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Abstract
In practical problems, it is often necessary to analyze the influence of multiple factors on the ex-
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perimental results. Analysis of variance is an important tool to solve the problems. However, the
theory of variance analysis (ANOVA) focuses on one-way analysis of variance and two-way analysis
of variance (ANOVA). Therefore, based on the two factor analysis of variance (ANOVA) model, this
paper gives the theoretical derivation of the four factor analysis of variance (ANOVA) model with
interaction effect, and applies it to analyze the influence of region, gender, smoking and ion radia-
tion on cancer risk. Based on the two factor analysis of variance model, this paper gives the theo-
retical derivation of the interactive four factor analysis of variance model and applies it to specific
examples. When applying a multi-factor analysis of variance model, the data can be transformed to
meet the requirements of normality and homogeneity of variance. The results of variance analysis of
cancer incidence data show that smoking duration and ionizing radiation dose have a significant
impact on the risk of cancer, region and gender do not show a significant impact on cancer risk.

Keywords

Four Factor Analysis of Variance, Ion Radiation, Smoking, Cancer Risk

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

Ti ZAHT R I E SE 245K R, AL Fisher 78 20 tH20 20 SRR, AT X REA B 1) 568 25 A 56
[1]-[6] 368 Jek i W 25 MR 00) A5 o i AR S (P 428 1) AR B AN [RI K R AT AR 35 22 5, iy o A 4 o A8 o)
LIS B A 75 A7 7E 2 3 TR 1]

Ti BTSRRI R T Z T 5 2 R T 2 00T . 2 RIZT7 220 W P i 4 A8 e e e A sl A~ DL
F BT H 2 4T 2 AR AR B 1) E N FIAE ARSI A A A R E . T AT Y
N 2007 AT T S BCIRS AT TEAS ELAE FH UK 25 22 0 TR AL [ 7], 3G S AP (4 A &S HLAE
PR 3277 22 7 AR B B () ity b, 3 3 9] it 35 WA 07 22 20 W A7 e A8 AR R AE SESR P ISR, 45 07 22
S ATER SN REAB] . TETT ZE T, FEAR DI RS, RS T ZEFHER . #ob(2] [3] [4] [5] [6]
R T B E LR R Z 0 AR, EERFRMAY, R RrmmE R EEA E—A
BT R 257 22 0 W Al g T =R R Z i B I BUEE 3 [9]. 3 AA5R. 2R A A e
L ARONERUR 2877 22 0 T AT T Rk AR R A, ERA T 7 2 AT R R R F OGS R R )
FE VAT IG R SEN ([ 10] 0 BB  AREMENE 5 A 2 EL RS A XU R 35 7 22 43 W S 8L ot P 81 Bk 7Kk 20 1) il 5 i
B, riria s AN E R A) 510 IE B G 32 R R kK IE Bl R G R s 1] .

IEASPER G 7 22 b i) — AN BB 444, Khatun Nasrin iiF B 7 REAS i 1E 2512 5 T o — A e g
MRS, SA EIERARLS J7iE, AT AP mod B (RS PE R AW [12] . Michael, JR 41T Q-Q KI5
P-P B IEAPEMJE 3 [13]. Philip Pallmann 28 N3 H T £ X 2 AMFEARGe i 8 5 7 55 P I 30 UE 77 7%
RIN Levene 502 A J RN 22 AN 4 2 (R LU AP 22 S5 A 380 1, FRIRAIE T 7V 10 20 [14]

AXFTREEN, AR 2R SRR AW 1 E BTN, AR s, I I MRS S, Bk, &
At 25 IR 2 0 e R0 DX PR s e B A B () 4k S B[ 15] o AR SORE XU 3207 22 /0 AR A4 B B
RS VY R 27 22 A A R, S AR A M s ds . MRS RO R R T R R XU L AT G

E R o

DOI: 10.12677/aam.2021.106225 2156 IR ES

2
b


https://doi.org/10.12677/aam.2021.106225
http://creativecommons.org/licenses/by/4.0/

2. MERAESHIRE
e e sE I 25 SRR A PUAS, idA A, B, C, Do AT AR r ANKFE, BT B HLs ANKF,
% C Ezt/l\ﬂ(ilzy % D Eﬂl u /|\7J<E|Z’ éj\%lj-‘baj"j Ai’AZ"”'A' ’ Bl’BZ'”"Bs ’ Cl’CZ’”"Ct ’ Dl!DZ!'”'Du ’
%MH%V%A&Cﬂﬂ?ﬁﬁﬁﬁﬂiﬂ%ME%%ﬁmpN@Wﬁﬂo
,u——z Zzﬂ”k' TR — R E

rstuig Giaia

»

mfi%gggMM%%EA%%i¢m¥Tﬂﬁ:
muﬁ%ggéMm%ﬁEB%%j¢m¥Twﬁ;
mpﬁggggmm%TECm%kAm$Tﬁﬁ
;z-%giiw,ﬁﬁD%%M%ﬁ?ﬁ@
o = %;ngﬁTrAM%|¢m$ﬁBM%14m¥@Arﬂﬁ
M*ﬂiégMMﬁTEAm%lﬁm¥%C%%k1m¥@ATﬂﬁ
y”_égng%ﬁﬁA%%i&ﬁ%gom%|¢m$ﬁﬁTw@;
szééng%a@am%j¢m¥5cm%k¢m¥ﬁé?w@;
%ggMM%iﬁs%%jﬁﬁ%ED%%I¢*¥ﬁ%Tﬁﬁ;
széii,Mﬁrﬁcm%kAm$%Dm%||m$@A?wﬁ;
;@z%é,N%TTAMﬁI|K¥ B3 | VKT C RS K AKTALE M

t

figr =Y gy FORTE A M T AP BIOSE | KT D IS | A4S F IS
k=L

'—rn—\

_1

Hia = S

S fige FRTE A BIEE T AL C IS KAV D IUEE I AP T
j=1

Mg = Zy,,k. FIRIE B I | MK CHIEE kAN DA | ANKF4LE T M.

He, fEEREH, i=12,--r; j=12,,5; k=12,-t; 1=12---u
D) 85 IR 3 RO RN AS 2808 5E N s
& = fhi — u ART AIERRL B = . — 1 AT B I LR
Vi = Mo — T CIERNL: 6 = pr. — 1 HET D ERIN
My = Mo — =0 = B AT AT B A H AR
M = M. — 11— — 1, ABET AFC BIAE AL
My = oy — i — 0 — 6, RFF A FI D 58 BN s

DOI: 10.12677/aam.2021.106225 2157 IR Esid


https://doi.org/10.12677/aam.2021.106225

Mik = Hejke _,u_ﬂj — Y 79?‘ BHIC E@igaﬁﬁ,

My =HMju —H=B; =6 T B Fl D BIAE BN

nkl =,u..k| —,LI—J/k _9| y\j% C %D D E‘Jifﬁ&“&&;

ik = Hijke _(ﬂij-- _/ui---)_(/u-jk- _/u-j--)_(/ui-k- _ﬂ--k-)_ﬂ NET A, B, CHIZZHAN;

i = Hija _(/uij-- _ﬂi---)_(ﬂi-d — M )_(,u-jq _,U-j.-)_,u NET A, B, D HIZEHIN;

nikl = :ui-kl _(:ui-ko _,ui...)_(/-li.q _,U...| )_(,u--kl _,U.,k,)—/.l ?ﬂ? A) Cy D E‘]if‘.&&&»

77jkl :/—I.jk| _(,u.jk. _,u.j..)_(/—l.jq _/J...| )_(,u--kl _ﬂ..k.)_/—l j‘j% B’ Cr D E‘]if{‘&ﬁ&,
i = Hija +tu_(:uijk- - .. +:ui---)_(tuij-l — Hiw +/u-j--)_(/ui-kl ~ My — Mg +ﬂ--k-)

_(tu-jkl ~ Hje — Mo +ﬂ---|)
NIKF A, B, C, D HIZEH N
R, PUBRIZR T 22 50 BB 2

Yijaw = H+ 0+ B+ 7 + 0+ 15+ 10 + 05 175+ 00+ e 50+ Mg + 50+ T + i

u

r S t

Zai =0, Zﬂj =0, ZYk =0, Zﬁu =0

i1 =1 k=1 =1

r S r t r u S t

ZUij :Znij =0, Zﬂik :Znik =0, Zﬂn :Zﬂil =0, Z’?jk :ank =0,
i-1 =1 i-1 k=1 i-1 =1 =1 k=1

S u t u

27711 =z77j| =0, Zm. =Z’7kl =0

=) = k=1 =

r S t r S u r t u
znijk :Zﬂijk :Zﬂijk =0, Z’?ijl :Zﬂm :Zﬂijl =0, znikl :Zﬂikl :Znikw
i1 =L k=L i-1 =1 1= = k=L =
S t u
znjkl = znjkl = znjkl

= k=1 =

r S t u
Z’?ijkl = znijkl = znijkl = Z’]ijkl
i-1 =1 k=1 =1

Ega T HE, BIIAEAS 04N (0,02)
i=1,2,---,r,j=12,--,5,k=4,2,---,t,1=1,2,---,u,w=12---,m

FEZAR YT R AN AT B RO AR IR 728 TN = D7 R A2 EL 2O DA K DY TR 7 [ A2 L2
JSEXS SRS S5 R A AE R, Fdb AT T 15 MR 5
Hop:e, =0,i=12,--r;
Hog :5;=0,]=12,---,5;
Hoc 17 =0,k =12+t
Hop 16, =0,1=12,,u
Ho : Vi, ., 35967, =0
Honc 1 Vi, K, 2% 7, =0 5

HOAD ZVi,|,i’)]ﬁ77“ =0;

DOI: 10.12677/aam.2021.106225 2158 IR ES

2
b


https://doi.org/10.12677/aam.2021.106225

Hogc :vj,k,ié]ﬁnjk =0;
Hoeo : Vi, L7, =0
Hoco 1 VK, LA 1, =0
Hoec : Vi, .k, 98 1y, =05
Hopso © Vi J.1 57 7 =0 5
Honco : Vi k1,3 H 1, =05
Hoeo Vi k, 135 70 =0«
Honsco : Vi .k, 1, 558 70 =0 ¢

3. IREMISH
BT 07 22 M b P Aoy e it JEARL, DU BRI ER T 22 AR mh % 221 7 AL AR I

2

Se =iii§u:§m:(yuklw—m) » Sa =stuer1:(E—y>2 » Sp= rtumi(ﬁ_y)z ’
i= j=

Sc = rsumZ(yT(,,—y)2 Sy = rstmluzl(y...h —V)Z :

k=1

r s . _ 2 r t - 2
Sue —tumZZ(yIJ Yiew = Vs +y) » Sac —sumZZ(y,k Yiewws = Yeuk +y)

) i=1 k=1

r u - 2 s & S —
Sao _sthIZ(y, o i....—Y...|.+Y) » Sac —rumZkZ(ka Yejor = Yok +Y)

izl 1= =1 k=L

s u - _? tu - —
SBD_rth;IZ;(y], Yejow = Yo +y) , SCD=rsm;;(y“k..—y“k"—y | +Y)

J: = = =

s tou _ —
SBCD = rmZZZ<y.jk|. - Y.J-k.. - y.,-.|. VYoo T y.,-... F VYekee T Yo — y)

r S t u - —_— —_
SABCD = mZZZZ( Yiide = Yiikeo = Yijote = Yiekie — y.jk|.+yij... *Viekeo T Yieelo

—\2
+Y.jk..+y.,-.|. TYeekte ™ Yiewss — Y.,-... T Yeskeo ™ Yewure + Y)
e,

DOI: 10.12677/aam.2021.106225 2159 IR Esid


https://doi.org/10.12677/aam.2021.106225

AR 45

1= _
Yijie = Zyuklw Hrog+ B+ v 0y 1055+ T+ e g+ T+ 50 T T e

wl

- 1 st u m

yi.... :_ZZZZyIJHW HEo; t+ &
r t u . m .

Yojou = Zzzzyijklw:ﬂ-‘rﬂj F o

- 1 r s u m
Yeuker =_ZZZZ Yijw = Lt Vi T & s

r s tm o
Yot = ZZZZ Yijw = 4+ 6 + &y s

umig 3w
1 S u m
Yiekee :_ZZZ Yijw = LT 7 10y + Ejgan
SUM ‘== wat
1 st m
Zzzyljklw ,U+(Z +6+77I|+g
Stm =1 k=L w1
1

r u m —_
ZZZMMW =U+Bi+YcH g En

1 L Lo -
y.j.|- :_ZZZ yijklw :ﬂ+ﬂj +9| +771| +8'J"|' ’

rmiz3iawa
1 r S m
=— i +7.+6 + +g ,
rsmg%%y,k. =H+7 T okle
1 r s tm -
Vikw === 2, 20 20 2 Yiaw = M+ G+ By + Vi + 10 + i 105 + Tl + Een >
rstm i3 {3 wa
1 r S u m
yIJ| _zzzzyuklw H+o +ﬂj +9 I T 1t +g”| ’
rsum iz j=1 1=1 w=1
l r t u m -
Yoo === 2, 2 20 2 Yigkw = M G+ Vi + O+ Ty + 1Ty + g + Ty + Eie 5
rum a2 v
1 s t u m -
Y. jae :_ZZZZ Yijw = K+ B + 7+ O 005 +105 + 170 + 170 + 6.

SO IT A RN

ST = SE +SABCD +SABC +SABD +SACD +SBCD +SAB +SAC
+Sap +Spc +Sgp +Sep +S5,+Sg +S: +S,

i ZE TR A6 7 A an e 1 R

DOI: 10.12677/aam.2021.106225 2160 IR Esid


https://doi.org/10.12677/aam.2021.106225

Table 1. Analysis of variance of four variables with interaction effect
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Table 2. Incidence rate of all solid cancers under different level combinations

% 2. FRIKFEE THIFT A LA REAEN & R B

city sex dose smoking incidence city sex dose smoking incidence
1 1 1 1 361.597 2 1 1 1 306.494
1 1 1 2 662.125 2 1 1 2 129.825
1 1 1 3 382.384 2 1 1 3 381.762
1 1 2 1 134.432 2 1 2 1 114.137
1 1 2 2 218.142 2 1 2 2 179.364
1 1 2 3 231.967 2 1 2 3 207.580
1 2 1 1 240.446 2 2 1 1 137.382
1 2 1 2 1456.028 2 2 1 2 618.969
1 2 1 3 190.193 2 2 1 3 0.000
1 2 2 1 112.042 2 2 2 1 96.603
1 2 2 2 174.703 2 2 2 2 145.028
1 2 2 3 212.863 2 2 2 3 151.766
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Table 3. Normality test
3. ERMEIER

Kolmogorov-Smirnov? Shapiro-Wilk
it H p{H it H p{H
1/incidence 0.077 24 0.200 0.984 24 0.960
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Figure 1. P-P diagram of normality test
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Figure 2. Q-Q diagram of normality test
2. IEZSMHE Q-Q
Table 4. Test table for homogeneity of variance
4. FESFTMHRER
Levene Ziit %k R H B2 pE
city 1.460 1 22 0.240
sex 0.910 1 22 0.350
dose 0.276 1 22 0.604
smoking 1.139 2 21 0.339
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Table 5. Analysis of variance

F5 HEDHER

EINR YO H R ¥175 F & pfE
city 1 6.820e—06 6.820e—06 1.600 0.2414
sex 1 1.610e-06 1.610e—06 0.378 0.5558
dose 1 6.402e-05 6.402e—05 15.022 0.0047
smoking 1 3.035e-05 3.035e-05 7.121 0.0284
city: sex 1 1.620e—06 1.620e—06 0.380 0.5547
city: dose 1 1.400e-07 1.400e-07 0.033 0.8613
city: smoking 1 5.320e-06 5.320e-06 1.247 0.2965
sex: dose 1 3.510e—06 3.510e—-06 0.823 0.3909
sex: smoking 1 2.480e—06 2.480e—06 0.583 0.4671
dose: smoking 1 4.090e—-06 4.090e—06 0.959 0.3560
city: sex: dose 1 3.820e—06 3.820e-06 0.896 0.3716
city: sex: smoking 1 2.730e—06 2.730e—06 0.640 0.4469
city: dose: smoking 1 4.540e—06 4.540e—-06 1.064 0.3324
sex: dose: smoking 1 1.250e-06 1.250e-06 0.293 0.6032
city: sex: dose: smoking 1 5.250e—06 5.250e—06 1.232 0.2992
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