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EERBo L LEKEIC, ZFNOEFEEHIMEO LT, Ko UPT A RITN
WERWEIZ R > T b,

FE R ERERE 2 8] 9 UPT CORAS 5 % SCFl O ISR UL, RSP ARG
FERE DB VEED S, L) 2 ik b, HEMRRIZET A5 5 TFEHED
S IE, SRR SR S N AR 1 Ak, BN CESFEL LTo—45%2H
A LIZRAERENO Y 4 IV Z7OBRT A5 9. 7272, LRI LANE
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i, 2010). A& CESFICOWTE 21 198 (BLHM, 1992). 041 (BA,
2010) THhotzo T@H) LEHAM (1992) OFEETIL, CRRFEICHATES
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HOZIUIHRE L TRV E W) BRIL, RETIE 2011 FEAME—Th - 72 2fF
BOME S LB EM (1992) 12— L awkREeEZ L, L LA, HEERE
FpUEIEE & b IR FEHEOE 5 72EAR (2010) ISEWEFX D759, BR
(2010) (&, WERi o> TIRBS 2 Z 12OV, [(FHIE) 3 L AREY M T
HNHER - AFHOARICET 2HE THIL, HHOREICOWTHESRSRIGIS
ZLVWEVIEHEDHLDLTWAIDTERVREEZLNS ] LT VA,
BT HEROKBLE L COHRIEROEAN TIE % <. UPLNOKEE &L O
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IR CEE L T SN IR T TRD 2, A TV D A A 2 VIR & 2%
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BRfhsR 3 ARICHE < 2o TH ) . UPT EMEEH O 5 Hid. # L AR
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Bom Zxb U CIRDE ) 3220 Bl L7z2s, BELRERTH S,

/(Z—a)mdz: e m=10Ls) (24)
c 0 (m2S-1LHMOEHD L X). '

(FEH)
m>0 OEid. LR TH 20560 THL, m<ODEGE, 2=a

+reft Bk,
27 ) )
/(z —a)"dz = / rme™rie? d
c 0

27
_ Z-,r,m+1/ e(m+1)7’,9d0 (25>
0
LD m=—10LEXIZOHBII2iTHL. m*+x—1 D& XL,
2 ( 1o 27 1 d ( 1yi6
L (mA+1)i _ 7 (p(mAt1)i —
/0 e do /0 D da(e )df =0 (26)

L Do GEWIHED )



(25)

(25) ROEBDEFHE LD DIZIZr B TI %2V 2 E Cauchy OFES5E
HIYVBROZETHL, 2F VRS CIE, a2 WERIZD DI THILUL X
CHTHALEIE RV, B 1 OFEFIZBNT, m<0nE i3, #fETEZKES
DOREF BN BWCTIERIBE Tl v, ZhW 2RI B > TR 2 FHET 5
ZEFTET, (25). 26) ODLEHIWTLHI LI D, 26) xLLRAZEIC
VRO EN DD,

{Zllz—a|=r}ZnEl (I3 FTHLLIRGBEEC ET S, mbS, BHTIE
&<ﬁ@ﬁé(%%ﬁﬁ\mw)®tém\

/(szmkzﬁ 27
kC
Tabb, kAEbo/zl ZIZMDHTOIL kb, m=—10D& X3,
/ (z —a)"dz = 2kmi. (28)
JEC
FmPERPOL ZE, W2 RIEHEICOVWTOEC LTRSS LTH 2o

GrOMEA0 %5 T Lz,

A-—Z ERREECEH
F)A1 HaTIERITARWE &, aldFRETHL L), aFRIDOL &
fiFaZEPLE LTROEIIICE-F VEREINS,
E b*m E m
ﬂ@:}j@_®m+§:m@—@.

m=1 m=0

DD ) & [(2)DalZ B B BEE VL, T Res(f.a) TR

UHLC % o & PRI H OB, ()20 <] — | < RTIERITH L5 5.
F2) % CLzif o CHABAT UL, BEEESH 1LY, 2o oo
FEIIZ 0127 %0
Fhbb

/ f(z)dz = / Z b (2 — a)"dz = Z / by (z — a)™dz = 2mib_y = 2miRes(f,a).
c c c

7 m=-—o00 m=—o00 "

CIDLRDOER LMD, o
BBGERL: [(2)DakHL 20— VRME ()= Y bulz—a)"ET 5
v, o
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/ f(z)dz = 2mib_y = 2mi Res(f, a).
c

3 ERCRME

(vl f% - E ST O BIR A NS 7O IR IR L TE 2
CTHAH, (22) KRB X, LOBBOEMITTOF T MMB TN
Too BBREWVIRIIEI G LA EIICRAZ D TE D, BILEZRD EHEIC-1K
DEXDARERL LRI > TVD, TIUIEFFIICB 2 B0 2l
PEICBIE L TV %o Sl BN S Ol BRI E2 ) Tld v B R <
BB, NEFABCOFEBRICHNS, SlifEE ) -~ YHOL Z A TR 2o
DAL, o RO A I O Ll L —3T 5. L2 Lx$BI%k
DEAMEIL, D& EFDYTLITEINTOIAFT IV ZIZHLI EICLDED
TBY) MOBEBOLhMEIC R CHELRFHE RETnb, 22 TE
ZIUE 2 o THARRZETS %,

KignBEXHOZ L EOERIE, " OMATESE, n=—1D & Z721Tid Mo
WELH—GRLONTIEAZE L) D TH o7z, LA LABERLLDT
FERTHDE, n==1DOHAETZTT)OMMBIIB T 2O TRTEiH-
TWLZ LRI o TR TIIFFICIZB R o728, T =2 —OFEG
KIER -1 RO EZAHORG OB LA EZETHRDIL>TWD,
DEHIZ, TN ERLRIFEERETCNLEZAIZEITRTOZIENEH SN
TWa L) BHEBIIEFETLIELITREZ 5,

T EHICBOWTREBRBEFELDOPBEN 2T 2D THEH, Li2hL
MOREEGERDL LD > Tnb, FHIEEO L ZATHRRZL )12, IE
BIBE S D SEER & I EE) L T CHALICESEZ 05 2 L3 TE LR VD TH S
Mo, ZNFEFZEHO ZoRE. vabb -1 RICBT A HREO—2 ol
LEBRBIENTE D,

SHEB R [EEBORER — fh%+ﬂfﬁ+nmzmu¢&f

1+2

DEHTEREFODIC @iﬁﬁ@§%1+z—hf+f—fﬁutﬁﬁ

o] < ITLPCRL 2] v T &, F72 [HERAZFH OB ELRITES
BRTT I 7ML ST ZORRMEO—mARR D 2 ENLV-FIZIE

sin z

=01 /f(2) = DEMIFRINTH LA, INZEBBLE LT Lr=0DL
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CAHTHERBIRE L T2 ] &) e ELRUL) RRRZEEDLND,
e OFEGOREBE LT, RO L) BETEIC SR o A4 T — DA

e =cosx +isinx

LD EITNOFLL R E ZARBOMICERE DOV,
Z“:—T% ylﬁﬁ@f&@tb BOT=AMMEEEND ) T Lad B L
T2, KEOBMBTTTH LK

1
/ —dx = log x + constant
x

SIEWITHFNLFNTHY 225 ZIHKX EFHHEBE V) BEL S ODMHI
BIFRZ AT T,

SE XM

(1] W.Dunham : &4 7 —AM (RIMEE, HILEA, B4HEHR), L =7) -
727 7 — 7 WS, 2004,

(2] BFREMTF MR Rek [HRMEG ] 2016.

(3] MhfRaEk « BERBIEOART, EdeNE, 1995,

(4] FHFZHB : ATikg, $63ER, 1971

HeENE

HEPOARBFEIIE - TELDLDIZKDLD LD D, 7 2V~ —DJEH [k
ORI TEHETIRETER] THDH, HEIEFIELVY, KTk Hiczo
B —FRNEND DS Do

MEDRITHEH. &5 HPFATFOMEZTHWHEROARZ LS ITS R TW
L& —ODENPHIC AT, ZOME B-BM 7 2 Vv~ — DJFEICET 5D
BERNIIKIREL 2D TH B, Z L CTRBHCZDEZ H MO LIZHIBHTE
HZEIZ Rz BAE LT, HIRIELZF AT OBEVWETH 5,

(ZfH FHL284F 9H 30H)
(S2¥H  FRL284E 11 A 30 H)






HABRRARAEEER AL 5455 (2016) (29)

WFze/ — b)

WMat RIS A F3I 7 AD
IR THEIZOWT

wEomEoBh A

On some numerical methods to calculate cellular
dynamics based on statistical physics

Hiroshi FUJISAKI

1. BU®IC

MR AEGHREEZ L ETIRO o EUERNRLDOTHY . EWFEOHEE
F1IEOMBOMEZRARDL 2 L0 blhiE 5 (1] 7272 L BRI AmH SR b JETF-
SFETICLTERLILEDTELHRRTHY, 7bV - 21 v 7D DNAD
SIIEEDE AP S5 TEMFENEINZ PSS 05 L9112, TR
VTHEGHRZRIT 52 LT, BLEANRAHRIBONLS 20 L) 24
TMR7 70 —FI2LoTH /X7 R DNA O L9 % [ER] &E65T oMY
d%ok%ﬁﬁtﬂﬁfgéo%% SoTbIDEI)BERGFTOHETY 2D

AFLANVOT T —FEEL IR EEFET A LW IBITL LA AD
Uoé LAl 1HOMIBICEEN2HFOBIBRKTHYS, ZOFTXTH
T OB E 2D 2 LIIBERITVRRTHTE LWL, R 04w
RaEEZHETOIREWN LI E TRV L LIV,

S TYWHEIIBWTEE LT T Y =2 FEET 5. FlAIE. KB E %7

U AARERRS: - W% Department of Physics, Nippon Medical School

2 BIZIE, F U BESOMBEEME LA DL SRS FHLMEEHPRENTH Y, Al#E
E2 D ETOLRPER N,

S ANBOBEE 72072060 kg & Ly KEGAKTTECWD L5 &, KIZIE 10000 E VDR
FHEENTVD, TREMIBOE60 Ik =6x10" TE 2 &, 1MIF472 0 OFET-HiE 101
fHERod N2,
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NIZWBEGTLNVTEZDL & FIULT RN Ko (~ 102 1) 13 & ET-
STOEFNTHDL, RHMICEZ DL, ZOTXTOETOME & EEOFEHR
B ETRIKDBED» T H 5% L L. EN%FATT 5 OIEBAAED KRS
MR FHEREDOFEN F W THEEL v, 72720, S0 —HoWE B2 IEEH=
B, 2RO AN F =574 8) I LPEEF LR WAL, HETHFE (statistical
mechanics) &IHINBERICEK D CYBOFELTHVL LT, ZOHELZH
B ENTREE 25 [2,3]0 LoT, MBEPREFOETNZELTH, Th
ERATFMITIRZ VO, £ ) BERIATGRE C, 272 L, MR mk L
CCHETH T2 LERENL EE-Th, KX —2 0k L CHIRIZIEFIC
BV AT LA THLOT, ZHBHHICIZVDL VLo T, MBI
BRETFINVES-/E &R, BTLAVELTRTER—AICHEHMT L0 LD
B IFEOT A FTICE TS IPVETFT I E VD Z EICh L EDb% 22\,
INFTHALRETUNEZOLNTVED, TNOET XA TLDEHFNIC
EREMEEIIRDDOT, T2 T Thew (KOS L5mE1L [4,5, 6] 2%
HX)o 2o Y2, AF5TiE Cellular Potts Model (CPM) [7, 81 &IEiEh
LD YA F I 7 ADETF NI OWTHLIIHEI T 5,
FFRECHENF L IMTH 22 EHIRR, Zh s CPM O L %
B ATVYT BT WVIZOWTCHAT 5, Z20%IZ, MO 54 3 7 2% iR
IZFE7E 5 CPM OFBHIC A S, #RAED L) ICMEHAE, AlGEE,. A5/
NAF Y = EQEEBRIHN D) B, ED XD RREBERCRAEN D L0 L
VW) ZEIZDOVNTIHRRS, REIZTEDD,

2. METAZF AP

et Eid, 370 (REREEY) exrn (2 23RE) 2007k
DICVEE LR LYWHEZOEZ SO L THY), BHIFEo TO~ 7 R WEIE

CERNFEORLE L RN TH L 2 — P HREREEMICE LT 2Boms A TH
). HBEETOME & BEED UL, FRUFEOAE & HE S FENICIES7 5, £oT,
SAEDOEHRDL TRTHONDZ LIRS,

O NEMITEB T AL F - L MBI AVF-PERINDLD, HAORTHTOI R F—1T
FOHWTWVD, 22 THERTVED T EOMAFHDZ L TH ) AN F— LTINS,
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b5 R WEERIREE DR ET 2B L ity 19 ISRV Y < v SRS
SHTWD, MEFHIIB W TUIMEELIREN 2 EE 2 R LTEBY, #hET
OYBFDPER 2% P LIICHWTE TV L20 EMBHTH L, 0
72O\, BETFEOREREZ PFT 2 O BAOYMEZIZL > THEL <, A
BER D Lo 72720, FOHLERDLIDIE, RVIRUGHTH D,
WETFRBNFZ L ORI T o L b HRICHBSNLDOT, T THERET
DEBIIREP o T EAREEZD (K1) FONFENBZIANF "2 EL L7
LEIZ, FOIARNF—OIREPNER SN A HERIL

P(E) o e~ B/k8T 2)

H1:MHEHHF%2E2 5 ETO#RE, TAVF—ER2 b DV AT AWIRET O
BUR B, TBY . BHMRBRICTEIREICR 2, TOLETATLO
IANF—IIIELNWTBY) ., TOGMIRNVY Y v 5hiL %5,

THZOND, TNPELLERLVYIY VB TH Do (kpld RNy~ v g2giend
i b,) 22T FEOGAITFERRBLEN TV VDT, BEICIZEERT

6 Ludwig Eduard Boltzmann (1844 ~ 1906) 13+ — A M) 7 OWHZEE, <27 A o)Lk L D%

R AT E N TP RO F 2 e X720y b O Y — OB 4 % 2 & 50 L.
S =kplogW (1)

EV ) R EIRE L7z, ST B kpld RV YR VEKTH D, WIRKREDB SO
Thbo

TR ARZZE DI, Za— b U TIIHOME L S R F L, FOBROREIZ TR
T—EICRELLVIBRICR->TBY (FMO TR WEREE LTEO) . 2hrs
PTEMmN R BRESE TN, 72720, 20 ARICEEF N T IR ARN 2 L 2 A THESE
OWEFH->TBY ., MEOMBIIHRFECHBETIHRICEIL LARENZ LD THLZ &
BbhoTnD,

8 1) =71V A5 (canonical distribution) &MEENBEZ EdH 5B,

9 NEEIIET AL F— BB AV F— Fmo? LRI AV F— V@) ORITE R SR,
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E7R0HS, 1FIFHEERE BTl
BETNFERCHBN L IREE L 2R (BTEZBA T IR EE) 2E2 5L,
IANT -SRI R EE L A5DT, TNEE, (n=1,2 ) L35&, KL
< VA

—En/kpT

P(En) = ‘ 7 3

b ZIXZOBFIERII L D7-0OHRFTHY, 3, P(E)=1L%252
EhoEDL, OFD.

Z =3 ekt @

T bo INEMENFETROBEME LTS, 2F VMBI N TV RWVE)LY
T U ONWT, TRTOREIZELTHEZ L 572D TH D,

WA NFE T I OMEREZ AV THA 2w CFER5H) PR TE, 2dsh
NFEEENTHL LR, FBREOHISLIEFICLI W EGDoTWDE [2
3o £oT, ZORNVY <MDK REICE L TidaE BV n,

3. 1225« EFI (Ising model)

31. 125 - EFEFILOIRILF—

125 « FFIL (Ising model) & 1% 20 HAFTEIZE 2 & N-FADETF I
THY) . FHEHFOMBYEETVO—DThb, FNEIK2D LI b DTH
D, xouLfiAE I/ asiEa (AEY) OfED LAY, MO,
A G EE T LR VEEZY, ZNEHENICIE] TR, iHHOAM
B (AL AV OERES; ERTE, =21 DfELPE SRV, =
ST AY VHEOMEEH %25, ACVOHEPIALF-LEBRLTEY,
iFHE jJHEHOBMOAY Y OMEMEMIZEL T, A YO S:S; L H#T 5
EEZDONHREOT, BHIIZ ;S8 8 b 22T (SHEMEHOES

072722, INBIETRNTRETOREBIZRDP > TR TORETH Y . FEFEHOIRETIX
ED L) B DVEONDL PIXEN TRV ZIUIBETH &y g RETH S (9],
I SHEE 0012 X 7 O R RA DI X BT 2 ET MG, N EYNVT - EFLVEREND, AY
YO ED 2RI ICEE SN d Did XY TV LTI, 2016 £ ) — ViR E

XY EFVO NROIHNEMER (A7) vy - oL RER) 1252 5177,
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© Hammel, Ben. “Monte Carlo Simulation of the Ising Model using Python”.
TheBrokendesk.com 06 January 2014. Visited 24 September 2016.

H2: A7 - FEFLVO—2DHE,

Thbo BEVOAE Y DREHHio TW/IZ) A NF =2 Rne 325 L,
Ji; TRADEE LD LI b, TN EERM (ferromagnetism) DETIL &9,
GHNRLT LT D010, J; ZIEORICLT, —J;SiS tHEZH. ThL, &
R T 3V F—

E({S:}) = E:J@SS (5)

k&%o:ﬂﬁ4§yﬁ-%7»®L$»# Thb

INE— M ESEHOEZA, EREH LAY Y EmEHOAY Y L DM
DMEAERIZTTCDOT, ¥4 Fill& > TH A jHREFE (nearest neighbor)
DEZLTHENERD S 5 & T AL LIZETUMEDLNG 2 L%\, 20
HEMEHOKRESZHMIZTET L, FOZANF—EZLUTOLI %5,

E({Si}) =-J>_58iS; (6)
(i)

ST NIRRT OT A N TORFIE B EVD T L2 ERT S,

3.2. ErFAHO%k (Monte Carlo method)
ETCHADETVELTOA D VT - BT NVEHA LD, ZORADRET
DEBICELTnDET AL, HHIANF—ORENSEIT 2RI, KIC

WARIZRNY < V554 (2) THZONDL, GG DLE, TR bEkL =Y

HENFIHTELD, FlAIE, AECOFHOME THHHE (magnetization)

M2 DgE

2 CHBAEYOERIPHEAIC R > TWA0EIPERLTVERETHL, M=x15bokd
RO 2> TWLREBISHE L. M =013 AL L TOMEDS - L bFTFTVRETH 2,
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M =" SP[E({S:})] @)
R
= NZ ®)

EWVWIBEERIBETLZLICR D, SNEAE Y O&ET A N TOFH S % 54
PE)THH LD oTwD, LAL. RN 7)) 2 20FFEELIHI LT
HERBERI D,
ZORUITTRTOAE Y ORRE{S;} = (51,52, , SN ICEHL % L5 En
I LWL HROTVEY, §=x1THLHDT, 2VNHADIREIZOVWTHIE L D &
W) ZERERT L, BIZIE2RILOETILVTI0XI0 DA 2 5b (LT
ZOHTIER) E LT, 2N =2~ 107 &2 0 BIIEEDE RO 5% i
b, :@ﬂ%r<i&<Jaé’&@TT%f%5 TIEITHD»?
CDX)BEGHEIIHWS NS TENE T AAZK (Monte Carlo method)
f@é[ﬂopﬂi¢@%~®;7&kﬁmﬁc%?éﬁ(%t(@%%)%ﬁ
PUGICEHE T 2 FETH D, 1950 SERASHAEICES T TIHEFICL b T
Who BEVTANOEGEEMFIBICERE R LiX, wILaTEEH (Markov chain)
OMWEE, ZANF—L EOFENBAMNICTELLWVW) 2L THD,
BEPOHWATL L, FIZIZEOMBERILLIZA VY7 - ETVOREIL. H5
YA MICHEBET 2 ANVF -2 51T 2581, FIZIE2RTo%ETHILL
(0 3), |MLEDEIZ 4 DI BH, FD40o0%FS [7200]) ZRHETLIE IV,
2F 0., FHELATEVIT RO
Eigeal = —=J 885, — IS8, — JS;iSi; — IS5,
= —JSi(Si + Siy + Sis + Sis) 9)

n
[

n

4

H3:120AE Y %Ey T ANOETHIT L ZITEZRITLIEN
FwBEORE Y,
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Lo T Ty, i, i3, i  FICIRIEFED 4 DDH A N TH L, B Thrbs LD
2y SOZANVF=LUIEETENIE Y THNVOFERFETTELDT, £ %
VE=2VWHEWEEIETLULENRLZNE W) ZENFTREE LR D,

WIZ=I T 7 HEEIIOWTIEN, B FHNTETIE [HAHEER] 2 CTH
BEBERIE TN, WEOBAIZAY L ORHE{S:} = (51,52, ,SN) % ZEx
T ZEIERBD, B2 [HAHHEE] TRAE LV ZEL, 2L C. Zhx )
(7N T)BESRDNE) D% [HELHE] 2flioThODd, bHLAA [H D
| OPRDFTHPEELEN, ZOLHIILTEHELDEEZER L &2, 25
RN Y X VG MIHES TWBE LT EDTH D, T5HE. BlZITHALOFE
LI RTCOBRBTHETL2OTHRL, Ty FHNVEETERINLEECEYE L
LCRMETIUEE e 2F D, UTFDL) 2k b,

T
M= SPIE{SH ~ = 3 5() 10)
{8} t=1

Z 2 THRED (51(1), S2(1), -+, Sn (1)) — (S1(2),52(2), -+, Sn(2)) — -+ &
BALTHZ L %2EZTEBY, BIbOBRAT vy 7T L L Twb, LORXDE2
RIE2VEDOMTH B A, HE3IRITHEOMTH Y T <2V )2, 2F 0,
MEEDBEBFWSTIENTE L, $7/2. 25 FHRALTIEPIEN{S})]
FZOLDOBHEZTVLEDERA Y N ThHb, &) D PIE{S:}H] I35 BL
BZBEINTHWEDT, TNHWIFLVEIELELSLTH S,

ECZFDO[HAMRIOPDFTTH LN, b o & bHMBREy FHIV Tk (H
FIEYICIZ X fAKRY X (Metropolis) E&v9) TEUTOL ) ICHD L, H5
FLiE a0 5 gIZZ LS A HERIE, TNENORED T ANVF —E,, Eg 2 i7tH
LT Eu>Eg CThIUIHER 1 TBEB SE 5. E,<Ez ThIUIHESE

]l

Pop= e(Ba—Eg)/kpT (11)

TEBIED, INZTOZ ETREMIZELVY < Y5605 2 0395
o Twd (2] LOKXTIE, 2200REBEBO AN F - E,—Eg72IJFHHTE
MELVOT, FFICHETH 5,

Bl 2 XA S N7z (oM EER L k) 412907 - EFVONE,
ANIDAE Y F+ O - ICHESELILEZEZDL L, FHEICHRD 5 E51E

BAEYOZRE+1 OMEEDLL 20T, Zhx g (7)) v7) EERT 2,
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E, = _J(+1)(Si1 + Siz + Sia + Si4) (12)

Eg = —J(=1)(Si, + Siy + Sis + Si,) (13)

b, TTTIANVF=DRIINICEREINTNADT, TNHDHIZT %A
RINEEYTHNOEEIFTTE L, (0B A D07 - ETVOBEILE
IFVDR\,) LoT, FHEFEHRICFETTELDIFTH S,

fii b s iz A Vv 7 - ETIVICF LT, BHERTZOT VT XA L& ETT
BHAEIFUTOL )T NTLI 1256484 FIN ETO—HRELE %
BEXET, YOV A MERBEELNER, ZLTCERAZYTA PO U %
RS ET, TAVEF—EEFH L, E.>E TCHNMIRESE S, £ Thif
NWIEP g ZFtE L. 005 1 DM O—FRAELEQ 2 FRESE TP THIUL
KEEEH B, FNLUMNDEE, A IZFDTFICLTHEL, IhEBMEWIC
python THEZEL-61& LTt [10] % &2 58,

4. fBRROMETHFENE ETIVE

41. SA47 - F—=LE&wIL - F—bT b2

BEFEOBRELTAY V7 - EFLO [ERERY] 2RTWwsE (HlZ
3, [10] R 2EFEL ), KBTI FAL VSN TE, BETIET V54
GECEIZR A0S, FOPBORETIMBAFHRLTWD L) MRS A+ 3
JADVBMTE L, 22T, MBROFAFIZARAT 7 - ETVT B
TERVDPLEZLDEIARTH L, ATV 7 - ET VO L) BB ET
VCHEGHREBEBL L) L T2b0L LTHARDDIZTA T - F— L (Life
Game) 735 [12]e S AUJEATHY 72 )V — b THERAY 70 IR FE % e 58 Fh A 12 e R
BREIEDLVATALATHY., £V F— kv b2 (Cellular Automata) @ —7i
127> Tw5 [13]e 947 - F—2ldHMlZzE L L)%y T Vviv—)v
s, AMBEREOL ) BPEMR A FI o AR ELART I ENTE S (X

W FHMOEERFSTOLEEIER, ESICORBOZICHEDLLL - DL IR LDOE M
TWBRWVDT, KEDFAF3I 7 A (BEISE) CTldev, 7277 L. REMOEBRITY % £5%
T&MUE, 1T kinetics IFEHEINTWLLEZ 52 FFELH Y, kinetic Monte Carlo & I-E
s (111,

B YEAAZDEIBRANTHRLOE [HEGS LW L) L &2, M2hoT [HEHS L]
LT BDEIERICHEHE L WHETH B,
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4)o LH L. ZFON—VEEDIIHDENEN) HIZBWTHHE D )
EC, BEOBENG 26N/ SIZENEBMT 2008 L (K5), i
BEFIMETBDICAT V7 BFIVD LD BEF IV FEIL, TRV F—
EVO YRR EERROME, TOGMP—BIZETHEVHIT LE, FOZL
WEF—IWR R EZ N ORA REEZNZ B2 ENTEDZDT, WHALRER
WX BELD RFEIGEZ B E W) FIELD 5o

- B
T-—' rql' n i _..f:'l.
'y J'_: it o fa o im
I B )
F. --.-‘J LIL_.;- : .i .:
|'.':|-Fl*-.r.‘r;'_ 4s T
L i

https://www.wired.com/2010/07/conways-game-of-life-in-html|5/

[4: 547 - F—20HbLHEHBITE 1 OORE (2KIT). Bi
HEETVDIRE, HIZLATWSIRETH 5,

http://renga.com/anzai/lab/ca/

5: HHN— VDL ETERENDL XN A — b7 b rD 1RO/ —
Yo MENAHERLAL S AL ZBI] . REB LB S 2o R,

42 wILT— - -Kyy - EFIL

Bl 212, Glazier & Graner 34 v 7 - EFN A SHBEIIEL =Ky Y - T
FIU (Potts model) CTHIED A F 3 7 AW Z e EZ 72 [14], 2ok
EDT AN F—1E AR
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Eboundary = Z J[r(o (@), T(a(G))][1 —6(a(3),0(5))] (14)

(i.9)
b, MEHOMEERZTZ25L 22 (5,J) TRENTWDS) ZHTOH
WAL E NI D7 - BTV EB TS, LAL, RRETVIAAAS TWVLD

T, M6 ZMWT2RITDGEDRTOEREHIIL Lo

516/ 6|18/8|8
Index-copy succeeds
AE<0 5|6/ 6/6]8|8
or 5|5]4|4|4| 4
_AE/
P=e '™Tm: AE>0|5|5|4[4[4]|4
5|6l 6lslsls 5|5|4|/4/4]| 4
5|54 [4]4]4 LA AL el o
Changed 5|54 4E 4 glol7l7|7]|7
pixel —~—
5 | 5 4b74 4 \ 5|6|6 8|8
9|19|9)7|7|7 516/6/6]8|8
9|9)7[7|7|7 5|5|4|4|4|4
9|9)7|7|7|7 5/5|4/4/4]4
5|5|4]7]4]| 4
Index-copy fails
_aE), 9]|19]|9)7|7|7
P=1—-¢ '™m:AE>0 olol7|7| 7|7
91917|7|7]|7

M6:CPMIZBITAEYTFANT - A—T 23T L7200, [16] XV K,

T3 3 PEERTEREOMATHD, fIzIZ2KkcThUT (1,3) DX
IRDDOTHD, IO [—EH50] METEFRNICEL TV, EEBED
FREE ST 2121E. TSI A2, AyD L) BREZ DT LLENH L. ZOLET
XET A MR v s Miflao—E5r % /MR (RREEGL) LIFRZ &L
L9 TN EERT ETORMELRLZLDOTHY, Ky - EFVTIEHIN
D EOMPNERIFBER I N TVwDEEEZ D, ZL T, 20OV A Mid 5 RMIE
DIRNVEo(E)ETH Brok#HbbLwolL, FHOEE (FCHRICHT
B EHIE, ThErTRAIEND) BRLETH-TH, b I %f) 2
EWDHBHEN) L THD, ZIUIHETH S compucelldd DEZ & Tid[ L&D |
WKCHENTWALER S E L TRIHENTWES, ZZHERE, Ky - 7L afl

B FCHTHTL AP, AEITAVICET2HMIE (L A2 M) ISR LTl GE2 01052
ERBHLOT, TOL)BRXFELTwD,



(39)

)L EDREDOTLHDT, COXETIERESANVIZETA2EMBLZE LI L
X2k (element) OFMLEMERT LIZL & D0 mBISY A MZHLEMBD
A 7 & W) BEETERY, B TH T AH]TIE condensing, noncondensing,
medium 72 EOX DD 5 A5, FZHIEOEEIZIS L THZ 5, HlZIEX6 Tzt
LAY 4568 12 CAEEOLEMAT., =1L 2 ¥ b 79 3B oOfEOFMIL &L v
Nl s 298

EC, TOZRNF—HEIZIZ[1-0(0@),0(d)] EVIEFDBA->TBD,
SHEHA N, GOEMBOZL A Y MPRZIBEDAOERL RV, OF
D, Bsbz LAY Fa2b oM TH] OMEfEHZET L) ZETHY,
ZOMEEROKE S % J[1(0(3)),7(0(4))] TET. JIIFMBOMEIZL 5 C
B b, Plz X, SEEOZMEAD 55513 7=012L352 0 TELD
T, TOMEREL T, HEERHIEREL 2, 2F ), HEEHOKE 121
Joo, Jo1, Joz, Ji1, J12, Joo E VI WREEDSH H L VW) T TH B, 0 DIREEE FHA
faAMimd 2 WIREE, 12 32 Fh 2BEOFMELT5L, Loz v F—iF
FEHA O [ oD &R T X (stickiness) ] 2R L TWHEEZ LI ENTE D,
RV V3 HinEZ 5 ETANF=PMEVIREDIT) BPEH SN TV, Lo
Ty Ju<JpTHiUuL, 10EMIIE20FMigs o2 EHid1HETL -
DL BT DFED JIVREWIEZIE, ZOFIHOMOEMIIEIL 5D EH o
FNTIE, BHICTME 12 2831235 FT VT, 2OBDIALF IV ARE
TMEL £ 9o Glazier & Graner I3 $HAIZ, A1 P07 - ETFTIVDE X L [E
WCEVTFANVAERBEEROT VI AN EEZ AT EICL2[4] AT 07
ETFNVOBERIAE  OREEEZ 272705, 2 2 CREMBEIEREED 2 Rt %
ZTCVWEOT, FHROBEIHZ2EZ2 L), 20, W6IZHbLHIZ. H1
M OFMILET A N JORMEAE ANBRZLEY TNV - A=TREZ LD
FTHb, THIEEMBEO [BH] 230 FVICETMLLTWE EZZ LT L
NCTEL, TRHEMILO & ANEZ D L 2 NEEMIEABIIRRIT A2 L1k 5,
ZOMERLRIYVEV TANVOEEMoTHRDE, 2F Y, A (14) 2o TH
FMEOBEEZWHZ 21TH) L EOTANF—EEZFEITIUTLI V., 2O AVF—F
AT 07 - BTNV EFRICRIMYICER SN TV O T, BIEICRRIE»2 5%
Vo 277l TNEHMICT) & EA AT L To T ZoTL
T LALLM H 2BEIIONZ MIFETLIRTTHY HEICR L ko
TLEoTHERNZ. o Ty EBRICEZAVE—IZUTONNELZ DT 5,
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Vol Z)\VOI ‘/t< )} . <15>

ZIZTo(o)dL AL bolllBT AEMBOEFORETHY, =LAV bo
BEOLXEMEW (5 =7y MEH) &2 V(o)L LTWbo A\oi(o)iFZL X2 b
MY =7y MEREIZ 5 [HES ] 2ROLFTTHY, SIHPFREVITE, F—
Ty MEREICR DR TV, TS ORTE o THIlRNOIE T %

P = -2)\1(0)[v(0) — Vi(o)] (16)

CERTDLIENTEDLY, v<V THEP>04DT, ZHIFTL AV holl
BT AFEMBOERPRKELLAH) T2, v>V, THIEP0HDT, Zh
LV A2 bollBT2FEMBOERPNS D) LTI THL, N
WIRBTLAY MIHTEIANVF—ORE L o TEEDTANF—ET 5,
F7o. X (16) THEE QURITCOBE M) TR TE L0, FEAFRLETH
FKEDIEFICAVHALZ LD EZ LI L TED, 2F ), RENF T4 T XY
MRIZZSTLE I DIFTH DL, INxEETvE X, REFE QKRITOEEE
BERA) OWMEEEZ LI TEL, FREUTOIAVF—TREIN 5,

surf - Z )\sulf St( )} <17>

::fd@HLVX/F#af%%%ﬂ%@%ﬁ@%ﬁ%f%b\lbxyb
oD B REEKME (¥ —5 v PEEK) % Si(0) & LTwbe Asue(0) IF£T
LAY MRS =7y NRIEEICR S [HS] 2OLHTTHY, ZHhKEW
13E, 7—=7y PRI D LT,

X (14) & (15, FALEIRLT 17) #EL72d D Ecpm = Eboundary
+ Eyol + Equt % Cellular Potts Model (CPM) @ (%)) TALV¥—¢E9, b
THRRZZEVTANTFEIC L 5Ty FHOF A F 3 7 ZZPRF 505, ORI
) TANF— L Ecpm il %o 7272 L. TN T ANF—OHRBENLRTEE VD
bIF T T THlRARS &9 1A LIRDSTTRETH %0 IFICMOLEWE O
BES EOKEEX AN L LTERHT AL T, LM ettt % 701t
TEXb, T BFHKUEBCPM DT +—< ) ALDOHETH D, EARICIZ
UEARCPMOTRTTHY, CPM ANV F— L EEZ RO, RITE

U RR@EIL DA, IR ENREGRR P=—-0F/0V PO T 2L ER DI EHNTE
% [2]c SSTFIE (NVAKLVY D) HHZIAVE—-TH 5,
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CFANTETEHP L TN — U EERTAEN) L b, FEWICEER T
BTHLOVG!EN, DEAAKALRIMEEANRHLOT, FNELICEFLEDT

a2 = X
\-—l)o

43. BT —--KRyY - EFILOMES

FFTIEFTRNE VDN TRA=F E DI ICHERDDLDONE ) MEDD 5.
BRSO A bl UREEREICLD) @SIEIINTBY, BT 291 b
IANF—%FEZLEV) ZEFYBIICHF VHETRWE, F720 TV T
NVOETEHITEEIL, TEINSDIRT A =T DUIHREDBIZA-TLHD
T, ENHDONRT A= OHFEITEZETIE L (TTATF—VENLZ LIl
%)

CPM OB XIZEYTHNOFEIZL o THRDL L L2720, T WEN
IZEH F DRIIE R Ve RN TE 2L TR VX — Ecpy D54 S RRER O
FIATEHSIND L) ZLilh 2080 % < L 22008 H L, —2HI,
EBUTHING c A=TWRELFLTAF I AEFEMLIZDDOTIER2VnE W) Z
ETHbH, TOFTRICKHEBRD L) BEITEZICOASTI v, Bz L, FEB
DIAFITAT, TAVF—ONTEFRYNBZD L) R ENHIUE, D
NYTDIRNVF=DPASTLBRETHAHY, 72720, b L) GV hik
NoTWwWbeghe, HLIREADPSHOREBANOBEOL — FOLtIL,
AP RYZAOX (11) EEULIC%S [15] LoT, 2R dbL— bl
JEZLOMESTWEbITERVWEDEZLDL (96 & vo TRERIEHSL
125D TIEAR) . 72, CPM TldZ b Z b AMICH T 0 IR H 5 b
FCIE R <L BIERRE (transient state) (ZERAH 5 DT, FEIREL S~ 7
VT AFEEMEILERH L0 LVHRELH D, ZORMBEEFRRL SO,
BMOBMZROONEVEN) 2L THL, LV HATIINNY -V ERESE
Ty FNEEBT— ¥ L OBEENLEYTFALAD 1 AT v TR LR 5
Z EDB

FREYTHANOETRIRETHPHTL B0, IWBA T 07 - ET VOGRS

B 3702zt VF—5o ML T, @ AKRIBZEELSE LT A T AV F-FERT
EL00 LN, 72720 MIBIEIER ICAE— 2R AR O THEIZIZW AR WEA S,

OBz, BEGTLoy ABOEBR TR, BEBOL— bk~ Ae 2F/FBT L3132, 22T
AEIBIREED S Rz A VF—N) 7OETH B [2],
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LiES T, BUADRE LR L EIERS v, 230, ZOMBORELOEEE & X
IGLTWARE) PRI PSR nENn) 2 ETHDH, CPMII 2T (4 —
TiE. INEFHPBOT LS 2RI NG RA—F LEZ LT L0, MlBICE -
TIIFEOLDPEHE) DT, Z 2WHOMIBICRE L TE LS EL L) Tk
bITbNs [7T]e 7272, TNEHHIAT) LIEFERIRNEZEZ L2 LI
TLEHIDOT, EEFLETH S,

T2, RREAMMIZS, EOL ) LT EMESoTH A FEERT L ENH T
EOBIMEIC R S, HRIRNE L CEIERFBTEEZL 5 I LD 08, EHoE
Fe) 2 ARSI Z B > T LED) L W) MENH L, /20 E2FEFTERILTL
Av bol LT 2 b BB LA ZEN D 5 b Tld e v,

INPAHZ B VA WA EEIE D L0, EALZETVTHMBEIEIHLDOT
CPM OEHMEZBL A HDIZIE 5%\, CPMIZZFDY PV E, SHEOES
S IROBG S ENSILLflibILTws [7,8]c 72720, LX) A
FEICHRELTE2RIEE 62w, dE5A. CPM % & D EHILL T < BF3E
LERITONLIEA ). BIZIE, BT LAV EEZ LI ETETFVERBRIT
By b LITERT— 7 EREIEEEM) L THNIA—FIEEIT) Lozl
ENEZLND,

4.4, wI-J—F1>% (cell sorting)

EC, FRROCPM OZANF=H0, L - V=T 1 7 LIFEINL 35 %
PIalb— 1M TED, SIUIHSRE LTI H BRI 2 FEOMM 2 #2412 (5
YELZ) L FNT, ZTORICENZFNOMBIET ), FHET 220w HR
THb, TIUIWHEIZIZIES B (phase separation) EWIHHRTH Y. &5
TREETRIZHURLE LTEILAONTVE, ThEFMLIEMMMETHRS
HEWHTETHbD,

7 /= ClZ condensing (C), noncondensing (N), medium (M) & w9 3Ff
HOMEEZEZTHLD, TP BMETIEr=2101 L. M L0
A VIRAEEZ K L T\ b, MIZHHEETIE Joc=2, Jon =11, Jan=Joum =
JM=16ELTEBY, TNIEFEFTIcc<JonTHEHH, CIEINEL-DL X
NIZCELoDEHVEWV) T L2 ERT S (LOBBAEZRI). /2. Jon=
Jom=16 I EREVDOT, THIFMBEC NIEM ERIKELFSW, 2F ), M
DIFHNMP TPV EE2BRT D, T2, ZOFETIIV,(0)=25 Ao (o)



(43)

=2LLTHBY, SNTHRC NOZL XY MEEBIZB EVIRESE LD
E9Wh D, TOLHIINRTA=F kD, HLITEyT ANV TETHIO Y A
T IV AR B IRRPK TETH S, ke LTEMRTH Y (ZhudEmik
NHZ) %5). COMBEHLFLEFICETY ., ZNUNDON2LGHESN S,
(7272, SNREBEOS A4 FI 7 ATROT, TREEICHIBEIRES -
TW\y)

Frodom EB/NELTAHE (Jom=2). GEEFHBN O BRI AS &9
Wb ({786 Jon% Joo, INN L D/NELT 5k (JCN:D\ o EE SR =
59, M CENPESIELDTEF, 272 L CENEBBLK->DEH-7F THAE
T5E912%b (8K /oo Inm ZIEHITNELCTHE (Joy =JINM
=2), ML C R NIEFEEBIZEIN 52 LHIXRDDT, CL NOMIZLHMH
ATETCLE) (K8H)o TDLII, K oDERTEDNTA—F JEEL
BT THeA RBIEA Y I 2L — b T& %,

B7:5000Ey7HNVHE - A7y T@EHOBRE, £ Joc=2 Jon=11, Jxn =
Jom=JInm =16, F : Joc =2, Jon =11, Jyn = Inm =16, Joy = 2. C Il # W,
NIZBEWVETEEIN TS, ZHUE compucelldd [16] - TEHE L 72,

AT RS P LA

15 u:-""- f‘_."}i : 3 A + - _‘.- oy ‘;:'_’

A Lok Moo it g
Hy'--.ar{rq-f;:ﬁ*a. gl mE N Xy
We gy Ao Wl { AT o
et I S v i

sud Sty Noad el o
VaesiEl AN T
— by taty 0

FI8:5000 7 HNE - AT v T#EHDORE, £ Joc=2, Jon=1, Jan =
Jem=Jnm =16 H : Joc =2, Jon =11, Jan =16, Jxm = Jom = 2. C 13,
NZEWETREIN TS, Zid compucelldd [16] %l TRHE L 72,
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45. {EZEH (chemotaxis)

72l INFTOIRIVF—IHZT 2L B2 SHIA—E B 720 |
MIREAIE 2 720 . ZORERE LGB 2 ML v (St sk
DFFZOLD D), Lo ZHRE2HEMT 50138 L, #Z T, Hogeweg 512
DT OHE%Z CPM T AV EF =12 IINA S 2 & 2REL 2%,

AEchem = _)\chem[c(i) - C(J)] <18>

COIARNVF—HIFEYTHANVOTBEHIELEZAD, B4 hjLi (0F
JoiE VI EBERBEEZTND) IIBITS. HALEMEOBEEETERTIOT
HY Achem >0 THNE.CH)>CGH) LD ETANF=D/NEL b, DFD,
g b ) =TI LT ALFMEDIREN S 2 513) DI 5
L) T LETHL, BHIZEH & BEFEWIT) ITHEFE Z R TVnEWVnH T
ETH D ZIUTEWFEOEEEILM (chemotaxis) ¥ Z L7 DEE R b F 72,
INEMIRL DL FICEIC 200 [N]* 2525b0LE252LLTE 5,

B2, O TiE, MIRICEA» S LTS L) %, b LIEEIokS &
RN ALFEAEIC Lo TMAZE ED T L ERARNTVE, ZORKREE LT,
BRIV R Y V7R (NS IEIWMEOHEEEEBRLTCWLIETHL) Lo
T EERANTERE BT LN TE L, E512, HEPEIER IS
LEDONOBES B ELTARL LB TES (M9, CNEXH/ N1FOT—
(mechanobiology) #MEY S ¥ F V& (mechanotransduction) @ H bz 5
b FEBREVY [17, 18], Bl 2 IFEIBAE SIS BT, MkE /MG o0kS &
BOHEYPREL L) 2 epmenTtBy) (K10). 2t ofE %ML
NV THRD LIS HOEELZRETH %,

4.6. CPM EFILDZ DD ISHEBI
BT ALFEAMEE TR ANA Z & TCPM EFIVORBOIEIZILEDY | k4
GHRPETFTNMETEL L)ool 22 TREOEBEHMLEL ).
FFIIMEHFE (angiogenesis) TH 5D, TNEH L LIMENTEH T L%
FHRLTWEY, FORPELLTOAALREITICEENMUEENE LIRS

DAL TRV F—IHE TH Y AN E 7 ) % Glazier-Graner-Hogeweg (GGH) £ 7
WERZ EH S0,
A 72, SNUEVDW B IFEN I L IdES L ITEE,
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a b—AH. c@ 03 Polsson's ralo 2000 Young modulus

A T
2 L L

29 fbFEEEDOTHIC L > T Milehkz G 0EM LAY, FISEFIL
DFBHYIalb—var, [22] &z,

10: 7 a4 RO L S TbNbE#E . 2 Truf FOFRIZEH4 5%
IVECV T o THRETAZET, BOWBYPBRELAY, ruf F
L% LT ab . [Xid http//www.nms-prs.com/original26.html & 1) §z#%,

OT, IEFMBESLTAMBORELYEZ 5 ETHRRNZTOEATHE, &
N % in vitro GEBREH) OY 27 4 & LT~ 5EIE. Human Umbilical Vein
Endothelical Cells (HUVEC) &Woflifgnsk {ffibh s, 22 TZoMifg (ML
TECLWET) OETMEEITE ) o AL CPM @ 1 B ETNVIEN, £/
FTIRMES G L 2B 5M T FETFE2Y I 2L — T2 LD T,
Z Z Tld Vascular Endothelial Growth Factor (VEGF) &\ {b2WE OfFAE
ERDANTEZ o ZIUTHIRNTES L, L TV 3 TFTHbE, Z0i&E
Bz LT O RICHENAFER (reaction diffusion equation) Troik L5,

oC
agr) = DVQC(T) - ’YC(T)(sT(T‘),M + S(s-r('r),EC (19)

ZZTO() I VEGF OiEX* R L, DIZZFOEER £ 2], Lo T,
HBOE—IHIZT % F 2 UL T UL E O TH 5. 7 1E VEGF »38
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BEMICWD L XIIHRL T LLEIAETHY ., SITMile (EC) T VEGF 2555
ENBEETH Do 72 Srirym Orry o ET VI BIETH V| FiE THIUL,
T=MOEXZZT1ERY, NPT L 22 TH 5,

ILFEAEDOTANF—12L > T, 2O VEGF & EC O BIZIZFEEHAEL
58Il B, DF D, VEGF DREENPRKEWVIZIHIICECIEENIC 2 LIk 5,
VEGF 13#ifg (EC) WTAEEINTBY ., ¥Hl (medium) TIET CIzi %o
TLEIDOT, MW VEGF ST > TWwa L E-Th v, 5T, ECIEH
GORIZANALEIE L, ZORKE. MEFEDOL ) RTAF IV ANELD
(K11)o 72721, EBOFERE KT 7201213, 26 DI OERH A~ 2 %)
HENY ANRIEEST, Yy VG EFIMUEITELRVWE ) THhD, $72. %
L MEOPFICMEIENS E V) ZELFHINTLVOT, IhzMED
HEOETINE V) OIFRRREEMAL L LItz v,

Sl ’
ﬁr:ﬁ 85 @
s e0d

100 MCS 1000 MCS 5000 MCS 10000 MCS

11 MA&EHLED CPM 12 & 2 EF VL, [19] &V iE#K.
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F7-BEEETE (tumor growth) ¥ 4 F I 7 A EFTMLEN TS (X
120 SOEE, MRS L THEALILEFRETLN, FREUTOLHIC
ETIMVELT %, MIBOENH 2EELE [RAN] ICholzb 21, 2N E4
A& (mitosis) #RRI L T2 05 ET 5, ZOENK 12 TH 575,
BOFNL DI EHEATRPERIGEZTHRTH Y. Mo [EL] 2»
LAERGHEIEI DR T nE V) T EERLTVS, Mlgo L& TEBEO
THE L AR=ANH LD T, BRLRT L, ZORMRDRLRLTWEBRRT 2
ZEHTEREA), T2, MlEN O¥EMAY Gompertz HI

dN A
E;:Bng(N) (20)

WZHED V) ZEHIRSINT WD,

a I) - » C
\ A . \
Al — -
' T . 000 MCS

X 12 : JEHBEH O CPM 12 & 5 EF0Ab. [22] & v Ezi,

WERIHBEMREO Z L icowTitivk 5 [20]. MR MEREE o € 7 Vi AT
FAE L HID B2 BRI L - TITHN T W A, Savil & Hogeweg (& CPM
o7z T MEbERA [21,22]0 ORI, BVIINZ T TR EOEHND
L&, TA=SEOEHTH 205, AR 2oTL AhE, —HOMEH
cAMP (BRIKT7 7T/ v v—1) VlEE) Lo fbEWE LT, FnE T SF
ELT—RBFNCET D, T, EEoMBIE LEOF A7 VDL ) IZIER
L, @7l 2ATIET B, BEIIIZZFDF X 7 VIROEFIIHW AT T 5
IO IEEZ B S, HILH /NS Mz IcHEHs s (K13), Ih
WFIEEICHEM R 7O A TH ) T LA SHFET 2 OIFBATLHEL VA,
CPM TH AEERT 2 Z LIZWHETH 5o Bl 21X, cAMPIZ X > T 1#HATIC
HBFL0E. ZNHMEFEEMEZOD OO T . EOTA VT -HEMH - Ty I 2
L—bFCTE&D, LA L EBIZCAMP DEED/NS NI 205 B35 EORE,
F A7 VRIZHR o TWAB EED cAMP OBSEIIRD 74 F 3 7 Z0%F., Hia
NOY T FIMEREDFZBEORNRL &, E2 NI O WERIZILO X HI12H
D, CPMICEBEELRETMUIE DI LIZREEA,
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13 MM 0 CPM I & % €7 WV k. [22] X b 8zl

5, FLHERE

KETIE, WA FZORBOHGT THo T, MBDOY A F 37 22 HEH
FHZE T VLT 5 Cellular Potts Model (CPM) DA & o s HEHERFIIZ S
W7z, CPM 124795 20 4£13 EHiIC Glazier & Graner I2& » TE 2 S,
Hogeweg 2L EAMDOHE ANL Z L TEFNVE LTOERNIDB Lo 72,
M A T3 7 ADBHNZET NV TH A, CPM afliofzy I 2l —T 3 vid,
FEARMNNIFHETIECBIAA D V7 - T VOEYTANVEERf-720 3 2
L—2a e UETHLH, ZIUALEWEOUISY A+ I 7 A% ANb 2
EC OB EICE D) T T4 %5252 LD TED, ZORE V-V —
T A YT MAERAE. EGREGE, MM E OB & 7 &% CPM TRIEMIZY I 2
L—bFCT& ZOMOIGHNCE LTI, [7,8] &2, /20 XA /N
AF 0 Y=L OEIZOWT LR Nz, 72720, MBI RTE2EZELTW
LZRTEZ L, HLETHRHEOMATHEBILINIZETVTHLDT, Fxa e
RABHY, €O LIZH L CHEmTIT o720 FFICATRIE CPM & & ) AL
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Research Note

Implementing an Extensive Reading Project
at a Medical School in Japan

Paul Stone™ - Sumie NISHIKAWA *

Introduction

In this report, we discuss our ongoing attempts to implement an Extensive
Reading (henceforth ER) project as part of a compulsory foreign languages
course delivered to first-year students at Nippon Medical School. We begin by
introducing ER and English teaching at the School, before going on to discuss
the practical issues that arose as we attempted to implement the project in
2015, and then our attempts to address and resolve these problems in 2016. We
conclude the report by discussing some issues that we hope to address in the

future.

Extensive Reading

Research has found that students who read substantial amounts of text
regularly for enjoyment outside of the classroom have higher levels of reading
achievement (Guthrie & Cox, 2001, p. 159). However, the way in which reading
has traditionally been taught has focused on analysis of comparatively short and
difficult texts, which means that language learners may not be getting the kind of
extensive reading practice that has been found to be predictive of higher reading
achievement.

ER is an approach to teaching reading that focusses on students reading
large amounts of relatively easy texts, usually for pleasure, in order to

improve their ability to read fluently (i.e. to read quickly while maintaining

* Foreign Languages Department, Nippon Medical School
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comprehension), learn vocabulary, and increase their motivation to read. An
important resource in an ER project is a library of books, usually called graded
readers, which are written at a level of lexical and grammatical difficulty
suitable for language learners. Graded readers at the easiest levels feature only
a relatively small variety of English words (only the most common words),
whereas more difficult graded readers will more closely resemble native-level
texts, with more complex grammar and the inclusion of less common (and more
difficult) vocabulary items. Studies have found that ER projects lead to improved
comprehension and reading-rate (e.g. Elley, 2000; Robb & Stusser, 1989; Tanaka
& Stapleton, 2007), and that ER is also associated with positive attitudes to
reading (e.g. Elley, 2000; Guthrie & Cox, 2001; Lightbown, et al. 2002).

Day and Bamford (2002) set out ten principles for successful ER
programmes, which they call “the basic ingredients of extensive reading” (p.
136-137). These principles, which focus on reading easy texts for pleasure,
promoting learner autonomy and choice, and de-emphasizing assessment, are as
follows:

1. The reading material is easy.
A variety of reading material on a wide range of topics is available.
Learners choose what they want to read.

Learners read as much as possible.

SO

The purpose of the reading is usually related to pleasure, information and
general understanding.

Reading is its own reward.

Reading speed is usually faster rather than slower.

Reading is individual and silent.

A e B

Teachers orient and guide their students.
10. The teacher is a role model of a reader.
(Day & Bamford, 2002, pp. 137-141)
However, ER has not been without its criticisms. For example, Mori (2015,
p. 131-2) has found that, in a context such as Japan where students are learning
English as a foreign language, the reality is that students’ motivation may not be

so straightforward. She concludes that no studies provide convincing evidence
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for ER’s ability to promote intrinsic motivation, and that it is naive to assume
that simply giving students choices of interesting texts to read will lead to
increases in motivation to read. Furthermore, understandings of motivation may
differ in different cultural contexts, so that while choice and autonomy, practiced
by following the third principle in Day and Bamford’s (2002) list, may enhance
intrinsic motivation in a Western context such as the US, it is argued that in East
Asia learners may be more motivated when respected others make choices for
them (Iyengar & Lepper, 1999; Kitayama, et al., 2007), rather than when they
are asked to make choices for themselves.

How to effectively implement an ER programme into an existing
curriculum also needs consideration. ER places demands in terms of resources,
such as a library of graded readers, and time, as students need to regularly
read large amounts of texts (Grabe, 2009, p. 312). So those who start to run
an ER programme need to decide whether to set up a classroom library and/or
work collaboratively with their school library and also whether to run ER as a
standalone activity or as part of classwork.

A traditional approach to ER has seen it as a standalone activity that is
separate from other classwork, often done outside of class and or in silent
reading time set aside in class. For example, Macalister (2008) describes how ER
may be successfully implemented in an ESL context as a standalone activity, by
setting aside time for silent reading each day in class, with the classroom teacher
modelling good reading behaviour, so that the students were not expected to do
the majority of reading on their own outside of class. However, the class in this
study met every day for three or four hours, which meant that enough time was
available to do this. This is not a luxury available to all language teachers.

The view of ER as a standalone activity has also been challenged.
Researchers have argued that ER should be incorporated into class programmes,
for example as a springboard to other language learning activities, as learners
may not read books on their own outside of class, and also because this may
support learners and build motivation (Green, 2005; Macalister, 2015; Mohd
Asraf & Ahmad, 2003; Robb, 2002).

One direction we should bear in mind when designing an ER programme is
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suggested in Grabe and Stroller (2011). Referring to the reading motivation study
by Takase (2007) in a Japanese high school context, they suggest that “If we
can improve students’ motivation for L2 reading through instruction, we should
also witness improved comprehension over time” (p. 124). Then if we can set
up a (successful) ER project as a standalone activity with certain specifications
in mind, and if we can see some improvement in reading motivation, this has a
potential to be regarded as an instructional practice that positively affect student

motivation to read.

Reading at NMS

Developing reading proficiency in English has been widely acknowledged
as an important aspect of English learning, and many instructional approaches
have been devised and carried out to suit individual educational settings. In a
Japanese university context, particularly in a medical school setting, there is
likely to be a greater need for nurturing the reading ability of English as “the
language of science, technology and advanced research” (Grabe & Stroller, 2011,
p. xiv). Grabe and Stroller maintain that “many people in multilingual settings
need to read in an L2 (and not only English as the L2) at reasonably high levels
of proficiency to achieve personal, occupational and professional goals” (2011,
p. xiv). Thus, as ER has been found to improve reading comprehension, speed,
and possibly motivation, bringing ER as an approach to the teaching of English
reading into our curriculum seems a reasonable step towards meeting the needs

of students.

The English Programmes before 2014

Before the current curriculum started in 2014, compulsory English classes
for the first year were given twice a week over an academic year (30 weeks).
In two days of a week, English classes were given concurrently with German/
French classes over two sets of 90-min sessions, by allocating the half of the
students (about 60 students) to English and the other half to either French or
German. For example, a student who took English in the first period needed to

take either French or German in the second period. Within the limitation of the
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curriculum at that time our department had wanted to cover four strands, and
at the same time, wanted to organize smaller class sizes. To address both of the
issues we decided to divide each English class (of 60 students) into two groups,
which were taught by two different teachers, conventionally by a pair of a full-
time teacher and a part-time teacher. As a result, students had four sets of 15-
week sessions, each of which covered reading, writing, listening, and speaking.
The reading component, given in the same time slot as the writing
component, was mainly taught by part-time teachers. Its focus varied slightly
according to their specialization, but mainly on intensive reading of academic
texts, including ones on medical topics. As the writing class was considered
to involve more work load for checking students’ writing assignments outside
their regular class time, our department took its responsibility among full-time

members.

The new curriculum

Since the new curriculum was introduced in 2014, our department has
maintained the small class size policy. In 2014 English classes were given three
times a week (instead of two in the old curriculum), but each class lasted 70
minutes (instead of 90 minutes). One of the three slots in a week followed the
old curriculum and was used for reading/writing. Another was used for medical
communication, which was situated as a development of the listening/speaking
component in the old curriculum. The last slot, added in the new curriculum,
was used for discussion/presentation purpose to incorporate communicative
aspects of English learning more fully. In the new curriculum, therefore, the
total number of English classes became higher and the total English class time
became longer; however, the total class time given to the reading component has
become shorter (70 min session over 15 weeks).

The new curriculum at NMS has been set to meet the so-called “global
standards” as many other medical departments/schools in Japan have intended
to do so, moving towards outcome-based education programmes. One way of
applying them to English education has been suggested by Japanese Society
for Medical English Education. Their guidelines include being “able to read
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and understand textbooks and articles in English” in the outcomes of English
Education. It seems evident that acquiring reading fluency has been, and will be

an important aspect of English education.

Extensive reading at NMS in 2015

In 2015, the Department of Foreign Languages brought in three new
teachers to deliver English classes to all first year students. As there were only
five English teachers in the department, this represented a large change in
personnel, and brought with it opportunities to discuss teaching practices. One
new direction suggested by the new teachers was that the course may support the
development of reading fluency through the implementation of an ER project.
The Department already had a pre-existing library of graded readers at various
levels of difficulty, which had been little used. Given the range of TOEFL scores
of first-year students at the school, the graded readers seemed to offer a way in
which to cater to all of their needs, and discussion quickly turned to how to make
use of them.

The majority of first-year university EFL classes in Japan run over the
course of one academic year, or at least one semester. This gives teachers a
period of between 10-15 weeks contact at a time with a particular group of
learners, and teachers wishing to implement an extensive reading project can
manage that project over the course of the semester or year from the classroom.

However, the situation is a little different at Nippon Medical School.
There are three terms over the academic year, with the first two terms being
approximately twelve weeks each, while the third is six weeks. There are
approximately 120 first-year students, who are divided into four groups with
about 30 students in each. In order for each teacher to teach all first year students
in a term, the terms are divided into two parts. In the first part of the term, a
teacher will deliver their course to two of the four groups, and then in the second
part of the term the teacher will deliver their course to the other two groups.
Therefore, teachers do not see the groups throughout the whole of each term.
Rather, they meet each group for approximately six weeks in each of the first

two terms, and for about three weeks in the third term. By way of example, the
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teaching plan for English 1A in Term 1 is shown in Table 1.

Table 1. Plan for English 14 in Term 1

Teacher A Teacher B
Weeks 1-6 Groups 1 & 3 Groups 2 & 4
Weeks 7-12 Groups 2 & 4 Groups 1 & 3

As can be seen, two teachers share responsibilities for one course (in this
case English 1A). However, the individual teachers’ components are independent
from each other, so that English 1A should not necessarily be thought of as
one course taught over the semester, but should be thought of as two different
courses, one taught by each teacher for six weeks. Although the term is ordinarily
scheduled to last twelve weeks, in the event of public or school holiday classes
may sometimes be cancelled so that courses may run for a shorter amount of
time.

This situation meant that in 2015 the teacher responsible for teaching
reading only saw each group of learners for six weeks at a time, which presented
us with problems regarding the best way in which to implement the ER project.
For example, if we wished to encourage students to be doing extensive reading
across the whole duration of each term, how should we monitor and provide
support to those students who were not currently taking the reading classes? As
some of the students began their reading classes halfway through the term, how
should we set the project up so that all students could begin the ER project from
the start of the term?

A further complication was that the teacher responsible for teaching the
reading classes was working at the university part-time. Our solution for this
was that, in order to provide support to students and manage our library while
the part-time reading teacher was not on campus, one of the full-time members
of the department took responsibility for coordinating the ER project. That is,
one (part-time) teacher took responsibility for setting up and monitoring the
ER project from within the classroom, while another (full-time) teacher took

responsibility for coordinating the ER project outside of the classroom.
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Introducing MReader

In order for the full-time teacher to be able to effectively monitor all 120
first-year students from outside of the classroom, it was decided to look for a
suitable online system. Our basic requirement was that the system should be able
to track the amount of books that students read. MReader (http://mreader.org/
index.php) and Xreading (http://xreading.com/) were the two options that we
found. Xreading is an online library that was developed to make ER programmes
easier for teachers to manage. While in many ways the system seemed suited
to our needs, the electronic nature of the library was problematic for us. Firstly,
we would have needed to set up students with accounts, which are not free.
Deciding how to set up the accounts and whether or not we wanted to place an
extra financial burden on our students meant that this option seemed less suitable
for our situation. Furthermore, we were unsure if learners would want to read
electronic, rather than physical books. As we already had a library of physical
books available, and had little time in which to set up the ER project, we decided
to opt for a system that would let us use the physical library at our disposal.

This led us to choose MReader. MReader, designed and maintained by
Thomas Robb at Kyoto Sangyo University, is an online site that students can be

registered to which allows teachers to track their reading progress.

Should we quiz students? Defying principle 6

In order to track students’ progress, and so obviate the need for book reports
or summaries, MReader includes quizzes that are designed to check that students
have read and understood the graded readers. Once a student has read a book,
they sign into the site and take the relevant quiz. If they score more than 60% on
the quiz, that book is marked as ‘read’ and the number of words in that book is
added to the student’s total for that term. It seemed this would provide us with a
useful way of managing the ER project across the term-time.

The inclusion of online quizzes, which students need to pass in order to
successfully complete the ER project, may be seen as conflicting with Day and
Bamford’s (2002) original ten principles, in particular principle six: reading is
its own reward (Robb, 2015). However, Yoshida (2004) has argued that in a
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Japanese university context teachers need to make extra efforts to get students
to read, and that seeing reading as its own reward may be better thought of as a
long-term goal rather than an immediate goal. We felt that, in a medical school
where most students are not necessarily highly motivated to study English,
students may be reluctant to read for its own sake. Robb (2015, p. 148) has
argued that the defining factor of ER is reading large amounts of material,
and that any project that accomplishes this goal may be defined as “extensive
reading”. We decided that, as we expected many of our students to have low
motivation to do large amounts of reading, the MReader quizzes could provide
some encouragement for the students to read, and hoped that positive reading
experiences may help achieve a longer-term goal of encouraging students to

develop reading practices.

2015: The procedure and problems

At the beginning of the first term, twenty minutes were set aside to explain
the ER project in a special introductory session given to all students. Students
were then given time to choose a book from a book trolley to read at home, and
they were also instructed to read the book within a week. A week later, more
time was set aside in a special class given by the part-time teacher to all students
on the same day, in order to introduce students to their MReader accounts,
explain their reading targets, and to show them how to take a quiz. Students were
advised to keep reading throughout the remainder of the term in order to achieve
their reading targets.

However, due to a lack of coordinated planning, we had some problems in
the first year of implementation. The part-time teacher set the students a target
of reading at least one book a week, or 75,000 words over the term, and in
order to achieve a passing grade for the reading course that he taught, students
needed to reach this target. However, the teacher arrived at this total of 75,000
words independently, and the full-time teacher had already set a target of 60,000
words on MReader, which all students noticed when they first signed into their
accounts. The full-time teacher had arrived at the 60,000 word total by taking the

average amount of words in the graded readers, multiplying this by the number
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of weeks the term ran for, and then rounding the number down to make the target
more achievable for lower level learners. This meant that students had been
given three different targets: one book a week, 60,000 words, and 75,000 words,
which created some confusion for them.

Students were slow to proceed with the ER project, even those who were
taking the reading classes first. It was not until the end of the first term, when
the students felt pressure to meet the aims of the course in order to avoid failing,
that they began to take the MReader quizzes. We also noticed that a very large
number of students were engaging in suspicious behaviour. For example, some
students took a large number of quizzes in a single day, which suggests that
they were taking quizzes for books that they had not read (MReader allows
teachers to restrict how many quizzes a student can take in one day, and we
needed to switch this feature on to prevent this behaviour continuing, which
upset some students who actually did want to read more than one book in one
day, for example in their free-time at the weekend). Other students explained
that they first opened the quiz for a book on MReader, and then searched for the
answers to the questions in the book. They had not understood that this was not
the way in which MReader was intended to be used, and rather than focussing
on the reading first, they were concentrating on answering the quiz questions.
MReader also has features that allow teachers to check for suspicious behaviour,
such as students who take the same quizzes at the same time, and students who
have a high number of quizzes in common. We found many students took the
same quizzes, often at approximately the same time, and often from the same IP
address. When we confronted the students with this, nearly half of them admitted
to attempting to cheat the system.

The word targets, quizzes, in-class activities, and so on, did not motivate
the students to take ER seriously. Most of the students did not attempt to read
books on a weekly basis, many of them regularly attempted to cheat the system,
and many only showed interest in the project near deadlines (if at all). This was
particularly noticeable at the initial stage in the first term. Nobody started to take
MReader quizzes until mid-May, and even at the end of May over half of the

students still read no book. At the end of June, about two weeks before the term-
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end deadline, only 38% reached the MReader target of 60,000 words, and nearly
30% read less than 30,000 words (the half of the target word counts). Although
a small number of students were keen to meet their reading targets, we wanted
to see that happening in a wider range of students (in a compulsory English

course).

Extensive reading at NMS in 2016

In the 2015-16 academic year we had encountered a number of problems
in trying to implement the ER project. There had been confusion about reading
targets and how credit would be assigned, students had not read regularly
throughout each term, a large number of students did not reach their targets,
many of those who did reach their targets were only motivated to do so when
deadlines approached, and a large number of students had attempted to cheat the

MReader system.

ER as a standalone “reading project” implemented collaboratively

In order to address these problems, we revised our approach in the 2016-
17 academic year. Firstly, we decided that credit for ER would not be given as
part of the requirements for any one class (as happened in 2015-16), but would
be given as a standalone unit that counted towards the students’ total grade
assigned for the year. By not tying ER to any one class in particular, we aimed to
emphasize that it was the students’ responsibility to do the project in their own
time. However, we were clear that support was available, and that if students had
any problems they could approach us in class or in the Department of Foreign
Languages, where the graded readers were kept.

Setting up of the ER project took place in an introductory session, and
then in three different classes taught by different teachers over the following
two weeks. This involved collaboration between four different teachers. The
introductory session was given to students in the first week of the academic
year in order to explain the foreign language courses offered to them. During
this session, ER was briefly introduced and Figure 1 was shown to the students

in order to illustrate how the courses in the Department of Foreign Languages
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department were organized. It was explained that the green boxes were out-of-
class projects that students were expected to do by themselves. Emphasis was
placed on the fact that the Reading Project (bottom left) carried the same weight
as the regular classes. The dotted line was intended to show that the Reading

Project covered reading skills, which would also be covered in English 1A.

Foreign Languages Course

ALC
Project

Englhish | Enghsr
1A 1B
tnglish | English
1C 1D

World

Languages

Figure 1

A week later, a short amount of time was set aside during the first reading
class in order for one of the teachers to clarify the concept of extensive, as
opposed to intensive, reading. On the next day, 20 minutes of a discussion class
taught by different teachers was set aside to remind students about extensive
reading, and to give students time to select their first book from the book trolley
that had been brought to the classroom. They were given a deadline to read
this book by, and told to bring their book to the ‘medical communication’ class
(English 1D) on that day.

More practical and structured use MReader

A week later, on the day of the deadline, time was set aside in the first
‘medical communication’ class, taught by yet another teacher, in order to give
a full 70min hands-on session devoted to the reading project to make sure that
everyone started working on it. First, the MReader site was introduced to the

students. For ease of access, a link to the site was created on WebClass (an online
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educational support system available at NMS), yet careful explanation was given
about the ID and password that should be used specifically for this site. (It turned
out later that this like was more frequently used in later months than expected,
suggesting that it facilitated MReader access.) Once they accessed their own
“Reading Report” page, it was made sure that they familiarized themselves with
various features on the page, and that they were notified of their individual goals
to reach that were shown in their own page. Their individual reading targets had
been set beforehand (by the full-time teacher who managed MReader) both for
the first term and for every four weeks, based on their TOEFL scores (higher
TOEFL scores meant higher reading targets). It was also explained that their
targets were the minimum amount that they needed to read, and that every 1,000
words that they read over the target would give them extra credit. It was aimed
that introducing the monthly reading targets would motivate students to make a
good start and help them maintain regular reading habits.

After the preparatory session, the students took their first MReader quiz
in class. This helped in making sure that the kind of problems or uncertainties
the students encountered were solved on the spot (without discouraging them
to carry on using the site). For example, MReader may (only occasionally) not
include quizzes for some graded readers that are newly published, or MReader
may ask game-like questions that may confuse students (eg. sequencing jumbled
sentences on the screen).

Those who finished a quiz moved on to return their books and select new
books from the trolley. They were allowed to borrow a book at a time from our
library and were encouraged to use the School Library to borrow more because
we needed to avoid running out of graded reads at certain levels, which was a
problem in 2015. They were also given instructions on how to fill out the sign-
out sheet. At this time, students were given a deadline to take the MReader quiz
for their next book, as well as come to the Department of Foreign languages to
return the book and select a new one.

At this point, the ER project was considered to be set up, and the full-time
teachers monitored the project by frequently checking MReader, and by talking

to students when they came to the office to select or return books. Time was not
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given in class to do ER-related activities, or to otherwise manage the ER project.
Messages or reminders about the ER project were given via electronic and actual
noticeboards that students needed to check on a daily basis.

Following this process meant that students had clear reading targets for
which credit was assigned in a clear way, and they could see that the Department
treated the ER project seriously. The set up of the project was handled in a
collaborative manner, with coordination amongst a number of part-time and full-
time teachers, and this meant that the ER project was not seen as being simply
a part of a reading class managed by one teacher, but an important project in
its own right. Further, by initially setting deadlines by which to read the first
books, we ensured that all students made a productive start to the project and got
into good habits early on, whereas in 2015-16, many students didn’t get off to a
quick enough start, which meant that the targets became too hard to reach. As a
result, over 80% of the 2016 students took at least one MReader quiz in April,
and nearly 50% took more than two quizzes, meaning these students read at least
two books during (less than) the last two weeks in April After making a good
start, over 20% of the students read more than four books, keeping one-book-
a-week reading habits. At the end of their third month, about a week before the
term-end deadline, approximately 42% of the students had already reached their
individual 1st-term targets, and another 30% had read more than three quarters

of their target word counts. Less than 5% had read below a half of their target.

Future considerations

We need to give some consideration to Day and Bamford’s (2002) fourth
principle: “learners read as much as possible”. We have found that in 2016 the
amount that students read tailed off towards the end of the first term, once they
had achieved their targets. This means that students were extrinsically motivated
to hit the targets that we set them, and once the targets had been met, they were
no longer motivated to keep reading.

Although the project was successful in that almost all of the students
reached their targets for the first term, this suggests that the project may not have

been successful in developing the students’ enjoyment of reading, at least in the
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first three months of implementation. If they had been enjoying their reading, we
might expect them to have continued to read beyond their minimum targets. As
well as this, the targets may have been set a little too low, as most students were
able to reach their targets well before the final deadline. We may not, therefore,
have been encouraging out students to “read as much as possible”.

Related to this is the issue of exactly how we set the target. Do we focus on
the number of words (which is a feature of MReader), or do we wish to focus on
promoting regular reading by asking students to read a certain number of books
a week? Setting a numerical target ensures that students will read enough, and
will not simply choose books because they are short. However, once students
have reached this target, they often stop reading, which means that they do not
read regularly throughout the duration of the term. One possible solution to this
problem is to ask them to read at least one book a week, and to also ensure that
they reach their word target while doing so (i.e. both targets need to be reached).
However, this again means that there are two targets, and experience has shown
that this may confuse some students.

Conclusion

We are still implementing the project, and future research is required to
properly evaluate how successful it has been. However, our experiences to date
suggest that adopting a coordinated, structured, and collaborative approach
to extensive reading, in which a number of teachers work closely together to
help set up and implement the project, is necessary if we wish for students to
regularly engage in extensive reading outside of the classroom. This involves
lots of work in the beginning stages of the project in order to help students
develop good reading practices, such as setting tight deadlines for the first few
books to be read by. Furthermore, it seems as though impressing upon students
that the teachers and department consider extensive reading to be of high
importance may be another important factor in encouraging them to engage in
the reading. In 2016-17, the reading project was set up in such a way as to give
the impression that it carried a similar amount of weight as each of the regular
classes.
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It is not clear how much the reading project is developing students’ pleasure
of reading, or whether or not the amount that they are reading is sufficient to
have a positive effect on their reading proficiency. Future research will help to
address these questions. In the future, we will need to consider what our actual
goals are for this project. Is it our goal that students will develop an interest in
reading English books for pleasure, or do we simply hope to encourage students
to read a large amount of words in the hope that this will lead to improvements
in reading speed and comprehension, regardless of whether or not they enjoy

reading for its own sake?
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