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Calculation of the Two-Way
Analysis of Variance (ANOVA)

Using a Programable Pocket
Calculator

By: Paul D. Evenson

Assoc.

Professor

Plant Science and Statistics

The two-way ANOVA is one of the most
used experimental designs in statistics.
A program is described in this paper which
requires the input of each piece of data
only once.

The calculator computes the means of
all rows and columns, the complete ANOVA
including F-tests, the components of

variance, and the coefficient of variation.

An unlimited number of 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 tests the homogeniety
If there

are significant differences among row

of row means and column means.

means, we will reject the null hypothesis
that means of populations (u,'s) of row

factors are equal (H, : My = M,
ur), and accept the alternative hypothe-
sis that means of populations of row

factors are unequal (H1 P # by £ ...
# ur). In the same manner, if there are

significant differences among column means,

we reject H = ... = u_ and
o c

H1 T M
accept H1 P # Moy A My

The X.. denotes the variable in the
iig- row and the jEE column, where i = 1,
2, 3, .., ¢c. A

dot (.) in place of a subscript means that

.., rand j =1, 2, 3,

the variables have been summed across the

subscript, e.g., IX,. _ X.J

i 1J

Formulas for Calculation of Row and Column Means

= X5,
¢

1l. row means = xi

2. column means = x , =<



Note:

2
1. correction term = C = X.. 2. total sum of squares = SS_ = IX..
er T ij
ZXi 2 X .,
3. row sum of squares = SSR =i~ -C 4. colum sum of squares = SSc =Jj°
c T
5. "error sum of squares = SSE = SST - SSR - SSC
d.f. = degrees of freedom
M.S. = mean square = Ir
M.S.E. = mean square expectations
02 = variance of population
s2 = variance of a sample
ANOVA
Source ar SS MS F MSE
Total rec-1 SST - - -
Row r-1 SSR SSR s MSR . 5
-1 R WS, o T co
Colum c-1 SSC SSC s MSC 02 - rog
c-1 C MS
E
Error (r-1)(e-1) SSE SSE s 02
r-1)(c-1 E

Formulas for Calculation of Two-Way ANOVA

Formula for Calculation

02 = MSE
2 o MS, - MSp
C
T
oé = MSR - MSE

of Coefficient of Variation (C.V.)

]ﬁ‘i
E
. x 100

c.V. =

X..

where X.. =
rc




User Instruections

41 Two-way ANOVA

% Xij %5,
STEP INSTRUCTIONS DA'T'X',’S,LTS KEYS Dfrlf/s:rrs
1.| Set print mode switch to "Norm" l:] l_____l
2.| Initialize [f ]
Do 3~ 5forrowsi=1,2, ..., r | I ]
3.1 Input X3 Xsq A L | Count
%4.] Input X;j for successive values in the ith J0 7]
row for colums j = 2, 3, ..., c Xs 5 [rss)l ] Count
5.] Calculate row mean L] X5 . I
Calgulate mean for colum 1 IQ_J L_F )_(..]
7. | Calculate means for successive columns from D [:l
column 2, 3, ..., c rR/S| ] | X.5
R/SI_ ] | %5
C I G
[
8. | Calculate sum of squares (SS) R |
Mean Squares (MS) and Degrees of Freedom (d.f. ) [D ] Total SS
R Row SS
F~J | Col. SS
| 10 ] Res. SS
|
L 11 [Row af
[ 11 | Row MS
LT ]
[ 101 [cor. ar
[ 1 ] Col. MS
L1 ]
[ _JL__ ] |Res. ar
l ] l:l Res. MS
L I ]
9. | Calculate F-values (£ ]I | |F (row)
[ 1] |F (ecol.)
[ 1] ,
10. | Calculate components of variance LB.,[S_J |_:| SR
(N e
I I e
10 ]
11. | Coefficient of Variation (CV) R/S|[ ] [|cv




N

10.
11.

12.

13.
14.
15.
16.

17.

18.

19.

Row

J Columns
i 2 3 4
7 6 8 7
44 4
6 5 3

Set Print Mode Switch to "NORM"

. ()
© O GO EEEEEM

®

Initialize

Row, Mean

Row2 Mean

Row., Mean

Coll Mean

Col2 Mean

Outputs:

GSBe

7.

6.

00

00

.00

.00

.00
.00
.00
.00

.00

.50

.00

.00

.00

.00

.50

.33

.33

GSBA
R/S
R/S
R/S
GSBB
X% %
GSBA
R/S
R/S
R/S
GSBB
*¥¥
GSBA
R/S
R/S
R/S
GSBB

X% %

GSBC

*%%

R/S

X% %



20. R/S
Col3 Mean 5.67 ¥%%

21. R/S
Col4 Mean 4 67 %x%%

22. (::) GSBD
Total SS 36.00 **¥
Row SS 26.00 **x
Col. SS 3.33 ¥%%
Res. SS 6.67 **x
Row df 2.00 *xx
Row MS 13.00 *%%
Col. df 3.00 *¥%
Col. MS 1.11 *x*x

Residual df 6.00 *x¥x

Residual MS 1.11 *¥x

23. (::) GSBE

F (Row) 11.70 **x
F (Col.) 1.00 *%%
24 R/S
sﬁ 2.97 *%%

S8 - 5.666666667 - 09 *¥x

s? 1.11 *xx
25. R/S
cv 21.08 *%%
Note: Reject H, : Hy T By T el T U and
accept Hy : g £ U, oo 7 W, with respect to row means.
We cannot reject Hy : By T Hp T . T, with respect to

column means.



Example

ESBc

7.0@8 ESBA
6.88 K-S
8.88 K-S
7.808 K/S
65BE

7.86 xxx
2.88 G5BR
4.88 R-/S
4,868 R-S
4.88 R-S
GSBR

3.56 »xx
4,88 GSBA
.88 R-S
5.8 R-S
3.88 R-S
GSBE

4.58 xxx
ESBC

4.33 xxx
R-8

5.33 axx
R~8

S.67 1ny
k<8

4,67 akx
ESBD
36.86 xxx
26.88 xxy
3.33 #xx
6.67 1xn
2.08 xxx
13.88 xxx
3.68 xxx
1.11  xxx
6.86 iy
1.11  xxx
GSBE
11,78 xxx
1.68 xxx
R/8

2.97  xwx

-3, EO6BEE667-89  xxx

1.11  wxx
R-§
21.88 wxx

Published maccordance with an Act passed in 1881 by the 14th Legislative Assembly, Dakota Territory, estahlishing the Dakota Agriesltiral CoHege and with the Act of 1e-ongansahion
passed i I8KT by the 17th Legislative Assembly, which established the Agricultural Experiment Station at South Dakota State Unn ersity.
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