LTRALIENTE
5o EHLICHEROLTROFEE L, ZRUMOBROEETH LNy~ ThbbEICAONL Y-, b
VIS T B EEIC R ON B8 — R Z TRl L, ZNeEE8NRE LTHEEL WL EEZ LN,

2 L7y, DAioZEENGE RSN NS -V 2 Wil hEBERR L ToEMEHZ T, FHERE
FTREBEBPMEIC R B, UBNITHADY — 2 L LT o T2 b D%, SEEEENL LTI LI B20, /8
Y=V EFERRPTFREOLNNVIHED LT A L WO HEOETH 5 I ELPE (Dorfler, 2002) D% ERD, D
) ZORATIIERNIATDON D LEDN D B, T, FEROMPIIBNTIED LDy — 2D L N)VITRE - THERR
THILILETHL, HBH/NY— IOV TOHGZ, WHEEICBWTIE, 2089 — 2l LT & 7-885RIC
DVTOIRADEEE KT 5 ETIELLENS (Resnik, 1982, pp.101-102) ¢EZOLNL0LTHDL, T2,
LR OREE (@) OB 2SS, HLWEENED, dbedblnk )Ry —riudgibtsnzdorzbwks sz
EDVLEE T By N = BRI L TWBE &) BATE, EEXS Ny — VICHE 2R & v ) B O MR O /N
FUANBEEII DL EEZ NS, FlZIE, ICHE L a3+ B = %o R o LRI L A3 HICB
F MM R FABENETH L0, — TR, 2nt IO TAPFERE VS BD/Y — > DEBTH 2 & OPLED
RENDLEDNHY, B TIE, REBL Vo728 -V HEOFEIETHR O N AREATEH T & 5 L ORI LET
HH) SHLIRXTROMFBETUILEI N DE, b EDEDNNT =2 DLV OERE LTtk & DLEDDH
Bo B AL, ML BEANLFHOPFICY, FEHOMRICESNL 88 — 20§ 2 B AR O & v 9 [
KAFIEL, B2 L) 2 —HOBFHIETVLLAMOBRIBESINLIREZ LS, FEHVICSND (o
Nunokawa, 2001),

i NEDFEZ, MODPOEENFIIR SN — 2 HIICEENRIITHIEEER DL, FHNRY
AETOFA DO WEICT A2 EDTE L, Hlz L, IFROMTERDL Y EOEAIZB T, KEICHT 2
HALMDFNED Y — >, HHVIELEEDOMOS LMOMBROIY — > # W ZTRTH LT, PITEEDLYVES
BALTWAEEZOLNS, DFENZI T, HESHEZEZNE TOELSRICAONL XY — 22 TRtk §
B LICHEMD DD, MATHILOBRETHITERLYEDOEX T ) 2F8T 5578 E, SARICEN LI NELTS
El o2 T =V IZOVWTHERLTWALEIETHY, "Ry —V R PIThNTWwEESZ LI,

wEI, DETHRRTEALZEZEAMICEZ L2012, 1 20BBOFEOHEZ L) HIF, 22 FTOHERZ
bLIHEILTABL I LIZT B,

Leung (2010) 3% "% - ORF, L3022 D LIS, BFENREELY MR ICHbAIAZEDINY —
YEBIL, TR0 EBAELZVFRRRLAZYVTAZ L) (0.2) £T5, ZOLET, HEOHKEH
DEIOMOMREFELT S I L2 AL L7/ A FEDIREICOWTERLTWE, ZOFETIEIRD 250D
MEDRb N 1 TEHEOEO 2HOF, A DR EH16mE20mD & &, E550HM LW, ; ME2
M36mD 7 = v ATENEOEZESL, —FILLTAHITIZE) Lo I v, BETEIBFO»rINIZTY) b
RHDEE%E 1em, 2cm, L ZBXTHIEEZMRLROPPNT ) N EPH WSz, Leung (2010) (&1 &
b2 bP o ENTEAEZ T LEOTBY, ZORICIIRDE ) LI A THREENTWILEENS (1) EFEOH
H=MORIXHMORE, MOES+HOES)=(E)DREE)+ 2 Lo 2BRI5E L2 JUF Ao I
(I) WMo CEEFEOmERIZIO SN2, FORESHPEZ CHOHEBEIEZ 2 L3RS v, —EDFD
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EXCUEMEMORESAFL & X CHBARAICR S Lo 7287 2 BUF RO ; (D) HRRKICEb 2%
FUTMOREEDVNITHIE LV, ADOREA36emd & EHAEOM 2 71415, 13, -+, 3, 1&%hbLwvo, FBfED
SCHR % B 2 72 B A AR D Al R0 %6 o

Leung (2010) 257 &b 726 OBFMFEIRZ /N — LV ORENR T OFPEHE L EZ TWLE I 0L, LilkoRE
b), THbLABOFHICIBWTHRELEFAMOTFEEZRY) AN HIEERA I TWLEEZ LN, T 25K
12, FELBIEHABEBHOESICRBESNE Y -V IZOWTORERELTEY, 29 LGN o TbhTwn
bo RISRIE () OBLENDEZ D L, WY =V OBNPELERN G TH L35 — Y OBEEZ RO D Z L IO H > T
WELLEDH B, Leung (2010) IEEOHESKIEOMME L HOR S L) R OMREZIEET LI L THL L
BRI TBY, F72, ETTFELBRRB LA SNAMEDS, HREIZEICL ) IERSNE & v HEfEICDOW
ToLlmbnzIzareryar (#E, 1983) @by, FEB-bOHEEMAOHMZIED L EEZ 5D,
ZIT, HREEWIEEDS, FHEHOFIZOWTOIEDN ) DRy = RZDIEN) 2R L L9 L3425 ABOEEICR
BNBENY =V ERBZAATLOIDEEZL L, ZOMEE V) HELMD/INY — v 2|2 MO FEL D B L v
HHEMRT, TRF =V ORE IChoTWAEMIRT LI LN TESL, 22T, 4ORETIE, HEOHMZED D
EVI)HINCT-EL B OFEBERTHELAVEINT A Z &5, #EREELT "y - oRs, @) FH Ik b EER
bits,

L2 LIARRICRIE (¢) OBLE A S, TEB bR LNy -V AR ESENG L L, Hik/y— 2 OfE
BT A WREMED E 2 5N D, Leung (2010) 2S4BT 2 L 912, TEBBLOEAD ) BLIEHF ORI i
KD ERWBEOW 2 A5, 13, -, 2, 1&%5Zkid, 2REBONBEIIOLERLLDTHL, 2D,
CCTOHBEDEAD/NY — VB EEFZRHR L LT, €9 L72ZAboy = &5tk L, F-Z2OMWERIESL N
FERBERT A LE, BIboNy -V OREIZRD D A, 122 LZFD0I2IE, HETIERLZFDOEIDINY — v %
2 TRALZ LT, EABRDX) 2ERRLOBERNLBITIERSIND, SHITE, 2018 - 2Z8GR LT
BT Ehn, XY —UORRED LIHERET) 2L WIZIE, AR EET AL TH e e R5, ZoRR
W23 L B AR 2B L Tz 2 M E 15 5%) RO oNb, oL )R UEMEHWTY, Sy —2 %2 7
LEROMEMARD L Z L L, Ny -V HEEE G L CREMROBERICBITT 52 2 L ofIciE, FHHEIC
Lo TNSKBWIREEDG & %, DLETHRTE72X 912, EERHZOLILL 2 HE ) K0, £oRDFEDH
e LV LTE 2 2875, B¥ar TNy —rofl LT AL ORM e RETCREICKIRL CE -2k
D1IOOFTEF 2 5,

4. OB FHEFER DRSS

Bephk Ty — v oftE) AT EIEFHEOL ) BREE G250, T LBRFEIIEITOE 2 512 b s
9% (Forgasz & Leder, 2008) &% 25 &, FFHMBFCTILLZHEENTELBE EBETLIHPET LW, Z
CCAREITIE, 79 LcBEowL one, BFxr "Xy - of) L35 TPEST LN EMETAZ LI
T 5,

4. 1RJHOEZN

B BEFOFEIIBWTRERD L VENNESZOEEES LIFLIXIEH SIS (eg Pape & Tchoshanov,
2001), CZFCTRTEZLIIE, ZEEEALFMEN LI —ThHY, NF¥—UHPHEZIZHE SN LT
(arrangement), F£J% (order), JEHE (form) 72 & ¢ 4hi¥ (OED2), HZRICBWTHE# SNy — v 2ERL
(Resnik, 1975) L CZOEHIRHRE, BEDN “LO L) R b0N" 2FETRTD, dHVIE, MOERZHESL
ZNS ORHIRHE 2 EE WD I L2 D & 9 ZEAARME (Resnik, 1981) X7 > 7L — b (Resnik, 1982) 12X D)
Y= R E NS LIEDPRLETHA) FOLET, FNOLORBMEBMICL TR - B ENTLH &
T, Y=V ORTHFERIRLZ BN EBIRET L2205 WREL b, 2% 0, HAMORBEEL TTRITE, R
DEWRIPTELZVWEEZ NS, BRI B AEWAY 226 (generic example) (2785 2 & DS 2 dERm 12 13 EE
T 5D (Balacheff, 1988), ZALIEARMZEBIA Y — L OEBE L THFbNLEZ E2BTIDES L LS,
12, "X — VIEFEHENLIFEOFEM (material) 1ZIZBIFR L 2\ (Sawyer, 1955, p.40) T &hn, MUE/8F —
YERTRDICBWTEHARBNTREE 2, 22006, RHABORBRIHEE TR, Ty EFFH BN T
EEEL D,
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Romberg (1989) IFRIFCOFEBPL Iy ¥ a— vy OFMIL, Xy — > OEERZIIT A EEEL L LCHK

BRIEELTWD (p.5), ZhIE, HFRLHEARFOMIETI o — s FIHOEEENE T > TW5b & 5Steen
(1988) DIIFEN S LHFFEN D, T ¥a—% - I T4 7 AL WHIERHRIZL Y, BEonry - iCEbs THE
785 = REYD T, S EATE, MIBMNEEZ "o T “Ba" ZedTE,, THICX Y RBENLH- %
WMatEnp 2N TEBH LI, %5 (Steen, 1988, p.614), FKEFATHHENBER Y — Vb, /N5 — % HifF
L2hs o [ B W2 e L § AR TH Y, TNICLY, TTONRY — Y OFERIRLEVEZBIZELLY, TO
NG = EL I VIRV —8% — > (Devlin, 1994, p.117) O FTH#Z A ExWREICLAZD TS, OF D,
NG = DIRDIFENERFET D700 BER LR NELRILE LTZONS,

4. 2 van Hiele®/K#ERE & RMEH

van Hiele (1986) OEZDKUERL, KECiOFEHOEELX 525D L L THFHBFTILLZHEEINT
&7z TOH 1 KETIIHIRZHENICHRL, RCEOHEOFEEIHERINL &, §2KETIIZENLFHEED
B LT AR A, 3 KETRPLIMEEZONAMEICIVERENL LD LTHEEIRZ L (Filll,
1993) o /NFALCHE$ A AN L FHXE 2, JORYDLDICHOENAMENLR/NY — 2R 2GBTS 57200
Mk Z2 5L, B 1KEIHEN Y — 2 RBICLDVIRRELARTLKETH), ZOHEN Y — L IZOVWTOD
W e dT\v», RWZENG60E, 23088 =0 Ry =0 2 G0 THERN Y — V225X ICh b EE 2K
BIZED, Y- OMOBRY S S IR S NHER, O REE, 2T )HLHRSY — YR RWEEn 5
L, TONRY =XV ERSNE 3KEICED, FLWLRY — VXY RIEFERSND L) T i,
HI3EOMRE () D) LEORAE TR, FONRY -V HEDPEEWNL L LA LEERT L, 2D XH1Z, T3
7= OFEF, L)z Fidvan HieleDKEEFR L BN O E R T VWEEZ BN,

T rFDOTUA T = VIR CTHRE SN, A ZHE SN TE/ZRME (Realistic Mathematics Education) P
inlE, HRRHEOGE A LIS BAR LR R AT 2 R oM FR T 5. BIERIGTEICE D B MERTL S G
L, 22 COFELbDEZ WK, T2 2 L THEEC- BSFNAREER T 2R AT v THRFEOTN
ZIRBLTCNVD, TZOFRT, HHEHEr SR LEELLET 25O ETIV (model-of) 205, FOFIEHMKZ GIE
L, YDBTHRMENTZLDIZT H720DF T I (model-for) ~DBITHEEEL & 5 (Gravemeijer, 1997)
Gravemeijer (1997) 2L EF 5D ) EHOELOHITIE, model-of TIEWHTH % SHiKIC X W EF IV L, model-for T
FRIRIC X AR X DRERICAT ) HE (0% LD THIKS) 282, FHICEWTATFTTICESL, 2B
EFTRIZDOWTIE, van Hiele® 55 3 KUEIZ/NFEHRETIX b T, model-forld 55 2 KHUE, model-of IZ 55 1 /KUED 5 55
2 KMEANDATICN 25 L END (pp.341-342), L7205 TZ 2 CTOMATIE, B TIT o 2 8IED Y — v 2 5%
FHRICEDRLRT 2 2 s, 2Oy -V RFEEL, ZOMHGmEELZ EANOBITTH Y, /385 — v OFHFEDOZRLT
ELTZAZEDNTED, RhAT v THRFER, FEHNEOL LRy po BT L0FEMES
Zhe ZOZ LIL, WiESTOFE OB (Gravemeijer & Doorman, 1999) 12 SN L, WAKDEE)IZ BT 5 R &
HEDINY — 2 RIS Z TR L7227 T 7 D model-of & 2 1), T NAmodel-for& %2 A 2 & TR 7287 — 12
DWTOHEFRAIT OIS, BIZ I THROIREZEZ RO ME L DL LT, 27T =2V TOINY — & in
PTIeNTEDL, TOMEELEXICHONENRY = PFETICH>TWLE (p.123), FLTHZICRWEEh
TSy —VHBREER LT L LT, MRESOHESIEE S, 2L, Devlin (1994) 725 TEROY — v HE
TR ON G E AT 2 L) (pp.88-90) DOMEGVELET A LIV AMT S, DLy, Ty —
YORE) OZFE, RMEHGMEDEGL TR EFR L),

4. 3 BT BEEH

BB R TH L7 — O DL VMS OB R 8% — 0P %2 B L7ZBRIZ, FNA8F — 0,02 & - TH
7 b ODEMERT A2, /88— YO L VHRARP OB EN ) 2052 E2 562 LICh A, BlzE, MEEH
BINY =0l X ) EFR LRI, FOREICEDLL Sy — P2 BB LA, O, (BXOE2SHH IS 2
EWNTTICHERR S Nz36/8% — ) 1K D RIS NP3 E N D 2 51X, D387 — VP ITRIZICLARBIICEE S
PER VRN ZEEZZONL, ST TIHDONAZ L3 T SXEOMIETH 5,

EERPAIING = THHI NS, TNHLOELLIWECIRDTENTH 2 DOMERIE, Z0/88 — 2 DHRDHH
BHEN D THWE S5 255, FEE, Resnik (1975) 1338 — V OIEFETIEINRY — L IZOWTDESZ R TE
L2 EEICERNIL L, ZOMmBEMNRIFHEEIEHRT 5 LB RTwD (p.36), F72BOmILTIE, FEHASY — i
MbbHDTHY, HAWIIZ Y — 2 2 LT HEANCESC DTHSL L LTS (Resnik, 1992, p.12), &
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DL BRI 85 — 2 2R, HENRMOERIKRTE R W2 S 22, BEFRRZHBFICTFERD > TiEh s
T, BT H B LEEAE (1, 2010, pp.62-63),

Borw Ty — oy L3RRI OEIND, BENLETH LY — VIZHEDCHE RO Z LI, F
BFIZE LT T AFEB (proofs that explain) | ZFER T A &) ¥ 25 (Hanna, 1995) &A4FICEAET 5,
BT B TR EEN R OIS E SV THRYPREE L VO EZ/RT DL &b (Hanna, 1995, p.48) 7%,
CHRESENRTH B8 — V0D WTREENT2RY — VPO LBETEON%E, O0FMEE L THEZEE NG
WrOHATHILEEZONDE, ZDOLE, RXF—2On5EPNBINY — 2 %R (Steen, 1988, p.616), /%
7= ODHFER RO D Z EE, PEINY —YODIERE DTSN AWM ZED, EHEEY B BREEICE
WCHEEZRMAE %2 515 (Nunokawa, 2010),

4. 4 BEFERE T ML & B RO I

Steen (1988) ZWHLFE WeinbergDFadi 2 5 IH LT 5 @ THESFDPEHSFIIESRD 720D F SIZIE LSy — U %

B2 T NB L W) AREELREN 2RO, B¥FEICLVHEEINTOENY —UF, FETLIETONY — >
EROETHH) jo TLTROEIICHKTS TOLONY =Y ZZDRFTELEFEPEDLLDTH L% 5, BFD
P2 ONBWROAMIE b, FRIFEARGELIETHRVDOTH S, (p.616), EThfln LI 12, BFil
TNy — DR, & LT, Bad B8y —21220WT Nl 2 itk e o OF B (Devlin, 1994, p.3) 5.z, /¥
¥ — b MRt A, TEFEOIHIE, IS0y — Y EFIHLT, 088 — VAT 5 HRS
% TRy U720 P35, (Steen, 1988, p.616), 2F 1, MAHFOMELGRLHEDOTHLY O OOHFIZEYLET S
Ny = ERBHLUABICE, Z2ICBFRARE B L TRl 2l mE S el b, ZBIbo/8y — v %
BICE VR LI30BAHA, DOOEFVEZHTRALAY, HEH Y - 2KBICLVFERT LI LD,
FLEREVE DL - T A,

B BFOREE T EB 72 BICBETH 5 ) LEWENDS, FREFICBVTEFNET VLR AL Z L
SRR AN T A 2 L OBEEEDRBENTETVLED, HFHET VL2 ERT LI L, Ty -2k
T, L LTOEFORT) (power) 2T EL - HIEELTIL ) bDEF 24, AT, #EHOAEREL, Steen

(1988) AHEIHETH L IIZ, HHNY—VIZOWTOE—- ML — FOEPSIEFETHEEZONLDT, BFHE
TIULDEAIZ, FEERICEFED LR - MAMHMBOTEIILZONTWELEZ IR DY, 2%, HFE

"85 — o) LT AT, B BEENARR ORI L 2 OAMMEICE 2 A ) BRICH 5 2 & = gL
THLDES R B,

4. 5 FEMYSERES X ORERR T 70 —F

WEMTIE, FFICEZONLBLEEF L, HENRBGHICOWTOMWE R - BFEOMEIC L) T 5 Ln
I BEEE TOVAE &L BB o fEJuEE 2R E S U (Nunokawa, 1995), L72A%> CRIEH TR T8y — v oFlE, &
WOZF L OB RIE VRGN Z L ICh D, L2 LBESHEZEDRVHETH > T, MlcBwTi, W
MR OPRIEL 87 — V2 RHL, 2080 =V IZOWTOHEBTH 28 - BFom#Ez AL, 22205640
R E AR L CTRIWICEZ D Z 812 5 (¢f Nunokawa, 2005), B2 L, MELEE T 2 KIEO I AT UL
Bewy Ry — a2 L72GaE, 2035 — VBT A0, B2 AT OF O S 135 L v & v ) FET
P E V) /88 — 2OV TOHZBEATE, ZHICX WVMEGHO 2 DOMTOEENFE LW L 2RT L
WTED, ZO&E, MELHICHEL 28y — 2 BT 2 EPEEL 2 57:0, WEGHOFIEL 78y — %
L, BHOMEEIEAIED D 2 EHPRPEICBWTERE L % > T< 5 (Nunokawa & Hiroi, in press) o

B BFOFEE, 550 -2 2200 ToO (FBEEFLANVO) Bz RS E52L, 20y —r%
PRFIR L TH 22 AEENRE LTV Z LI Db > TWb, DOEOIFZEIZBWTL L WSR2 BERIE 7 7
O—F, TNEFELLLY TF =R, L LTENTTAZLEEZERLADDEEZ LI ENTE D, HIH
DA TELTX 2MBOFTEHEOFE %2 5L, X 2MHBOFFEORICEEFEICOWTOME A% B T
ELNy =R, Hirzeft AL L v (FEflIENunokawa (2005) 2#Zl), BEDOH 585 — > D
Hx SRR IEL I L%, JE - A T8, B, 2L CGUTERRN L 7 72—, (Romberg, 1989,
p.4) X0 FRICAT) LR UIFT 200, MERRNT7 70 —F0 120 EE2z 605, /87— ERHT
FHELTE, BIZE, PERSEATO 2 FICHHITLHEBOEAND S, BEETRKEZELS S R -V 0EE) %
Bl s, WETLMVICER 9T, K EHEA o 2HEREIC A S N A BIRDS, A TH S 1 R X YRR T
BN = L3R b 2 L IGEEERINT TV, TOHICERE I Ny — v 22 FEIR T 5 720 OREFE G &
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LC2ICHBITAEBDSEASN, ZDH, TONY = IZOWTOFEEN ThbNLEL, 2F 0, MERIE 7 7
O—FI X )7 azBAT 58, Bk "y =20k OBRIBEORERE LTIRADLZENTE S,
MR B & CREOMEMR 7 7a—F b, BFE "3y - ofd) L7582 BLEET S LR
2, BIfiECamCC&E "Xy — VO O ORBEZR L THIRT 52 LT, BENMEDT, HbHVIEED
HESCLEL SN BEBRLY LT 22 LR TELLEEZ LN,

5. 80 1)IC

AT T % "Xy = ORE) LT AT TR L2 LT, 2O T % FREF AN T HaEIZ oW
TOHOEDTHERE T CTE Iz, T37 = O ORZFIZOWTIE, MORFE OENEEET L & T, £%
WG AEBD LD — 2 E L TEZDLILOEEMELIRIH L 72 F2HiTithzL g, Ty —rofly, Lwvw)
W2HO "R, OFWTICE LD ELNSE, BEREOWEEMbNTIS, i osroy — & LT
CEICEENAT LN, FOREENED L) RERTHEE - BFoFH L L CEY % O ORI DB % - T
LEINEMUDSH L2 ERDE, EEWGNNY -0 THLI L, Xy —V2RETELTLZNIINSY—D
IR = ThHbHIE, IR —DINY = DIERBTTONY — OB ZED HRETHLZ E#WEIZ L2 &
&, TRF =R, WIS R EREEEICR) ANLBRICERN RS TH L EEZOND,

FEAETIE, BFBEFTILLZESNTE LWL OD0BUEEZIY HIF, Thé Ty —voRE) vz
HHEBEL, $72 Ty —CoRE OMEAIPSHET A LT, TRHBNOERSE I TOSE B WL
BIENTE, T LMRE, "= ofty, v X FPEFARORIEICE D S b D721, B
BEFOLGARE TR, O LR MR E L) ) 2URELRTOINDE TR b, S HIJAVEIFAORTH
FFOMHGHALA & OBREBRET L, 2N E LTCoOWNREELZ B2 2 L 35BOEE L2v,

pas

1) Resnik (1981) @ X 912, HARKZHRBEERDO Ny = 12B RT3 v 3578 H 575, Resnik (1982,
1992) TlE, B2 DBERCEMIGORIINy — V2R E2TEL, TN5HICHEDLWENERZEO TV,

2) HHEGLEA (ideal agent) DFEEZHETRENDL LAWY, TEBEOT /12200 THADITH) D& TFIcHTw
%, (Kitcher, 1984) &5 L, BMAWRHANOEED &0 215705, FREGFOTIRTIEHZ Z LTV,

3) BEREOFETRWEEN Ry — U 2 EEWNRICTH I L IZO0WTIE, BOBED/N Y — v 2 E8% L L2307
DFE DTN, HE (successor) DIFAE & FEFWaE &2 by /8y — v L LT X7 ORBIZ X 2 BRI
B3l (Gravemeijer, 1997, p.342) %0, ZOEEDORNICIERI X512, MEREDHATT, $ICOLFAERHE A1
B R LNy — v b LT BER R SRS OB E X S b,

4) Oliveri (1997) 3/3% — &80 A (aspect) TH D& L7z LT, A2 HRE RS 2O1I38F%2H->Tn»
LUENBHDENSTZEINL, HENY - aL I LIS TLEMIKAFT 2L LTS, Lo T, WMERICHH
BNy = RALDICYH, HEROPMAZ EP L TBIEPANZEEZ LN,
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On the Relationship between the Conception of “Mathematics:
The Science of Patterns” and School Mathematics

Kazuhiko NUNOKAWA*

ABSTRACT

Some mathematicians and philosophers have recommended that mathematics can be considered the science of patterns, and some
mathematics education researchers have presented the ideas for improving mathematics teaching and learning based on this
conception of mathematics. When we take account of the fact that various natural and social sciences include explorations of
patterns concerning the objects of their studies, it is unclear whether mathematics teaching and learning which emphasizes
seeking and representing patterns appropriately reflects the conception of “Mathematics: The Science of Patterns.”

The purpose of this paper is to reexamine the meaning of this conception and reexamine how this conception can be
utilized to improve school mathematics. For this purpose, the conception of “Mathematics: The Science of Patterns” was
reexamined first by referring to the fact that this conception was devised to characterize mathematics which has drastically
developed in 19" and 20™ centuries and by taking account of the criticism against this conception. Next, based on the meaning of
this conception which was illuminated through the above reexamination, some implications which the above conception has for
school mathematics were discussed. Finally, it was checked whether those implications are compatible with some perspectives
which have been widely accepted in the mathematics education community.

The results showed the followings: (a) Adopting this conception, more attention should be paid to the idea that objects of
mathematical studies can be considered kinds of patterns; (b) This conception has at least three implications for school
mathematics, especially implications concerning objects of learning and thinking; (¢) As well as being compatible with the above

perspectives, this conception can be useful for elaborating those perspectives.
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