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Analyzing the spreading process of the rule-breaking behavior in a
classroom by using the critical mass model along with a local interaction:
A computer simulation of private talking based on the students’ real positional
relationships in a classroom

DEGUCHI, Takuhiko
(Department of School Education, Nara University of Education)

Abstract

The present study investigated the spreading process of the rule-breaking behavior in a
classroom by using a questionnaire survey and a computer simulation that applied the critical mass
model. The questionnaire, which was answered by 395 junior high school students, measured the
students’ seating positions in the classroom as well as their attitudes towards and frequencies of
private talking during lessons.

An 8 x 5 matrix was created and a cellular automata simulation was conducted once for
each classroom. With reference to the questionnaire data, each of the cells in the matrix were
located in the same positional relationship as that of the students in the classroom. The cells can
perceive only 8 cells that adjoin themselves directly. They have one of the 2 states (obeying and
breaking) , and they change or maintain their states in accordance with that of the other cells. The
critical numbers indicated the students own resistances to the rule-breaking behavior. If a critical
number of a certain cell (student) is 25, this cell breaks a rule when 25% or more of its neighbor
cells break it. However, with a certain probability, these cells ignore their critical numbers and
change their states to the same ones as that of the numerical majority in the neighborhood. This
probability indicates that people do not always behave in line with their attitudes in the real world.

The means of the frequencies of the rule-breaking behavior that were measured using the
questionnaire were reckoned in every classroom. Then, the correlation coefficient between the
simulation’s outputs (rule-breaking rates) and the means of the frequencies were calculated, and
some of the significant coefficients were indicated. This result shows that the simulation model can

describe the spreading process of the rule-breaking behavior to some extent.
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75 16.97 14.52  0.59 91.80 19.87 23.81 19.45 13.42 1.44 43.94 23.33 4.86
1.00 35.48 19.35 90.00 26.67 24.24 18.18 42.42 30.30
2A 2B 2C 2D
M-prob e A A e A A o=AV Ju-ny g n=A Jueny g
.25 98.25 94.92 1.19 95.54 90.31 1.17 98.33 96.24 0.71 98.67 95.30 1.16
.50 94.64 88.81 1.66 81.40 81.31 0.02 89.88 89.55 0.05 96.82 89.33 2.21
.75 82.47 82.92 -0.07 69.29 67.46 0.36 77.30 82.55 -1.59 95.27 83.76 4.46
1.00 72.22 38.89 62.86 51.43 75.76 75.76 93.94 78.79
3A 3B 3C 3D
M-prob g—hv re—n rs g—hN a—ny rs g—hN Sa—n rs g—hN Sa—n e
.25 97.31 94.97 0.74 94.38 93.35 0.25 100.00 100.00 99.00 98.03 0.47
.50 93.38 88.94 1.17 86.23 86.88 -0.12 100.00  100.00 97.56 92.88 1.51
.75 63.84 81.69 -2.73 75.27 76.88 -0.33 100.00  100.00 94.31 87.81 2.05
1.00 62.50 68.75 69.23 61.54 100.00  100.00 90.63 75.00

g [THedge's g ##£ L, IEOMEIXR— IV RINCBITD D T N E NI a7,
g ZOoWTE, B— ISR LY m— S LS OREHER AR IC0D B A, FHELERO S RER0LRD 72D ZEM L L TS,

A, B, C, Did=ih a3 978, IREIZEROLOLITRFR,

o 72 KRB e o 72 i ST R BRI B 7, [R] &
b 62, [M11 > M21A>M12 < M22] TH L,
fig & CAREEIS 72 o 72 AN Bl RN S &2k B 7
o, TFEFA] 2pEsnsd, £LT, #i2 [MI1 < M21
MOMIZ > M22] Oaid, iE L Rk o 72 KB -
TeHBER IR E NS EnS, TR &b, Zofb,
[M11 =M21]) 2wl [MI2=M22] &£%b7— A b1
T D7, IhSICBITAITEERED S FEIZOWT
I¥Deguchi (2019) &M S 72w,

wiz, THE] o¥aiE, [(MI1-M21) + | (M11 -
M21) + (M22 - M12) || &) N THESWEZ %
LA (A% (%) 2957201013, ZoXTHM
ENAEICI00%F L 5)o 72, [HF] OBAI1E, i
HOREEIZ D H b 5T %457 (Obeying) L72/A°
R IEE W &S, MR E IS [100%8E
L bo TR, FPFIC WV AMBEDL00%, b b4
H7'BreakinglRFEIZ 2 o TdH, (HSOHEMEZED
LA FAZ 7 5 772 %, ) BreakingRHE~N D ZEZ1 L0}
IRV ERERT 5, —F, [#EI2owTiE, #12,

W#EOIRBEIZ b & T8I 2 B (Breaking) L7277
A IRV LS, SRS EIEEIC0% & %
%o Z X, BreakinglkBEDE20%, T4abBE1IAD
W7 {ThH, H5IIBreakinglRiEEZ B0 $ 5 2 & % FIL
T 5o iR, [BO] o8aiE, [ (M12 - M22) + {(M21
- MID + (M12 - M22)}] &) R THA RS % 5
W7 72720, [ 1B ek, (b
DITENIEHEIC BT 2D LI RARY ) Zofib Rz
% & [Obeying] IREZEMT 2 L2 ERT S (Lo
1TEh LML, BreakinglREEZ &M T AL /R )

% LT, Schelling (2006) # & U'Deguchi (2019) %
HICL T, BERICBI DHENEZEOGHE 7T T
L7z (K2), Milidtt&mEss (Ol 2%T
R L, HEd R R SN ELL Lotk S
OHEOEE (REHE) 23R4,

JAB 2> % BreakingRBEIZ & 2 & O DS, HON
oA EOM U EIZ % o 72358, F0FEDIKREE
l3BreakingiRBE & %2 5, ZD7-%, KNI [ B D K
| (BreakingfREEIZH 5 LIV OFEIE) R L, #Hlld (%
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K12 FRIEDYIaL—2a»ICkBEN (RIBEHRE) OFERE

W 0% 1A 1B 1C 1D

M-prob [ AT F AT AN Ja—ny o=V -

.25 3.70 3.44 5.80 3.89 4.11 3.49 34.18 4.07

.50 4.43 4.03 7.15 5.15 4.07 3.36 6.37 4.47

.75 4.02 3.62 5.79 4.37 4.38 3.00 4.80 3.51

1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2A 2B 2C 2D

M-prob o—AN  Ja—ny g—hL  Ja—n g=hL  Ju—n AT e

.25 21.66 4.13 15.46 4.61 4.29 4.74 2.11 6.31

.50 4.95 4.92 14.69 5.01 8.09 5.47 2.05 6.98

.75 11.74 4.94 5.13 4.15 8.33 23.82 2.04 3.22

1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3A 3B 3C 3D

M-prob o—hL Ja=ny o—h Je=n R A =EN o= Ja—n

.25 12.48 4.73 9.69 5.54 0.00 5.36 21.40 3.27

.50 3.69 6.19 5.72 5.97 0.00 6.78 12.35 4.05

.75 6.76 4.98 4.55 5.16 2.05 19.46 11.47 3.93

1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
W 100% 1A 1B 1C 1D

M-prob AT e g—HN e—n g—hL  Ja—n AT E N

.25 4.87 5.47 1.91 5.08 15.96 5.93 5.81 5.70

.50 4.62 19.94 3.23 8.93 4.65 24.09 7.07 11.07

.75 4.71 3.51 2.14 3.70 4.62 3.69 4.05 4.42

1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2A 2B 2C 2D

M-prob g—Hh Je—n g—hN Je—=n g—hL  Fa—n p—h  a—n

.25 1.92 3.47 3.96 4.96 2.08 3.63 1.74 3.71

.50 3.45 3.56 5.66 5.42 7.72 4.25 2.21 4.25

.75 8.17 2.99 3.77 6.22 2.53 3.90 1.89 3.12

1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3A 3B 3C 3D

M-prob o—AN  Ja—ny g—hL a—n o—AN  Ja—ny o—AN  Ja—=ny

.25 2.31 3.82 4.39 3.97 0.00 0.00 1.65 2.42

.50 3.64 3.96 5.79 5.55 0.00 0.00 2.29 3.74

75 8.27 4.14 4.77 4.97 0.00 0.00 2.64 3.62

1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A, B, C, Did*##le K973, IR ITEEROLOLITERR N,
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BRHEICBWCTTFREIND) RO E | xRS, &
L EH25N5 (e.g Deguchi, 2019), HHFEATASEERE X 1)
b Lch DG EIE, ROEBEE AT L2 L EK
L, BICTEHhIGEETHRTA2IE2RT, T72, M
ML ABEERL L DR R, WAEBEOPOL L, L
[Tk, #EEED LA - TROWSIZmD? ) O] O
% H | #3234 (3L {13Schelling (2006) Z = S n72wy),
ERECAE EAYY) O HREAR ST F AL\ DS, Bl
BO—EHIZT o 72D 5 FMOAEE L7, Th
., FOEG (R 12BWTIE, RERSE L R 51E
EREROBFERPELT 52 L2 EHT 5, i, #
ORI E T8 [RxF] o gk (F
ERFOITE RN D) R0 2B NI L RRT
3.1. 2. &RBRITEIDIEE (BRKICK 28IE)
FEBICHT 2GR GFL, CNEZHBBCTHRLE
bORGEE L7ze 2 LC, FMIT eIz [RBITEIO M
Bl oFEEr a7z,
B3 EIEKE (YIaL—2 3> DHA)
EHT e, Q00870 0T —7 2T L72) ikik
BiRDFIGME (£1-1) B & OEHEFE ($£1-2) #54

L7z B—A VGl 7 a— VR oFE0E % 1
By 5E, FRIEL o TRMEARDPEL D Z LIRS
720 B, TOEIO VIl —YarolhFEtIcE
B EOMEDEE, FEMOFIHMES L OBHEFE)S
Lhobe T, FATHE R TIESEHZ 12100
) ZEPEITHRTIEENIRELC R, HRELT
HEMEFRIETTS (AE] LHBSNR T %5),
Thbb, Mgk A S e S M0 5Ed 5
CENWREE D, TD0, RIFEICBWTI, ¥
Ial—YaryoAREIIBIF2EIZOVTHRET 5
WAL (REREICLAZAERBBERED L) LNORE

1 2

EEESE

,_.
=3
=3

HHoleodwbiF %)

(=3

=

100
LD A (%)

2 JBFRICHBHSHNBRZEORH
XTI 77Xy MIFMEFTH, MEHFITEED SO LT R
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K2 YIalb—aric&ksrdEh (BREKEE) D12%
MEFICH T I FEHESLIVUHEER

SR fiE BB 0% BN EE100%
M-prob o= Ja—n o—h)y Fa-n

.25 64.50 3.88 95.94  93.44

.50 64.98  22.23 75.67  80.26

.75 59.02  32.51 69.16  61.18

1.00 47.88  41.40 68.27  53.72

PR R 72 WIREE 0%  FIHIGEREE100%
M-prob o=V JE-n o—hN  Fa—n
.25 41.04 3.39 4.04 3.96

.50 34.48 21.69 32.75 20.59
.75 27.55 19.91 28.47 32.97
1.00 18.67 19.19 24.22 26.88

*RELCZITHHDOTIER L, FHEB L OFEHERFEH
S8 LR ED 1 D TH LHedge's g% v THIMWT
(AR (2016) 7% &2 B# 12500 L2 dkite) $52 & &
L7z 512, 1250k ME K Ok R D e
THHLZ (£2), 22 TOEERFELZ #HIED
FHHEORHERE] #BRL, N=12L LCEHHE L7
WL ER0 % I BT, 4aEic g — 7 vtk
DI RARPLIRIZE {7 a0 — N VG0 AN
ZED o 2RI RSN b o fze —T5, WL =
100%DH41E, [1A] OM-prob = 50545, [3A] @
M-prob = 755474 &, —HOFERIZBWT T O -\
KO T DT G RARBEITR SNz, Lo, LT,
O — 7 VSO T s m W E S ] & 7z,
EERIAERL SN SEZ O T~ 5 2y b &
W7 SEATIRGE (I, 2020) TiE, MRS —#%
AT AEEL T = NV O DTEIERISRE D
2T, EHSHOBEIZT— I VOISR ) %
TV EDPHE SN TV D, RIFFEICBIT B HEAEKZ
WoOGAiERLZM2E /AL, ML L>TVWET T
TS (—HS OB RERE D) Zehb, K
WFoEIc BV CllE St &kt 2 ed
TBEBE DA TIEIRNVEEZONDL, ZOZEnD,
O — 71 VI B TS E W RIERATR Sz &
Hbhz, LaL, EHSA (77163558, floo
SEOXHIRIELE R D) LRLZTIENHLWEEbR
550 (1B L) bHFAEL TV D, 5%, KRBFsE
THONIZ LD %, (WA ) —FR5Ai R IEH G [T
2w BEOGHIZOWTY, EBRNIZT—%Xy M
E$ 57 8 LT, &0 BIT AMEEH O L 1T
AR L OBRICOVTHET L T BED DA ) .
3.1.4. [ZBEITEIDEE] & [RIEEHZE] OREE
[FEfE] Th D [REATEIOHE] &, ¥ IaL—
Tavickd [FillME] (W) TH2 [ Rk
LMY, FhEEAME LR L (3),
BFAKMEIZOWTIE, (THEEMA] Tldn ) M%)
WO DELL L e B 728, NBS12E Ve oizZ Ehb

Hom EZ

£3 YIalb—Y a3 OHAHERBMEOHEBERE

TR R HIHBE 0% PGB E100%
M-prob e/ A S n—hL  Ja-n
.25 .37 31 59 * 69 *
.50 521 17 551 62 *
.75 A7 .33 .49 .65 *
1.00 50t .40 51t 74 *
JIEAT AR B HIHEEE 0% A 100%
M-prob o= VAT o— VAT
.25 521 .39 60 * 70 *
.50 51t 45 .63 * 76 *
.75 .38 AT .48 73 *
1.00 .48 501 50 1 71 *

*p<.05,fp<.10

10%If%5E L7ze F72, FMUELC X 2282 W3 2 7
DIZ, (ET7 Y ORFEHBERBOALST) AT
> ONELAH B R pFE TR L 72,

ZFOREE, Mprobz100& L7284, [0 — 7 V5
Rl B wTiE, » = 50, 51 (W& (Z &R 0%, #
F1E 100%5 . Hicp < 10) OFE LB RSN
Too —H, 70— N V&) TI240 (ns), 74 (p <
05) &, FIIEBEER100%5 1 T D A B 2 AHBE A 5
Nizo $74bb, 10— )VEHETIEIER I A0 b
5F—EDOMBAIREINA, 71— VSTl
BPLER100% D5 A O AEFE B DR E Nz, T,
M-prob% 50IZf%E L7 A b EFETH o720 72, A
Y7~ v ONENAHBERE R IV 72587 Clg, Wiz
0%I2BNWT, B—=AVGEMHTIZLS (ns), FH—INL
SHETIEZR0 (p < 10) &, O—H IV TIZEE
FllIREN ol 72720, O—NVEHEE 7a—n
WERIHIC BT 2 BRI O, B R % & N AH
MR E DEZ, WIRL02BETH Y, BEHMER
B & NERTARBIARE R Tl 72 0 o NI L TR &
HTHEIR N7 (N = 1208412p < 108 7%
DIBREOMAEIZ497TH Y (e g FHM, 1990), &
DEYVDETHEBEI I LR P EZLNS),

MR BLZRI00% DB A2, 70— NVEMIZBIT 5
FHfE & T EE & ORISR Bo/z—REL T
X, LTI EDZETFONL ). AR CHEETTE)
ELTHY EWF7: THGE] BEFNRLDOTHoT. &
LT, [HEIZWBIEEALEDEPRELZ LTS ()
MSEBRIE ) L&, K E B ESRAIS
Lo THRAEINTVLEEDLNL, ZOB, LhEiD
H EBEOINIVLE) PETLAFETHoTH, MHx
DEBIZINEZHETAIENTRRE L EEZ LN
Bo TORER, Fa—NVEM GEEDIHIW L E O
T8I MR T E DM (2B 5 I & FHME & O
BREDTE L Bo DTV LIS NS,

72, O—F NS O — N LEIZ BT A
o o) 21, [WEhEE=E = 0, Mprob =
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=Y
=3

e

wE )
o %

P

— ZERMIRECE Breaking, A7)
e ZEPRICKEER (Obeying, A—T i)
—— ZERFNHECE (Breaking, /A < EEE)
---= ZERMILHE (Obeying, /A v iifH)

XI3-1 BZRCHIDEHESLCEZEHIEEROE(LBRE
(O—HIvs, MEREE © 0%, M-prob: .50)
KTIVT 7 Xy MIFEFRTH, EFITEROL O LI R,

50) & L72EIcREL oz (O—A VEMr = 52,
p < 10; 70— XVEMr = 17, ns)o 2 D72, Kk
EN BT B IHBIEDOMEIC OV TEMIC O 572
W, ATy T TEORBIERE X OEHBIUEE (W
H1003R1T D F39Ml) #IXM3-1 (O — A IIVEfE) L I[X3-2
(o=t ORL2Y, 2ofE o—hvg
Rz B T, EfNICEREONFEIZL L DAT v
THELTWALIEIPRBEN (F2I1FX[2A] %
[3A1)o F72, BreakinglREED 7 5 A ¥ — %15 % 2T
LoD, @ELMNSE T EID RN, 2o
AL, 7T — NVEMEIZBWTIE, [2D] ZBvTR
ENrotze 2O LS, I (20200 OFRFEICY
HBHEI, B NVEHEIBCNTIE, FRICHEIRET
PEIRTH > T, MERER B RE S D (Fkv)
CEICEoTRAMMAR Y 9AS — (M= VARBIETD
SZHIR) BT HIENTE, OV Ay —%ikx
IR SED LT, REMIZY MY 7 ALRIZILELS
HZENWUREE ol EZ NS,

RIS, W0 % 0T —H VSIS BT 5K
bEWHBIREIEIS2TH ), SR ICIEE T &
2704% (52/°201008%5) L7 %, DT s, A

AR W2 B3
100: - . A |
o R
®
N2
# =
EE
=——

AF w20

|
Lttt e g g ab e tpoving

L T,

|
i |
TR A !

e e ]

— &R — ZEMMIEHAE (Breaking, b7 iEE)

o ZBERIEE (Obeying, A7 )
—— ZERNHE#E (Breaking, /A =</ ¥EfE)
---- MBI (Obeying, /A v 1iith)

X3-2 RBEHRCBTIRBRELSIVCEHEMINREOELETE
(FO—7N0E4, MEIRBEER : 0%, M-prob: .50)
KTIVT 7 Xy MEFEEFRTH, EFIXEBROL O LT R,

WZBWTHRET L7201 — 7 VAV & 2 BLE AT
BYEHGBAEDE TV, BUESHC BT 2 BIHLHATE
T EORBETHIL ) b L Bbh s, LaL, M)
WA Z100%E Lzaid, 7a— N ugEfizsny
T74Em b @ HBRE (0BEIPIRIZ5184) AR &
Nizo SO ENS, KEEHIZH 2 ZEHE O
&, ZORRIZBIT B &BHROE SIIZIEOHED S %
CEPHEM S NG, Tabb, BB, B
BHEOMEER DL TH#IH] 23R L T {lHE
DRI S NIz SR, ZOX) BREIZOWTHERE
LT, XD@EYRETVERE LTV EFERELE L
59

£

(1) AWFgElL, BARMAGHESZESE0R KRS (20194) 128
WCHEEREFE L [0a—h IV ARMEERIC L 2 RS
WETIVOZLGEME - #HEIIBT 2 EBOMER-GRE
s 3alb—2ary] 2N - BIFEL-LOT
Bho T2, WEROERIZH2Y, JSPSHHFE (H6z
fge C, ME%E 5 JP18K03038D Ik % %) 720 72,
W7 7 A MTF 7 bid, Editage (www.editage.com) (2
K LR &2 T2
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(2) FARCH & FLESFIL, LL)BRLEBELD
FET, T2, T8 OATMEESEHB L T 2720
TEHEOBFE S ALY, BAOEHLET,

(3) K (20060 Tix, 2027y 7L THHFHB R ENTH
D, 1227y TRETYI 2L —Y 3 OIS
HTEPHESNTD, RIFETIE, 7V 5L ERY
GATIREEEHRZFTH) 2D, FHEFT0,
Deguchi (2019) * 0 (2020) 7 & & KL 1055200
AT T ETOREERE L7z,

(4) AT, EEOFRLEFABEOMERGET T2 Ea—
Y FICHBLTWS, D720, JHE~NOREEHE
ODREZLEL TR 5E, K12 R5ZET, B
FrlE LTz e B 2 Tilii | o st o 72
EETFET A EDRNTEXDWEENH L, ZD7D,
WM B L ORED S, HHOFERII BT 0E% T~
FIIER LT [EELBVER] OF— 5 H1EKL
INEHWTYEDOY I aLb—Yaryxwfrol,

B, BEICBLHEAFTHOY I 2L -2 a v
oeicbBwCid, T#H] #FdErdb~ by 72 EI2
BLiE L C, FLEHL — N O BEIZOWTHRET L7z
DLH D (eg W, 2013)s LA2L, AEFZETIE, [
BATEBYOBERE | 1B AME A T2 217 HSBwoli]
B0 LTBY, LM IC&FH oL 5%
BN L - & TORERMICB U 25O E (FLH
WA — M) AEET LI EIEREEEEZ SN, &
DF®, KFxcld, (3al—Yaricialtihe
FEME & ORI IZ DWW THEET L 72) Deguchi (2019) &
[IREIS, TG B VIEREL Do 7,

(5) % & LT, Mprobzl00& L 7234 2 11 D KA1
(B =BV B O MA2 (Fa— vgett) 125
W7o INEOFITICOWVTIIEEIZIOA T v 7L
N THRFLEDPOR T 2 @R 5 N2 2 & h 5, §HI0A
Ty TETERL,
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