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Abstract

The strip plot design is one of the uncommon experimental designs and thus
most researchers had little or no knowledge of it. Though it has semblance of the
split plot design, it is used differently. This paper examines conditions or
situations that necessitate the use of the strip plot designs and explains
comprehensively with designed examples of experiments on how to handle such
designs. The chapter examines the factor that is mainly used when greater
precision is given to the interactions between the two factors. It also shows how

the two factors are arranged in the design.
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7.1 Introduction

The strip plot design is most uncommon and less used design. However its use
becomes necessary when the experimenter or the researcher needs to handle
certain experiments. It used for analysing two factor experiments in which the
factors to be handled are so large that they cannot be accommodated in a split plot
design or would bring about a condition of heterogeneity in terms of the factors
being considered. For instance in a two factor (subplot factor and main factor)
experiment which involves testing the effects of four (4) tillage methods - subplot
factor; and four (4) soil types - main plot factor on productivity of crops. In the
design of such an experiment since large space is involved, it cannot be
accommodated in a split plot design because large land space is needed and this
would bring about heterogeneity. As a result the appropriate design for such
experiment would be the strip plot design. In the strip plot design, the factors are
handled by arranging them in strips. The factors are arranged and placed in a
horizontal strip, vertical strip and interaction strip. One factor is placed in the
horizontal strip and the second factor in the vertical strip; and the interactions
between the factors placed in the vertical and horizontal strips are observed in the
interaction strip, which is diagonal to the vertical and the horizontal strips.

While in the split plot designs, greater precision is given to the subplot
factors while sacrificing that of the main plot factors; in strip plot designs, the
precision for both the main plot factors and the subplot factors are sacrificed to
give greater precision to only their interactions. Thus this design is only used
when the experimenter needs to give greater precision to the interactions
between the two factors being considered in an experiment. Usually in a strip
plot design, the subplot factors are arranged by randomizing and placed within
the horizontal strips while the main plot factors are placed in the vertical strips.
The interactions between both factors are then seen or observed diagonally
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between the spaces or field between the vertical and horizontal strips as in the
diagrammatic illustration given below:

REPLICATION 1

B1 B1A1l B1A2 B1A3 B1A4
B2 B2A1 B2A2 B2A3 B2A4
B3 B3Al B3A2 B3A3 B3A4
B4 B4A1 B4A2 B4A3 B4A4
Al A2 A3 A4

REPLICATION 2

B2 B2A2 B2A3 B2A4 B2A1
B3 B3A2 B3A3 B3A4 B3Al
B4 B4A2 B4A3 B4A4 B4A1l
B1 B1A2 B1A3 B1A4 B1A1l
A2 A3 A4 Al

REPLICATION 3

B3 B3A3 B3A4 B3Al B3A2
B4 B4A3 B4A4 B4A1 B4A2
B1 B1A3 B1A4 B1A1l B1A2
B2 B2A3 B2A4 B2A1 B2A2
A3 A4 Al A2

For the purpose of illustrating and explaining the strip plot design, we
proceed to design a strip plot experiment and learn how to analyze it. Assuming
we are considering a strip plot experiment to study the effect on four (4) tillage
methods on four (4) different soil types, we will have a similar design as given
above, where the variables B are the sub plot factors arranged in the vertical
strip and A, the main plot factors arranged the horizontal whereas the
interaction between the subplot factor and the main plot factor.

Thus in the experimental layout, the vertical strip must be divided into four to
contain the four different levels of the main factor A; the horizontal strip must

http://www.sciencepublishinggroup.com 153



Basic Concepts and Applications of Experimental Designs and Analysis

also be divided into four to contain the four different levels of the second factor
B. The interaction between the two factors A and B (A x B) is observed in the
interaction strip. This is done for every replication. Therefore if three (3)
replications are to be considered, then the arrangement is done three times.

Analysis of this design is done in three-fold: analyzing the vertical strip, the
horizontal strip and the interaction strip. The vertical analysis is done by first
creating a cross table of the replication and the main factor which in this case is
A. The analysis of the design involves computing the Sum of Squares (SS) due
to the main factor (A); SS due replication; SS due to the interactions between
the main factor (A) and replication (R) — A x R; and then the error SS (x). The
horizontal strip analysis involves creating a cross table of the second factor and
the replication and using it to compute the SS due to the second factor (B); SS
due to the replications; SS due to the interaction between B x R; and the SS due
to error (y). For the analysis of the interaction strip, the cross table of the main
factor and the second factor is generated and then used in computing the SS due
to the interaction of two factors (A x B). Thus the Total SS can be computed by
considering every observation of the experiment while the error SS (z) can be
obtained by subtracting all various variations from the Total SS variations.

Now let us assume a researcher used strip plot design to investigate the effect
of four tillage methods (A) and four different soil types (B) with the experiment
replicated three (3) times and obtained the results as shown in the table below:

REPLICATION 1

B2 1.3 14 1.3 11
B3 1.5 14 1.5 13
B4 14 1.6 1.5 1.6
B1 1.4 1.2 1.7 13

A2 A3 A4 Al

154 http://www.sciencepublishinggroup.com



Chapter 7 Strip Plot Design

REPLICATION 2

B1 13 14 14 23
B2 1.4 15 15 13
B3 15 13 13 1.4
B4 1.8 13 1.4 1.4
Al A2 A3 A4
REPLICATION 3
B2 2.4 16 13 2.1
B3 16 2.0 15 2.0
B1 2.4 16 1.4 1.9
B4 1.4 15 17 1.8
A4 A3 Al A2
A A, A A,
B, 11 13 14 13
B, 13 15 14 15
REPLICATION 1 B, 16 14 16 15
B, 13 1.4 12 17
B, 13 1.4 14 23
B, 1.4 15 15 13
REPLICATION 2 B, 15 13 13 14
B, 18 13 14 14
B, 13 2.1 16 2.4
B, 15 2.0 2.0 16
REPLICATION 3 B, 14 1.9 16 2.4
B, 17 18 15 14

7.2 For the Vertical Strip Analysis

Cross tabulation of Replication and Tillage Method (R x A)

http://www.sciencepublishinggroup.com
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Al A2 A3 A4 Rep Totals
REPLICATION I 5.3 5.6 5.6 6.0 225
REPLICATION Il 6.0 5.5 5.6 6.4 235
REPLICATION Il 5.9 7.8 6.7 7.8 28.2
Tillage Method Totals 17.2 18.9 17.9 20.2
Grand Total 74.2

Calculating the Grand Total (GT)
n=12

GT = Z (53 +5.6+5.6+ 6.0+ +7.8) =74.2

i=1,)=1

Calculating the Correction Factor (CF)

GT)?
F= (ralz
74.2)2
CF= %
P 5505.64
48
CF = 114.70

where r=no. of replications a=no. of levels of tillage methods, b=no. of levels of
soil.

At this point one must compute the sum of squares for items or factor within
the vertical strip and these are done be done and illustrated below:

Calculating the Total Sum of Squares (TSS)

TSS = Z sum of square of all observations — CF

n=48

TSS = Z (a1 by rl)z + o (a2b3r3)2 —CF
i=1,=1k=1
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TSS = Z[(1.1)2 + (1.3)% + (1.4)% + (1.3)% + - + (1.4)%] — 114.70

TSS = 2[1.21 +1.69 + 196+ 1.69 + --- + 1.96] —114.70

TSS = 118.96 —114.70
TSS = 4.26

Calculating the Replication Sum of Squares (RSS)

RSS = Z [(Ri)? + (Rap)” + (R3y)’]

— CF
ab ¢
22.5)2 + (23.5)2 + (28.2)?
RSS=Z[( )+ @357+ @D 1,00
4 x4
[506.25 + 552.25 + 795.24]
RSS = Z = — 11470

[1853.74]
RSS = Z(T — 114.70)

RSS = 115.86 — 114.70
RSS =1.16

Calculating the Tillage Method Sum of Squares (ASS)

ASS = z [(A17)° + (A2p)” + (A3 + (Aap)’]

CF
br
17.2) + (18.9)% + (17.9)% + (20.2)?
ASS=Z[( )"+ (18.9)" + (17.9) + (20.2)7] .
4x3
[295.84 + 357.21 + 320.41 + 408.04]
ASS = Z = — 11470

[1381.5]
ASS = Z(T — 114.70)

ASS =115.13 — 114.70
ASS =0.42

Calculating the Replication and Tillage Method Sum of Squares (RASS)
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Note: one is expected to use the cross tabulation table for replication and

machine type

n=12 (Ayr)? + + (Ayr)?
i=1j=1
5.3)% 4 (5.6)* + (5.6)* + -+ + (7.8)*
RASSZZ[( Lreo (4 ) T 11470
[28.09 + 31.36 + 31.36 + - + 60.84]
RASS = Z 2 — 114.70

[466.76 |
RASS = Z — 11470

RASS = (116.69 — 114.70)
RASS =1.99
Error (x)Sum of Squares (for the vertical strip) = RASS — RSS — ASS
E(x)SS = RASS — RSS — ASS
E(x)SS = 1.99 — 1.16 — 0.42
E(x)SS = 0.41

7.3 For the Horizontal Strip Analysis

Cross tabulation of Replication and Soil Type (R x B)

B1 B2 B3 B4 Rep Totals
REPLICATION I 5.6 51 5.7 6.1 225
REPLICATION II 6.4 5.7 55 5.9 235
REPLICATION I 7.3 7.4 7.1 6.4 28.2
Soil Type Totals 19.3 18.2 18.3 184
Grand Total 74.2
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Calculating the Replication Sum of Squares (RSS)

RSS = Z [(Ri;)* + (RZT)Z + (R3T)2]

— CF
ab
22.5)2 4 (23.5)% + (28.2)2
RSS=Z[( )+ (2357 + (28271 114.70
4 x4
[ 506.25 + 552.25 + 795.24]
RSS = Z G — 114.70

[1853.74]
RSS = Z(T — 114.70)

RSS = 115.86 — 114.70
RSS =1.16

Calculating the Soil Type Sum of Squares (BSS)

z [(B1,)* + (B2;)* + (B3;)* + (By,)?] B

BSS = CF
ar
19.3)? + (18.2)% + (18.3)% + (18.4)?
BSS:z[( )" +(18.2)7 + (18.3)° + (184)°] 11470
4x3
[372.49 4+ 331.24 + 334.89 + 338.56]
BSS = z 17 — 114.70

[1377.18]
BSS = Z(T — 114.70)

BSS = 114.77 — 114.70
BSS = 0.07

Calculating the Replication and Tillage Method Sum of Squares (RBSS)

Note: one is expected to use the cross tabulation table for replication and
machine type

CF

n=12 (B r )2 + n (B - )2
RBSS = Z 1 SO

a
i=1,j=1
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_ Z [(5.6)2 + (5.1)2 + (5.7)2 + - + (6.4)?]

RBSS 2 — 114.70
[31.36 + 26.01 + 32.49 + --- + 40.96]
RBSS = Z 2 — 114.70

[465 ]
RBSS = ZT — 114.70

RBSS = (116.25 — 114.70)
RBSS = 1.55
Error (y) Sum of Squares (for the horizontal strip) = RBSS — RSS — BSS
E(y)SS = RBSS — RSS — BSS
E(y)SS = 1.55-1.16 — 0.07
E(y)SS = 0.32

7.4 For the Interaction Strip Analysis

Cross tabulation of Tillage Method (A) and Soil Type (B) (A x B)

Al A2 A3 A4 B Totals
B1 4.0 4.7 4.2 6.4 19.3
B2 3.8 4.9 45 5.0 18.2
B3 4.3 4.8 4.7 45 18.3
B4 5.1 45 45 4.3 18.4
ATOTAL 17.2 18.9 17.9 20.2 74.2

Calculating the Sum of Squares of the interaction between Tillage Method

and Soil Type
nilé (B2 + oot (A4 By)?
(AxB)SS = -
i=1,j=1 "
) 2 2.4 ... 2
s = Z[(M) +(4.7)% + (r4-2) Tt (3T a0
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AxB)SS = Z [16 + 22.09 + 17.64 + --- + 18.49]
(AxB)SS = .

[248.23 ]
(AxB)SS = ZT — 114.70

(AxB)SS = 116.42 — 114.70
(AxB)SS = 1.72
Error (z) Sumof Squares (E(z)SS)

— 114.70

= TSS — (RSS + ASS + E(x)SS + BSS + (AxB)SS + E(¥)SS

E(z)SS =4.26 — (1.16 + 0.42 + 0.41 + 0.07 + 1.72 + 0.32)

E(2)SS = 4.26 — 4.1
E(2)SS = 0.16

7.5 Completing the ANOVA Table

Sources of df Sum of Mean Sum of
Variation Squares (SS) Squares (MSS)
Replication r-1=3-1=2 1.16 # =0.58
Main factor - 0.42
Tillage Method a-1=4-1=3 0.42 T =0.14
(A)
Error (x) (r-1)(a-1) =2x3=6 0.41 0'—:1 = 0.07
Sub factor — Soil _ _ 0.07
type (B) b-1=4-1=3 0.07 — = 002
(r-1)(b-1) = (3-1)(4-1) 032
Error (y) —2%3=6 0.32 — = 0.53
Interaction
between — Tillage  (a-1)(b-1) = (4-1)(4-1) 172
Method x Soil =3x3=9 172 5 Uk
Type (A x B)
(r-1)(a-1)(b-1) =(3-1)(4- 0.16
Error (z) 1)(4-1) =2 x3x3 = 18 0.16 S 0.01
Total rab-1=48 -1 =47 4.26

Fcal

MSS(A)

MSS (error x)
_ 0.14

=007 2

MSS(4)
MSS(errory)
2

=m = 0.04

MSS(4)

MSS(error z)
0.19

=001 *?
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Reading of the F-critical or tabulated values from the F- table at the various
assigned levels of significance allowed.

For the case being considered, 1% and 5% levels of significance would be used.

F-critical table at 5% (0.05)

Critical values of F for the 0.05 significance level:
1 2 3 4 = 6 7 8 9 10
16145 19950 21571 22458 23016 23399 23677 23888 24054 24188
1851 19.00 1916 1925 1930 1933 1935 1937 19.39 1940
10.13 9.55 9.28 9.12 9.01 8.94 .89 8.85 8.81 8.79
7.1 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 596
6.61 579 541 5.19 5.05 495 488 482 477 474
5.99 5.14 78 453 4.39 428 421 415 410 4.06
559 474 435 412 397 387 379 373 368 364
532 446 407 384 360 358 350 344 339 335
512 426 3.86 363 348 337 3.29 323 3.18 3.14
10 497 410 371 348 333 322 314 307 302 298
1 4.84 398 359 3.36 3.20 3.10 30 295 2.90 285
12 475 3.89 349 3.26 311 3.00 291 285 2.80 275
13 467 381 3M 318 303 292 283 277 271 267
14 460 3.74 334 311 296 285 276 2.70 2.85 260
15 454 368 329 3.06 2.90 279 27 264 2.59 254
16 449 363 324 3.01 285 274 266 259 254 249
17 445 350 320 297 2381 270 261 255 249 245
18 44 3.56 3.16 293 277 266 258 2.51 pag 241
19 438 352 313 290 274 263 254 248 242 238

WO ~NOOE WS

F-critical table at 1% (0.01)

Critical values of F for the 0.01 significance level:
1 2 3 4 5 6 7 8 9 10
405219 499952 540334 562462 576365 585897 592833 598110 602250 605585
9850 9900 9917 9925 9930 9933 9936 9937 9939 9940
3412 3082 2046 2871 2824 2791 2767 2749 2735 2723
2120 1800 1669 1598 1552 1521 1498 1480 14866 1455
1626 1327 1206 1139 1097 1067 1046 1029 1016 1005
1375 1083 978 915 875 847 826 810 798 787
1225 955 845 785 746 719 699 684 672 662
11.26 365 759 7.01 6.63 637 6.18 6.03 591 581
10.56 3.02 6.99 6.42 6.06 580 561 547 535 526
10| 1004 756 655 599 564 539 520 506 404 485
11 965 721 622 567 532 507 489 474 463 454
12 933 693 595 541 506 482 464 450 439 430
13 907 670 574 521 486 462 444 430 419 410
14 8.86 6.52 556 504 470 446 428 414 403 394
15 868 6.36 542 489 456 432 414 400 390 381
16 853 623 529 477 444 420 403 389 378 369
17 840 611 519 467 434 410 3903 379 368 359
18 829 6.01 509 458 425 402 384 a7 360 351
19 819 503 501 450 417 394 377 363 352 343

CoO~N®D oW S

Note: The read values from the table have been highlighted to show how the
F-critical values read from the F-table. The values are always read using the
degree of freedom of a particular source of variation against the degree of
freedom of a particular error.
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Sources of Variations Fcal Fcrit (5%) Fcrit (1%)
Main Plot Factor (A) % ) df(3,6) = 4.76 df(3,6) = 9.78
0.02
Sub Plot Factor (B) = 0.04 df (3,6) =4.76 df(3,6) =9.78
Interactions ( A x B) % ~1.16 df (9,18) =2.46 df(9,18) = 3.60

7.6 Taking the Decision and Making the Conclusion

Main Plot Factor (Tillage Method):
Fcal (2) < Fcerit (df 3,6 @ 5% = 4.76)
Fcal (2) < Ferit (df 3,6 @ 1% = 9.78)

Conclusion on Main Plot Factor (Soil Type):

There is no significance difference exists between the tillage methods (A)
used in the experiment at both levels of significance. Thus the tillage methods

are similar.

Subplot Factor or Second Factor (Soil Type):
Fcal (0.04) < Fcrit (df 3,6 @ 5% = 4.76)
Fcal (0.04) < Fcrit (df 3,6 @ 1% = 9.78)

Conclusion on Subplot (Soil Type)

No significant difference exists between the various soil types. Meaning the

soil types did not differ statistically

Interactions (M x W):
Fcal (1.16) < Fcrit (df 9,18 @ 5% = 2.46)
Fcal (1.16) < Fcrit (df 9,18 @ 1% = 3.60)
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Conclusion on Interactions (A x B)

There exists no significance difference. Hence one can conclude that the

interactions between the main and sub factors did not differ statistically.
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