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STAT.ll I 
THREE FACTORS ANALYSIS OF VARIANCE 

B nested in A. C crossed with A and B 

DESCRIPTION 

This type of ANOVA is frequently used, when several treatments (.!!:. le­
vels of factor A) are studied in subgroups of experimental units (animals, 
patients), and each individual is tested repeatedly over periods of time. 
The program oan handle up to 12 levels of Factor C (periods); if .£ is 
larger than 12, the sign ERROR 1s displayed. 

Factor A 
(a = 3) 

Factor B 
(11 = 3) 

Factor C 
(0 = 4) J O -

J
l 

J
2 -

J 3 -

Each level of Factor A can be considered as a complete randomized block 
experiment, giving 1!. tables such as : 

Factor B 
(blocks) 

Factor C 

These 1!. tables are entered one after the other and the program computes, 
for each table, the meane of the different periods . The experimental re­
sults can be represented graphically, using these means as points of 
1!. curves , 
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STAT.ll 
Mean 
response 
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There are two error tenus in the ANOVA 

- Error I, which is the variation among subgroups within groups (like in 

a nested ANOVA) is used to test the difference between groups. 

- Error II, which is the interaction BrC within groups, is used to teet 

the difference between repeated measurements (C) and the interaction Axe 

The ANOVA table is as follows : 

• 
Source of variation Number of Sum of Mean square F 

d.t. squares 

A Between groupe (a - 1) • 2 
A 

.2/.2 . 
8/( 8B(A) 

B Between subgr .. a(b - 1) 2 
within groups ~(A) 
(Error I) 

C Between (c - 1) 2 ~2 periods 8
C 8 ~C(A) 

Interaction AxC (a-1)(c-1) 2 2! 2 
SAC 6A ~C(A) 

Interaction B:.r.C a(b-1). 2 
wi thin groups (c-1) 8BC (A) 
(Error II) 

Total (abc - 1) 

The teat of Factor A checks if there 1s a difference between the treatments 

as a whole (over all the -periods); the teet of Factor C, the difference 

between the periods (over all the levels of A); the test of the interac­

tion AxC is a test of the parallelism of the ~ curves. 

The ANOVA can be completed by comparisons between the points of the curves, 

using Brror II as the Error Mean Square. 
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wi thin groups (c-1) 8BC (A) 
(Error II) 

Total (abc - 1) 

The teat of Factor A checks if there 1s a difference between the treatments 

as a whole (over all the -periods); the teet of Factor C, the difference 

between the periods (over all the levels of A); the test of the interac­

tion AxC is a test of the parallelism of the ~ curves. 

The ANOVA can be completed by comparisons between the points of the curves, 

using Brror II as the Error Mean Square. 
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FACTOlUAL EXPERIMENTS 

DESClUPTION 

A factorial experiment is a design in which several factors are 

varied together at a few levels, to study the influence of each factor and 

to be able to detect interactions between them. The size of these experiments 

increases rapidly with the number of factors. Consequently, in preliminary 

inves tigations, it is usual to study each factor at only two levels, the 

control level and an experimental level supposed to be beneficial. The to-

tal number of treatments is : 

23 = 8 for 3 factors 

24 = 16 for 4 factors 

25 = 32 for 5 factors 

and each treatment should be replicated A times to have an estimation of the 

experimental error. Conventionally, each factor is named by a capital letter 1 

A, B, ••. wi tb two levels 0 and 1. Each treatment is named by a group of 

small letters : when a factor is at level 1, the corresponding small letter 

is used and when it is at level 0, the letter is omitted. For instance, 

To compute the tote! and mean effect of each factor or interaction, 

and the corresponding sums of squares, the treatments are classified in a 

systematic order: 

l11l a b ab I, Ie ac be abc I ; Id ad bd abd cd acd bed ' abedi' 

Ie ae be aba ce ace bee abce de ade bde abde cde acde bcde abcde I 
(after combining A and B, the following letters are added and the correpon­

ding treatments obtained by the product of the previous grOllP and the new 

letter) 

The program can analyze a factorial experiment up to 5 factors; the 

results are entered in the systematic order, and the mean and 5.5. compu-

J 
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tal number of treatments is : 

23 = 8 for 3 factors 

24 = 16 for 4 factors 

25 = 32 for 5 factors 

and each treatment should be replicated A times to have an estimation of the 

experimental error. Conventionally, each factor is named by a capital letter 1 

A, B, ••. wi tb two levels 0 and 1. Each treatment is named by a group of 

small letters : when a factor is at level 1, the corresponding small letter 

is used and when it is at level 0, the letter is omitted. For instance, 

To compute the tote! and mean effect of each factor or interaction, 

and the corresponding sums of squares, the treatments are classified in a 

systematic order: 

l11l a b ab I, Ie ac be abc I ; Id ad bd abd cd acd bed ' abedi' 

Ie ae be aba ce ace bee abce de ade bde abde cde acde bcde abcde I 
(after combining A and B, the following letters are added and the correpon­

ding treatments obtained by the product of the previous grOllP and the new 

letter) 

The program can analyze a factorial experiment up to 5 factors; the 

results are entered in the systematic order, and the mean and 5.5. compu-

J 

f 



STAT.12 

ted by the method of Yates. In the ANOVA, each factor and interaction have 

one degree of freedom. When each treatment has been replicated, the estima­

tion of the error variance obtained from the r eplicates is used to test the 

several factors and the two-factor interactions. With more than three factors, 

it is customary not to replicate each treatment and to use, as error varian­

ce, the pooled mean squares of the interactions of more than two factors; 

for instance, in a 24 experiment, ABC + ABD + ACD + BCD + ABCD with 5 d.f. 

The ANOVA displays : the mean effect of each factor and two-factor 

interaction, the mean square and the value of F. It has been impossible to 

include the subroutine for P(F) by lack of space. 
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EXRlPLE 1 - Four fsetaro; n 1 (~) 

XEQ 'RHYRS' 
4.8888 RUN 
!.B8ar. RUN 

. me RUH 
1.888e RUN 
. 3888 RUN 

I. lee8 RUH 
1. 8998 RUN 
I. S888 RUlI 
1.7998 RUN 
1.4998 RUN 
-.4988 RUH 
1.1889 RUH 
.7888 RUN 

1. m8 RUN 
1. 6999 RUN 
1. 9988 RUN 
1.3999 RUH 
1. 8988 RUN 

PHILIPPE p.204 

HHYH 
R 
MY~9. 611S 
C~~I.S996 
F~I9.9837 
B 
~OY~9.487S 

C~~8.9S96 

F~6.9874 

C· 
~OY~I.137S 

C"~6 . 11S6 
F~44.S99S 

D 
"ON.912S 
C"~9.989' 
F~9.994S 

R8 
"OY~8. IS7S 
C"~9.1496 
Fol.911 8 
RC 
~OY~-9.362S 

C"~8 . S1S6 
F~3.8193 
BC 
110Y=~.96Z~ 

C"=9.el~6 
F~8.113S 

RI 
"ON.1I1S 
C"~9.9S96 
F~9 . 3679 
80 
"ON.237S 
C~~9.12S6 
Fol.6394 
CD 
~OY~9.137S 

C~~9.2m 

Fol, 6394 
ERR 
D. L. ~S. 9909 
U. ~9 . 1376 
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EXAMPLE 2 - Three factors; n = 2 
( ... ) 

XEi '~S¥A8' ANY~ 
3.8881 RUN A 
2.8888 RUN "OY~8.6125 

C"~ 1. 5886 
. 6898 RUN F~ll. 86.S 

-.4888 RUN 8 
m 8 "OY~8 •• 875 

I. 8888 RUN C"~8 . 9586 
1.1888 RUN F~7 . 8892 

XEQ 8 C 
.3808 RUN "DY~1.2375 
.7888 RUN C"~6.12S6 

XEi P F~'5 .1 659 
I. 7888 RUH A8 
1.3888 RL!N "OY~8.1 875 

Xli B C"~8.1486 
2.8888 RUN F=1.8369 
1.6888 RUi'I AC 

XED 8 "OY~-8.3625 
1.5888 RUN C"~8.52S6 
1. 9888 RUN F0 3.8756 

XEQ 8 8e 
I. 7888 RUN "ON.8m 
2.3888 RUN C"~8 . 8156 

XEi 8 F~8.1152 
2 •• 888 RUN ERR 
2.8888 RUN D.l. ~a . 8888 

XEQ B C .".~8. 1356 

(u) PHILIPPE p.207 
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21 
STATo12 L1STAGE DU PROGRAMME 

USTATO OJ PROGRAMMA 

8ltlBl °RHVHSo 5B GTO 21 115 CF 88 172 RCl 73 229 RCl 54 
82.lBl R 59 XEi 88 116 RTH 173 XEi 15 238 X=9? 
83 cm 6!SFe2 11I'lBl 89 174 RCl 72 231 GTO 24 
84 CF 88 61 GTO 2B liB XEi 82 175 XED 15 232 °n° 
85 CF 81 62'lBl 82 119 XEQ as 176 RCl 71 233 AVIEW 
86CF 82 63 18 128 XEi 87 177 XEi 15 234 XEi 19 
B7 2 64 RCl 88 12i XEi 85 178 RCl 69 m RCl 54 
88 EHTERI .5 + 122 SF B8 179 XEi 15 236 XEi 23 
89 STOP 66 18BB 123 XEi B7 18B RCl 68 237 RCl 62 
18 STO 88 67 I 124 CF 88 lBI XEi 15 23B X-8? 
11 YIX 6B 11 125 RTH 182 RCl 67 239 GTO 24 
12 STO B8 69 + 126'lBl 21 lB3 XED 15 248 °Eo 

13 STOP 78 FS' 82 127 XEi 82 lB4 RCl 65 241 AVIEW 
14 STO 91 71 GTO 18 12B XEi 85 185 XEi 15 242 XEi 19 
15 ADV 72 STO 85 129'lBl 15 186 RCl 61 143 RCl 61 
16 1 73 GTO 11 138 RCl IHD B5 187 XED IS 144 XED 23 
17 )(=V? 74'l8l 18 131 STO IH! B6 lBB RCl 6B 245.lBl 24 
lB SF Bl 75 STO B6 132 ISG 85 lB9 XEi 15 146 °A8° 
19 XED 81 76'l8l 11 133 I 198 RCl 59 147 AVIEW 
28tlBL 81 77 RTH 134 ISG 86 191 XEi IS 24B RCl 49 
21 e 7B'l8l 85 135 GTO 15 191 RCl 57 149 XEi 19 
11 STO B2 79 45 136.l8l 18 193 XEi 15 258 RCl 49 
23 FS? 81 B8 RCl B8 137 RCl 88 194 RCl 53 151 XEi 13 
24 GTO 84 Bl + 138 RCl Bl 195 XED 15 252 °ACo 

25'l8l B3 B2 lBBB 139 • 196 3 153 RVIEW 
26 STOP B3 I 14B 2 197 RCl 88 154 RCl 51 
27 ST+ 82 B4 46 141 I 19B X-Y' 155 XEi 19 
2B XI2 B5 + 141 STO 84 199 XEi 16 256 Rel 51 
29 ST+ B3 B6 FS' B2 143 RCl BB 1BB 4 157 XED 13 
3B GTO B3 Bl GTO 12 144 RCl Bl 2Bl RCl 8B 25B °BCo 
3ltlBl , BB STO 86 145 • 282 X-V? 259 AVIEW 
32 RCl 82 B9 GTO 13 146 STO 81 183 XEi 11 268 RCl 52 
33 XI1 98'lBl 12 147 FS? 81 184 5 261 XEi 19 
34 ST+ 89 91 STO B5 14B GTO 22 285 RCl 8B 262 RCl 51 
35'lBl 84 92'lBl 13 149 RCl 83 2B6 X-V? 263 XED 23 
36 RCl 81 93 RTH 158 RCL 89 1Bl XEi lB 164 RCl 55 
31 FS' 81 94+lBl 91 151 RCl Bl 188.lBl 14 165 X-8? 
38 STOP 95.lBl B6 152 I 1B9 °AHVRo 166 GTO 26 
39 STO IHD B5 96 RCl IHD B5 153 - 218 AVIEW 267 °ADo 

48 lSG B5 97 FS? 8B 154 RCl B8 211 °Ao 268 AVIEW 
41 GTO 81 98 CHS 155 RCl 81 112 RVIEW 169 XEi 19 
42 RDV 99 ISG 85 156 1 213 RCl 47 27B RCl 55 
43 XEi 8B lBB RCl IHD 85 157 - 214 XEi 19 271 XEi 23 
44 SH2 191 + 158 • 115 RCl 47 272 °BUo 

45 XED 89 lB2 STO IHD 86 159 STO 13 216 XEi 23 273 AVIEW 
46 CF 82 lB3 ISG 86 168 I 217 °Bo 174 RCl 56 
41 XEi BB lB4 1 161 STO B3 21B AVIEW m XEi 19 
48SF B2 185 ISG 85 161 GTO 14 119 RCl 48 176 RCl 56 
49 3 186 GTO 86 163.l8l 22 228 XEi 19 117 XEi 23 
58 RCl 8B 187 RTH 164 RCl 77 221 RCl 48 178 °CDo 
S! )(='(? lBB'lBl 88 165 XED 15 222 XEi 23 279 AVIEW 
51 GTO 28 189 XED 82 166 RCl 76 223 °Co 2B8 RCl 5B 
53 XEi 89 118 XEi 85 167 XEi 15 224 RVIEW 2Bl XEi 19 
54CF 82 111 XED 87 16B RCl 75 125 RCl 58 2B2 RCl 5B 
55 4 112 XED 82 169 XED 15 226 XEi 19 283 XEi 23 
56 RCl 8B 113 SF 88 178 RCl 74 227 RCl 58 2B4 RCl 63 
57 )(=Y? 114 XEi 81 111 XEi 15 22B XEi 23 2B5 X-8' 
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STAT. 12 

286 GTO 26 
287 ·RE" 
288 RYIEW 
289 XEQ 19 
299 RCl 63 
291 XEB 23 
292 ·8E· 
293 RYIEW 
294 RCl 64 
295 XEB 19 
296 RCl 64 
297 XEi 23 
298 ·CE· 
299 RYIEW 
399 RCl 66 
381 XEB 19 
382 RCl 66 
393 XEQ 23 
394 ·IE· 
385 RYIEW 
396 RCl 79 
397 XEQ 19 
398 RCl 78 
389 XEQ 23 
318'lBl 26 
311 ·ERR· 
312 RYIEW 
313 ·I.l.· 
314 RCl 13 
315 XEB II 
316 ·C.".· 
317 RCl 83 
318 XEQ II 
319 RT" 
328'lBl 15 
321 XI2 
322 RCl 87 
323 I 

324 ST+ HI 
325 RT" 
326'lBl 16 
327 I 
328 STO 13 
329 RCl 18 
339 STO 93 
331 RT" 
332'lBl 17 
333 RCl 19 
334 5 
335 STO 13 
336 I 

337 STO 83 
338 RT" 
339'lBl 18 
348 RCl 19 
341 16 
342 STO 13 

343 I 

344 STO 93 
345 RT" 
346tLBl 19 
347 RCl 94 
348 I 

349 ·"OY· 
358 XEB 11 
351 RT" 
352.lBl 23 
353 XI2 
354 RCl 97 
355 I 

356 ·C"· 
357 XEB II 
358 RCl 93 
359 I 

369 ·r· 
361 XEQ II 
362 RT" 
363'lBl II 
364 ·f~· 

365 RRCl X 
366 RYIEW 
367 iT" 

PROGRAM LISTING 
PROGRAMMAUFLISTUNG 

LIST AGE DU PROGRAMME 
LlSTATO OJ PROGRAMMA 
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REGISTERS, STATUS, FLAGS 
REGISTERBELEGUNG, FLAGS, BETRIEBSARTEN ., STAT. 12 REGISTRES, INOfCATEURS, MODES OPERATOIRES 

REGISTRl, MODI OPERATIVI, FLAGS 

R~Bi.teri StatuI 
o. .. n.p<ichc, s." .. bo..n 
R.gi ...... oX donnie. MocIrt "P" .. 'oi .... 
R.Jistri Modi opeddv; 

00 2" '" Si" ".~R".~, 0 
UK. Mod. 

n '0, 00 ID 
1: y I "" 0 ';;i 0 G., 0 0<0 
:;: y. 

Purpose Flags 
diY, T s.,<ku,ung 

d " " 
Sig .... r...tion -

div. T2 00 Ix 

" " " IT 
L T~ '" " Ix ., ." • '" OJ 

n .... to " 
42 " 

'" 
" " " '" 
00 

' W 

" 
, , 

" "'- " " ,; - " 
" 
" 
" 

~ " " 
" 
" 

f ~f , , 
" I No."''';; .. 

~ ., 
" I "0" "~. 
" I ".-;;;;;;;;-
" 

, 
" U., """ 

" " " I 0«"".1 Po,,,, 

" , 

Auignmems 
T .. ,cnbd<l!un~1 " .. ignitions' "_~"'m<mi 

~ '" 
Function "Y Fun ction "Y 
Funk.",,, T .... Funk,ion T~"< 
Foncuon Toud>c F""""on T~'" 

""nuo~ T ... " Fun ........ T .. ,,, 

OS na ... to " 
77 

" 
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PRODUCT~l(}!ENT CORRELATION COEFFICIENT 

When studying correlation, we are concerned whether two variables 

Y1 and y 2 are interdependent and covar;y. If these variables are normally 

distributed, the most common measure of this covariation is the product­

moment correlation coefficient due to Karl Pearson. If, on a sample of 

size!b we measure, on each unit, two variables Y1 and Y2' we get II 

pairs of values, which can be represented on a graph with axell Y1 and 

Y2" If the Bcattergram is more or less elliptical upward or downWard, we 

can conclude to a positive or negative correlation. 

The correlation coefficient computed from the data is : 

r 12 = B1/S1 " 82 

51 and 82 being the standard deviations of Y1 and Y2 and 812 the covarian­

ce 

covax = s12 = (I. Y1Y2 - I Y1 I.Y2 / n)/(n - 1) 

If the sample is large, the correlation coefficient can be computed from 

a two-way frequency table; each class midpoint can be coded as yi and Y2 
and the frequency in each cell is f i " The standard deviation and covari-

snce are computed as 
fYi2- ( r fyilJ1 f 

- f f - 1 

I fyiY2 -Ifyi t fy2 / lor 
I.f-1 

This coefficient, ~, computed from the sample, is an estimation of the pa­

rametric coefficient f. If f = 0, there is no correlation between the va­

riables; if p = 1, there is a perfect positive correlation; if f = - 1, 

the correlation is negative. 

We can test if this correlation coefficient r could be found in a 

sample coming from a population with a parametric coefficient of zero. 

r = O. If this is the case, the standard error of the coefficient 

sr = V(l - r2)/(n - 2) 

and the hypothesis can be tested as a t-test with (n - 2) degrees of freedom. 

t 

24 

STAT.13 

PRODUCT~l(}!ENT CORRELATION COEFFICIENT 

When studying correlation, we are concerned whether two variables 

Y1 and y 2 are interdependent and covar;y. If these variables are normally 

distributed, the most common measure of this covariation is the product­

moment correlation coefficient due to Karl Pearson. If, on a sample of 

size!b we measure, on each unit, two variables Y1 and Y2' we get II 

pairs of values, which can be represented on a graph with axell Y1 and 

Y2" If the Bcattergram is more or less elliptical upward or downWard, we 

can conclude to a positive or negative correlation. 

The correlation coefficient computed from the data is : 

r 12 = B1/S1 " 82 

51 and 82 being the standard deviations of Y1 and Y2 and 812 the covarian­

ce 

covax = s12 = (I. Y1Y2 - I Y1 I.Y2 / n)/(n - 1) 

If the sample is large, the correlation coefficient can be computed from 

a two-way frequency table; each class midpoint can be coded as yi and Y2 
and the frequency in each cell is f i " The standard deviation and covari-

snce are computed as 
fYi2- ( r fyilJ1 f 

- f f - 1 

I fyiY2 -Ifyi t fy2 / lor 
I.f-1 

This coefficient, ~, computed from the sample, is an estimation of the pa­

rametric coefficient f. If f = 0, there is no correlation between the va­

riables; if p = 1, there is a perfect positive correlation; if f = - 1, 

the correlation is negative. 

We can test if this correlation coefficient r could be found in a 

sample coming from a population with a parametric coefficient of zero. 

r = O. If this is the case, the standard error of the coefficient 

sr = V(l - r2)/(n - 2) 

and the hypothesis can be tested as a t-test with (n - 2) degrees of freedom. 

t 



STAT.13 

1{{l"~":A;;/~(n="'=;2) = r t = 
r .. 0 

If the probability p( t) is lower than C)(, we conclude that r f. a 
When the sample size is larger than 25, r can be transfonned to 

a function z (Fisber transformation) 

z = .l. In (..!.:!:2..) 
2 1 - r 

approximately normally distributed with variance ~ 2 = 

With this transformation, it is poss ible to tes t if a calculated ~ is equal 

to a parametric value different from zero: HO: p = el 

The value 

u= 
1/ Vn .. 3 

i s a normal deviate; zl and z2 being the z tranafonnation of r and fl 
With the same transformation, it i s possible to test if two calculated 

correlation coefficients r
1 

and r
2 

differ significantly. 

HO 1'1 = r2 versus ~: fl;' f2 

Zl- z2 
u= --

V~="3 + n2= 3 

If the probability p( u) is lower than 0( , HO can be rejected. 
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INTRPO!JCTION 

This HP-41C Solutions book was written to he1ti-yolJ;gefthe most from your calculator, The programs were chosen to 
provide useful calculations for many of the common problems encountered, 

They will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to 
programming techniques for writing your own customized software. The comments on each program listing describe the approach 
used to reach the solution and help you follow the programmer's logic as you become and expert on your HP calculator. 

KEYING A PROGRAM INTO THE HP·41C 

There are several things that you should keep in mind while you are keying in programs from the program listings provided 
in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of 
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand 
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure: 

1. At the end of each program listing is a listing of status information required to properly execute that program. Included is 
the SIZE allocation required. Before you begin keying in the program, press I nail ALPHA I SIZE I AlPHA I and specify the allo­
cation (three digits; e.g., 10 should be specified as 010). 

Also included in the status information is the display format and status of flags importanlto the program. To ensure proper 
execution, check to see that the display status of the HP-41 C is set as specified and check to see that alt applicable flags 
are set or clear as specified. 

2. Set the HP-41C to PRGM mode (press Ihe IPRGMI key) and press .IGTOI00 to prepare the calculator for the new 
program. 

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program 
listings in this handbook. 

a. 

b. 

o. 

d. 

e. 

f. 

When you see" (quote marks) around a character or group of characters in the program listing , those characterS,are 
ALP HA. To key them in, simply press I ALPHA I, key in the characters, then press I ALPHA 1 again. So "SRl'lPL E·' would 
be keyed in as I ALPHA )··SRMPLE··I ALPHA I. 
The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings. 
When you key in a program, ignore the diamond. 

The printer indication of divide sign is /. When you see I in the program listing , press G. 
The printer indication of the multiply sign is :+: . When you see :+: in the program listing, press 0. 
The I- character in the ..E!.0gram listing is an indication of the IAPPENDI function. When you see 1- , press . IAPl>ENOI in 
ALPHA mode (press. and the K key). 

All operations requiring register addresses accept those addresses in these forms: 

nn (a two-digit number) 
IND nn (INDIRECT: • ,followed fy a two-digit number) 
X, Y. Z, T, or L (a STACK address: 0 followed by X, Y, Z, T, or L) 
IND X, Y, Z, Tor L (INDIRECT stack : . 0 followed by X, Y, Z, T, or L) 

Indirect addresses are specified by pressing . and then the indirect address. Stack addresses are specified by 
pressing GJ followed by X, Y, Z, T, or L. Indirect stack addresses are specified by pressing . 0 and X, Y, Z, T, or L. 

Prinle-; Listing Keystrokes Display 

91+LBL ··s.=nl _ILeLII ALPHA I SAMPLE I ALPHA I 01 LBL T SAMPLE 
PLE" I ALPHA I THIS IS A I ALPHA) 02

T
THIS IS A 02 "TH I S I S 

A .. I ALPHA I.IAPPENDI SAMPLE 03 T I- SAMPLE 
03 "I-SA MPLE • AVIEW I ALPHA I 04 AVIEW 
04 AV I EW 6 05 6 
05 6 [ENTER. I 06 ENTER I 06 E tH ER1-
07 -2 21cHSI 07 - 2 
08 / 0 08 I 
AS. qR.F~ [XEO II ALPHA lABS I ALPHA I 09 ABS 1 0 S T O IHD 
L )'>01 . 0 L 10 STO INO L 
II "R3=" 

I AlPHA I A3= .1 AfICll 03 11TR3= 1 2 RRC L 93 
13 R VIE W • IAVIEWI 12 ARCL 03 
1 4 OTH I ALPHA I 13 AVIEW 

. IRTN] 14 RTN 
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USER INSTRUCTIONS 
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INSTRUCTIONS D'EMPLOI 
NORME OPERATIVE 

InltructioRI Variable. 
O~nI;on Da'cnein,lbt 
]n",un;"", Donn«. 
luru.ion; 0." 

~ . ""'~ " 
1 t, 6 

Tni '.1' 

a - Ungrou'Ped data 
Call 
Input the pairs of data v. 

,n .• 11 

"t t> y. 

v 
H H 

A~ter the last_pair call 
n i An 1 AY of. mPAns 

A. 

ti 

> - n. 
Call 

.J 01 m; . of tho 

first vJ 

• v' class mi of the 
0 firRt row v' 

f. of the -
,n' .11 ~ 

At.,; q for- tho other r~. 
.After the last row call 

R 
11 " 

t> 

r.orrection routine 
• the entTO of the 

/ll'OUO and call . v' 
• 1. 

f. 
then the ,"nun' v) 
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~. 

,~t t>1 ·.11 
v 

ni _1 . of • samnle si.e 
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"" Function(l) Relult 
Tme(n) R<suh:a. 
Toucht(.) R .... I .. ' 
T .. ,; 1""1"",, 

XED lIrnRRil 
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~ ~f 
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EXAMPLE 1 - Ungrouped data 
(.) 

XEQ 'CORR' 61,BB RUH SB, BB RUH 
4B,88 RUH IBS,8B RUH 4S,BB RUH 
9S,88 RUH 

S,BB RUH 4S,BB RUH 

(error ) 9,88 RUH 28,88 RUH SS ,88 RUH 
3S,88 RUH 

68,88 RUH 29, 98 RUH 
XEQ E 78,88 RUH 4S,88 RUH 

8,88 RUH 
, 

3S,88 RUH 43,88 RUH XEQ B 
-8 , 138 RUH 98,88 RUH !OY.l~38,88 

3S,8B RUH !0Y.1~63,8S 

78,88 RUH 
17,88 RUH 188,88 RUH D,S . 1~16,48 

lS,88 RUH D,S,N3,8S 

5, 88 RUH COI,1.N88,41 
7S,88 RUH 45,98 RUH 

118,88 RUH r.l .2=8,78 

r = O? 
(u ) XEQ f 

EXAMPLE 2 - Grouped data \~4, 18 
P~8.881 

1,\ '$ , iHW1S!lloJ ,~ ,~, ,~ ,~ ,~ S 100Is Il00 .' .... ll/ .M "00 .~ 

~. ~I-' .. 'j" , .. , .. , .. , • , ! ' I ' • , • 
, , , 

i 
XEQ "CORR" 

,~ , , 
XEQ C 

,~ , , I , S,B8 RUH 

, "" , , , , e,Be RUH 
: 1,88 RUH 

J .!OOi , , , , ' , , , , - , 

: llOO ! , 
I 

, , , , , , , XEQ B 

I 
, 

J r 
4, 88 RUH 

! )000 1 • I , , , • • , , 
RUH 1.88 

I , 
I ' !900;- 1 , , , , , , , 2, 88 RUH 

, 
I ! 1<'" .- l , , , , , , 

6,88 RUH 
noo , i , , , , , , I 3,88 RUH , , 

I 
, I : ! (10(1 _ 4 '. , , , 

h J(lll i" S ' I ' I I I 
XEQ B 

, , 
3,99 RUH 
1,BB RUH 
LBB RUH 

(.) PHILIPPE p. 153 (u ) p.158 
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EXAMPLE.2 - (continued) 

4,98 RUN 2.88 RUH 
1.88 RUH 5,89 RUH XEi D 

rI~IBe.e8 s,ea RUN 3,99 RUH r.I.1~8.78 
3,89 RUH 3,89 RUH 

X[i 8 4.88 RUN p=-O? 
1.88 RUH \.98 RUH -1,138 RUH 

X[i F 1,98 RUN X[i 8 
\~11 . 43 8,99 RUH P~9.8BBE-IB g,e9 RUH -3.BB RUH 

I.BB RUN 1, 98 RUH 

LBB RUH -1.8B RUN P=-f'J.? 
1,98 RUN 1.B8 RUN 

\ XEi G 2,99 RUN 
/, 

-I.BB RU' • 9,68 RUH 2,99 RUH ,/ 
1.88 .0: u=3,53 

.."./RU: 
P~B.BBI 

3,99 RUH 
r 1 =i' r 2 ? 4,99 RUH ",,88 RUH 

1.8B RUH 
4, 99 RUH 
2,89 RUH -4.BB RUH 

1,98 RUH XEi H 5.BB RUH 
B.6113 RUH 1.88 RUH -3,99 RUN B.8817 RUN 2,89 RUN 36.88 RUH XEi 8 
17.8B RUH Lee RUN -2,99 RUN u=-1.18 -2,138 RUN I.BB RUN P~8.139 Lee RUH 

XEi 8 
-1,89 RUH -5,99 RUN 
2,99 RUH -6,99 RUN 

1,99 RUH 
8.88 RUN 
3,88 RUN -5 , 99 RUN 

2,99 RUH 
1, 813 RUN 
2,98 RUN XEi 8 
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STAT. 1, 

EXAMPLE.2 - (continued) 

4,98 RUN 2.88 RUH 
1.88 RUH 5,89 RUH XEi D 

rI~IBe.e8 s,ea RUN 3,99 RUH r.I.1~8.78 
3,89 RUH 3,89 RUH 

X[i 8 4.88 RUN p=-O? 
1.88 RUH \.98 RUH -1,138 RUH 

X[i F 1,98 RUN X[i 8 
\~11 . 43 8,99 RUH P~9.8BBE-IB g,e9 RUH -3.BB RUH 

I.BB RUN 1, 98 RUH 

LBB RUH -1.8B RUN P=-f'J.? 
1,98 RUN 1.B8 RUN 

\ XEi G 2,99 RUN 
/, 

-I.BB RU' • 9,68 RUH 2,99 RUH ,/ 
1.88 .0: u=3,53 

.."./RU: 
P~B.BBI 

3,99 RUH 
r 1 =i' r 2 ? 4,99 RUH ",,88 RUH 

1.8B RUH 
4, 99 RUH 
2,89 RUH -4.BB RUH 

1,98 RUH XEi H 5.BB RUH 
B.6113 RUH 1.88 RUH -3,99 RUN B.8817 RUN 2,89 RUN 36.88 RUH XEi 8 
17.8B RUH Lee RUN -2,99 RUN u=-1.18 -2,138 RUN I.BB RUN P~8.139 Lee RUH 

XEi 8 
-1,89 RUH -5,99 RUN 
2,99 RUH -6,99 RUN 

1,99 RUH 
8.88 RUN 
3,88 RUN -5 , 99 RUN 

2,99 RUH 
1, 813 RUN 
2,98 RUN XEi 8 
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01'LBL ·CORR· 5S.lBL 82 

82'LBL A 59 STOP 
83 Cf 88 68 STO 28 
84 CLRC 61'LBL 87 
85'LBL 81 62 STOP 
86 STOP 63 STO 21 
B7 STOP 64 STOP 
88 XOY 65 STO 22 
89 mc 14 66 ST+ 19 
19 t+ 67 RCL 28 
11 ADY 68 • 
12 CTO 81 69 • 
13.LBL B 78 ST' 82 
14 "EAH 71 RCL 21 
15 ·"OY.l· 72 RCL 22 
16 XEO 11 73 • 
17 510 28 74 STt 83 
18 XOY 75 RCL 21 
19 ·"OY.2 · 76 • 
28 XEO 11 77 ST+ 84 
21 ADY 78 RCL 22 
22 SDEY 79 RCL 2B 
23 ·D.S. l· 88 • 
24 XEO 11 81 SIt 85 

25 STO 22 B2 RCL 28 
26 WY B3 • 
27 ·D.S.2· 84 51+ 86 
28 XEQ 11 85 ADY 
29 STO 23 86 CTO 87 
38 RCl 18 87.l8l 8 
31 RCl 14 88 CTO 82 
32 RCl 16 89.l8l D 
33 • 98 RCl 86 
34 RCl 19 91 RCL 85 
35 I 92 XI2 
36 - 93 RCL 19 
37 RCl 19 94 I 

38 1 95 -
39 - 96 STO 86 
48 I 97 RCL 84 
41 ·COY.L2· 98 RCL 83 
42 XEO 11 99 XI2 
43 ADY 188 RCl 19 
44 RCL 22 181 I 

45 RCL 23 182 -
46 • 183 STO 84 
47 I 184 RCl 82 
4B STO 88 185 RCL 83 
49 Sf 13 186 RCl 85 
58 ·R. L 2· 197 • 
51 XEO 11 188 RCl 19 
52 CF 13 189 Sf 13 
53 ADY 118 ·EF· 
54 RTH 111 XEO 11 
55'LBl C 112 I 

56 CLiC 113 -
57 SF 88. 114 RCl 86 

PROGRAM LISTING 
PROGRAMMAUFLISTUNG 

LlSTAGE DU PROGRAMME 
USTATO DI PROGRAMMA 

115 RCL 04 
116 • 
117 SiRT 
118 I 

119 STO 88 
128 ·R.l.2· 
121 XEO 11 
122 ADY 
123 CF 88 
124 Cf 13 
125 RTH 
126'LBL f 
127 RCL 88 
128 RCL 19 
129 2 
138 -
131 STO 81 
132 1 
133 RCL 88 
134 XI2 
135 -
136 / 
137 SORT 
138 • 
139 SF 13 
148 ·T· 
141 XEO 11 
142 Cf 13 
143 A8S 
144 RCl 81 
145 RAD 
146 SiRT 
147 I 

148 ATAH 
149 510 82 
158 RCL 81 
151 2 
152 I 

153 IHT 
154 lASTX 
155 X'Y? 
156 CIO 84 
157 8 
158 STO 85 
159'lBl 16 
168 RCl 82 
161 COS 
162 XI2 
163 STO 83 
164 RCl 82 
165 SIH 
166 STO 84 
167 RCl 81 
168 2 
169 X:Y? 
178 CTO 88 
171 I 

~ 

171 1 229 CTO 86 
173 - 238 RTH 
174 510 25 231.LBL 89 
1751 232 RCL 87 
176 STO 86 233 CTO 86 
177.LBL B3 2WLBL 8B 
178 RCL 83 235 RCL 84 
179 • 236 CTO 86 
188 RCL 85 237 RTH 
181 1 238'LBL 86 
182 + 239 1 
183 .. 248 WY 
184 LASTX 241 -
185 1 242 fS?C 82 
186 + 243 J([O 85 
187 STO 85 244 fIX 3 , 
188 I 245 .p. 
189 51+ 86 246 XEO 11 
198 7DSI 247 fiX 2 
191 CTO 83 248 RTH 
192 RCL 86 249'lBL 85 
193 RCl 84 258 2 
194 $; 251 I 

195 fS? 81 252 RTH 
196 CTO 15 253'lBl 12 L. 197 CTO 86 m RCl 82 
198'l8l 15 255 SIH 
199 RTH 256 CTO 13 
288'l8l 84 257 RTH 
281 RCl 82 258'LBl 11 
282 2 259 ·f:· 
Z9J • 268 ARCl X 
284 PI 261 AVIEW 
285 I 262 RTH 
286 STO 87 263'lBl E I 
287 3 264 fS? 88 
288 RCl 81 265 CTO 18 
299 X=Y? 266 STOP 
218 CTO 12 267 STOP 
211 1 268 XOY 
212 510 85 269 E-
213 ST- 81 278 CTO 81 
214 X~Y? 271'lBl 18 
215 CIO 89 272 STOP 
216 Sf 81 273 510 28 
217 J([Q 16 274 SlOP 
218 Cf 81 21S STO 21 
219'lBl 13 276 STOP 
228 RCl 82 277 STO 22 
221 COS 278 ST- 19 
222 • 279 • 
223 2 288 • 
224 • 2Bl ST- 82 
225 PI 2B2 RCl 21 
226 I 283 RCl 22 
227 RCl 87 284 • 
228 + 285 ST- 83 
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STAT.l' 

186 RCl 11 
287 • 
188 ST- 84 
189 RCl 11 
198 RCl 18 
291 • 
191 ST- 85 
193 RCl 18 
294 • 
195 ST- 86 
196 GTO 81 
197.l8l G 
198 XEi 18 
199 RCl 19 
388 3 
381 -
381 SiRT 
393 • 
384 SF 13 
385 'U' 
386 XEi 11 
387 STO 18 
388 CF 13 
389 GTO 19 
318+lBl H 
311 STOP 
311 STO 88 
313 XEi 18 
314 STOP 
315 3 
316 • 
317 lIX 
318 STOP 
319 3 
318 -
311 llX 
322 .. 
313 SiRT 
324 I 

315 STO 28 
316 SF 13 
317 'U' 
318 XEi 11 
319 CF 13 
338 GTO 19 
331.l8l 18 
331 1 
333 RCl 88 
334 t 

335 1 
336 RCl 88 
337 -
338 I 

339 lH 
348 1 
341 I 

341 1 

344 .. 
345 lRSTX 
346 1 
347 XOY 
348 -
349 I 

358 lH 
351 1 
352 I 

353 -
354 RTH 
35\'l8l 19 
356 RCl 18 
357 R8S 
358 STO 28 
359 1 
368 RCl 18 
361 ,196854 
362 • 
363 t 

364 RCl 18 
365 XI1 
366 ,lIS194 
367 • 
368 ... 
369 Rel 18 
378 3 
371 YIX 
371 ,888344 
373 $: 

374 t 

375 RCl 18 
376 4 
377 YIX 
378 ,819517 
379 • 
388 ... 
381 -4 
381 YIX 
383 1 
384 I 

385 CHS 
386 1 
387 t 

388 1 
389 XOY 
398 -
391 FIX 3 
391 1 
393 • 
394 'P ' 
395 XEi 11 
396 FIX 1 
397 RTH 
398 EHI 

PROGRAM LISTING 
PROGRAMMAUFLISTUNG 

LIST AGE DU PROGRAMME 
LISTATO DI PROGRAMMA 
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I STAT.14 I 

LINEAR REGRESSION 

DESCRIPTION 

When dealing with a functional relationship between two variables, we 

try to adjust the data to a function which 1s a r egression equation. The 

most generally used is : 

Y=a+bX 

which describes a linear relationship between X, supposed to be £ixed and 

measured without error, and Y, random variable. X is called the independent 

variable and Y the dependent variable. A is the Y- intercept and ~ the 

slope of the l ine, or regression coefficient. 

For each of the k values of X, we have, either only one value of Y, or 

n responses Y for each X. In the first csse, the line is ajusted through the 

Y points; in the second case through the means of the n responses. The line 

passes through the point (i, y), and can be computed by the method of l east 

squares, The regression coefficient is t 

l: (x - i)(y - y) 
b = ~(~ i)2-- = 

The Y- intercept is a = y - bz. 

S.P. xy 
S.S. x 

The quality of the adjustment of the experimental points to the calculated 

line can be tested; each point differs from the point' calculated with the 

equation by a quantity (y - ,) = d . The method of least quares is such as 

2. d2 
is 8 minimum. The total sum of squares of Y is equal to the sum of 

this I d2, called the unexplained S,S. and the explained 5.8. due to r egres­

sion. We can compute : 

Total S.S. = :r l- (t.y)2/k 

Explained 5.S. = b. S.P.xy 

The S.S. of the deviations from the regression are obtained by difference 

and the results presented as a table of ANOVA 

, 
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Source of variation d.t. S.S. Mean square F 

Regression 1 · 2 2 2 aR a tad 
Deviation from 2 

regression 
(k - 2) • ad 

Total (1< - ):) • 

This ANOVA is used to test HO: ~ = 0 

~ being the parametric value of the estimated regression coefficient b. 

When we have k groups of n measurements, with mean y, d is the deviation 

of the experimental means from the computed' for each value of X; another 

source of variation is the dispersion of the experimental pointe around 

each mean y (experimental error). We compute, as before, the total S.S. (1) 

and the S.S. due to regression (2), and the S.S. between groups, with the 

group totals T : 
g 

S.S. groups = I Tin -C. F. (3) 

S.S. deviation = (3) - (2) 

S.S. error = (1) - (3) 

The ANOVA is : 

Source of variation d.t. S.S. Mean square F 

Regression 1 
2 ~2 · aR a sd 

Deviation from (k - 2) 
2 2 2 

• ad s;;aE regression 
B~tween groups (k - 1) • 
\til thin groups k(n-1) 

2 

(error) • aE 

Total (kn-1) • 

The first F tests HO: S\ = 0 

The second F tests the mean square of deviation from regression over the 

within group M.S. (error) ; if it is significant, it means that the relationship 

between Y and X is not linear, In this case, a suitable transformation ot 

the variable(s) may linearize at least a portion of the curve. The program 

provides a transformation of X into log. X, which is a convenient trans­

formation in many biological problems. If s~ is not significant, the pro-

gram pools it with the error variance s~ to provide a larger number of d.t. 
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Use of regression 
• 1 - The regression equation can be used to predict a value Y, for a given 

value of X. The standard Brror St is : 

., = V·~ [+- (x - i)2 J + 2 I (x - i) 
• and the confidence limits: y -: t o,05 a, 

By computing the confidence limits for several values ot X, the confidence limit 
of the r~s8ion line can be established. 
2 - Frequently, tbe regression is used to estimate X from a value of Y or of 
the mean y (standard or calibration line). The equation is used in the form : 
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STAT.14 

EXAMPLE 1 - One value of Y for each X, Log. transform. 

X : 

Y I 

y 

1 

15,87 

REG. 
D. l.=i , 9B 
S . C.=~S.,59 
U . ~Sj,59 

!="=~. 9135, 16 
P=1,421 E-4 

DEY. 
!.l.~',3i 

LC.=9,92 
C . ! .~9,el 

TOT. 
D.L ,::5 ,eO 
S.C.=S.i,61 

2 

17,78 

4 

19,52 

8 

21,35 

Estimation t 

• Estimation X 

16 

23,13 

32 

24,77 

lEi ·REf,R· 
XEQ :: 
XEQ D 

t.ee RUM 
15,87 RlI' 

1,89 RU~ 
17,78 Ri.tij 

4,88 RUN 
19.51 RUN 

{error } 18,i9 RU~ 
2i.35 RUI.I 

XEG E 
18,88 RUN 
11 ,35 ,UN 
s , ~e RUN 

1! , ]S RUN 

16,86 RUN 
n 13 RUH 

:'2:89 RUN 
24 .77 RUH 

XEQ C 

\,=2 I ,8i' 
S.t:. \'=9,(13 
l. I. =2:.77 
l.S.~11,96 

XEQ 1 
18,89 RUH 

Y~4,8~ 

S . E.X~e,11 

l. 1.:4,43 
l.S.~5,18 
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STAT.14 

EXAMPLE 2 - n respons es Y for each X 

XEI 'REGR' 
XEe R 8,m 
XEQ C 

6,68 RU~ 58,OB 
(error) 163,'18 

9, 9615 RUN ~B , 88 

59, BB 
22,88 RUN 66,6B 
22,88 RUN 
21, 88 RUH 163,08 
n8e RUN 6M8 
21,88 RUN 

XEi B LY.~J8M' 
LY . ~1I5,B1 

,.58 
lL \2.5 RUN 

78 ,O13 
<l7,ae RUW 7~, a8 

41.88 RUN 7S ,BB 
44,S0 RUH 71-88 
3e, aa RUN 74,88 
45,B8 RUH 

XEi B !Y . ~J86 , B8 
LY . ~2 1 5,BB 

(.) PHILIPPE p.l68 

RUN 

~UN 

RUN 
RUN 
RUN 
RIJI.! 

XEO E 
RUN 
RUN 

m S 

RUN 

RU, 
RUN 
RUN 
RUN 
RUN 

XEQ B 

Lea 

%,88 
9!.a6 
~7}8~ 

as,BS 
9/,BB 

tY. =46j,ee 

2, 138 

189, 8B 
li4.eB 
111, B8 
1134,88 
189,BB 

l:Y. ::547 ,ee 

a=42 ,37 
b~JB. 48 

ANYR 

REG , 
D . :".=1.8~ 

S,C ,~2B.25U8 
U. ~28 , 258 ,4e 
f~15 ,64 
p~8,m 

DEY. 
D , L. ~4,BB 

' , C ,~5, I B!.97 
U. ~1.295 ,24 

f~10B"9 
P~2,7B8E-e 

ER~ . 
D,l. ~24,B8 

S . C. ~2B6,88 
C . " . ~11 ,92 

TOr. 
D.l, =29 ,8e 
S.C .~25 . 725 , J7 

39 

Rut! 

RU, 
RUN 
RUN 
RUN 
RU~ 

XEi 8 

RUN 

IWII 
RUN 
P:UH 
RJJH 
RUN 

X[i B 

XEQ G 
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STAT. 14 

ElW!PLE 2 - Same data; log, transf orm 

XEi F 
XEi C 1,00 

6,98 P'IJH 
96,80 

0,0625 RUN 91,08 
97,00 

22,eEl RUN 85 ,80 

22 , 00 RUS n,SEI 

27,80 RUN 
nee RU~ ,Y,"461,80 

21 .913 RUN 
XEi 8 2,86 

,Y, "IIS,68 
109,80 

e,12S RUN 114,66 
111 ,68 

47,O6 RUN 184,e8 

41,08 RUN 169,66 

44,66 RUN 
38,88 Rl'H ,Y,"S4/ , ee 

45,88 RUN 
XEQ 8 

£1 ,"215,88 a=93 , 12 
b"S6,S9 

8,2)8 RUN 

58,88 RUN RNYR 
63,8e RUN 
S8,SS RUN REG. 
58,88 RUN D,l,"1.8S 

66 , Oe RUN S,C,"2S ,389,6O 

XEi 8 C,K,"2S,389,60 

,Y ,"383.88 F'2 ,848,e8 
P=2,897£-'; 

8,58 RU~ 
OEY , 

78,88 RUN D,L, "4,88 

79,88 RUN S,CA9,76 

18, 88 RUN C.H.=1~ , 44 

77 ,8e RUN F'1. 84 
74,99 RUN P'8 , 486 

XEQ 8 
,Y, ' J86,88 ERR , 

M,'2',88 
S,C,"286,68 
G,H,'11.92 

TO), 
D.l,'29.BB 
S.C. =25.72S.37 

IIi1H 

RUN 

RUN 
RUN 
RUN 
RUN 
RUN 

XEi 8 

RUN 

RliN 
iWH 
RUN 
RUN 
RUN 

XEi g 

XEQ G 

Estimation i 

Y' 78 , 43 
S, E, Y' 8.67 
l. r. =7( , 84 
l,S , '79,81 

• 
Elltimation X 

X'8,68 
S,LX'8 ,83 

l.I, "8.S9 
L,S , '8.79 

XEi H 
8,55 RUN 

Xli I 
88,08 RUN 
82,a8 RUN 
83,88 RUN 
85,88 RUN 
99,88 RUN. 

XEi J 

4 
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PROGRAM LISTING 
PROGRAMMAUFLISTUNG 

STAT. 14 USTAGE DU PROGRAMME 
LlSTATO DI PROGRAMMA 

91.lBl 'REGR' )8 XOY II) RCl 12 172 FS? 81 229 ,-
82.lBL a )9 STO 81 116 RCl 84 173 GTO 8) m RCl 2) 
83CFB9 69 RCl I) 117 - 174 RCl 22 231 I 
84 Cf BI 61 m 14 liB STO 8) 175 I 232 -
0) RTN 62 Xt2 119 XEi 86 176 STO 16 233 STO 2) 
B6'l8l f 63 RCl 19 12B RCl 85 177 "f" 234 GTO 88 
B7 SFB8 64 I 111 XOY 17B XEi II 235'l8l 88 
8B'l8l R 65 - 122 I 179 RCl 88 236 STOP 
B9 ClRG 66 STO 18 123 STO 86 lB8 STO 26 237 fS' 88 
18 RTN 67 RCl 18 124 fS? 81 lBI XEi 18 23B lOG 
lItlBL D 6B RCl 14 11) GTO 84 lB2 "ERR." 239 STOP 
12 Sf 81 69 RCl 16 116 RCl 12 lB3 RVIEW 248 XOY 
13'lBl Bl 78 • 117 RCl 13 lB4 RCl 88 241 ,-
14 STOP 71 RCl 19 12B - lB5 'D.l ." 242 GTO 81 
15 FS? 88 72 1 119 STO 87 186 XEi II 243.lBl 11 
16 lOG 73 - 13B RCl 19 lB7 RCl 87 244 "t~" 
17 STOP 74 STO II 131 RCl 18 lB8 "S.C." 24) RRCl X 
18 RDY 75 RCl 18 131 - lB9 XEi II 246 RVIEW 
19 XOY 76 1 133 STO 88 198 "U.· 247 RTN 
1B ,REG 14 77 STO 11 134 / 191 RCl 22 248'l8l 86 
2! ~+ 78 RCl 16 135 STO 22 192 XEi II 249 RCl 28 
11 GTO 81 79 RCl 21 136'l8l 84 193 RDY 258 fS' 81 
13'lBl C B8 RCl 14 137 ROY 194'lBl 85 251 Rel 19 
14 Clf' Bl • 13B "RNYR' 195 fS' 81 2)22 
1) STOP B2 - 139 RYlEW 196 ROY 253 " 
16 STO 28 B3 RCl 19 148 ROY 197 "TOT." m RTN 
17 ROY B4 I 141 "REG." 198 RYlEW m'l8l 18 
1B'lBl 82 B5 STO 13 142 RYIEW 199 RCl 19 2)62 
19 STOP B6 Sf 13 143 I 288 I 251 EHTERt 
38 fS' 88 Bl 'R" 144 "I.l." 2Bl - 25B 9 
31 lOG B8 XEi II 145 XEi 11 2B2 "D.l." 259 I 
32 STO 21 89 RCl 11 146 STO 24 2B3 XEi II 268 STO 18 
33 RIY 98 "B" 147 RCl 84 284 RCl 12 261 RCl 24 
34'lBl B8 91 XEi II 148 "S.C." 285 "S.C." 262 I 
35 STOP 92 Cf 13 149 XEi II 286 XEi II 263 STO 25 
36 51+ 88 93 RIY 158 "C.!." 281 RCl 89 264 RCl 28 
31 RCl 21 94 RCl 17 151 XEi II 28B .85 265 RCl 26 
3B !REG 14 9, RCl 16 151 RCl 86 299 X}Y? 266 I 
39 t+ 96 Xt2 153 I 118 GTO 88 261 STO 28 
48 1152 91 RCl 19 ~ 154 STO 16 211 1 168 I 
41 GTO 88 98 I 155 "f" 212 RCl 85 169 -
42'l8l 8 99 STO 12 156 XEi II 213 RCl 81 178 CHS 
43 RCl 88 188 - 151 XEi 86 214 + 111 RCl 16 
44 ",y. ' 181 STO 11 158 STO 26 115 RCl 19 212 3 
45 XEi II 181 fSl 81 159 XEi 18 216 1 213 llX 
46 ROY 183 GTO 83 168 "DEY.' 111 - 214 ytx 
41 Xt2 184 RCl 81 161 RYIEW 218 STO 14 275 • 
48 RCl 25 185 RCl 22 161 XEi 86 219 I 216 I 
49 I 186 - 163 STO 24 228 STO 86 111 RCl 25 
58 51+ 82 181 STO 13 164 ·I.L." 211'l8l 81 218 -
51 & 188'lBl 83 165 XEi II 212 RTN 219 -
51 STO 88 189 RCl II 166 RCl 85 223.l8l E 288 STO 11 
53 STO 25 118 RCl 11 167 "5. C." 224 fSl 81 281 RCl 2B 
54 GTO 82 111 1: 168 XEi II 225 GTO 8B 282 RCl 16 
55'l8l G 112 STO 84 169 RCl 86 216 STOP 283 1 
56 !ERH 113 RCl 13 118 "U." 227 ST- 88 284 EHTERt 
SISTO 88 114 fSl 81 111 XEi II 128 RCl 21 285 3 
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1B ,REG 14 77 STO 11 134 / 191 RCl 22 248'l8l 86 
2! ~+ 78 RCl 16 135 STO 22 192 XEi II 249 RCl 28 
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PROGRAM LISTING 
PROGRAMMAUFLISTUNG 

STAT.14 LISTAGE DU PROGRAMME 
LISTATO DI PROGRAMMA 

186 I 343'l8l 13 488.l8l 14 457 fS? 88 
187 It X 344 Rel 13 481 STOP 458 18tX 
288 • 345 Rel 11 481 STO 17 459 '1. 5.' 
189 Rel 15 346 STOP 483.l8l 16 468 XEQ 11 
298 + 347 fS' 88 484 Rel 13 461 RDY 
191 SQRI 348 lOG 485 - 461 GIO I 
191 Rel 27 349 STO 15 486 Rel 11 463tl8l 19 
193 XOY 358 • 487 I 464 1.3777 
294 I 351 + 488 STO 18 465 Rel 14 
195 STO 28 352 'I' 489 fS? 88 466 I 
196 X)6? 353 XEQ 11 418 18tX 467 EtX 
197 Sf 82 354 STO 16 41l 'x' 468 ,96 
198 R8S 355 Rel 15 411 XEQ 11 46':1 + 
199 I 356 Rel 88 413 fS? 81 47d RTH 
388 Rel 28 357 - 414 GTO 17 471 RDY 
381 .196854 358 Xt1 415 Rel 15 471 .EHD. 
382 ., 359 Rel 18 416 IIX 
383 -+ 369 I 417 Rel 19 
384 Rel 28 361 Rel 19 418 IIX 
385 Xt1 361 llX 419 t 
386 ,115194 363 t 428 GTO 18 
387 ., 364 Rel 86 411.l8l 17 
388 • 365 ., 411 1 
389 Rel 28 366 SQRT m Rel 19 
318 J 367 '5. E. I' 414 llX 
311 It X 368 XEQ 11 425 + 
311 ,88834 369 XEG 19 416.l8l 18 
313 ., 

379 *' 427 Rel 17 
314 + 371 Rel 16 428 Rel 81 
m Rel 1S 371 XOY 429 -
316 4 m ST. 16 4J8 Xt1 
317 It X 374 - 4JI Rel 11 
318 ,819517 375 'I. 1. ' 4J2 Xt2 
319 ., 376 XEQ II 433 I 
328 + 377 Rel 16 m Rel 18 
311 -4 m 'U.' 435 I 
311 It X m XEQ 11 436 -+ 
313 1 388 RDY 437 Rel 86 
324 I 381 GTO 13 438 Rel 11 
315 eHS 38N8l I m Xt1 
326 1 38J 8 448 I 
327 -+ 384 STO 17 441 ., 
318 fi X 3 385 STO 15 441 SQRT 
329 fS?e 81 386 fS? 81 44J ' S.E.X' 
JJ8 XEQ 11 J87 GTO 14 444 XEQ II 
3Jl 'P' J88.l8l 15 445 RDY 
JJ1 XEQ 11 389 STOP 446 XEQ 19 
JJJ STO 89 398 ST' 17 447 • 
3J4 fIX 1 391 7152 448 Rel IS 
JJ5 RDY m GTO 15 449 XOY 
JJ6 RTH 39J'l8l J 458 51+ IS 
3J7'l8l 11 394 RDY 451 -
3J8 1 m Rel 17 451 fS? 88 
3J9 XOY J% Rel 15 45J 18tX 
348 - J97 I 454 'l.I .' 
J41 RTH 398 STO 17 455 XEQ 11 
341'l8l H m GTO 16 456 Rel 18 
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44 I STAT.15 I 

ANALYSIS OF COVARIANCE 

DESCRIPTION 

Analysis of covariance combines the advantages of analysis of varian­

ce and of regression. When a variable Y, which will be analysed by a single 

classification ANOVA, is supposed to be related to another variable I, which 

cannot be kept constant, but which can be measured, it is possible, by the 

analysis of covariance (ANCOVA), to evaluate the influence of X on Y. If 

X, the concomitant variable, is related to Y by a linear regression with 

coefficient~, the ANCOVA i s used to lIadjust" the means of the.!! treat­

ments y. 
For each observation, we have a pair of data xi and Y

i
, fran which 

we compute the sums of squares on X and on I, in order to construct an 

ANOVA table of these two variables, and the sum of products XI, to complete 

the ANCOVA table. The S.P. are t 

Total S.P. : ~ (. - i)(y - y) = 1:,y - r. "l.y/( n .. " -Treatment S.P. I l (C xl y) - r.t y/tn 
Error S.P. t by difference 

Source of d.t. 5.5. X S.P. XI 5.5. Y 
variation 

Total (an - 1) ixx :£.,y ~yy 

Treatments (a - 1) Tn T%Y Tyy 

Erxor a(n-1) Exx Exy Eyy 

Regression 1 (Exy)2/Exx = L2 

Error adj. a(n-1)-1 Eyy _ L2 = h.y 

The relationship between Y and X is estimated by computing a regression 

coefficient, using the 5.5. and S.P. of the error of the ANCOVA, to elimi­

nate the influence of the treatments, if s:ny : 

b =Exy/Exx x 
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STAT. 15 

the S.S. due to regression, with 1 d.f., is 

L 2 
= (Exy)2/ En 

By removing this quantity from the error 55 Eyy, we obtain a S.S. of 

error adjusted for the regression. This new S.S. (Ex.Y) has ODe d.t. less 

than the unadjusted S.S.; an error mean square is computed from these 

quantit~es (a2xoY) 

A test of 

X and Y) i6 : 

the hypothesis HO :J3=- 0 

2 2 
F = L / 6 x.y 

(there is no relationship between 

If~ does not differ significantly from zero, the ANCQVA has no advantage 

over a simple ANOVA. If b is significant, the treatment S.S. is adjusted 

to test the difference between treatmentss 
2 F = M.S. tr. adj./ 6 x.y 

and the means of the ~ treatments are adjusted 

y . = y - b (it - x) 
adJ. 

These Yadj.sre the means that we should ha~e observed, if Wibad been able 

to keep all the x. values constant at the i level. 
1 

The adjusted means can be compared, using an error term slightly larger 
2 than 8 x.y, to take in account the error on b : 

2 2 txx 
a' = a x.y (1 + ~) 

t = Tn/(a - 1). The program provides a "t" test using this error term. 
xx 
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I STAT.10 I 
TWO-WAY ANALYSIS OF VARIANCE 

WITH REPLICATI ON 

Two factors A and B are evaluated at the same time, tbe first at .! 

l evel s, the second at h l evels, representing!£ combinations (treatments) . 

Each treatment is replicated l!. times, yielding a total of ~ responses. 

The program can handle up to 10 levels of factor A; if a is larger than 

10, a signal ERROR is displayed. 

In t his type of ANOVA, the variation due to treatments is divided into 

- the main effects of A and B 

- an interaction AZB 

If this interaction is not significant, the two factors are said indepen­

dant, and can be studied separately. 

Factor B Factor A 
(b = 2) 

\ 
BI 

:} Tg 

B2 -
-

The ANOVA table is : 

(a = 3) 

A2 

-
-
--

-
-
-
-

T 
8 

A3 

(n = 2) 

Source of variation Number of Sum of squares Mean square 
d.!. 

Factor A (8 - 1) ·1 
Factor B (b - 1 ) 

2 
BB 

(8 - 1) 2 Interaction 
(b - 1) 

e
AB 

8b(n - 1) 
2 

Error BE 

Total (8bn - 1) 

A two-way ANOVA may be of different kinds 

- A and B are fixed treatments 
- A and B are random 
- A i s fixed, B 1s random 

Model I ANaVA 
Model II ANaVA 
~1ixed Model ANaVA 

F 

FA 

FB 

FAB 
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USER INSTRUCTIONS I 
STAT. 15 PROGRAMMABLAUF J 

INSTRUCTIONS D'EMPLOJ I 
NORME OPERATIVE I 

Instructions Variables 
Op< .. tion . o.'.""'ng:ob< 
In.UUtl.OIIS """"'" h,ru.ioni \>." 

Kev in the "" .. ,. 
1 to 8 

,lh. 

' • number of treatments a 
T " n' the , 

v' 
Correction routine • 
Finish to enter the wro= n~i . 

and call 
innut t he erroneous nair T. 

v; 
then the onA 

, 0' n' '" 
call 

Dionlav • sum of X 
mean X 

sum of Y 
m"-",, y 

At~A • t, ,,"' th, nth 

.- '" 1 .t n nl n¥ 
the 

DiS1)lav : reRTession coefficient 

., ot "= n ? F 

pl., 

.,.t • di 

" M • 

• 
pi];') 

DiS])lay : Adjusted means 

Test : difference of means 

• ted d~ 

T. t> t" " ". v: 
+> .. , 

n~ 

n' "' , 0' "t" 
, '.,. II " 

• 
l? " 

nn 

'or Bet of data call 
,nd t, ... , 

Function(.) Reluh 
T ... o(n) R .. ~I .. , 
Toucbt(s) R .... h., 
Tut; R,.ult>'o 

I y"," " 
Rls 

.1. 
Rls 

R 

R 's ~ 

:Ex 
unv T 

~T 

... 
-J 1"l 

b 

v 
p 

S.C. 
eM 

v 
p 

MOY. 

• 
Rls 
lL 's ., 
IlJ S 

t 

• 
4 

A 
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EXAMPLE 1 -
(.) 

XEQ 'RHCOYR' L8B RUN REGR 3,88 RUII 32,58 RUH D,L~I,8e 
;Z , J@ RIJH S,c.y~ 187, 58 

1, 58 RUH 29,28 RU" 26,88 RUM 7,e9 I(ljl' ERR. 2 ),88 RUH 38,48 RU, D . l.~2e.e8 14,28 RUN 11,98 RUH S.C.~173A9 4,213 RU, 22,58 RUN C.M . ~8 ,67 25,88 RUN (error) IM8 I(IjH 
3.18 RUN 27,j0 RUH b~-8 .8ne2 23,58 RU~ XEQ E f=12,48 7,68 RUN 13.48 RUH P~8,882 19,98 RUN 27 , JB RUH 
M8 RUH 3,48 RUN TRm.RJ. 25,38 RUH 2/, 38 RUN S . C . ~1 6;,86 2,28 RUff 2·68 RUH C. tI.=83 , 9;J 26,28 RUN 37 ,98 IWH F~9,68 1,48 ~UN 2.S9 RUN P' 8,881 24,88 R:.ttl 38,88 RUN m B 3, 113 RUN KOY. ~24,e8 EX~25 , S8 29 ,513 RUN 

KOU~3 , 19 XEi 8 MOY , ~28,38 EY~ I96,50 ! X=:H.99 HOY , N4,56 MOY . X~4 , 36 !'lOY . =Je. 56 
n~N8.t8 

3,48 RU, HOY , Y~38 , 81 s=2,97 19,38 RUH RHYR 24 ,88 RUtl 2.68 RUH 
28,38 RUN 27,98 ~!jN TOT. 8.8B m 2.40 RUH O , L~23,88 8,ee RUN 32.18 RUN S , C,X~145,44 ~ :2 , 89 4,98 RUN S,C, Y~m,93 

14,18 RUN S , P , XY~-97 , 66 L8, 8S~2.89 1.88 RUH 
24,68 RUH TRA!T 24 ,88 RUN 8, 28 RUH D,l , '2,88 38,56 RUN 24, 48 RUN S , C . X~S ,5B 8,88 RtJ~ 2,98 RUN S.C. Y~125, 86 8,88 Rl'tl 29,78 RUH S,P.XY~25,88 t~4 , 3, 
3,28 RUN 

35. 48 RUN m. t.8,85=2,09 
XEi 8 i . l .~21 , 89 

EX~29,'8 S .C. X~ 139,86 
I'IO'l' .X=3, 68 S,C, N81,a7 
EY~22), 58 S , P,XY~-122,66 MOY , N8,44 

PHILIPPE p.176 

STAT. 15 4 

EXAMPLE 1 -
(.) 
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PROGRAM LISTING 
f STAT ,15 PROGRAMMAUFUSTUNG 

L1STAGE DU PROGRAMME 
L1STATO 01 PROGRAMMA 

B1*lBl 'RHCOYR' SB RCl Il liS RCl 12 172 1 22j RCl 2B 

B2'lBl R Sl I 116 RCl 22 173 - 23C RCl BB 

B3 ClRG 6B '"OY,Y' 111 XEU 87 174 STO B7 231 I 

B4 STOP 61 STO IHO 26 118 STO 12 m 'u.' 232 STO 24 

8S STO B8 62 ISG 26 119 XEi 11 176 XEU 11 233 XEU 12 

86 XEi 12 63 XEU 11 128 ·S. P.XY' 177 RCl 13 2J4tl8l 8S 

87 RDY 64 RCl 19 121 RCl 8S 178 RCl 89 m RCl 27 

88'lBl 82 6S STO IHD 26 122 XEi 84 m- 236 RCl IHO 26 

Bl EREG 14 66 ISG 26 123 STO 86 188 'S.C.' 237 RCl 24 

18 Cl! 67 ROY 124 XEi 11 181 XEi 11 238 -

11 71S1 68 RCl 2S 12S ROY 182 STO 29 239 • 

12 RCl 2S 69 RCl 88 126 'ERR.' 183 XOY 248 ISG 26 

13 Cf 13 79 )(tY? 127 RYIEW 184 I 241 RCl IHO 26 

14*lBl 81 71 GTO 82 128 ·O.l.' ISS 'C.".' 242 XOY 

IS STOP 72 'RHYR' 129 RCl 88 1S6 XEi 11 243 -

16 STOP 7J RYIEW 138 RCl 2S 1S7 STO 23 244 '"OY. ' 

17 XOY 74 ROY 131 - ISS ROY 24S XEi 11 ~ 
18 Et 7S 'TOT.' 132 STO 87 1S9 RCl 27 246 ROY 

19 STO 8l 76 AY1EW 133 XEi 11 Il8 fIX S 247 ISG 26 

28 GTO 81 77 RCl 88 134 'S.C.X· III Sf 13 248 ISG 26 

21*lBl B 7B 1 m RCl 81 192 'B' 249 GTO BS 

12 RCl 14 79 - 136 RCl 82 193 XEi 11 lSB*lBl 0 

23 ST. 2B 88 'O.l.· 137 - 194 Cf 13 lSI RCl 23 

24 RCl IS B1 XEU 11 138 STO 83 19S fIX 2 m RCl 82 

IS ST' 11 82 'S.C. X· m XEi 11 196 'f' 2S3 RCl 2S 

16 RCl 16 83 RCl 21 148 's. c.y' m RCl 89 2S4 1 

17 ST. 22 84 RCl 28 141 RCl 11 198 RCl 13 2SS -

18 RCl 17 8S XEi 87 142 RCl 12 199 I 256 I 

19 ST' 13 86 STO 81 143 - 288 STO Il 2S7 RCl 83 

38 RCl 18 87 XEi 11 144 STO 13 lB1 XEi 11 258 I 

31 ST. 14 88 'S . C. Y' 14S XEi 11 2B2 1 2S9 1 

31 RCl 89 8l RCl 23 146 ·S.P.XY' 283 STO 16 269 t 

33 ST' 88 l8 RCl 22 147 RCl 14 284 XEi 13 261 • 
34 RCl 14 jJ XEi 87 148 RCl 86 m 'TRAIT.RJ. 262 SQRT 

3S XEi 88 92 STO 11 149 - 286 mEW 263 Sf 13 

36 ST. 82 93 XEi 11 1S8 STO 16 287 RCl 14 264 '5' 

37 RCl 16 l4 'S.P.XY' lSI XEi 11 288 XI2 26S XEi 11 

38 XEi 88 lS RCl 24 1S2 AOY 2Qj RCl B1 266 STO 23 

39 STt 12 % XEi B4 1S3 RCl 16 218 I 267tlBl B3 

48 RCl 14 97 STO 14 154 RCl B3 211 RCl 11 268 Cf 13 

41 RCl 16 98 XEi 11 155 / 212 - 26l STOP 

42 • 9l ROY 1S6 STO 27 213 CHS 27B STOP 

43 RCl Il 188 'TRAIT" 1S7 'REGR' 214 RCl 29 271 -

44 1 181 AYIEW 1SB RYIEW 21S - 272 RBS 
4S ST. 8S 182 RCl 2S 1S9 'U.' 216 'S.C.' 273 RCl 23 

46 RCl 14 183 1 168 1 217 XEi 11 274 STOP 

47 'EX' 184 - 161 XEi 11 218 RCl 84 m IIX 

48 XEi 11 18S STO 84 162 RCl 27 219 STO 16 276 STOP 

4l RCl 19 186 'O.l.' 163 RCl 16 228 I 277 11X 
S8 I 187 XEi 11 164 • 221 ' c.n. ' 278 t 

SI ·"OY.X' 188 ·S.C.X' 16S 'S. C. Y' 222 XEi 11 279 SiRT 

S2 XEU 11 189 RCl 82 166 XEi 11 223 RCl 23 288 • 

S3 STO IHO 26 118 RCl 28 167 STO 89 224 I 281 I 

S4 ISG 26 111 XEi 87 168 ROY 22S 'f' 282 Sf 13 

SS RCl 16 112 STO 82 169 'ERR.2' 226 XEi 11 283 'T' 

S6 'EY' 113 XEi 11 178 AYIEW 227 STO Il 284 XEi 11 

S7 XEi 11 114 'S. C. y. 171 RCl 87 228 XEO 13 28S AOY 
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4' 
PROGRAM LISTING 

STAT. 15 PROGRAMMAUFLISTUNG 
LlSTAGE DU PROGRAMME 
LISTATO OJ PROGRAMMA 

286 2,3777 343 9 488 RCI 22 
287 RCI 87 344 I 481 4 
288 I 345 STO 15 482 ytX 
289 EtX 346 RCI 16 483 ,819527 
298 ,96 347 I 484 .-
291 + 348 STO W 485 + 
192 ·T.Q,85· 349 RCI 15 486 -4 
293 XE9 11 358 RCI 87 487 ItX 
294 ADY 351 I 488 1 
295 GTO 83 352 STO 15 489 I 
296 RTN 353 1 418 CHS 
297tLBL 84 354 - 411 1 
298 RCI 28 355 CHS 412 + 
299 RCI 22 356 RCI 19 413 FIX 3 
388 • 357 3 414 FS'C 82 
381 RCI 88 358 l/X 415 XE9 14 
382 I 359 ItX 416 .p' 
383 - 368 .- 417 XE9 11 
384 RTN 361 1 418 FIX 2 
385'181 86 362 RCI 17 419 ADY 
386 RCI 82 363 - 428 RTN 
387 RCI 25 364 - 421'181 14 
388 1 365 STO 11 412 1 
389 • 366 RCI 15 423 WI 
3Hl I 367 RCI 19 424 -
311 RTH 368 1 425 RTN 
312'IBI 87 369 EHTERt 416'IBI E 
313 Xt2 378 3 427 STOP 
314 RCI B8 371 I 41B STOP 
315 I 372 ItX 419 XOV 
316 - 373 .- 438 E-
317 RTN 374 RCI 17 431 GTO 81 
318'IBI 8B 375 + 432 ,EHD, 
319 Xt2 376 SORT 
318 RCI 19 377 RCI 21 
311 I 37B WI 
311 RTN 379 I 

313'181· 11 388 STO 22 
314 'f"' 381 X)8? 
325 ARCI .X 382 SF 82 
316 AYIEW 383 ABS 
317 RTN 384 1 
32StlBL 12 385 'm 22 
319 RCI 8B 386 ,196B54 
33B 3 387 • 
331 • 3BB + 
332 19 389 RCI 22 
333 + 398 Xt2 
334 1888 391 ,115194 
335 I 392 .-
336 38 393 t 

337 + 394 RCI 22 
338 STO 16 395 3 
339 RTN 396 ytX 
348'IBI 13 397 ,888344 
341 2 398 *' 
342 EHTERt 399 + 
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STAT. 15 

Regi"erll 
o. • ."."";':h,,, 
Regi"," de donn .... 

Reg; .. " 

00 '" 
I total SS X 

'0, X 
, "5 X 

I hMt d_f 

" (X X:£y) " 
"P~t SP 

d_f 

L< 

" '" 
tntal SST 
hMt 5S T 

, "0 .,-

tnORl SP 

" " 
error SP 

" L '" 
I:: x" 
~ 
2: v<, orr_.2 

I:: -, 
25 " 

h 

on i .SS 

'" ... .. 
n: 

" " . 

" 
.. 

" " 

" 

REGISTERS, STATUS, FLAGS 
REGISTERBELEGUNG, FLAGS, BETRIEBSARTEN 

REGISTRES INDlCATEURS MODES OP~RATOrRES , , 
REGISTRI, MODI OPERA TIVI, FLAGS 

Statu, 
IX,";'b ... " 
Mode< <>pi"'o,,,,,, 
Modi op<""riv; 

Size 0" Total Reg. 

E", 0 Fi1 !Xl 
D<g 0 .. , 0 

Purpose 
Rcdcu tung 
Signifiation 

"""" 
00 

" 
" I p(~\ 

'" 
'" 
" 
'" 
'" 
'" 
'" 
" 
" A"dlOu«u" 

" 
" 
" 
" 
" 
" 
" 
" 
'" 
" Pnn, •• F.. ... bIt 

" Numb., lnpu, 

" Alp,," lnp .. , 

" RinK' Ig""'" 

" EnOf lit""'" 

" AudIO Erublc 

" lJ""Modt 

" Ike" ... J PO,". 
,., DiM" Groupi ng 

", 0 
c., 0 

Flags 

• < 

~ 
:::; 
U 

I . 

Assignmenill 
T~"""btlog\lnll: f A";gn."ion.j A~""mtn" 

Funclion Ko, funccion 
Funk" ..... TOIle Funbion 

I'one .... " Touch< ..... -
I'unzion< TulO f un.lo .... 

'l~ 

User Mode 

"" IXJ 

"" 0 

( 

J.o 
P-

I 

Ko, 
T.~ T_'" 
To"o 

( 
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BOIl-P AlWBTRIC RANK TBSTS 

IliSCRIPTIOB 

when the conditions of the parametic teats are not fulfilled, i.e. when the data are % 

- on an ordinal scale (scores) 
- or measured variables known not to be nomally distributed 
- or when the variances of the several groups are not identical (heteroscedast!clty) 

these tests ("t" tests and analysis of variance) can be replaced by non parametric tests, in which the data are replaoed by their rank. 
The data are ranked i n order of increasing size; when tvo are more observationa have the same value (tied observations), they are given the average of the ranks they would have if no ties had occured. 

MANN-WHITNlU "UtI TEST 
Tbis is the equivalent of the Nt" teet for two independant samples. The observations of both groups are combined and ranked, considering their algebraic aize . If the two samples come from popUlations A and B, 

the two groupe have the saDIe distribution 
a - the population A is larger than population B (regardless or their sbape (or B> A) one tailed test 
b - A i8 different froll B two-tailed teet 

If ~ is the size of the smaller sample and ~ the size of the larger one, 1). and ~ the corresponding sums of the ranks of the respeotive groups, tbe test statistic ia I 

The smaller of these tvo values is the 
tribution is known and found in tables 

(:t) for example in S. SIXGKL 

statistio, whose aampling dis-
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STAT.l7 

When D2 is larger than 20, the statistic , 

z_ 

i8 nomally distributed with zero mean and unit variance. The prograa co_ 

putes the values o:f U and (when D2 18 larger than 20) of II and p(.). 

WILCOXON lIATCIlED-PAIliS SIGIIRD RANKS ~ST 

This is the equivalent of the 1ft" test for related samples. The differen­

ces d
1 

between each pair of observations are ranked without regard to their 

sign. Then the sign of the difference is affixed to each rank. Tbl!t raaka 

having a + sign are 8W11med and the ranks having a - sign are sued. The 

statistic "T" is the 8lIlaller of these two suu. When a differenee d i. 

equal to zero, this pair of observations is dropped from the analysis. 

When two or more ranks are tied, they are given the average of the SUII ot 

their ranks. 

If HO (the BUm of the d' B is equal to zero) is true, Y8 vould expect 

the tvo sums to be about equal. The distribution of "T" is given in tables. 

When N, the number of paired observations is larger than 25, the atatistio 

. - T - H(N - 1)/4 

V
N(N + 1)(2H + 1) 

24 
is normally distributed with zero mean and unit variance. 

The prograa computes the values of ftT- and (yhen H is larger than 25) of 

z and p(z). 

KBIJSKALlr-WALLIS OIlR-WAY AHAlISIS OF VARIANCi 

This i8 tba equivalent of tha single classification AliOVJ.. The obaernti­

ODS or scores of the ~ samples are coabined and. ranked, and tha sua of tbe 

ranka R
j 

of each sample (column) is computed. The statistic , 
2 

12 "Rj 
H - H(N "" 1) L Iij - 3 (N - 1) 

is approximately distributed &8 a chi-square with (8 -1) degrees of fl"Hdoa. 

HO: the .!. samples COII8 from the same population or froll populations yith 
the same averase. 

1 
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STAT.l7 

When D2 is larger than 20, the statistic , 

z_ 

i8 nomally distributed with zero mean and unit variance. The prograa co_ 

putes the values o:f U and (when D2 18 larger than 20) of II and p(.). 
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1 
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S'rA.!.17 

The progru oomputes -H" and p(a). It this probability i8 Imlaller than 

the signifioance level, EO oan be rejected. 
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ked in 8aoh bloak. 'rben, the rankB of each colUIII.D are 8W111118d (R
j
). The 

statistio I x2 _ 
r 

12 
ba (. + 1) 

baa approxiaately a chi square distribution with (8 - 1) degrees of freedoll. 

The prograa computes x2 Blld its probability. It P is aaller than the si-
r 

gniticanoe 18ftl, HO (the mean ranks of the colUll!l8 are equal) can be 

:rejected. 
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S'rAT.LO 

Significance testing. 

The F values are computed differently, according to the type of ANOVA 

Model r ·ANOVA : A/Brror, B/Error, AxB/Error 

if the i nteraction AxE is significant, the two factors are 

not independant, and the program does not compute FA and FB 

Model II ANOVA : ·. AxB lFirror. IfAxB is significant, AI hJ3 and BI hJ3 

If A:LB 1s not significant, it can be pooled with E t 

AlPooled and B/Pooled 

Mixed Model ANOVA: AlAxB (or AlPooled); B/Error 

The data are input by groups of ~ i terns and by row. The program dis­

plays the total of each group Tg and the total of the row T
b

; when all the 

data are ent ered, display of the column totals, T • The sums of squares are I 

2 a 2 

Total sum of squaraa ! y - C.F (1) C.F. = (r y) labn 

Group S.S. r T2/n - C.F . (2) 
g 2 

Factor A S.S. ~ T Ibn - C.F. (3) 
2 a 

Factor B S. S. ~ T~an - C.F. (4) 

Interaction AxB S.S. (2) - (3) - (4) 

Error (1) - (2) 
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STAT.l7 

EXAMPLE 1 - MANII-liHITNEY (,,) 

XEi R 
Small semple ~ 2,89 RUN 

88Ilple 
29,58 RUN 
24.58 RUN 

XEi ·RRNG· 24.58 RUN 
2,88 RUN 16,88 RUN 

16,88 RUN 
7,99 RUN 16,8B RUN 
4,86 RUN 16,88 RUN 
6,BB RUN 12,88 RUN 
1.89 RUN 9,59 RUN 
8,99 RUN 9,59 RUN 

XEi B 5,99 RUN 
N6,88 5,99 RUN 
0=5,89 5,99 RUN 

5,B8 RUN 
9,99 RUN 5,BB RUN 
5,99 RUN 1,58 RUN 
3,99 RUN XEi B 
2,99 RUN R"288,88 

XEQ B 0'=16 ,99 
R"19,88 
n=4,98 39,88 RUN 

38,88 RUN 
U"9.88 36,88 RUN 

36,88 RUN 
36,BB RUN 
33,88 RUN 
33,88 RUN 
33,88 RUN 
29,58 RUN 
29,58 RUN 
29.58 RUN 
24.58 RUN 
24.58 RUN 
24,58 RUN 
24,58 RUN 
28,58 RUN 
28,58 RUN 
16 ,8B RUN 
16,88 RUN 
16,88 RUN 
9.5B RUN 
9.5B RUN 
1,58 RUN 

XEi B 
R"588,88 
n=23,89 

U"64.98 
z=3,43 

(,,) S. SlIXlEL pp. 120 and 122 
P.UNI"4,63E-4 
P.BIl"9,2/E-4 
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STA'I'.17 

EXAI!PLE 2 - liILCOXON 

S!I.all sample Large sa.raple 

XEQ I 

XEQ D 4.5e RUH 
29,BB RUH 
2e.ee RUH 7.BB RUH 

8,98 RUH 4,58 RUH 
4.BB RUH 4.58 RUH 
5.88 RUH nee RUH 

16.5e RUH 
2J.ee RUH 
16.58 RUH 

6,88 RUH 
2.BB RUH 

XEi B 
R~J2.BB 4,58 RUH 
n=6,88 nee RUH 

25.5e RUH 
1I.5e RUH 
11,58 RUH 
1I.5e RUH 

-1,88 RUH 
-J.ee RUH 

XEi B 
R~-4.ee 4.5e RUH 
n=2,89 2e.ee RUH 

25,58 RUH 
T~-4.Be 1I.5B RUH 

16.5e RUH 
XEi B 

R~298.eB 

n~2B.BB 

-1I .5e RUH 
-4.5B RUH 
-4,59 RUH 

-16.5e RUH 
-1I.5e RUH 
-4,58 RUH 

XEi B 
R~-5J.eB 

n~6.BB 

T~-5J.BB 

z=3,ll 
P.UHI~L 15E-J 

(.) S.SIEGEL pp. 79 and 82 P.BIl~2.JBE-J 
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STA'l'.17 

(tE) 
EXAMPLE 3 - KRUSKALL-WALLIS 

XEi A 
3,88 RUN 

14,BB RUN 
S,BB RUN 
4,88 RUN 

lB,BB RUN 
3,BB RUN 
1,88 RUN 
6,BB RUN 
2,88 RUN 

XEi B 
R"4S,BB 
n=8,88 

lS,BB RUN 
8,88 RUN 

11,88 RUN 
12,BB RUN 
lB,BB RUN 
7,98 RUN 

XEi B 
R"71,BB 
0=6,88 

j,BB RUN 
16,88 RUN 
13,BB RUN 
17,BB RUN 

XEi B 
R"SS,BB 
n=4 .88 

H"7.9B 
p"B,m 

(.) Data ot example 1, Program STAT. 05 - The observations 

have been ranked. 
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STAT. 17 

( .. ) 
EXAMPLE 4 - FRIEIJIAIi 

XEQ C 2,88 RUN 3,139 RUN 1,8B RUN 18.00 RUN 2,89 RUN 
3,88 RUN Lee RUN 2.00 RUN 2,88 RUN 1.00 RUN 1,138 RUN 1.88 RUN 1,88 RUN 2.00 RUN 3,89 RUN 2,98 RUN 2.00 RUN 2,88 RUN J.00 RUN 1,88 . RUN 

1.00 RUN 
1, 88 RUN ).00 RUN 1,88 RUN ).00 RUN 1,98 RUN 2,88 RUN 1,88 RUN 2,88 RUN 1,88 RUN 3,88 RUN 
1.88 RUN 2.00 RUN 1.98 RUN 2.50 RUN 

XEQ B 3,88 RUN 
R~26.00 3,88 RUN n=18,88 2,88 RUN 

XEQ B 
X2~8.58 

R~)9.50 
P~8. 014 

n~18.00 

).00 RUN 
3,88 RUN 
3,88 RUN 
2.00 RUN 
1,98 RUN 
J.00 RUN 
2,89 RUN 
J.00 RUN 
1,88 RUN 
1.00 RUN 
M0 RUN 
).00 RUN 
2,98 RUN 
],88 RUN 
2,58 RUN 
2.00 RUN ( .. ) s. sum:L p.l71 
2.00 RUN 
3,98 RUN 

XEQ B 
R~42.50 

n=t8,e8 
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PROGRAM LISTING 
STAT. 17 

PROGRAMMAUFLISTuNq 
LISTAGE DU PROGRAMME 
LlSTATO DI PROGRAMMA 

91'l.Bl 'RRHG' 5B RCl 26 115 RCl 26 112 1 229 + 
92'lBl R 59 - 116 RCl 26 173 + 238 • 
B3 cm 68 CHS 117 1 174 .. 231 24 
B4 XEi 22 61 RCl 27 118 + 175 - 232 I 

85 STOP 62 lOY? 119 .. 176 -X2- 233 SiRT 
B6 STO 29 63 XOY 129 I 177 XEi 11 234 I 

B7'lBl 91 64 STO 27 121 RCl 27 178 STO 22 235 XEi 23 
98 RDY 65 'U- 122 • 179 RCl 29 236 RTH 
99'lBU2 66 XEi 11 123 3 189 1 237<lBl22 
18 STOP 67 RCl 11 124 RCl 26 181 - 238 1 
11 ST+ 21 68 RCl 12 125 1 182 STO 29 239 STO 22 
12 71SZ 69 X<~Y' 12(; + 183 XEi 14 249 11 
13 GTO 82 79 XOY 127 • 184 CF 99 241 sio 23 
WlBl B 71 29 128 - 185 RTH 242 RTH 
15 RCl 21 72 X)Y? 129 'H- 186.l8l D 243'lBl 23 
16 -R- 73 RTH 138 XEi 11 187 ClRG 244 RBS 
17 XEi 11 74 RCl 27 131 STO 22 188 XEi 22 245 SF 13 
18 STO IHD 22 75 RCl 11 132 RCl 29 189 SF 81 246 -2-
19 RCl 25 76 RCl 12 133 1 198 2 247 XEi 11 
29 SF 13 77 • 134 - 191 STO 28 248 CF 13 
21 'H ' 78 2 135 STO 28 192 GTO 81 249 STO 21 
22 XEi 11 79 I 136 XEi 14 193'lBl 28 258 XEi 12 
23 CF 13 88 - 137 RTH 194 CF 81 251 'P_UHI-
24 RDY 81 RCl 11 I38'l8l C 195 RCl 11 252 XEQ 11 
25 STO IHD 23 82 RCl 12 139 ClRG 196 RCl 12 253 2 
26 8 83 • 148 XEi 22 197 + 254 • 
27 STO 21 84 RCl 11 141 SF 99 198 STO 28 255 -P_BIl-
28 STO 25 85 RCl 12 142 STOP 199 RCl 91 256 XEi 11 
29 1 86 + 143 STO 28 299 RCl 92 257 RTH 
38 ST+ 24 87 1 144 STOP 291 X)Y' 258 2 
31 ST. 22 88 • 145 STO 28 292 XOY 259.l8l 14 
32 STt 23 89 • 146 GTO 91 293 -T- 268 RCl 22 
33 RCl 29 99 12 147.lBl 18 284 XEi 11 261 SiRT 
34 RCl 24 91 I 148 RCl IHD 22 m STO 27 262 STO 21 
3:;i X'Y? 92 sm 149 :<:81 286 RCl 28 263 RCl 29 
36 GTO 92 93 I 159 GTO 19 287 25 264 1 
37 2 94 XEi 23 151 XI2 288 X)Y? 265 X~Y' 
38 RCl 29 95 RTH 152 ST. 27 289 RTH 266 GTO 16 
39 lOY? 96'lBl 93 153 1 219 RCl 27 267 RCl 28 
49 GTO 93 97 XEi 22 154 ST' 22 211 RBS 268 2 
41 RCl 11 98 FS? 88 155 GTO 18 212 RCl 28 269 X~Y? 
42 FS' 91 99 GTO 18 156'l8l 19 213 RCl 28 279 GTO 17 
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44 RCl 12 191 RCl IHD 22 159 RCl 28 215 + 272 2 
45 • 192 X~9? 159 RCl 29 216 • 273 I 
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56 - 1!3.l8l 85 178 • 227 • 284 STO 25 
57 STO 27 114 12 171 RCl 28 228 1 285 XEi 13 
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PROGRAM LISTING 
STAT. 17 

PROGRAMMAUFLISTuNq 
LISTAGE DU PROGRAMME 
LlSTATO DI PROGRAMMA 

91'l.Bl 'RRHG' 5B RCl 26 115 RCl 26 112 1 229 + 
92'lBl R 59 - 116 RCl 26 173 + 238 • 
B3 cm 68 CHS 117 1 174 .. 231 24 
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85 STOP 62 lOY? 119 .. 176 -X2- 233 SiRT 
B6 STO 29 63 XOY 129 I 177 XEi 11 234 I 

B7'lBl 91 64 STO 27 121 RCl 27 178 STO 22 235 XEi 23 
98 RDY 65 'U- 122 • 179 RCl 29 236 RTH 
99'lBU2 66 XEi 11 123 3 189 1 237<lBl22 
18 STOP 67 RCl 11 124 RCl 26 181 - 238 1 
11 ST+ 21 68 RCl 12 125 1 182 STO 29 239 STO 22 
12 71SZ 69 X<~Y' 12(; + 183 XEi 14 249 11 
13 GTO 82 79 XOY 127 • 184 CF 99 241 sio 23 
WlBl B 71 29 128 - 185 RTH 242 RTH 
15 RCl 21 72 X)Y? 129 'H- 186.l8l D 243'lBl 23 
16 -R- 73 RTH 138 XEi 11 187 ClRG 244 RBS 
17 XEi 11 74 RCl 27 131 STO 22 188 XEi 22 245 SF 13 
18 STO IHD 22 75 RCl 11 132 RCl 29 189 SF 81 246 -2-
19 RCl 25 76 RCl 12 133 1 198 2 247 XEi 11 
29 SF 13 77 • 134 - 191 STO 28 248 CF 13 
21 'H ' 78 2 135 STO 28 192 GTO 81 249 STO 21 
22 XEi 11 79 I 136 XEi 14 193'lBl 28 258 XEi 12 
23 CF 13 88 - 137 RTH 194 CF 81 251 'P_UHI-
24 RDY 81 RCl 11 I38'l8l C 195 RCl 11 252 XEQ 11 
25 STO IHD 23 82 RCl 12 139 ClRG 196 RCl 12 253 2 
26 8 83 • 148 XEi 22 197 + 254 • 
27 STO 21 84 RCl 11 141 SF 99 198 STO 28 255 -P_BIl-
28 STO 25 85 RCl 12 142 STOP 199 RCl 91 256 XEi 11 
29 1 86 + 143 STO 28 299 RCl 92 257 RTH 
38 ST+ 24 87 1 144 STOP 291 X)Y' 258 2 
31 ST. 22 88 • 145 STO 28 292 XOY 259.l8l 14 
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PROGRAM LISTING 
STAT,17 PROGRAMMAUFLISTU NG 

LIST AGE DU PROGRAMME 
LlSTATO DI PROGRAMMA 

l' 286 8 343 RCl 21 488 • 
287 STO 8~ 344 STO 86 481 GTO 18 
288 1 34~ GTO 88 482.l8l 17 
281 STO 86 346'l Bl 13 483 XEQ 13 
218.lBl 88 347 PI 484 RCl 81 
211 RCl 22 348 2 48~ RCl 82 
292 • 349 .* 486 .. 
m RCl 8~ 3~8 S9RT 487 GTO 18 
m 2 3~1 STO 81 48B'lBl 11 
295 + 3~2 RCl 22 m ""' 
2j6 STO 8~ m 2 418 ARCl X 
2j71 354 I 411 AYIEW 
m ST. 86 m CHS 412 RTH 
m 71S1 m EIX 413.lBl E 
388 GTO 88 m RCl 81 414 STOP 
381 FS? 81 3S8 I/X 41~ ST- 21 
382 GTO 81 359 • 416 71S1 
383 RCl 87 368 STO 82 417 GTO 82 
384 2 361 RTH 418 RTH 
385 • 362'lBl 12 m .EHI. 
386 RCl 82 363 I 
387 2 364 RCl 21 
388 • 36~ '!%8~4 
389 RCl 86 366 • 
318 • 367 t 
311 + 368 RCl 21 
312'l8l 18 369 Xt2 
313 FIX 3 378 .ll~194 
314 'p' 371 • 
315 XE9 11 372 t 
316 FIX 2 373 RCl 21 
317 RTH 374 3 
318'l8l 81 37S YtX 
3ij RCl 81 376 .888344 
328 RCl 82 377 • 
321 RCl 86 378 t 
322 • m RCl 21 
323 • 388 4 
324 FIX 3 381 YtX 
32~ 'p ' 382 .mS27 
326 XE9 11 383 • 
327 FIX 2 384 t 
328 CF 81 385 -4 
m RTH 386 YtX 
338.lBl 86 387 2 
331 RCl 28 388 I 

332 I 389 CHS 
333 - m I 
334 2 391 t 
335 I 392 I 
336 I m XOY 
337 - m -
338 STO 25 m STO 87 
339 XEQ 12 3% RTH 
348 XEQ 13 317'lBl 16 
341 I 398 XE9 12 
342 STO 8S J9j 2 
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I STAT.IS I 
NON PARAMETRIC TESTS 

ANALYSIS OF FREQUENCIES 

DESCRIPTION 

When a variable, instead of being measured, is qualitative, and distributed 

into two or more classee depending on some criterion, the tests are per-

tormed on frequencies. They are based on a comparison between the frequen-

cies actually observed and the theoretical frequenoies (expected) that 

we should have if a null hypothesis HO was verified. 

I - Tests of goodness of fit 

When a set of frequencies f , distributed in k classes, is compared 
o 

with the corresponding "theoretical frequencies f
t 

calculated under the 

hypothesis HO (for instance, the sample is drawn from a normal, or bino­

mial, •••• , population), a statistic is calculated, having approximately 

the sampling distribution of chi-square. 

2 
a - Pearson X test 

The statistic has a chi-square distribution 

with n' degrees of freedom; the expected frequency f t in any class should 

be at least 5. 

b - Maximum likelihood or G test 

The statistic 
G ~ 2 (I f LN f - 1. f LN f

t
) has B chi-square 

o 0 0 

distribution with n' d.t. This test is less sensitive to low theoretical 

frequencies, and, with a calculator, is even simpler that the first one. 

The number of d. f. may vary, according to the number of parameters esti­

mated from the data; when no value was computed (hypothesis extrinsic to 

the data) n' = (k - 1); when 2 values were computed (for instance mean 

and variance), n' = (k - 3). 

The program uses the maximum likelihood approximation • 
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64 STAT. 18 

II - Testa of independence 

Used to stu:dy if two variables are associated. In a random sample 

of size ll, each observation may be cross-classified according to two 

criteria, so that it belongs to one and only one level of each crite­

rion. The data are displayed in a contigenqy table. 

Second Firat criterion 
criterion Levels 

Levels 1 2 3 •...... c Total 

1 · · · · · 
2 · · • · · 

· • • 
3 · · 
• · · r · · • · - -- -- - ~ 

Total • • . N 

Sucb a table ~s called an (r x c) table, w~th r rows and c columna. 

1 - (2 x 2) Table 

The simplest case is when the two criteria have two levels, leading 

to a (2 x 2) contingency table like the following one : 

Treatments Totals 
1 2 

Group I A B (A + B) 

Group II e D (e + D) 
-- --

Totals (A + e) (B + D) N 

. 
Convent~onall7, the frequencies 1D the four cells are called A, B, C, D 

and the marginal totals (A + B) 

The hypothesis Hoto be tested is that the two criteria are independant. 

a - Fisher exact test 

When the total number of observations is small (N (25), or when the ex­

pected frequency in a cell f
t 

i s less than 5, the Fisber exact test 

should be used. It is based on the hYpergeometric distribution, the mar­

ginal totals being considered as fixed. The exact probability of obser-

ving a particular set of frequencies i s given by 

(A+B) ! (C+D)! (Me)! (B+D)! 
N.AfB/C,D, · . . . . 

the sign ! stands for "factorial". 

p = 
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STAT. 18 

The probability under Ho of the test is the sum P of the probabilities p 

of observing the actual data, and even more extreme eets (1. e. all the 

combinations of frequencies in the four cells, the marginal totals being 

fixed, until the frequen~ in a cell ia zero). 

The program gives the exact probability for a one-tailed and a two-tailed 

test. 

b - Pearson X2test 

When N is larger than 20, the classical test is the X2 corrected for con­

tinuity (Yates correction). The statistic 

X2 = N( lAD - Bel - N/2)2 
(A+B) (C+D)\A+C) (B+DY---

has a chi-square distribution with 1 degree of freedom 

2 - (r x c) tables 

For a contingency table with ~ rows and £ columns, ~he program provides 

a G teat based on the formula : 

G = l(l' f LN f ) - (f T LN T ) - (l T LN T ) + N LN N] l: 00' e ' c r r 

where f' are the frequencies in each cell, T and T the marginal totals. 
D c r 

G has a chi- square distribution with (r - 1)(0 - 1) degrees of freedom. 

He being :"the rows and columns are independant", if p(a) is J,.ower_. 

than the sigtliticance levelt(, He can be rejected. 

65 

I 

STAT. 18 

The probability under Ho of the test is the sum P of the probabilities p 

of observing the actual data, and even more extreme eets (1. e. all the 

combinations of frequencies in the four cells, the marginal totals being 

fixed, until the frequen~ in a cell ia zero). 

The program gives the exact probability for a one-tailed and a two-tailed 

test. 

b - Pearson X2test 

When N is larger than 20, the classical test is the X2 corrected for con­

tinuity (Yates correction). The statistic 

X2 = N( lAD - Bel - N/2)2 
(A+B) (C+D)\A+C) (B+DY---

has a chi-square distribution with 1 degree of freedom 

2 - (r x c) tables 

For a contingency table with ~ rows and £ columns, ~he program provides 

a G teat based on the formula : 

G = l(l' f LN f ) - (f T LN T ) - (l T LN T ) + N LN N] l: 00' e ' c r r 

where f' are the frequencies in each cell, T and T the marginal totals. 
D c r 

G has a chi- square distribution with (r - 1)(0 - 1) degrees of freedom. 

He being :"the rows and columns are independant", if p(a) is J,.ower_. 

than the sigtliticance levelt(, He can be rejected. 

65 



1 

• 

7 

A 

q 

" 

STAT.lO 
USER INSTRUCTIONS I 

PROGRAMMABLAUP I 
INSTRUCTIONS D'EMPLOl I 

NORME OPERATIVE I 

Inllruccion, 
Opontion 
In ... ,,ction. 
I",,,.io"; 

Kev in the , mAT ~ , 0 
1 to 7 

1< 

" '.', of ' A 

Innut : ~a'" of the firet 

Call 
the first row 

. of """,,un total T 
st""s • and , for t~. 

At the end of the row. 
. the row to'" T. 

.t, • t" ~ for th 
rows 
At the end of the lest row _ n' 
of t> ~ 

innut the , data 
+> ,the . one 

~ Mon.' T ANOVA Oall 
. Mon.' II CO: 
. '" •• Model JoIIOVA Call ., oet of dda. oal' 
nn 

Variable. 
O' ...... ;n&1 .... 

""""'" 0 .. , 

b 

n 

v. 

v, 

Funaion(. ) 
Tutc(n) 
Touche{.) 
Tuti 

Rf. 
R/~ 

, 
D 

Rc.uh 
R ... "I .. , 
Raul .. , 
R .. "I .. ,o 

.... 

'!lV' 

3 

1 

• 

7 

A 

q 

" 

STAT.lO 
USER INSTRUCTIONS I 

PROGRAMMABLAUP I 
INSTRUCTIONS D'EMPLOl I 

NORME OPERATIVE I 

Inllruccion, 
Opontion 
In ... ,,ction. 
I",,,.io"; 

Kev in the , mAT ~ , 0 
1 to 7 

1< 

" '.', of ' A 

Innut : ~a'" of the firet 

Call 
the first row 

. of """,,un total T 
st""s • and , for t~. 

At the end of the row. 
. the row to'" T. 

.t, • t" ~ for th 
rows 
At the end of the lest row _ n' 
of t> ~ 

innut the , data 
+> ,the . one 

~ Mon.' T ANOVA Oall 
. Mon.' II CO: 
. '" •• Model JoIIOVA Call ., oet of dda. oal' 
nn 

Variable. 
O' ...... ;n&1 .... 

""""'" 0 .. , 

b 

n 

v. 

v, 

Funaion(. ) 
Tutc(n) 
Touche{.) 
Tuti 

Rf. 
R/~ 

, 
D 

Rc.uh 
R ... "I .. , 
Raul .. , 
R .. "I .. ,o 

.... 

'!lV' 

3 



66 

S1e~ 
Schnn ,,, 
,,-

1 

, 

, 
4 

4 
< 

7 

A 

0 

,n 

_11 

" 

13 

, 

~ 1h 

USER INSTRUCTIONS I 
STAT.lS PROGRAMMABLAUF I 

INSTRUCTIONS O'EMPLOI I 
NORME OPERATIVE I 

Instructions Variable. 
Ope''';'''' o.,~~ng>be 

InltrucUonl """-huu.ioni D." 

1 Kev in the , STAT.lS 
I , .. 7 

I Tn' 

1 _ Test of Goodness of fit 
Call 
Innut the date bv nairs 

_ob~.e,..ed freQuency f ,., • After the last ~air call 
T, n' n' n , n f 
". -, • 0. 

p( 0.1 

H ~(o\<o( H~ 

For . se'! of data , to 
At. , 

2 - Table (2 x 2) 
e." 
Tnnut the heauencies A 

B 
e 
n 

". ~, 

_ "lAh .. AYAet tAAt 
Call 
n· .. 1 nnnh n ... _ t ARt 

.n> two-+" on teet 

b _ X' test 
Call 

"' n' y< 

ilrob • X2 
~ 

H 1'(x.<) <.'!! H. -

For another set of data, return 
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Call 
Innut the date bv nairs 

_ob~.e,..ed freQuency f ,., • After the last ~air call 
T, n' n' n , n f 
". -, • 0. 

p( 0.1 

H ~(o\<o( H~ 

For . se'! of data , to 
At. , 

2 - Table (2 x 2) 
e." 
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B 
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". ~, 

_ "lAh .. AYAet tAAt 
Call 
n· .. 1 nnnh n ... _ t ARt 
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Call 
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ilrob • X2 
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H 1'(x.<) <.'!! H. -

For another set of data, return 
t, Ats" R 

(nyol l .':,,\ 
e." . 0 

n' MW. n 

. the of the first , 

Funccion(l ) Result 
T .. .qn) R~~h .. , 
T"""ho(.) Rnlll .. , 
TI .. ' R .. "I""o 

XEO"FREO" 
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R/" 
R/ " 
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RlS I. 
G I' 
~ 

R S I-
R S J 
R S 
H Is 
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~ D 
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P BIL 
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PROGRAMMABLA UF II 
srAT .18 INSTRUCTIONS O'EMPLOI II 

NORME OPERATlVE II 

Stef Inslrl,lclions Variablet Fl,lnction(t) Rel l,llt 
Schnm ap. .. ,i<;m D:ucoongob. T .. ,c(n) R .. ~l .. , 
~, In .. n,oc,ioII. """ .... Touchc(.) Raul .. , 
~~ I .. rurioni D ... To,ti R""h .. " 

t-----;- . 
\7 .- " .. 'All u 

. of • row t~tAl T. lEo 

1R Correction routine 
ArtAr A f 'All 
input the e 'us f. 0 10 

t> .. ~: 10 0 

1q Reoest steos 16 and 17 for the 
• r~A 

'" ?O "tor th . ,. At 
'" ~, of 1 the ~, "' , T. ~" 

thA ~And to'" " G r-
number of d f n T. 

peG) " If p(G).(O( H i s rejected 
21 Fnr Annth.r ,~t of dAt • 

sten U 

( 

I' 

r 
l" 
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STAT. 18 

EXAMPLE 1 - Goodness of fit 

Number of boys in 2 000 families of four children. Does it fit the HO 

bjtpothesia t binomial distribution with p = 0,50 

0 1 2 3 4 

! 
0 

118 485 750 515 132 

f+ 125 500 750 500 125 

XE~ R 
IIB , BB! RU~ 
125 ,88, RUt-' 

4a~ J e08 RU~ 

5aB, BBe RUN 

758 ,888 RUN 
/5e ,8eB RU, 

m ,888 RUN 
588,888 RUN 

132,900 RUH 
125,8,8 IWH 

XEQ B 
G~L6B5 

4,888 RUN 
P~8,794 

EXAMPLE 2 - Table (2 x 2) Fisher exact test (.) 

XEQ 'FREi ' 
XEQ C 

\, Be RUH 
6, 99 RU~ 
4,88 RUN 
1,8B RUN 

R+8=7,Be 
CtD~5,88 

RtC~5, B8 
StD~7, BB 
H~12 , 88 

XEQ ~ 
P.UNI~8 ,8m 

(.) SI!X:EL p.98 
P.Bll~8 , 8989 
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EXAMPLE 3 - Table (2 x 2) X2 teet (,,) 

XEi C 
9US iWH 
18.88 RUIl 
97. 0e Rutl 
'.e0 RU~ 

R'B~16e.a8 
C'D~16e.&e 
R.C~167 . e8 
B+D=13.86 
N~1e6 . 86 

XEQ F 

X2=2.% 
P=& ,885 

EXAMPLE 4 - Table (r x c) ("") 

XEQ G 118,86 RUN 
4.88 RUN (error) IS7,66 Rl1tl 
3,88 RliH XEQ , 

1S7 ,66 RUH 
S7,e0 RUH 

I1S,86 RUH H! ,e8 RUH 
S3.66 RUH 5,88 RUH 
16,88 RUH XEQ H 
4,8e RUH rR~16ij,88 

XEQ H 
rR~188 , 06 ,C~36S ,86 

!C~169.e8 

111,88 RUN rC~5e,6e 

59,ee RUN 1:C=16,88 
11.66 iUN 

7,88 RU~ H~686.ee 

XEQ N 
rR~1aa.aB G=7 ,17 

n.LA.ea 
p~e.3e6 

(,,) PHILIPPE p.47 ("") PHILIPPE p.44 
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70 PROGRAM LISTING 
PROGItAMMAUFLISTUNG 

STA'r . lB LIST AGE DU PROGRAMME 
LlSTATO DI PROGRAMMA 

e; ' l9L 'F~£Q' ,8 Rel 30 1:5 XEQ l1 ! 72 I 229 FS? 81 

aZ .lBL R 5~ RCl 32 116 2' 173 RCL 36 130 GTO 81 

83 cm 60 • Ii? • :?~ I 231 RCL 87 

~4'leL 81 61 Si0 37 118 -r,SL' ! 75 ~CL 37 232 2' 

85 STOP 62 "I:1+C' ;:9 Xt~ :: i 7';· I 233 " 

ftb STt} 21? ~3 XEG 11 .2iZ1 FI X 2 177 RCL 3$ 234 ReL 82 

87 lH 64 ~CL 31 12: RTH l?B I 235 2' 

ss m Ie 65 RCL 33 i22'LBL 85 179 A!i\' 2:;6 $: 

,j • 6S .. 123 313 lSi! ' X2 " 237 Rel 86 

1& S,t 08 67 $1C 3& 12~ STO 25 Itt XEi 11 238 " 

11 STOP 68 'B+I" i25 RC~ IHD 25 1S2 STG 24 239 t 

12 lH 69 XEi II :26 fACT 1S3 i 240 FiX 3 

;3 pel 21.l 18 RCt 3< il7 STO :, 18' STO ,2 241 .p-

i{ .. 71 "N" 128'lBL 16 185 xt:g 11\ 242 XEQ 11 

15 ST+ 61 7'2 XEQ ! 1 129 7lSZ 186 RTH 241 m 1 

16 IHIV 7lm ;38 Rel lHi 15 18NBl 18 244 RTH 

17 GTO 81 ?4'lIlL n i3: FACT IS8 RCl 14 2~5.tBl &6 

!S' LBL B IS XEi 85 132 STt 12 189 SiRT 246 ReL 18 

19 Rel €Ie n Ret 38 133 34 198 STO 16 247 RC, 82 

28 Ret 01 n Y"B' 134 RCl 25 191 RCl 22 248 RCl 86 

11 - 78 eTO 12 135 X, Y'! 192 i 249 .-

222 79 pel 31 131) tTO 16 193 X=Y? 253 * 
22 * 88 >:'8' ,,1 IISI 1'14 CHi ~s 25!*lBL 89 

24 ·G~ 81 GTO :2 i3S R~L iND 2~ 1~5 RCL 22 252 FIX 'J 

?S XEO I: 82 RCl 32 139 fR(: ! 96 2 253 .~. 

Z~ nc 24 83 x=e? 148 m 13 1'17 X=V7 15' XEi 11 

27 STOP 94 GTD 12 14 t. l BL 13 198 GTO ~7 155 m 2 

23 STI) 22 61 RCl ], 142 71S2 199 RCl 21 2,6 Cf 81 

2~ XE~ 10 $f. X=9? 1<3 RCL IHD 25 288 2 257 P:T~ 

:;0 RT i~ ~7 ~iO :2 144 FACT 2@l I 25S.lB~ 137 

3! . l S: C 88 RCl 38 1'5 STt 13 282 lHT 259 RCL 22 

31 ~lRG 8Hel 33 146 38 283 lASlX 269 ! 

33 STOP 98 , J4? RCl 25 294 X1'1'? 161 -

3.; STu ze 91 RCl 31 148 XII,!,? 185 GTO 87 262 2: 

35 SJOP 32 pel 32 149 ::TO 13 1S6 Sf 81 263 I 

36 STO 31 }] " 159 RCl 13 287 RCl 22 2b4 1 

37 STOP ,4 - ISj RCL 12 288 2 265 -

38 STO 32 ;5 X<B? 152 I m - 266 STlI 2~ 

3~ ~TOP 96 GTO 14 153 Sit 14 21B 2 2£7 XEQ 84 

.8 STO 33 97 1 i54 IUH 211 I 16S XEi 82 

41 • 9(1 ST" 3e 15S*t.BL F 212: STO 25 269 1 

.1 • 99 SP 33 156 RCl 34 213 XE(! 82 178 \TO 85 

43 + 188 5T- 31 157 RCl 38 214 8 271 RCl 26 

44 STO 34 181 ST- 32 158 RCL 33 215 STO 85 m STO 86 

45 RCl 38 182 GTO 15 159 " 21b I 273 GTO 83 

" RC, Jl 183'lBl 14 168 RCl 31 217 STO 86 114.lBl 82 

47 t 184 i 1£1 Rel '32 218.lBl a3 27S PI 

48 STO 35 185 ST- )8 162 • 219 RCL 24 2?6 2 

'9 RDI 186 ST- 33 I&) - 228 • 2.77 • 

58 "R.8' lli7 Sl+ 31 164 Res 221 RCL 85 278 SiP: 

51 X~O 11 li8 STt 32 16S RCl 34 222 2 279 STO 18 

51 RCl 32 189'lBl IS 166 i ?,'" .. 288 RCl 24 
--~ , 

53 Rel 33 118 XEQ !I 1~7 I 114 STO 85 2~1 Z 

S' • 1I1*lBL 12 16B - 225 I 282 I 

S~ STO 36 il2 ReL 14 169 Xt, 226 SI+ 86 283 CHZ 

56 'C+D" 113 fiX 4 178 , 227 IDSZ 184 EtX 

57 XER 11 114 'P,UH1 ' 171 RCl 35 228 CTO 83 285 RCL 18 

Plea .. UK P"PO' Itl .... o ." .. h 1;<I;n)l" Adh •• ,,·. '"PO ..... ~. ,IT.." pron.! 
a",. I."';n~. mil P'pr.rldm .rn~I..bcn. "leb<ril .... ~lInn.n D,uck bIe .. hr;n! 
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PROGRAM LISTING 
STAT.lB 

l:~'; \IX 343 STOP 
297 '" 344 STO 22 
2Se STO 82 ~4~ :3 
209 RTH 3.;.6 x< ='P 
29BtlBL 84 347 GTO !9 
251 I 341 STOP 
m RCL 26 349 STO 21 
293 .196854 3S9 ADY 
294 • 3S1 m 
29~ .;. 352tLBL 2Ei 
Z96 Rei.. 26 3S3 STOP 
2'17 Xt2 354 x,.e? 
29B . i1S19' 355 SF '12 
299 t: 3S6 ST+ 13 
lee + 357 ST + HID 2'5 
3tH RCL 26 3S9 7IS2 
382 3 m XEQ 21 
383 ytX 36, GTO 20 
394 .909344 361tlBL H 
385 * 362 R~L 13 
:!l'6 , 363 "I:R" 
397 ReL 16 364 XE9 11 
393 4 36S AnY 
3~9 nx 366 ST. 14 
310 .0 19527 367 XE~ 22: 
31: • 36S e 
312 + 3£9 STD 13 
313 -4 3i'8 STC 25 
314 ytX 37: ; 
31'5 2 372 ST+ 15 
316 / 373 RCL 21 
31? elis 374 ~CL IS 
31g i 375 X'Y? 
319 • 376 CT: '0 
32t 1 377.lBl.. 23 
321 X< )Y 37S ~;L JHD 2S 
322 - 379 "c· 
323 5TO 87 388 XEQ II 
324 RHI 381 XEP 22 
32S.lBL £IS 382 7IS2 
32& :.lEO e4 38) Ret 23 
327 2 394 RCL 2S 
:m: '" 385 X'Y? 
319 CTO 99 386 CTO 23 
J~e.lBL 17 387 RCL 14 
331 XEQ 02 39S ADV 
332 ~CL 19 389 'H' 
333 RCl e2 399 XEQ 11 
~3~ * 391 m 
3J5 fiiO ~9 292 lH 
336.LBL !1 393 LRSTX 
337 ·fo· 394 , 
~3S ~R': L x 395 ~CL 16 
339 AVIEW 396 t 

349 RTH 397 RCL 17 
341.lBL C 399 -
342 CLRC 399 2 

P\e>". u .. popt. Jllu.!O '''Kh h .. in~ •. Adh .. i,·. upt mor off«. p"n.~ 
8,,,.1., .. ,,,)(. mo, Papit,lcim .inkl~. h:1~ril"", klinn<n D,uck blcH:h.n ~ 

PROGRAMMAUFLISTUNG 
LIST AGE DU PROGRAMME 
LlSTATO DI PROGRAMMA 

488 " 
401 ' G" 
4(12 XE~ 11 
4il STO 14 
4i1 ,; Rl._ 23 
4&~ 1 
406 -
487 RCL 21 
408 ! 
';99 -
418 • 
411 STO 22 
~12 "D.L.· 
413 XEQ II 
414 XEQ 18 
415 InN 
416tL8L 21 
417 FS'C 02 
41S LH 
m LRSTX 
428 • 
';'21 ST+ 16 
422 RTH 
.;23t LBL 22 
.;2,; 'oJ.! 

t.2:: _HSTX 
0:.26 ~ 
417 ST+ 17 
428 RTN 
429tL8L E 
439 7DS2 
431 STOP 
432 x.e' 
m Sf 92 
43.! 51- i3 
435 5T- rH!I 25 
43 ~ FS?C 82 
4J7 LH 
438 LRSTX 
439 *" 
440 ST- 16 
44! CTO 28 
442 .EHD. 
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STAT. 10 

EXAMPLE 1 - AxE non significant 
(~ ) 

(same data used for the three Models) 

m 'AHYA6" 
1,88 RUN 
2.B8 RUN 
2.86 RUN 

65 ,20 RUN Model Model Mixed 

66 , 48 RUN I II Model 

XEi B A C D 

,0131 ,.e 

69 ,58 RUN 
7Me RUii FACT .A FAeLA EQ B 

XEi B D.L.=I,B8~ U . ol , 6B8 FACT.R 

, ' 148,08 5.C.046,588 S . C.048,~BB 
D.L.oLB88 

C.K.048,588 C.".048,588 S.C.048,588 

1:.8=27J , i;~ f=64,286 F075,8Be C.". 048,588 

poij.8B1 P=B,99! 
F075,m 

68.78 RUN 
p08, BBI 

7&,113 RUN FACT. 8 FAn.8 
XEi B D.l.°I,BS D.l.=I.Be 

FACT. 8 

,'138,8! S.C.038, 42 S.,.038,42 D.:"'=Le9 

U .038,42 U.038,42 S.C.038,42 

n8B RUN F :;4a,2~ F=56,33 
U .03B,42 

74,,8 RUN p=fj,eeZ FoO,881 F048,29 

m 8 
FoB,8!) 

,'148,4B INT. A'8 INT.A'8 
D.L.ol,BB D.l.oLBa INT .A'8 

!. B0287 ,28 S.C. =13, IS S.C. 08, 18 D.l. 01,88 

C.t!'=9, i~ U.oB,IS 
S.C.08,18 

F'a.29 F=e.29 
C.K.08.18 

I:.~=270,4e poB, 39 P=IL J'? 
F08,29 

!.Ao288,48 
p08,39 

ANYA m. ERR. 
D.L. 04 ,B8 D.L.04, 8B ERR . 

S.C.02,52 S.C.02,52 D.L.04,88 

C. I'!.=@ ,63 C.K.08 , 63 S.C.02,52 
C.K.08,63 

TO: • TOT. 
(~) PHILIPPE p. 197 M.07,Be D.L.'7,BS 

TOT. 

S.C.073.62 S.C.073.62 D.l.'7.BS 
S.C.073.62 
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STAT. 10 

EXAMPLE 2 - .AxE Bignificant 
( ... ) 

·XEQ 'AMVA,' 
2,89 RUN 
2,88 RUN 
3,£113 RUN 

Model Model Mixed 

42,49 RUN I II Model 

143,813 RUN A C D 

41,18 RUN 
XEQ E 

14),80 RUN Xfe D 

4),80 RUN FACT.A FRCT.A FRCT .'1 

XEe 8 n,LA,sse D.l .~ l,sDe n . L . ~l , eDe 

E~ 117,se I.CA1,6S) 1.C. ~ 11,6D) I.C. ~ 11,603 

( .ftAl ,6Sl C.r..=11.663 C . ft .~ 11.6~) 

45 ,39 RUN FACT.8 F~J , Sll f~) ,S ll 

45 , lS RUN D.l.~l,SSO p~a,33S P=lj,333 

46,40 RU, s.c.~s,m 

XfQ B C.ftA,178 fACT. B fACT.! 

E~136,BS INT. A*B D.l.~1,9S D.l.~l,Oe 

D.1.~LSe8 5.C. =9 ,27 I . C. ~S , 27 

U~264,)0 I . C . ~3,S53 U.~B,27 C.K.=9 ,27 
C.ft . ~3.85) F=9,97 f~B,69 

43,39 RUH F~9 ,S)S P=9 ,327 p~e,m 

43,99 RUH P~8,814 

44,68 RUN IHT . 11*8 IN!.P.B 

XfQ B m. il.l .::Lin~ D.l .~ LBB 

~>13LB9 D.l .~S,B88 S . C.~1,S5 I.C .~1,S5 

S.C . ~),133 U. ~),S5 C.ft .~) ,S5 

44,68 RUN U.~8,391 F=9,S4 f~9,84 

44,10 RUN p~e, SI P~8,81 

45,50 RUN TOT. 
XEQ S D.l.~11,80S ERR . ERR. 

E~ 1 34,3S S . C . ~lS,S68 D . l.~S,8S D.l.~s,ee 

S.C.~3,1) S.C. =3,13 

E.B~166,1S C.ft . ~8 ,)9 C.lt=9, 39 

10T. TOT. 

['A~1S9,3e D . l.~11,8D D.L.=U,8B 

U~17Lle S.C . ~lS,S6 s.c.~lS,86 

ANVA 

(os) PHIlIPPE p.l33 
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