THIET KE CROSSOVER TRONG CAC KIEM DPINH SINH HOC
Nguyén Dinh Hién
Bé mén Cong nghé phan mém
Trong bai thiét ké AB/BA trong kiém dinh thudc ching toi da gioi thiéu thiét ké AB/BA dé
kiém dinh 2 loai thudc qua 2 giai doan. Trong bai ndy ching toi s& gi¢i thiéu thiét ké Crossover.
1 Thiét ké Crossover 3 cach xir Iy (Treatment), 3 giai doan (period)

Thi du cu thé trong [1]: 3 loai thitc an A, B, C thir nghiém trén 12 con ciru theo 6 dy
(sequence) ABC, BCA, CAB, ACB, BAC, CBA mdi diy 2 con (units) mdi thirc in dung trong 1 giai
doan (period) 3 thang. Bién két qua 1a mirc ting trong

ANIMAL NUMBERS
PERIODS | 23 |54 |58 |75 81 |97 |72 |79 106 84 89 |70
1 AT72B75/C75A64B80 C74/A58B64 C72B76 A61 CT71

2 B73|/C78/A77/C68 A72B76|C62 A5 |B69|C79/B50A72

3 C77A70B73/B71 C80/A70|B67|C60AG6 ABS|C60B75
Dé phén tich thiét ké Crossover niy trudc hét phai viét lai s6 liéu

day | units periods treat residual yield day | units periods treat residual yield
1 1 1 1 1 72 4 7 1 1 1 58
1 1 2 2 1 73 4 7 2 3 1 62
1 1 3 3 2 77 4 7 3 2 3 67
2 2 1 2 1 75 5 8 1 2 1 64
2 2 2 3 2 78 5 8 2 1 2 56
2 2 3 1 3 70 5 8 3 3 1 60
3 3 1 3 1 75 6 9 1 3 1 72
3 3 2 1 3 77 6 9 2 2 3 69
3 3 3 2 1 73 6 9 3 1 2 66
4 4 1 1 1 64 1 10 1 2 1 76
4 4 2 3 1 68 1 10 2 3 2 79
4 4 3 2 3 71 1 10 3 1 3 65
5 5 1 2 1 80 2 11 1 1 1 61
5 5 2 1 2 72 2 11 2 2 1 50
5 5 3 3 1 80 2 11 3 3 2 60
6 6 1 3 1 74 3 12 1 3 1 71
6 6 2 2 3 76 3 12 2 1 3 72
6 6 3 1 2 70 3 12 3 2 1 75

Trong d6 residual 13 anh huong ton du (Carry over) véi cach viét: & giai doan 1 ghi 1, & cac giai
doan sau cén ctr vao treat ¢ giai doan trudc: A ghi 1, B ghi 2, C ghi 3
1.1 1ASRI (Indian Agricultural Research Institut) dwa ra mé hinh

Yield = p + units + periods + treat + residual + sai s6 ngiu nhién (1)



Mo hinh ndy c6 thé phan tich trong SPSS, MiniTab, Jmp, SAS

Sau day la Syntax trong SPSS
UNIANOVA

yield BY units periods treat residual

/METHOD = SSTYPE(3)
/INTERCEPT = INCLUDE

JEMMEANS = TABLES(treat) COMPARE ADJ(LSD)
JEMMEANS = TABLES(residual) COMPARE ADJ(LSD)

/CRITERIA = ALPHA(.05)

/DESIGN = units periods treat residual .

Mot s6 két qua

Tests of Between-Subjects Effects

Dependent Yariable: yield

Type [l Sum

Source of Squares df Mean Square F Sin.

Intercept  Hypothesis 119427.042 1 119427042 | 1366.237 0oo
Errar 10450.600 12.0149 ar.4134

period Hypothesis 457249 2 22865 1.834 a8
Errar 224333 18 12 4630

treat Hypothesis 181 633 2 95817 7633 004
Errar 224333 18 12 463t

uhits Hypothesis 1328.800 11 120.800 96493 .ooo
Errar 224333 18 12 4630

resid Hypothesis a8.400 2 27.7a80 2227 37
Errar 224333 18 12 463

. B92 MS{units) + 308 MS(Erron
b, MS{Errar

Dependent varighleyvield

495% Confidence Interval
freat Mean atd. Error | Lower Bound | Upper Bound
1 66.917 1.019 64,776 BY.058
2 ¥2.000 1.248 £9.278 74622
3 72708 1.248 70.086 75,331
Estimates
Dependent Wariable: yield
95% Confidence Interval

resid Mean Std. Erraor | Lower Bound | Upper Bound

1 BY.917 1.019 65.776 70.058

2 71.667 1.611 68.281 7h.052

3 T2.042 1.611 E8.656 76.427




Chuwong trinh SAS

proc glm data=cod;

class units periods treat residual;

model yield = units periods treat residual/ss3;

Ismeans treat/pdiff adjust =tukey;

Ismeans residual/pdiff adjust =tukey;

run;
Mot so két qua

ant Variable: vield

Source
Model
Error

Corrected Total

R-Square
0.878739
Source
units
per iods
treat
residual

treat

1
2
3

The GLM Procedure

DF
17 1625,
18 224.
35 1850.
Coeff Var
5.067405
DF Type
11 1328.
2 45,
2 191
2 55

Sum of
Squares Mean Square F Value
G6EBET 95.627451 7.67
333333 12.462963
000000
Root MSE vield Hean
3.530292 69.66667
Il 55 Mean Square F Yalue
800000 120.800000 9.69
729167 22.864583 1.83
.633333 95. 816667 7.69
500000 27.750000 2.23

Least Squares Means

Adjustment for Multiple Comparisons: Tukey-Kramer

yield LSMEAN
66.9166667
72.0000000
72.7083333

Number
1
2
3

Least Squares Means for effect treat
Pr > |t] for HO: LSMean(i)=LSMean(j)

Dependent Variable: yield

i/j 1
1
2
3

1.2 Mt s tac gia dwa thém bién day (seq) vao md hinh

0.0144
0.0056

0

0

2
.0144

-8995

3
0.0056
0.8995

Yield = p + seq + units(seq) + periods + treat + residual + sai s6 ngiu nhién  (2)

Trong SPSS

UNIANOVA yield BY day periods treat residual units

/RANDOM=units

Pr > F
<. 0001

Pr > F

<.0001
0.1883
0.0039
0.1368



IMETHOD=SSTYPE(3)
/INTERCEPT=INCLUDE
[EMMEANS=TABLES(periods)
/EMMEANS=TABLES(treat)
/ICRITERIA=ALPHA(.05)

/DESIGN=day units(day) periods treat residual.

Chuong trinh SAS

proc glm data=cod;

class day units periods treat residual;

model yield = day units(day) periods treat residual/ss3;
TEST H =day E =units(day) /HTYPE=1 ETYPE=1;
Ismeans treat/pdiff adjust =tukey;

Ismeans residual/pdiff adjust =tukey;

run;

C6 thé ding chuong trinh

proc MIXED data=cod;

class day units periods treat residual;
model yield = day periods treat residual;
RANDOM units(day);

Ismeans day treat residual;

run;

hoac

proc MIXED data=cod,

class day units periods treat residual;

model yield = day periods treat residual;
REPEATED / SUBJECT=units TYPE=CS R;

Ismeans day treat residual;
run;

1.3 Mot sb tac gia bé qua residual va thém twong tac period* treat
Yield =p + seq + units(seq) + periods + treat + period *treat + sai s6 ngiu nhién (3)
( Vi quan niém twong téc period*treat thé hién anh huong ton du residual )

Thi du tép $6 liéu c6 3 sequence, 4 subject, 3 period, 3 treatement

SEQ SUBJECT PERIOD  TREAT DURATION SEQ SUBJECT PERIOD TREAT DURATION
1 1 1 1 1.5 1 2 2 2 2.6
1 1 2 2 2.2 1 2 3 3 3.1
1 1 3 3 3.4 1 3 1 1 1.6
1 2 1 1 2 1 3 2 2 2.7
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Trong SPSS

UNIANOVA
dur BY seq period treat sub
/RANDOM = sub
/IMETHOD = SSTYPE(1)
/INTERCEPT = INCLUDE
/EMMEANS=TABLES(treat)
Mot s6 két qua

IEMMEANS=TABLES(period)

/ Test = seq vs sub (seq)

/CRITERIA = ALPHA(.05)

/DESIGN = seq period treat period*treat
sub(seq)

1. treat
Dependent Yariable dur
95% Confidence Interval

freat Mean Std. Error | Lowwer Bound | Upper Bound

1 1.883 .0as8 1.678 2.089

2 2467 .0as 2261 2672

3 3142 088 2936 3.347

Test Results
Dependent Yariable: dur
Sum of

Source Snuares df Mean Sguare F Sig.
Contrast 234 17 1.673 260
Erraora Nalafe] 074

3. suhbisen)



Tests of Between-Subjects Effects

Dependent Yariable: dur

Type [ Sum

Source of Squares df Mean Square F Sig.

Intercept Hypothesis 224500 1 224400 3019.431 .aoa
Errar BEH 4 0744

t=3=] ] Hypothesis 234 2 A7 1.873 260
Errar 69 ] 0744

period Hypothesis o7 2 009 075 A28
Error 2.063 18 115k

treat Hypothesis 9517 2 4.759 41813 .aoa
Errar 2.063 18 114k

period * Hypothesis F49 2 324 2.830 0as

treat Errar 2.063 18 150

subisedq)  Hypothesis BE9 4 074 649 43
Errar 2.063 18 15k

d4. MS{sub{seq))
b. ME(Erran

Trong SAS c6 thé ding Procedure GLM hay Mixed

PROC GLM;
CLASS SEQUENCE SUBJECT PERIOD TREATMENT;
MODEL DURATION = SEQUENCE SUBJECT (SEQUENCE) TREATMENT PERIOD
TREATMENT*FERIQD;
TEST H = SEQUENCE E = SUB(SEQUENCE) / HTYPE=1 ETYPE=1;
LSMEANS TREAT / PDIFF CL E;

RUN;

Mot sé két qua trong SAS

Dependent Variable: DURATION

Sum of
Source DF Sguares Mean Square F Yalue Pr > F
Mode | 17 11.08638889 0.65214052 5%.69 0.0003
Error 18 2.06333333 0.11462963
Corrected Total a5 13.14972222
R=-Square Coeff Var Root MSE DURATION Mean
0.843083 13.55786 0.338570 2.497222




Source DF Type 111 55 Mean Sguare F Value Pr >»F

SEQUENCE 0 0. 00000000 . . .

SUB.JECT(SEQUENCE ) 3 0.66916667 0.07435185 0.65 0.7425
TREATHENT 2 9.51722222 4,75861111 41.51 <.0001
PER 10D 2 0.01722222 0.00861111 0.08 0.9279
PERI10D*TREATHENT 2 0.64888889 0.32444444 2.83 0.0853

Tests of Hypotheses Using the Type | M3 for SUBJECT({SEQUENCE) as= an Error Term
Source DF Tvpe | 55 Mean Sguare F Value Pr >»F
SEQUENCE 2 0.23388889 0.11694444 1.57 0.2595

The GLM Procedure
Least Sguares Means

Least Sqguares Meanzs for effect TREATHMENT
Pr > 1t] for HO: LSHMean( i )=LSHean( j )

Dependent VYariable: DURATION

i’ 1 2 3

1 0. 0005 <. 0001

2 0. 0005 0. 0001

3 <. 0001 0. 0001

DURAT ION

TREATHMENT LSMEAMN 95% Confidence Limits
1 1.883333 1.677996 2 .0BB671
2 2 . 466667 2.261329 2.672004
3 3.141667 Z.936329 3.347004

Least Sqguares Meanzs for Effect TREATHMENT

Difference

Between 95% Confidence Limits for
i i Means LSMean( i J-LSMean(j )
1 2 -0.583333 -0.873724 -0.292943
1 3 -1.258333 -1.548724 -0.967943
2 3 =0.675000 =-0.965391 -0.384609

2 Thiét ké Crossover nhiéu cach xir ly

Khi c6 2 cach xir 1y, 2 giai doan thi thuong chi dung 2 day thir nghiém 2 giai doan AB /
BA, tuy nhién ciing c6 truong hop dung thiét ké 2 day 3 giai doan ABA, BAB.

Khi ¢6 n (n>2) cach xtr 1y thi c6 nhiéu diy thir nghiém trong d6 mdi cach xir Iy c6 mat
mot s6 1an & mdi day va c6 mat mot s6 1an & mdi giai doan, thi du 3 cach xtr Iy A, B, C 3 giai doan
c6 thé chon thiét ké 6 diy thir nghiém ABC, BCA, CAB, ACB, BAC, CBA mbi cach xir 1y c6

mit mot 1an trong mot dy va hai 1an trong mét giai doan.



Anh huéng ton du va tuong tac giita anh huong ton du va giai doan ciing c¢6 nhiéu van dé
phurc tap do d6 thudng chon cac diy thir nghiém don gian, d& sit dung, c¢6 thé 1ap mé hinh dé xir Iy
trén may tinh qua do6 tim ra cach danh gia hop 1y va cong bang cac cach xir Iy.

Mot trong cac diy hay dugc chon la cic ddy dong déu

Pong déu trong diy thir nghiém (Uniform within sequences): mdi cach xir Iy c6 mit
mdt s6 1an nhu nhau trong mdi day thir nghiém

Pong déu trong giai doan (Uniform within periods)): mdi cach xir Iy c6 mat mot s6 1an
nhu nhau trong mdi giai doan

Néu vira ddng déu trong diy vira dong déu trong giai doan thi goi tat 1a dong déu
(uniform).

Néu thiét ké can bé‘mg vé mot khia canh nao d6 thi rat tét, thi du can béng dbi véi cac ude
lugng cua cac cach xir Iy (phuong sai ctia cac udc lugng nhu nhau, phuong sai ctia hiéu 2 cach xir
1y nhu nhau d6i v6i moi cap cach xtr 1y . . .) can bang di cac ude lwong ctia anh hudng ton dur . . .
Thong thuong hay doi hoi can bang d6i véi anh hudng ton du bac nhat (balanced with respect to
first-order carryover effects) theo nghia: s6 1an mot cach xur ly dimg trude mot cach xir Iy khac
1a nhur nhau d6i véi moi cach xir 1y, néu s6 1an d6 bang sé 1an ding trude ban than no thi co can
bang manh (Strongly Balanced).

Thi du 3 cach xir Iy 3 giai doan, thiét ké hay dung 1a 3 diy ABC, BCA, CAB nhung dé can bing
c6 thé dung 6 day xir 1y xép trong 2 6 vudng Latinh

O vudng la tinh thir nhat O vuéng la tinh thir nhat
Day 1 Day 2 Day 3 Day 4 Day 5 Déay 8
Period 1 A B C A B
Period 2 B C A C A
Period 3 C A B B C

Madi cach xtr 1y A, B, C co mit 2 1an trong mdi giai doan (Uniform within periods), c6 mat 1 1an
trong mdi diy (Uniform within periods), A dimg truéc B 2 1an, dimg truée C 2 1an, B ding trude
A 2 1an, dtmg trude C 2 1an, C dimg truée A 2 1an, truée B 2 1an (Balanced) nhung khong
strongly balanced
Thiét ké 4 day 4 giai doan 2 cach xir Iy (Viét tit la ABBA, BAAB, AABB, BBAA) la thiét ké
Strongly balanced.

Period ||Period ||Period ||Period
1 2 3 4

Sequence A B B A

[Design 10]




ABBA

SequenceBAAB B A |A  |B |
SequenceAABB [A A B |B |
Sequence BBAA ||B B A A

Thiét ké 6 vudng latinh 4 x 4

LATINH1 LATINHZ2
A B C D A B C D
B C D A B D A C
C D A B C A D B
D A B C D C B A

Coi hang 1 giai doan, cot 1a ddy thi latinh1 uniform (mdi chit cai A, B, C, D ¢6 mit mot lan trong
1 ¢ot va 1 1an trong 1 hang) nhung khong balanced.
Latinh2 vira uniform vira balanced do d6 hay dugc chon trong thiét ké crossover

Sau day 1a mot s6 loai thiét ké khac

LUlnifiorm Lim Form
within within Strongly
Sequences Periods Balanced Balanced Examples
no no no no AABABB, ABCCIBCAA
ves o o no ABB|BAR, ABC|CBA
no vas 1 no ABCCIBCAA|CABE
no no Vs no ADBAA|BAADL
no no Vs yies AABBA BAARD
ves yes no no ABC|IBCA|ICAB
Vs o Yes o AABAlABAA
no Vs Vs no ABAIBADB
VEs no Vs Vs AABBAABBAA
no Ves ves yes ABBBAA, ADBBAAAIBDE
Ves ves ves o ABBA
ves ves ves ves ABBA|IBAABAABB BBAA

V& m6 hinh dé phan tich thuong ding md hinh tuyén tinh

Yigk = b+ 0 4 bij + v+ Tagi k) + Aeih-1) + i
(£ 1a trung binh chung,a ; anh hudng cua day thur nghi¢ém (sequence) i, by anh hudng cua ca
thé (subject) j trong day thir nghiém i, yy anh huéng ciia giai doan (period) K, Tagx anh huong cua
cach xur ly (treatement) d trong day thir nghiém i ¢ giai doan K, A¢k-1y anh huong du thira
(carryover) ¢ trong day thir nghiém i ¢ giai doan kK — 1.
C6 thé phan tich mo hinh nay trong SPSS, SAS.
3 Thiét ké Williams

Thiét ké Williams 1a thiét ké vira uniform vira balanced duoc xay dung tir mot 6 vudng Latinh dic



biét [5]. Néu n chén thi chi cAn mot 6 vudng Latinh, néu n 1¢ thi can ghép 2 6 vudng Latinh.

Thi du Williams 3 cach xu 1y, 3 giai doan,6 diy gdm 2 6 vudng Latinh 3x3

A B C C A B
B C A B C A
C A B A B C
Thi du Williams 4 cach xt 1y, 4giai doan,4 day, chon 1 trong 2 6 vudng 4 x 4
O vudng 4 x 4 thir nhat 0 vudng 4 x 4 tht hai
A B C D A B C D
D A B C B C D A
B C D A D A B C
C D A B C D A B
Thi du Thi du Williams 5 cach xir Iy, 5giai doan, 10 diy gom 2 6 vudng 5 x 5
A B C D E D E A B C
B C D E A C D E A B
E A B C D E A B C D
C D E A B B C D E A
D E A B C A B C D E

Thi du Thi du Williams 6 cach xir 1y, 6giai doan, 6 diy gdm 1 6 vudng 6 x 6

Omnmmwo >
mX>»TO0O®
MW>OoOmO

>OWMTOU
WOoOOT>m
OmMOX>wWT

4 Mt sb bai toan lién quan dén thiét ké crossover

Thiét ké Crossover dwoc ding chi yéu trong cac kiém dinh thude, cac kiém dinh sinh hoc, néng
nghiép. Trong nganh cong nghé thyc pham thiét ké crossover dugc dung dé danh gia chat lugng
ruou, chat lugng cac loai thuc phém.

Thi du 1 TAm Gy vién trong ban giam khao danh gia 4 loai rugu A, B, C, D theo thiét ké vira

uniform vtra balanced sau:

GK1 GK2 GK3 GK4 GK5 GK6 GK7 GK8
GDOAN1 B C D A B A C D
GDOAN2 A B C D A C D B
GDOAN3 C D A B D B A C
GDOAN4 D A B C C D B A

Thi du 2 36 khach hang cho nhan xét vé 3 loai thirc an. Chon ngau nhién 6 khach hang dé ném 3
loai thitc an theo 6 day



Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
A B C A C B
B C A C B A
C A B B A C
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