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Abstract

In any laboratory or field experiment, if homogeneity is provided on the experimental units, the
Complete Random Design (CRD) is the best design, on the condition that the conditions (assumptions) for the
analysis of variance (ANOVA) are available. If the homogeneity is not ensured, to control systematically one
source of extraneous variability the Randomized Complete Block Design (RCBD) is the best. In the case of two
sources of external variability, the Latin Square Design (LSD) design is best. If three sources of external
variability are present, the Graeco Latin Square Design (GLSD) is better, but this design is complicated because
of the two conditions available for the (GLSD) which is not to repeat letters for the rows and columns, and every
letter must contain one Greek letter. In the case of 6*6 design, we do not feel able to do this. Therefore, | have
found a new technique for all designs that have odd numbers of (n) treatments. This method can help researchers
in their scientific research.
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1. Introduction

he Graeco-Latin Square Design A Graeco-Latin square is a t x t pattern that permits

the study of t treatments simultaneously with three different blocking variables each at

t levels. For example, the 4 x 4 Graeco-Latin square shown in Table 1 is an extension
of the Latin square design used earlier but with one extra blocking variable added. This is
labelled a, B, v, and 8, could be used to eliminate possible differences between, say four days
on which the trials were run. It is constructed from the first two 4 x 4 Latin squares. (Box et
al., 2005)

In this arrangement, the treatments are grouped into replicates in three different ways
with the consequence that the effects of three different sources of variation are equalised for
all treatments. The additional grouping (usually represented by Greek letters) is denoted here
by subscripts. Each treatment (A, B,...) appears once in each row and column and once with
each index (&, f3,...). (Cochran and Cox, 1957)

Graeco Latin squares are extensions of the basic Latin square designs, consider a txt
Latin square, and superimpose on it a second txt Latin square in which the treatments are
denoted by Greek letters, if the two squares when superimposed have the property that each
Greek letters appear once and only once with each Latin letters, the two Latin squares are said
to be orthogonal, and the design obtained is called a Graeco-Latin square. An example of a
4x4 Graeco-Latin square is shown in Table 1. (Montgomery, 2017)
Table (1) 4x4 Graeco-Latin square

Column
Row 1 2 3 4
1 Ao Bp Cy D3
2 Bd Ay Dp Cu
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3 Cp Da Ad By
4 Dy Co Ba AP

2. Materials description

The Graeco Latin square design can be used to control systematically three sources of
extraneous variability, that is, to block in three directions. The design allows investigation of
four factors (rows, columns, Latin letters, and Greek letters), each at r levels in only r? runs.
Graeco-Latin squares exist for all r > 3 except r = 6.

The statistical modele is:

i=12,..,r
j=12,..,1
yijk|:ﬂ+ri+l//j+9k +§| *+ Ejju k=12 r
1=12,..r

Where:
Yij: is the observation in row j and column k for Latin letters i and Greek letters I,

w;: is the effect of the jth row, 7; is the effect of Latin letters treatment i,

0, : is the effect of Greek letters treatment K,

¢, . is the effect of column I, and

&+ 1saNID (0, &%) random error component. Only two of the four subscripts are necessary

to completely identify an observation. (Cox and Reid, 2000) (Montgomery, 2017)

The analysis of variance is very similar to that of a Latin square. Because the Greek
letters appear exactly once in each row and column and exactly once with each Latin letters,
the factor represented by the Greek letters is orthogonal to rows, columns, and Latin letters
treatments. Therefore, a sum of squares due to the Greek letters factor may be computed from
the Greek letters totals, and the experimental error is further reduced by this amount. The null
hypotheses of equal row, column, Latin letters, and Greek letters treatments would be tested
by dividing the corresponding mean square by mean square error. The rejection region is the
upper tail point of the F, ;) ;_s),1) distribution. (Montgomery, 2017)

Table (2) Greek Alphabet

a B Y ) € C n 0
alpha beta | gamma | delta | epsilon | zeta eta theta
1 K A 1) \Y% & 0 T
iota kappa | lambda mu nu Xi omicron pi
p c T v ¢ X v ®
rho sigma tau upsilon phi chi psi omega

(Box et al., 2005)
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Table (3) Analysis of Variance for a Graeco-Latin Square Design

Source of Degrees of
Variation Freedom Sum of Squares Mean Square Error
- r 2
Latin letters 1 leyi___ ¥ S, = &
treatments S§, == Y. 1
r r
\ 2
Greek letters 1 ;y'"' y S, = %
treatments SS, =12 : _F 1
Rows r-1 Zr:yi 2 Ms. = SSe
SN R R
r r
. 2
Columns r-1 kz_;y..k. v MS, :ﬁ
S5 =" ——7% r-1
r r
SS
Error (r-3)(r-1)  SSg =S5; -85, —S5; -S8; -S5,  MSg = (r —3)(Er -1)
r r r r 2
Toal PSS =XINN-%
i=1 j k|

(Winer, 1962)
3. Methodology and procedure
Design of odd number of square for any number of squares:
The problematic design in experimental design is Graeco Latin square, for example, in 6x6
we cannot be able to do the design, we discovered this method it is used for any odd number
of the square.
The stapes is semi-chess animation:
The 1% step systematic distribution, 2" step replace the numbers to Greco letters and 3 step

Randomization for rows:
A2 Bl C3

Al
A3

A(a)

RCEN Acy) IBEEN

RGN A(

Aa)
Figure (1) 3*3 Graeco Latin Square Design
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After that we do the randomization for the rows and the columns

A2 [BL][C3 B3 [C2 A1 Al[B3][C2
B3| C2[AL|m—> [c1[A3[B2|m—>|[B2[CL[A3
Cl1[A3|B2 A2 [B1]C3 c3|A2|B1

Figure (2) randomisation for 3*3 Graeco Latin Square Design
The first stapes we must distribute the Latin Letters on the table systematically in the
first row (A, B, and C) in the second row (B, C, and A) and (C, A, and B) for the last row in
3x3 square. After that we must distribute the Graeco Letters on the Latin Letters the condition
must every Latin square must be Receive diffident Graeco Letters, The stapes must be started
in the middle of the square (Al) after that the second animation like the knight animation in

chess (& like the L LettersT_ (A2) after thatj (A3) the third stapes is Like the Bishop

move in the chess & and diagonal moving A and give the new order numbers from 1 to 3
(C1,C2 and C3) after that we do the last stapes it’s the Rook moves & to the right (B1) and

complete the knight moving to down |_> (B2) and the previous ist (B3). Moreover, the
below example about 5x5 to 11x11 and we can able to do any odd square by this way.

B2 E4 A3
r E3 A2 BI

E2 Al Bs5 G4l
El A5 B4 [G3D2

E(e)
E@) A®)
E(y) A(B) B(w
Ala) B(e)
E(e) A(e) B(9)

A(®) B()

E(y) A(P) B(w
E() A(e) B() ICEN
Figure (3) 5*5 Graeco Latin Square Design

AHHHE R HHEE R HHEEE
IHHEHERAREHEENHACHE
HERH BRI BEHEE
HERHARHERHEEEHHER
NEHHHERHAEHHEHEHEE

Figure (4) two direction randomization for 5*5 Graeco Latin Square Design
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A6 BS T F1 G7
B4 C3 F7 G6 A5
C2 F6 G5 A4 B3

F5 G4 A3 B2 C1

- F4 G3 A2 B C7
F3 G2

1
Al B7 C6

Gl A7 Bs C5 [JPEES
A© B CE) F(o) G(n)
B() C(y) Fm) G A
C(p) FC) G() A@) B()
W G@) A(y) B(PB) C(w)
F@) G(y) A(P) B(o) “
F(y) G(B) A(@ B() CQ
G(@) AM) B© Ce IDOIEGE F@)

A®© B() C@) h F(@) G(n)
C(p) ID@WEEN F©) Gk AG) B()

F@©) G(y) A(B) B(w) CMm)
E(e) G(©) A(y) BP) C(w

F2

B() C(y) Fm) GO A(e)
E(y) G(P) A Bm) C©
G(a) A B©) C(e) F(B)

Figure (5) 7*7 Graeco Latin Square Design
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A8
B6
C4
D2

G5
H3
11

A(0)
B
C()
D)

Gl(e)
H(y)
I(a)

A(0)
C()
D(B)

B7
C5
D3

G6
H4
12
A9

B(m)
C(e)

D(y)

G(©
H(S)

I(B)
AV

B(m)
D(y)

B()  Cle)
Hey) 1)
(@)  AQ
G(e)  HE)

WEGN GO

C6
D4

G7
H5
13
Al
B8

C@©)
D(3)

G(n)
H(e)
I(v)
A(a)
B(6)

C(©)

G(n)
D(3)
A(a)
B(0)
I(y)
H(e)

G1 H9 18 A7
G9 H8 17 A6 B5
G8 H7 16 A5 B4 C3
H6 15 Ad B3 Cc2 D1
14 A3 B2 C1 . E8
A2 B1 C9 D8 NEAREG
B9 C8 D7 G4
C7 D6 G3 H2
D(e) GB)  H(w) 1(v)
G@)  H( 10) A®W)
G  H(®) 1(n) AG) | B(e)
GO)  Hm) 1(%) A(e)  B@  C@)
H(0) I(e) AG) B  CPE) D@
1(3) A(y) BB  C@ DO
AB)  B@  Cu  D®)
Bl  C® D) G(3)
cm DK INEEMETE@N G(y)  HEP)
D(e) h GP)  H(w 1(v)
Gy  H() 1(n) AG) | B
GO)  Hm) 1(%) A(e) | B@  C@)
H(0) I(c) AB) | By) CPB  D(
G(o)  HQ 10 A®m)
Cm D@ G(y)  H(B)
AB) = B@  Cu  D®)
1(9) Ay) BB  C@ D@

Figure (6) 9*9 Graeco Latin Square Design
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B9 cs DS T H3 12 b K1
B8 c7 BBEN E5 H2 11 J1 K10 A9
E4 HI 111 JI0 K9 A8 B7
H11 110 J9 K8 | A7  B6 C5
H10 19 J8 K7 A6  B5
H9 18 37 K6 | A5 B4
H8 17 J6 K5 = A4 B3 c2 [BIN E11 [FEIOW
H7 16 J5 Ké A3 B2 C1 ﬁ;
5 J4 K3 A2 Bl ci11 [BBION E9 H6
J3 K2 =~ A1 B11 ci10 B9 Es
KI A1l B10 Cc9 D8N E7 H4 13 32

A() B coO) BBEN EQ© h Hy) 1B) I KO
 E(c) IE@GH) | HP)

B®) Cm) E(e) HB) (o) I K  AQ@
C(©) H@ I» I K@ A@®) B

E(y) H®) 109 I KO  Am)
E(B) H I JO)  KMn) A©Q Bl

E(5)

Hy 10 Jm KO Ak BE)
RGO HO) 1)  J© K  AG) By Cp) DM
Hn) I Je KGO A@ B@E) C IDOE Ex

Cn) H(®©)
H(s)  1(3)

L (NS (CORI (5
Hly) 1B  Jwo  K®)

I(e) JO) Ky AP B E(Y
I K@) Al  BQ C)

K@ AQ) Bk Cc [IB@E EMm
E(0)

E(9)

A(K) B C@O)

BO) Cm) WBEM E() HP) o) IO Kx AQ
BEOM 1O ) JI© Ke AG By Cp) FD@W E0

E(B) Hkx) I JO Km  A©Q BE CEO)

C() E(3) H@ I» JK® Ko A® B®m)

H(s)  1(3)

Iy) K@)  A@ B} Cx) [ID@OM E©)
Ie) J® K AP B@ Ck IDEE Eo H(0)
Hn) 10  Je KO A@ B@E) C) ID@E Ex

Hy [0 Jm) K© A@E BE C@) E(at)
E(y) HM  Ix)  JO KO  A@m BQ Ce)
A C(v) E(n) HG) Iy)  IB)

K(a) B(x)

Figure (7) 11*11 Graeco Latin Square Design
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F(v 1) Je) K@)
Jm) K@ L(e) M) A(y) B(B) F(V) 1(0)
F(y)
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Figure (8) 13*13 Graeco Latin Square Design
4. Results
The accuracy of the results depends to a great extent on the design and analysis of the
experiment. The more accurate results can be obtained, the better the decisions are. The

designs used vary according to the nature of the experiment. Each of these designs fits a
specific goal. This design or that, and the experience may be simple or complex.

B(v)
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One of the most challenging designs and the creation of the design is the design of the
GLSD (Graeco Latine Square Design), because the design requires not to repeat the Latin and
Greek letters once in the row, and column with another condition is not to repeat the Latin
with Greek letters only once in any experimental unit, it is difficult. In the design 6x6 cannot
provide this condition so cannot apply with this design, | managed to find a way to fit all the
designs in the case of the number of individual transactions nxn odd number of treatments.

5. Discussion

We can use this technique for any nxn odd number of (rows, columns or treatments (Latin
letters or Greco letters)).

In conclusion programming the proposed method in advanced statistical packages, such as
Minitab, Matlab, Statgraphics, R, and SPSS.
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Appendix: 3*3 Graeco Latin square design by visual basic in Excel
Sub Macrol()

' Macrol Macro
' Keyboard Shortcut: Ctrl+q

ActiveCell.FormulaR1C1 = "if t=3"
Rows(*"3:5").Select
Selection.RowHeight = 24.75
Range("A3:C5").Select
Selection.Borders(xIDiagonalDown).LineStyle = xINone
Selection.Borders(xIDiagonalUp).LineStyle = xINone
With Selection.Borders(xIEdgeL eft)

.LineStyle = xIContinuous
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.Colorindex =0
.TintAndShade = 0
.Weight = xIThin
End With
With Selection.Borders(xIEdgeTop)
.LineStyle = xIContinuous
.Colorindex =0
.TintAndShade =0
.Weight = xIThin
End With
With Selection.Borders(xIEdgeBottom)
.LineStyle = xIContinuous
.Colorindex =0
.TintAndShade =0
.Weight = xIThin
End With
With Selection.Borders(xIEdgeRight)
.LineStyle = xIContinuous
.Colorindex =0
.TintAndShade = 0
.Weight = xIThin
End With
With Selection.Borders(xlInsideVertical)
.LineStyle = xIContinuous
.Colorindex =0
.TintAndShade = 0
.Weight = xIThin
End With
With Selection.Borders(xlInsideHorizontal)
.LineStyle = xIContinuous
.Colorindex =0
.TintAndShade = 0
.Weight = xIThin
End With
Range("C4").Select
ActiveCell.FormulaR1C1 = "a"
Range("C4").Select
ActiveCell.FormulaR1C1 = "A1"
Range("A3").Select
ActiveCell.FormulaR1C1 = "A2"
Range("B5").Select
ActiveCell.FormulaR1C1 = "A3"
Range("A5").Select
ActiveCell.FormulaR1C1 = "B1"
Range("B4").Select
ActiveCell.FormulaR1C1 = "B2"
Range("C3").Select
ActiveCell.FormulaR1C1 = "B3"
Range("B3").Select
ActiveCell.FormulaR1C1 = "C1"
Range("C5").Select
ActiveCell.FormulaR1C1 = "C2"
Range("A4™).Select
ActiveCell.FormulaR1C1 = "C3"
Range("A3:C5").Select
With Selection
.Horizontal Alignment = xICenter
VerticalAlignment = xIBottom
WrapText = False
.Orientation =0
AddIndent = False
.IndentLevel =0
.ShrinkToFit = False
.ReadingOrder = xIContext
.MergeCells = False
End With
With Selection
.Horizontal Alignment = xICenter
VerticalAlignment = xICenter
WrapText = False
.Orientation =0
.AddIndent = False
.IndentLevel =0
.ShrinkToFit = False
.ReadingOrder = xIContext
.MergeCells = False
End With
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Range("A3:C5").Select
Selection.Copy
Range("F3").Select
ActiveSheet.Paste
Range("E3").Select
Application.CutCopyMode = False
ActiveCell.FormulaR1C1 = "=RAND()"
Range("E3").Select
Selection.AutoFill Destination:=Range("E3:E5"), Type:=xIFillDefault
Range("E3:E5").Select
Range("E3:H5").Select
ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Clear
ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range("E3"), _
SortOn:=xISortOnValues, Order:=xlAscending, DataOption:=xISortNormal
With ActiveWorkbook.Worksheets(*"Sheet1").Sort
.SetRange Range("E3:H5")
.Header = xINo
.MatchCase = False
.Orientation = xITopToBottom
.SortMethod = xIPinYin
Apply
End With
Range("E3:E5").Select
Selection.ClearContents
Range("F3:H5").Select
Selection.Copy
Range("F11").Select
Selection.PasteSpecial Paste:=xIPasteAll, Operation:=xINone, SkipBlanks:= _
False, Transpose:=True
Range("E11").Select
Application.CutCopyMode = False
ActiveCell.FormulaR1C1 = "=RAND()"
Range("E11").Select
Selection.AutoFill Destination:=Range("E11:E13"), Type:=xIFillDefault
Range("E11:E13").Select
Range("E11:H13").Select
ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Clear
ActiveWorkbook.Worksheets("'Sheet1").Sort.SortFields.Add Key:=Range("E11"), _
SortOn:=xISortOnValues, Order:=xlAscending, DataOption:=xISortNormal
With ActiveWorkbook.Worksheets(**Sheet1").Sort
.SetRange Range("E11:H13")
.Header = xINo
.MatchCase = False
.Orientation = xITopToBottom
.SortMethod = xIPinYin
Apply
End With
Range("E11:E13").Select
Selection.ClearContents
Range("F11:H13").Select
Selection.Cut
Range("J3").Select
ActiveSheet.Paste
Columns("1:1").Select
Selection.Insert Shift:=xIToRight, CopyOrigin:=xIFormatFromLeftOrAbove
Range("K3:M5").Select
ActiveSheet.Shapes.AddShape(msoShapeStripedRightArrow, 156.75, 60.75, 74.25, 21 _
).Select
Selection.ShapeRange.Duplicate.Select
Selection.ShapeRange.IncrementLeft 239.25
Range("K7:M7").Select
With Selection
.Horizontal Alignment = xICenter
VerticalAlignment = xIBottom
\WrapText = False
.Orientation = 0
.AddIndent = False
.IndentLevel =0
.ShrinkToFit = False
.ReadingOrder = xIContext
.MergeCells = False
End With
Selection.Merge
ActiveCell.FormulaR1C1 = "Final Design"
Range("K3").Select
End Sub
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