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Using a Programable Pocket 

Calculator 
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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 

of row means and column means. If there 

are significant differences among row 

means, we will reject the null hypothesis 

that means of populations (µi's) of row 

factors are equal (Ho : µ1 = µ2 = = 

µ ), and accept the alternative hypothe-r 
sis that means of populations of row 

factors are unequal(~ : µ1 I µ 2 I 
Iµ ). In the same manner, if there are 

r 
significant differences among column means, 

we reject H µ = µ = = µ and 
0 1 2 C 

accept~ µ1 I µ 2 I .. . I µc . 

The X . . denotes the variable in the 
.th lJ th 
1~ row and the j~ column, where i = 1, 

2, 3, . . . , r and j = 1, 2, 3, .. . , c . A 

dot( . ) in place of a subscript means that 

the variables have been summed across the 

subscript, e.g., f.XiJ. = X. j 
i 

Formulas for Calculation of Row and Column Means 

1. row means = x . 
l. 

2. column means= X • 
X.j 

.J = r 



Formulas for Calculation of Two-Way ANOVA 

1. 
X .. 2 

2 cor recti on ter m= C - - - 2 . total sum of squares= ss = EX .. er T lJ 

2 2 
EX . EX 

row sum of squar es = ss = i l. 
C 4. column sum of squares = ss = j . j 3. 

R 
C 

5. · error sum of squares= S~ = SST - S8.R - ss
0 

Note : d. f . = degrees of freedom 

ss 
M. S. = mean square= df 

M.S. E. = mean square expectations 

2 
a = variance of population 

2 s = variance of a sample 

ANOVA 
Source df ss MS 

Total rc- 1 SST 

Row r - 1 SSR SSR 
- = MS r -1 R 

Colwnn c- 1 SSC SSC 
- = MS c-1 C 

Error (r- l)(c-1) SSE SSE 
- MS 

(r- l)(c-1) - E 

F 

MSR 

MSE 
a 

MSC a 

MSE 

a 

Formulas for Calculation of Variance Components 

2 
a = MS 

E 

a~ = MSC - MSE 
r 

C 

MSE 

2 2 
+ CORI 

2 2 = roe 

2 

Formula for Calculation of Coefficient of Variation (C.V.) 

~~ 
C.V. = 1C.=!_ X 100 x .. 

where x .. X •• 
re 

r 

- C 

C 



STEP 

1. 
2 . 

3. 
4. 

5 . 

6 . 
7 . 

8 . 

9 . 

10 . 

11 . 

User Instruetions 

Two- way ANOVA 
X.. x . 
lJ l . 

INSTRUCTIONS 

Set print mode switch to "Norm" 
Ini tialize 
Do 3 - 5 for rows i = 1 , 2, ... ' r 
Input Xn 

X . 
. J 

Input Xij for successive values in the 

row for colunms j = 2, 3, • • •' C 

Calculate row mean 

Cal9ulate mean for colunm 1 

i"th 

Calculate means for successive columns from 
colunm 2, 3, • • • ' C 

Calculate sum of squares (SS) 

S.S., M.S ., 
d . f 

INPUT 
DATA/UNITS 

Xn 

X;; 
-

Mean Squares (MS) and Degrees of Freedom (d . f . 

Calculate F- values 

Calculate components of variance 

Coefficient of Variation (CV) 

2' F, s s , 

KEYS 

CJCJ 
[L] CL] 
I IC] 
IA 11 I 
CJCJ 
I RISI CJ 
~CJ 
I r, 11 I 
CJCJ 
~CJ 
I R/S! CJ 
CJCJ 
CJCJ 
CJCJ 
en==] I I 
C] I I 

CJCJ 
CJCJ 
CJCJ 
C] I I 

CJCJ 
C] I I 
CJ I I 
CJ I I 
C] I I 
C] I I 
C] I I 
I II I 
IE II I 
C] I I 
I 11 I 
IR!.~ I CJ 
CJCJ 
I IC] 
I IC] 
IR/SI CJ 

OUTPUT 
DATA/UNITS 

Count 

Count 
-

L..!i_. 

X • ] 

-
~ · ? -

x . 3 

-
2 •(' 

Total ss 
Row SS 
Col. ss 
Res . SS 

Row df 
Row MS 

Col. df 
Col. MS 

Res . df 
Res . MS 

F (row) 
F ( col. ) 

si 
s~ 
S2 

CV 



1 

Row 2 

3 

1. Set Print Mode Switch to 

2 . 

3. 7 

4 . 6 

5. 8 

6 . 7 

7 . 

8 . 2 

9. 4 

10 . 4 

11. 4 

12 . 

13 . 4 

14 . 6 

15 . 5 

16 . 3 

17 . 

18 . 

19 . 

Initialize 

G) 

@) 

EXAMPLE 

Columns 
1 2 3 4 

7 6 8 7 

2 4 4 4 

4 6 5 3 

"NORM" 

Row1 Mean 

Row
2 

Mean 

Row
3 

Mean 

Col1 Mean 

Col2 Mean 

Outputs : 

GSBc 

7.00 GSBA 

6 .00 R/S 

8 . 00 R/S 

7 .00 R/S 

GSBB 

7 .00 *** 

2 .00 GSBA 

4 .00 R/S 

4 .00 R/S 

4 .00 R/S 

GSBB 

3. 50 *** 

4 .00 GSBA 

6 . 00 R/S 

5.00 R/S 

3 . 00 R/S 

GSBB 

4 . 50 *** 

GSBC 

4 . 33 *** 

R/S 

5. 33 *** 



20 . @) R/S 

Col
3 

Mean 5 . 67 *** 

21. @ R/S 

Col
4 

Mean 4 .67 *** 

22 . G GSBD 

Total SS .36 .00 *** 

Row SS 26 .00 *** 

Col. ss 3.33 *** 

Res . ss 6 .67 *** 

Row df 2 .00 *** 

Row MS 1.3 .00 *** 

Col. df 3.00 *** 

Col. MS 1.11 *** 

Residual df 6 . 00 *** 

Residual MS 1.11 *** 

23 . 0 GSBE 

F (Row) 11 . 70 *** 

F ( Col. ) 1.00 *** 

24 . @ R/S 

s~ 2 .97 *** 
2 Sc - 5 .666666667 - 09 *** 

82 1.11 *** 

25 . @) R/S 

CV 21 . 08 *** 
Note : Reject Ho µl = µ2 = = µr and 

accept Hl µl f µ2 f f µ with respect r to row means . 

We cannot reject Ho µ1 = µ2 = ••• = µc with respect to 

colunm means . 



Example 
GSBc 

?.BB GSBA 
6.B0 R/ S 
8.88 R/ S 
7.00 R/S 

GSBB 
?.8B *** 2.00 GSBA 
4.00 R/ S 
4.88 R.-~·t; 
4.80 R/S 

GSBB 
3.50 •u 
4.88 &SBA 
6. 00 R.··'S 
5.Be R/S 
3. 88 R.·"S 

GSBP 
4.58 *** 

GSBC 

4.33 *** ~·/ S 
5.33 *** R.····s 
S.67 **" R....-s 
4.67 U:t. 

GSBD 

36.88 u,: 
26.88 *** ......... 
.j.JJ UJf: 
6.67 *** 
2.88 ... 

13.88 *** 
3.88 ... 
1.11 ... 
6.88 •u 
1.11 *** GSBE 

11. 78 *** 1.88 *** R/S 

2.97 u ·i 
-5.666666667-89 *** 1.11 *** R,·'S 

21.88 ... 
1'11hl1,ht'd 111 ,1t·t·ord.1m·t' with an Ad p,1,,ed III IXXI hy the 14th LA,i,t,-latl\ e A"emhl y, Dakota Territory, e~tahh,hinjl the Dakota Ai,tnl'11lt1tml ol-k,tt' ,tttt~wttli tlw Ad ol it>·oii.:, 1111~.,, ,rn, 
p,,"t'd 111 l8Ki h~ tht' 17th Ul!(i,lati,e A"emhl} , whid1 e~tahli,heci the A1<nc11ltur,1l Experiment Station .it 011 th Dakot,, State l '111\er"t~ . 

300 printed at an estimated cost of 43 cents each-11 ·78gly-3034A 



PROGRAM 
661 .f:LBLc 21 16 13 861 ,;·CL.B 36 80 pt ..... -45 181 ST08 35 88 
iiff2 CLRG 16-53 862 ST+4 35-55 84 1? ~:, F'RTX -14 1 Q;.- RTN 24 "-~ ...... 
Bft3 p~c-..... 16-51 8£2 .~·i 53 123 ST01 35 01 183 tLBLE 21 15 
t:i04 CLRG 16-53 864 ST•5 35-55 05 124 RCL5 36 05 1B4 SPC 16-11 
t?B5 CL\ -51 065 0 88 125 RCL2 36 02 185 RCL5 36 05 
006 RTN 24 866 ST00 35 00 126 RCL3 36 03 18€ RCL8 36 88 
067 t.LBLc\ 21 16 11 06? PtS 16-51 12? -24 187 - -24 
6&8 p~c 16-51 &68 RTN 24 128 - -24 188 PRTX -14 I ~ ... • 

0B9 ST+0 35-55 08 8'"Q b_. tLBU:, 21 16 12 129 RCL4 ... ,. 
,:,t, 84 189 RCL7 36 07 

[110 xi 53 870 F·ts 16-51 EB -45 198 RCL6 36 08 
e11 ST+1 35-55 01 871 ST+6 35-55 06 131 PRTX -14 191 -24 
612 RCL2 36 e2 072 i:2 53 13~' ST05 35 B5 192 PRTX -14 
813 1 81 073 ST+? 35-55 87 4-.-. .:..:,..:, RCL7 36 87 193 R .. ..-s 51 
014 + -55 B?4 LSTX 16-63 E4 RCL3 36 83 194 SPC 16-11 
015 ST02 35 02 875 RCL3 36 03 135 -24 195 f-'CLS 36 85 
816 p~,-.. .., 16-51 87€ -24 136 RCL4 36 0" ,., 19; RCLB 36 88 
817 RTN .-, " ~., 077 I I PF..'iX -14 137 -45 19? -45 
e1B *LBLR 21 11 870 IL' F'tS 16-51 138 PRTX -14 198 RCL2 36 B2 
019 ST+B 35-55 00 079 RTN 24 139 STD? 35 07 199 RCL3 36 0J 
828 ~SBo. 23 16 11 880 ,LBLC 21 13 14ft RCL1 ... ,. 

.:':b 81 288 - -24 
0?1 ~·./s· 51 BBl SPC 16-11 141 RCL5 36 85 281 -~·4 
a·-,·-, ST+l 35-55 e1 B82 RCLB 36 88 142 -45 28i.i PF.'TX -14 , .-...... 
623 GSf:c,. 23 16 11 883 GSBh 23 16 12 143 RCL7 36 07 i.'B3 RCL7 36 07 
024 R/S 51 884 R ...-e: . ._. 51 144 -45 204 RCLB 36 08 
025 ST+2 35-55 82 085 RCL1 36 01 145 PRTX -14 ~:B5 -45 
826 GSBo. ?7 16 11 886 bSBt> "\ ... 16 12 146 ST08 '7C' 08 286 F..'CL3 36 83 ........ '-.:., ,..,., 
8.-, ... R.····s 51 887 t• .··C 51 147 SPC 16-11 2B? -24 ... . ' "" . .... , -
828 ST+3 35-55 83 8B8 R,-., ,., 

L·L~ 36 02 148 RCL5 36 05 288 PRTX -14 
8?Q bSBo. '"I ... 16 11 889 GSBt, 23 16 12 149 RCL3 36 03 289 ~:CLB ... ,. 88 ... _ ,;:j jtl 

838 R...'S 51 89ft R/S 51 15B f 01 218 F'RTX -14 • 
031 ST+4 35-55 84 8" 1 RCL3 36 03 151 -45 ':, 'f ' R .. ·c 51 .:.J..l .. ,., 

lF'=· GSBo. .-, ... 16 11 B"::· bSBt, 23 16 12 152 PRTX -14 ,... ( .-, ['l 54 -·~ ~j -· ... .:. J.:. .. .. e----.., .... R.,··s 51 093 R.··'S 51 15: -24 213 RCL6 36 86 
034· ST+5 35-55 05 894 RCL4 36 84 154 ST05 35 05 214 RCL2 36 8'"' .: 
B35 s 85 09~ bSBh ") ... 16 12 155 PRTX -14 215 -24 ~j -
036 GSBo. "'-~.j 16 11 896 R/S 51 156 SPC 16-11 216 -2'1. 
83? R/S 51 (3Q7 RCL5 3€ 05 15? RCL? 

... .,. 
B? 217 4 81 ... , .:,t, J. 

838 ST+6 35-55 06 098 bSBh ? ... 16 12 158 RCL2 36 a ... , 21B 8 88 ... J .-.. 
039 GSBc 23 16 11 899 R.··'S 51 159 RCL3 .,,. 

.:.b IP - ..... 219 0 08 
840 ~·/S 51 18B RCL6 36 86 16@ -24 2~·6 .x -35 
041 ST+7 35-55 07 181 GSBh 23 16 1 ·-, .: 161 1 81 221 PRTX -14 
842 GSBo. 23 16 11 102 R/S 51 162 -45 222 RTk 24 
043 ST+B 35-55 88 103 RCL? 36 87 163 F'r..'TX -14 ~r,;a 

~· ; C- 51 .:.~.:· .. '-' 

044 GSBo. 23 16 11 104 bSBb 23 16 12 164 -24 
845 R/S 51 185 f.: .. ·'S 51 4 ,.~ 

l t, .... , STD? ... c: 
,j'-, 8-, i 

046 ST+9 35-55 89 106 RCLB 36 88 16€ PRTX -14 
B47 GSBo. ? ... ._j 16 11 10? ;SBb "\ ... 

~j 16 12 r ... b { SPC 16-11 
848 RTN 24 i0f: R/ S 51 16B RCL8 36 88 
049 •LBLB 21 12 109 RCL9 36 89 169 RCL2 36 82 
050 P:S 16-51 110 GSBt 23 16 l'"' .: 17e RCL3 36 03 
85! RCL3 36 83 111 RTN 24 p· I l - -24 
852 1 81 112 tLBLD ~·1 14 1 ~ ·-, .. ; ~ 1 B1 
053 + -55 113 SPC 16-11 173 -45 
854 ST03 35 03 114 PtS 16-51 174 RCL3 36 0:? 
855 RCL8 36 00 115 RCL1 36 81 1 ?5 1 01 
856 RCL2 36 0'"• £ 116 RCL4 36 84 l?f -45 
857 RCL3 36 03 117 xi 53 1 ...... { ,· X -35 
858 - -24 118 RCL2 36 02 178 F'RTX -14 
859 - -24 119 - -24 ~ :,Q 

J. f - · -24 
868 PRTX -14 12B ST04 35 84 180 PRTX -14 
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