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Calculation of the Two-Way
Analysis of Variance (ANOVA)
with Subsampling Using a
Programable Pocket
Calculator

By: Paul D. Evenson

Assoc.

Professor

Plant Science and Statistics

The two-way ANOVA with subsampling is
one of the more popular experimental
designs in statistics. It has an
advantage over the standard two-way
ANOVA, because the existence of an inter-
action between rows and column can be
detected.

A program is described in this paper
which requires the input of each piece
of data once, and the input of row by
The calculator

computes means and totals for each cell

column totals once.

within the rows and columns, as well as
means for each row and column.

The program also computes the complete
ANOVA, the F-tests for all four possible
models, and the coefficient of variation.
An unlimited number of subsamples and
rows and up to ten columns can be
handled by this program, which was
written for the Hewlett-Packard 97
programable "pocket" calculator.

The two-way ANOVA with subsampling
tests the homogeniety of row means and
column means and tests for the existence

of an interaction between rows and

columns.

If there are significant differences
among row means, reject the null hypothe-
sis that means of populations (u,'s) of

By T M,
= ur), and accept the alternative

row factors are equal (Hb :

hypothesis that means of populations of
row factors are unequal (H1 Py # My #

oo F ur).

are significant differences among columm

In the same manner, if there
means, reject HO PHy T Hy = e Ty
and accept H1 My # My £ ool # M,
Also, test the hypothesis of no inter-
action. If there is a significant
interaction, reject this hypothesis

and accept the one that says there is

an interaction.

The s;)rmboltimk denotes thet;ariable
that is the k— subsample in i— row and
,]'E—11 column, where k =1, 2, 3, ..., S;
i=1, 2, 3,

ceey C.

..., r;and j =1, 2, 3,

A dot (.) in place of a sub-
script means that the variables have been
summed across that subscript, e.g.,

X

ssq = Xsoso
X ijk ij




Formulas for Calculation of Row by Column Totals and Means and for
the Calculation of Row Means and Column Means

1. row by column totals = X,

1J.
2. row by column means = Eij. = 4.
S
- X3
3. row means = x5, = _1--
s8¢
4. column means = X, j, = X.J.
sT

-

Formulas for Calculation of the Two-Way ANOVA with Subsampling

1. correction term = C =

2. total sum of squares = SST = I X,.. -2¢C

SC

X ., °
-J.

sTr

3. row sum of squares = SSR =

4. column sum of squares = SSC =

5. row by column sum of squares = SSRC ==L R c

2
6. sampling error sum of squares = SS_ = I (XX . 2 Xij. )

= 85p - SSp - S5, - S5,

Note: d.f. = degrees of freedom
M.S. = mean square = %%

M.S.E. = mean square expectations

02

2
s

variance of a population

variance of a sample




Table 1. ANOVA (Both Row and Column Effects Fixed)

Source af SS MS F MSE
Total res-1 SST ——
Row r-1 SS SS
R R _ 1o PR 2, 2
r-1 R MSE R
Column c-1 SS SS MS
C C _ MS C 02 . SrUZ
c-1 C MSE C
RxC (r-1)(e-1) SSp; ssRC MSRC 5 5
=1 )e-1) - Wope WS, " %%
Sampling re (s-1) SSg SSp 5
Error m = MSE g

Teble 2. ANOVA (Row Effects Fixed and Column Effects Random)

Source af SS MS F MSE
Total
Row SAME MS 2 2 2
R g + SGRC + scwR
Moh0
Column __MS_C_ o2 + sro.g
MSE
AS
RxC MSRC 0‘.2 . S‘I}ztc
TABLE 1 MSE
Sampling 2

Error o]




Table 3. ANOVA (Row Effects and Column Effects Random)

Source daf SS MS F MSE
Total
SAME
Row MSR 02 v 52+ sc02
WRC RC R
Column AS MSC 02 . 802 X Sroz
MSRC RC C
RxC MS
RC 2 2
TABIE 1 T +
MSE o SORC
Sampling o2
Error
Table 4. ANOVA (Row Effects Random and Column Effects Fixed)
Source daf SS MS F MSE
Total
Row SAME MS
——R' 02 + sco
MSE
Column MS
—E— o~ + so + 8sro
MSRC RC C
RxC MS 2 2
T RC +
TABLE 1 Toa 9 7 8%
Sampling 5

Error




Calculation of Coefficient of Variation (C.V.)

cv J:M-S:E— x 100 where X... = X...

src

Xeoo

User Instructions

Card 1 2-way ANOVA with subsampl.
1 b-Cl. Reg. _
Xq. Xs.. 1.

s xij- S.S.

ol

X

ij-

STEP INSTRUCTIONS DATAUNITS KEYS DATAIONITS |
Set Print Mode to Norm [ 10 ]
1. | Insert Card 1 L 10 |
2. | Initialize [v ] [o.00
3. | Do 4 ~ 5 for each ijth cell C 00 1
4. | Calculate S.S. for Xjji} in each ijih cell LI ] ]
fromk =1, 2, ..., 8 X1 3k =+ [ ] | x
5. | Calculate total and mean for each ijih cell [ | Xij.
L JL 1 |xiy
6. |Do 7 ~ 9 for each row from i = 1, 2, ..., T LT
7. | Enter total for il1VD cell Xiq. B L] [Comt
8. | Enter Xjj. for successive cells in row i [ 10 ]
fromj =2, 3, ..., ¢ Xio. [R/ST[ ]
X13. EE]1L_]
: I
Xiec. [ees 11 |
9. | Calculate mean for the ilD row (] |x.-.
10. | Calculate mean for column 1 0 JL__ | |x1.
11. | Calculate mean for successive columns from C 10 ]
=2, ..., C ®/S)[ ] ;2
— =
12. | Calculate Sum of Squares (S.S.) [ 1 |Total sS
10 ] Row SS
[ 11 |colum Ss
E:‘ |:l R x CSS
[ 1 |S.Ervor s




4

User Instruections

Card 2 2-way ANOVA with subsampl.

<1F-Values F-Values F-values F-values
(= Row & Col. Row-Fixed Rows & Col.Row-Random
f g Fixed Col.-Randog Random Col.-Fixed

C.V.

INPUT OUTPUT

INSTRUCTIONS DATA/UNITS DATA/UNITS

X
m
<
[/}

Enter Card 2

Calculate degrees of freedom (df) Row d.f.

and mean squares (MS) Row M.S.

Column d4f

Column MS

R x C df

R x CMS

Error d4f

Error MS

F-values where all factors are fixed F (Row)

F (Col.)

F(RxC)

F-values where Rows are fixed and Columns F (Row)

are random F (Col.)

F(RxC)

F-values where all factors are random F (Row)

F (Col.)

F(RxC)

F-values where Rows are random and Columns F (Row)

are fixed F (Col.)

F(RxC)

Coefficient of Variation (C.V.) c.V.

oL adudelOda00.antonoUUoudC Do
I




EXAMPLE

Q%Q%b
S
Rows 1 2 3
76 57 52
1 54 53 39
42 53 78
30 29 37
2 34 08 37
42 38 39
Keystrokes Output
1. Enter Card 1
2. b 0.00 GSBb
3. 76 ( 76.00 £+
‘o 54 TH 54.00 g+
5. 42 I+ 42,00 ¢+
6. @ X1, 172.00 ***
Eil. 57.33 *%%
7. 57 (I+ 57.00 p+
8. 53 (t+ 53.00 T+
9. 53 (I+ 53.00 £+

10. @ X1, 163.00 ¥¥¥

xl2. 54,33 ¥¥x




11,
12.
13.
14.

15.
16.
17.

18.

19.
20,
21,

22,

23'
24,
25.

26.

39
78

A

30
34
42
A

29
8
38
A

37
37
39

29, 169

X271,

&
:
:
&
=

o]

52.00
39.00
78.00
169.00

56.33

30.00
34.00
42.00
106.00

35.33

29.00

g.00
38.00
75.00

25.00

37.00
37.00
39.00
113.00
37.67

172.00
163.00
169.00

56.00

I+
T+
T+
* %%

*% %

T+
I+
T+
X %%

*% %

I+
I+
L+
* %%

* %%

I+
T+
T+
* %%

* %%

GSBB
R/S

R/S

* %%




31, 106 \ B

32.

33. 113 (R/S

37,

39.
40.

75 (R/S

106.00

75.00

C

Enter Card 2

R/S

ol

oo

1
ol

» |

ol

.30

Total SS
Row SS

Col. SS
R x CSS

Error SS

Row df

Row MS

Col. df

Col. MS

R x C df

R x CMS

S. Error 4f

S. Error MS

113.00

32.67

46.33
39.67
47.00

4682,00
2450.00
197.33
89.33
1945.33

1.00

2450.00

2.00

98.67

2.00

44, .67

12.00

162.11

GSBB
R/S

R/S

* %%

* %%
*%%

* %%

* %%
*%%
*¥% %
* %%

*% %

* %%

*% %

*%%

*%%

* %%

*¥%

* %%

* %%




41, (::) R & C - Fixed F - Row 15,11 *%%

F - Col. 0.61 ***

F-RxC 0.28 *¥%

42, R - Fixed F -~ Row 54,85 **%

I~

P

o)
I

C - Random F - Col. 0.61 **%

F-RxC 0.28 **x

43. <::> R & C - Random F - Row 54, .85 *%%
F - Col. 2.21 *%%

F-RxC 0.28 *x¥

Random F - Row 15.11 *%x

C - Fixed F - Col. 2.21 ¥¥%

F-RxC 0.28 *xx

45, @ cv 28,72 *%%

Under all four conditions, we would reject HO T Ha = vee = 1

1 2
and accept Hy @ uy 7 Ho ool # My and we could not reject the

r

hypotheses Ho : My S My T el ® Mo and that there is no row by

column interaction.
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Example
1

GSBD

MCKR ¢ 3}
RS

38,67 kxx
R-E

47.00  xax
65BE

68Z2.88 ¥¥x
Z450.88 ¥xx
197,33 xxx
£9.33 ixx
1945.23 wwx

Card

R-8

1.68 xx¥
2456.86  kx¥
2.88 xxp
88.67 r¥x
2.88 xxx
44,67 xxx
2.88 ¥y
162.11 xxx
ESEr

15,11 »xx
#. 61  kk¥
8.28 nxx
ESPE

54,85 wwx
6.61 xxy
8.28 wxrx
ESBC

54,85 xxx
2.21 xxx
6.28 Knw
ESEL

15.11 »x
.21 rxx
@.28 ¥y
GSEE

28,78 kkx




ag:
aaz
eaz
264
@as
aéc
ear
eE
aes
e1e
611
g1z
@3
@14
@15
g1¢
e17
eis
ais
dil

22
s

023
624
825
ezo
8zt

29
836

2!
@iz
833
634
835
eic

=
<

838
832
e4¢
841
a4z
643
644
045
84c
647
848
649
856
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852
857
854
655
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as5s
659
666

xLELb
CLRG
Fe8
CLRE
CLX
RTN
xLBLA
pas
KCLA
RCLS
+
706
RCLE
RCL4
+
STOE
RCLC
RCL4
NE
+
ST0C
RCLD
RCLY
+
STOG
RCLS
RCL4
PETX
RCLY

FRTX
Xe

RCLS

ST0I1
b3

RCLE
+
STOE
e
ST04
STOS
sT09
SPC
RTN
*LBla
2+
RTN
¥LELB
ST+é
6SEa
R/S
ST+1
65Ba
R/S
§T+2
£5Ba
k-8
ET+3
£5Ba

21 16 12
16-53
16-31
16-53

=31
24
21 1i
16-31

Ty Oy
o

L}
LN D e e O DD e a1+

[N N]
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36
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93

36 499

35 46
=33

=45

36 15
-39

35 15

ee

35 @4

35 65

35 89
le-11

24

21 16 11
96

24

21 12
35-55 @6
23 16 11
91

35-55 61
23 16 11
31

35-55 82
23 16 11
31

35-55 83
23 16 11

Card

661
862
663
864
865
6é¢
867
868
862
ere
é7v1
8’2
673
674
ars
éré
erv
ars
érvs
ese
88l
882
@83
634
685
88e
és7
688
ees
a9a
691
es:
ass
694
895
8%
a97
898
es9
16e
181
182
183
le4
185
18¢
167
168
189
118
111
112
113
114
115
116
117
118
118
128

R-5
ST+4
£SBa

RAE
ST+5
E5Ba

RS
ST+6
6SBa

R/S
ST+7
€SB«

RS
ST+8
65Ba

R<S
ST+9
6SBa

RTN

*LBLC
)
RCL1
1

+
ST01
RCL4
RCLS
RCLI

X

RCL!

PRTX
RCL4
K2
ST+8
]
ST04
pac
SPC
RTN
¢LBLc
p2s
ST+6
K2
ST+7
LSTX
RCLI
RCL1

x
FRTX
psSs
RTN
sLBLD
5
8
ST0é
ST07

&8

1 of Program

31

35-35 64
23 16 11
31

35-55 85
23 16 11
S1

35-55 @6
22 16 11
31

35-55 &7
23 16 11
51

35-35 88
23 16 11
31

35-55 €9
23 16 11
24

21 13
16-51
3¢ 81
@i
=55
35 8l
36 84
36 89
36 46
=35
36 61
-24
=24
-14
36 84
33

55 ee
ee

5 64
16-51
16-11
24

21 16 13
16-51
35-35 66
33

35-55 67
16-63

36 46

36 81
=35

=24

-14
16-51

24

21 14
16-51

66

35 86

35 67
16-351

35

121
122
123
124
125
126
127
i28
29
136
131
132
132
134
135
13€
137
138
139
148
14!
142
142
144
145
14¢
147
148
148
156
151
152
152
154
155
15¢
157
158
158
16€
161
162
163
164
163
13
167
16¢
169
176
171
172
173
174
175
176
177
178
178
188

RCLB
€SBc
RsS
RCL1
ESBc
R/S
RCL2
ES8¢
R-S
RCL3
E5Bc
R~8
RCL4
65Bc
R-S
RCLS
6Sec
R-S
RCLE
ESBc
R<S
RCLT
6SBc
R<S
RCLS
£8Bc
R-S
RCLS
£5B¢c
RTN
*LBLE
seC
RCLA
RCLE
RCLD

36 88

23 16 13
31

36 @1

23 16 13
3!

36 82
23 16 13
31

3¢ 83

23 16 12
31

35 84

23 16 13
a1

3¢ 65

23 16 12
31

36 86

23 16 13
31

36 67

23 16 13
91

36 ee

23 16 13
31

36 89

22 16 13
24
2115
16-11

3¢ 11

36 12

36 14
-24

35 ee

33

36 14
=35

35 a1
-45

-14

35 62
16-51

36 66

36 46

36 @69

36 81
-24

35 66
=35

-24
16-51

36 81
=45

-14

35 63
16-351

36 o7

18!¢
182
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184
185
186
187
188
189
198
i81
192
183
194
185
18¢
187
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198
208
261

282
283

RCLI
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=8

RCL1

PRTX
§T04
RCLC
RCLI
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RCLZ
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PRTX
STOS
RCLE

PRTX
R<S

36 46
3¢ 81
=35
-24
16-31
36 a1

35 64
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Pubbished i accordance with an Act passed m 1881 by the 14th Legislative Assembly, Dakota Ternton, establiching the Dakota Agnicultural College and with the Act of re-orgamization
passed i ISKT by the 17th Legislatine Assembly, which established the Agnenltural Expeniment Station at South Dakota State University.
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