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- Chi-square distribution 

a - n' odd 
(n'-1)/2 X2r-1 
~ "-l.r5.T5.-.. -. ('"'2r-1) r _ 1 

b - n' even (n' -2)/2 2 
. r [ :::=:>=.. )\ r 

= Y21'\ Z(X) 1 + ~ 1 2:T.G •• .. 2r 

X = V X2 Z(X) and pIX) from the no""a1 distribution 

- ~ distribution 

n\ = d.t.of the numerator D2 = d.f. of the denominator of F 

P(F,~,n2) is computed like p(u), with the transformation: 

u= 
(1 - 2/9 n2) yl/3_ (1 - 2/9 nil 

v~+ 2 ~/3 
9 n' 9ii' 1 2 

From : 1'I • .lBRAMO'iITZ 8:: I.S'mGUN - Handbook of M&tbelUtical .l!'unctions. 

The 8:xemples in the programs come from : 

J .PHILIPPS - Lea ~thode8 statistiqu8s en Pbarmacie et en Chimie 
Masson Faria 1967 

S.SIEG&L - Non Parametric statistics Me Graw Hill ffey York 1975 

C.W.SNEDECOR & W.G.COCHRAN - ~thodes statistiquea A.C.T.A. Paris 197i 
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USER'S GENERAL INSTRUCTIONS 

All the programs are for HP 41 C ;.ri th the card reader and the printer 

attached, and one or two memory modules. 

In the instructions, the quote mark " ••.•• " around a group of charac­

ters indicates that this group is ALPHA. The key ALPHA must be pressed 

before and after entering the instruction. 

- the user mode should be always ..Q!L 

the statistical registers are located in Rl4 to RIg 

- all the data are entered through the R/s key 

- a correction subroutine is provided to correct a wrong data, initia-
lized by E. 

the yellow prefix key 0 is denoted in the instructions by p. 
(for instance, p.A = a) 

Before keying in a new program : 

- clear the previous one by XEQ ALPHA CLP ALPHA ; ALPHA ALPHA 

- be sure that all the flags of a previous program are cleared 

set the proper number of data storage registers by XEQ "SIZEII 

(the size allocation required for each program is indicated in the 
status information sheet) 

Before executing a new program, it is initialized by : XEQ IIname ll
; this 

initialization is not necessary for other runs with the same pro­

gram and other sets of data. 

The number of decimals is usually set at 2; if more are needed, ac-

cording to the nature of the data, they can be set by p.FIX -
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!BAN AND CONFIIENCE IJI'lERVAL 

lESCRIPTION -

From a sample of !! observations, the Han is calculated 

- 1 '" Y=-n L..Yi 

This sample is considered as drawn at random f'rom a normal population with 

mean p. and standard deviation fr. From the central-limit theorem, it is 

lalown that tbe distribution of the mean of aamples of sise .!!: from this po­

pulation is also OO11llal, with mean }l and standard error cr / yn. The con­

fidence interval of the mean i8 : 

y-urr/'Vri ~1'~y+u<T/Vn p p 

For up = uO,05= 1,96, the confidence interval caloulated will include 19 

times out of 20, on the long run, the t:rue mean p._ These lim! ts are the 

95 ~ confidence lim! ts .. 

Generally, the tnle value of rr is not known and must be estimated 

from the data, vi tb , 

• = 

In this case, the distribution of "t" is used instead of the nol"lll8.l. distri­

bution, and the confidence interval is : 

y - t. /Vn~I'~ y +t. l'/Il p p 

t 1s the value of t for the number of degrees of freedom (n - 1 ) and the 
p 

chosen probability p .. 

This pl'OgraIl computes tbe mean and the 95 % and 99 % confidence liaita, 

with crknown, or 8stillated by 8. 
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10 
STAT. 01 

EXAMPlE 1 - a- known. (~) 

A sample of 10 data : 34,30 - }4, 60 - 34,00 - 34,85 - 33,60 -

34,20 - 34,10 - 33 ,80 - 34,10 - 36,45 -

is drawn at random from a population vi th a standard deviation tT = 0,75 

EXAMPlE 2 - s estimated 

Same data 

X£Q "!rlTCOfiF' 
XEQ , 

34, 313 RUtt 
· '.6e RU~ 
:;4 . €Ie RlI~ 

34. s, RUH 
(error) 336.00 RU' 

110'1' . =34 . 48 
D.S . ={I.Sl 
E,S . =e. 25 
D . L .~9.aO 

P ~B,95 

L. i. =33 . 82 
L . S ,=34 . ~8 

p=e,99 
L.!. =33 .S7 
L.S. =3S.23 

336.06 
33 .68 
34 . 2~ 

34 . ie 
33.813 
34.re 
36 .45 

XEi E 
RUN 
RUt< 
RUN 
RUN 
RUN 
RUN 
m 

XEQ B 

(~) PHILIPPS. pp.26 and 33 . 

KOY .~34 , 4B 

D.5 .=8. 75 
E.S . =B. 24 
n . 1. ~9,8B 

p~e, 95 
L . I. ~33,94 

L.S .=34 . S6 

P ~6.99 

L.! . =33.79 
l.S. =3S . Bl 

XEi "IHTCOHF" 
XEQ C 

US RUN 

34 , 38 RUN 
34 , 6.6 :WI: 
3~ , €Ie RllH 
34 . S~ RUN 
33 .60 RUN 
34.2, RUH 
34. HI RUH 
33.88 RUN 
34 . Hi RU~ 
36 . 45 RiJlI 

XEi 8 
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STAT.Ol 

Line Keyltroku 
bile T • ...,nfolg.-

1..i8"" T_ .... 
U~ Tn,; 

"' 91tlBl "INTCOHF" 
92 CLRG 
IlCHi 
e.; RTN 
9StlBL C 
16 STOP 
17 STO 80 
88 AD< 
99 SF ee 
l etLBL A 
II'lBl 81 
12 ~TOP 
13 ,REG 14 
14 ~+ 
15 GTO 81 
16tLBL P 
17 !ERS 
Ie "r,OY.· 
19 XER 11 
2i STO 81 
21 SDEY 
22 FP sa 
13 Rel 88 
14 · D. S. · 
25 XEg 11 
26 RCl 19 
27 SiRT 
28 I 

29 STD 81 
3B " [.S . ' 

31 XE, 11 
32 RC~ 19 
331 
3~ -
35 STO 83 
36 · D . ~.· 
,7 XEi 11 
lB m 
392.3777 
48 RCl 83 
41 / 
42 m 
43 .96 
44 + 
45 FS' 88 
~6 1. 96 
47 'p=e , 9~' 

48 HYIE, 
49 XEQ 82 
59 4. 65 

,. 
1'Iea .. " .. pope. Rluc m ."""h h .. in~ •. Adl""" ... [It "") . (foe. I',,".! 

PROGRAM LISTING 
PROGRAMMAUFLISTUNG 

LISTAGE DU PROGRAMME 
LISTATO DI PROGRAMMA 

Commentt 
Kommen .. , 
Comm ...... ,1'n 
Common,; 

Line 
Z.ilt 
U"" 
u~ 

Key plClled 
Tutcn/"olg<" 
T"""hd 
Taw 

51 Rei.. "3 
52: I 

53 n::: 
54 1.576 
55 ; 
56 FS' 88 
57 2.576 
58 ·P~9. 99' 
59 j:lYrEW 
69 XEi i2 
b1 RTf.! 
62+l BL B2 
;) RCl 82 
64 • 
65 5TO B4 
66 RCl 81 
67 -
68 CH~ 
69 'L. 1.' 
79 XEQ 11 
71 lRSTX 
72 RCl 8~ 
73 + 
74 "L. S. " 
75 XEi 11 
76 AD~' 
77 RTN 
?g*LBL g 
i9 " ~= " 

39 PRCl x 
81 PY IEW 
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83+LBi.. E 
64 STOP 
85 ,-
86 GTO r 1 
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Ciolmment. 
K"m"''''''' 
Commcn,.",,, 
Common,; 
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REGISTERS, STATUS, FLAGS 

STAT. 01 REGISTERBELEGUNG, FLAGS, BETRIEBSARTEN 
£ REGISTRES,INDICATEURS, MODES OP RATOIRES 

REGISTRI, MODI OPERATIVI, FLAGS 

RcgistcfI Statu, 
o.,."upe;';bo, Bc1 .... boa" 
Regi ... " . cit donntt. Mode. optn.oirn 
Regi"ri . ~Iodi~ .. "vi 

00 ~ Size 026 Total Reg. User Mode 

01 y Eo. 0 f,. 2J So 0 Do IX! 
02 B- Ok, 0 .. , 0 G.' 0 "" 0 

03 d. f: Purpose Flag. 
04 t B- BedeUtUng 

" " 
Signi';"tion • ::: ""'" !:: -, 0 

00 X 

" 
" 

" "' OJ .. 
" 
'" 
" " " .. 
'" 
" 
" A"ruo '~""Ut. 

" 11 " '" " 
" 
" 
" 
" 

" " " 
" 
" 
" Pml!<r li ... bl. 

" Number Input 

'" .. " Alph> lop"' 

" Ron):" I~""", 

" £no. l/lnol'<' 

" Audio ENbk 

" Usc. ,\100. 

" " " Ott", ... , P"",,, 

" D'R"CO'OIIP'"g 

Anignment& 
T .. ,enbcltRUnJl:! "."R .... ;on./ '''''R'''''''''''; 

., 
'" 

Function K.y Function K.y 
Funknoll Tu •• Funk""" T .. ~ 
Fo"."on T_'" Fone ...... T_'" 
Fun.1OfIc" Tn,,, Fun.""", T ... o 

j 
" " 

" 
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STAT .02 -I 
ONE SAMPLE 

HISTOGRAM - NORMALITY TESTS 

DESCRIPTION -

When a sample is large enough (n )30), it is possible to 

build a table of frequency distributions, from which a frequency histo­

gram can be constructed. This histogram will give an idea of the shape of 

the distribution of the parent population. The number of cells of this 

table is chosen by the user, who selects the lower limit of the first 

cell YO and the celIe size L. 

If the data are not already grouped, they are input one after 

the other and classified by the program in the several cells. The pro­

gram computes 

- the mean : 

- the standard deviation : s = 

The normality of the distribution may be checked by computing gl and g2' 

estimations of ~ l' coefficient of symmetry (or ske"mess) and ~ 2' co­

efficient of kurtosis. These coefficients are computed from the moments 

of order 3 and 4, as 

gl = 1 / n.3 l. (Y
i 

_ y)3 

g2 = 3 - (1/ n.4)Z(Y
i 

_ y)4 

They are both zero when the population is normal. A negative gl indicates 

skewness to the left; a positive gl skewness to the right. A negative 

g2 indicate platykurtosis; a positive g2 ShOI';S leptokurtosis. 

The y. may be replaced by their logarithms to see if the distri-
1 

bution is log. normal. 

If the data are already grouPeG in a frequency distribution, they 

are input directly. In both cases, the program prints : 

- the midpoint of each class 
- the frequency in this class 
- the relative frequency 

- the cumulative relative frequencies 

From these data, one can check the normality by a graphical 

method using probability paper. 
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From these data, one can check the normality by a graphical 

method using probability paper. 

13 



14 

SIC~p 
Schri!f , .. 
~~ 

, 
, 

,. 

• 

STAT . 02 

Instruction. 
0 ...... '_ 
!n" ",cuon. 
Im .. oon; 

Kev in the 
1 

T· H." 

USER INSTRUCTIONS I 
PROGRAMMABLAUF I 

INSTRUCTIONS O'EMPLOI I 
NORME OPERATIVE I 

, "'AT . n? 

Variable. 
I>.ucno:i ngob< 

"'"'"'" I)." 

n< ,t, 1 

Call 

h_ U=ouned data 

C.ll 

nen Aiz. 

, the d.ta 

T, 

v. 

h correction routine 

7 

Q 

11 

- " 

, tho v 

v 

n<' =n1 Ai 

.u 

... iA 

c1 ... 

,.1 ti 

.' .... 

numn1div. .~, .. h., 

_ c- Grouved data 
call 
Tnnut • ., eize 

" ; ,,+. 
cla •• 

Correction routine 
If v' ie enter r 

.11 . 

+> . ; . 

... t 

CAll 

n·· n1 n" n1 Ai 

• u 
~. -, .+, ~o tn Aten ? 

v' 

Function(.) 
T .... (n) 
Toud,c(') 
T~"i 

I Tm "RTS'T'." 

A 
.1 • 

B 

D 

Rc. uh 
Reo"I .. , 
Raul .. , 
R"ul"uo 

• 
MOT 

" 0 

N 
MOY 

n .• 

14 

SIC~p 
Schri!f , .. 
~~ 

, 
, 

,. 

• 

STAT . 02 

Instruction. 
0 ...... '_ 
!n" ",cuon. 
Im .. oon; 

Kev in the 
1 

T· H." 

USER INSTRUCTIONS I 
PROGRAMMABLAUF I 

INSTRUCTIONS O'EMPLOI I 
NORME OPERATIVE I 

, "'AT . n? 

Variable. 
I>.ucno:i ngob< 

"'"'"'" I)." 

n< ,t, 1 

Call 

h_ U=ouned data 

C.ll 

nen Aiz. 

, the d.ta 

T, 

v. 

h correction routine 

7 

Q 

11 

- " 

, tho v 

v 

n<' =n1 Ai 

.u 

... iA 

c1 ... 

,.1 ti 

.' .... 

numn1div. .~, .. h., 

_ c- Grouved data 
call 
Tnnut • ., eize 

" ; ,,+. 
cla •• 

Correction routine 
If v' ie enter r 

.11 . 

+> . ; . 

... t 

CAll 

n·· n1 n" n1 Ai 

• u 
~. -, .+, ~o tn Aten ? 

v' 

Function(.) 
T .... (n) 
Toud,c(') 
T~"i 

I Tm "RTS'T'." 

A 
.1 • 

B 

D 

Rc. uh 
Reo"I .. , 
Raul .. , 
R"ul"uo 

• 
MOT 

" 0 

N 
MOY 

n .• 



STAT. 02 15 

EXAMPLE 1 - Ungrouped data EXAMPLE 2 - Ungrouped data 

XEQ 'HIST' N~46 . 8ei XEQ 'H IST" 
Log. transf orm 

XEQ ~ ~OY.~Il.m >;EQ C N~4a.e6B 

i\3 . 025 RUN i1 . S. ~e,689 XEG Q 110Y .=1.959 

6.356 RUN ~!=e.J;9 !.866 RUN D . S.~6 . 616 

,1~i.I63 . 911 RU~ 
,1~6 . 138 

12.166 IWH 
'!12=-e.17€1 

16.766 RUN 1'.188 ... i2.2ae RUN 
12.160 RUN f~1.16B 10.786 RUN l.el2 ... 
16.8BB RUN i%=2.see 15.18, RUN f~3.666 

11.986 RUN !tN.S89 !EO E fN .SB8 

1l.586 RUN :5. 188 RLIN m~I.S8B 

II. 986 RUN 18 .556 ... 11.186 RU~ 

II. 686 RUN f~6 . 668 16.696 RUN 
j , ~24 ... 

11.888 RUN f%~IS . e66 12.966 RUH f~4.B8B 

11.308 RUN m~II.S8B 11. Se8 RUt! !%=18 .1l88 

18. 466 RUN II. 96B RUN m~II . S66 

18. 46B RUN 18. 966 ... 11.6B6 RUN 
1I.16B RUN f~4.866 i 1.8al:' RUN l.i36 ..,t 

Hi. 7tte RUN f%~18.m 11.3B6 R!)H f~4.e68 

10.186 RUN EfNI.l66 IB.4eB ,UN f%~18.88B 

11.166 RUN IB.486 RUN UNI.S9' 

11. 6B8 RUN 11.258 ... IL2t11;l !\Uri 
11.6913 RUN f~l . 8B8 le.m RUN 1. 848 ... 
18.888 RUN f%~II . S8B 19.166 RUN f~I . B86 

12.666 RUN m~4j.686 11. 966 RUN U=!7 .S88 

11.186 RUN 11.6BB RU, !f%~4S .m 

II. 9BB RUN 11.666 ... 11.68B RUN 
11.6B9 RUN f ~I . 88B 18.8BB IW~ 

U66 ••• 
12,tSe RUN n=17.S88 11. 88B RUN I~S . BB9 

11.m RUN !f%~61 . S8B 1l. lae RUN f%~Il.S8; 

13.308 RUN 11.96B RUS UNI.SBa 

II. 96B RUN 11.956 ... 11.88a RUN 
11.186 RUN t=9 . 999 II. 4~B IWH 1.872 ... 
I1.2Be RUN f%~II. see 12 . 386 RUt<: 1~9.66a 

11.10e RUN tf%=8S.889 13 . 389 RUN fNl .S9B 

16.100 ~UH 11.981 IW~ !rN0. 6BB 

11.890 RUN 12.368 ... 11.18B RUN 
11.8e9 RUN 1~4.86B 11.16a RUH 1.9S4 .. , 
18.sea RUN 1%~18 . BBB 11.166 RUN I~S . 8BB 

HI. ~8e RUN !f%~95.BBB 19.2813 RU~ f'-~11.S66 

II.l88 RU~ II. 6B6 RUN 1:i%=92.58e 

II.aB8 RUN 12.656 ... I LeBa RUN 
11.168 RUN 1~; . BB8 IB.S66 PUN 1.896 , .. 
I I. 6B8 RUtl f%~B.B6P IB.9BB RUN f~1.BB6 

1I.18S RUN £i%=95. '!,,:J 11. 360 RUN f%~2.S8B 

XEQ 0 11 .SBB RUH m~9S . BB6 

13.999 ... 11. !f a IW~ 

1~1.B88 11. 1)1 : R;H 1.16, ... 
fN.m l!. :oi8 'UN 1~1.88a 

tt%=97 . S8~ X~: 0 f%=2 . S8P. 
U%=97.see 

13 .358 ... 
f~1.88B 

1. 118 .. , 
f%~2.SBB 

f~1.88' 

m~lae.OBB 
fN .S6e 
!f%~IBB . 88~ 
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16 STAT ,02 

EXAMPLE 3 - Grouped data (,,) 
( 

XEi 'HIST' 124,89S RUH I34.8SS RUN 
Xli B 23,888 RUN (error) IS,888 RUN 

150,B88 RUN 9,IB8 ... 6,BSS ... 
3S,6BB *** 181 ,18B ... 

116,8SB RUN 
I,BBB RUN 11S,8B8 R!~~ XEi E 
8,488 ... II,B8B RUN 134,9B8 RUN 
B,m ... 8,m ... IS,8,8 RUN 

44,898 ... 114,8B9 RUN 
li7 ,e8e RUN S,888 RUN 

MB! PUN 116,BBB RUN I,BBS ... 
8,BB8 ... 19,B88 RUN 97,188 ... 
1,IBB ... 11 , 6BB ... 

SS,6B8 ... 13S,BBB RUN 
118 ,BBB RUN 4.8B8 RUN 

1,888 RUN 117,B8B RUN 1,688 ... 
B,888 ... 16, 8BB RUN 9B,88B ... 
1,888 u, HI,4ee ... 

66,8B8 ... 136,BBB RUN 
119,8e8 RUN 3,888 RUN 

S ,B88 RUN 118,B98 RUN 1,IBB ••• 
2,888 ... 11,88B RUN 188,B88 ••• 
4,88S ... 8,88. ... 

74,888 ... XEg D 
12B ,888 ,niH H02SB,888 
18,99B RUN 129,8813 RUN m . 0116,8% 
4.889 ... 14,B89 RUN D.S. 03,994 
8,98B ••• S,688 ... ~1=8 , 1es 

89,4SB ... ~2::- 8,17~ 

(error) 131,B9B RUN 
11 ,88B RUN 138,9B8 RUN 
4,488 ... IS,B89 RUN 

11 , 4BB ... 6,BBB ... 
(,,) PHILIPPE 

86,4B' ••• p,6 

XEQ E 
111,8BB RUn 131,988 RliN 

11 ,BBB RUN IB,888 RUH 
111,8BB RUN 4,eee ... 

11 , 8BB RliH 99 , 4BB ... 
4,480 ... 

11,488 ... 131.989 RUN 
7,BBB RUN 

111,B89 RliN 2,8BB ... 
IS,e89 IW~ 93,2S9 ... 
;,B88 ... 

18,488 ... 133,B8B RUN 
S, eBB RUN 

123,888 RUN 1.B9B ... 
28,B88 RUN 9S,188 ... 
;,888 ... 

26,489 .** 
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PROGRAM LISTING 

STAT.02 

B1'lBl .~1S'. 

02 CL~~ 
83 C!=" eB 
S' C' B1 
05 N~' 

96.L91. ~ 
97 Sfij~ 
8S H~ 
99*LBL a 
Ie SF 91 
:: STep 
1: srQ i8 
13 AD'~ 
14 GTO 81 
:5·LBL p 
1£ STOP 
17 STO B7 
1B STOP 
19 m B9 
2'3 RIIV 
21 . lBL {H 
22@ 
2J STJ 18 
2~ 5 
2~ sro 13 
26 XEi 82 
27 FS? !H 
2S XEi B6 
29·lBl ?: 
3~ ?C~ ~5 
31 ST· :~; i8 

l~ STO 0'5 
35 t 
16 $; + Ie 
37 ST· :3 
32: RCL ::: 
39 X>O" 
4! GTO 8, 
.1 'S' 81 
41 m U1 
.3 Rel 86 
44 RCl ,7 
.5 -
.6 RC, 89 
.7 1 

• a 28 
.9 + 
58 STO 16 
51 1 

52 STt IND 16 
53 GTO 81 
S"lBl B2 
55 STOP 
5, fS? 88 
51 lOG 

~8 STO 66 
59 ! 
68 ' )? 81 
S! STOP 
62 sro 9:; 
63 KTt-I 
64*lBL eE-
65 18, 
66 :l 

67 Ret eEl 
6€ I 

69 PRX 
78 ST+ 11 
?i ReL 11 
72 PRX 
73 ADiJ 
71. RTtl 
?StLBL D 
76 RCl B1 
77 RCl eo 
78 "N" 
79 XEi 11 
S8 I 

81 ·KOY. · 
82 XE~ 11 
83 RCL 82 
84 RCl 81 
8";; Xt: 
a6 m B8 
81 1 
88 . 
89 RCl 8S 
98 1 
j1 • 

911 
93 STO 85 
94 sm 
95 ·D. S •• 
96 XEe 11 
97 STB 86 
98 RCl ee 
99 RCL 83 

If18 , 

182 RCL 01 
183 iCl 82 
184 • 
le~ • 
18£ • 
19? 2 
188 iCl 81 
19~ "3 
110 vn: 
ill t 

;12 RCL e0 
1 J3 I 

1!4 + 

Pb", u!oc f'Of><' Klu. ,,, .. u.h h .. in~ •. A"O'«i,· ... pt m:I)' .ff .. , p"n.: 
811,. J.illln~. mil p.piotlcim . ,n'lcbm, ",.""film< krinnen O,uck ble'chen! 

PROGRAMMAUfLISTUNG 
LISTAGE DU PROGRAMME 
LlSTATO DI PROGRAMMA 

1:5 FCL Be 
116 1 

11e ReL eil 
119 2 
12e: -
121 '" 
122 Rel 85 
123 Ret 86 
124 *' 
125 STO 85 
126 '" 
127 I 
128 "Ct" 
~29 SF 13 
118 XEi 11 
131 CF 13 
132 Rel B0 
13l RCL 8' 
134 *' 
135 • 
136 lC, 81 
117 RCt 83 
138 • 
139 * 
1.8 . 
:4! E, 
1.;2 peL 8: 
!43 Xt, 
144 1" 

145 ReL 82 
1'6 ~CL 98 
147 I 

148 • 
149 + 
158 J 
IS! RCl 8t 
152 4 
153 YtX 
IS': .. 
!55 ReL ~e 
156 XI2 
157 I 

15a . 
159 RCt 88 
168 1 
161 + 
162 *' 
163 RCl OB 
164 ! 
155 -
16E. I 

167 P:CL 98 
168 2 
i$9 -
i 7fi I 

171 RCl " 

1721 
173 -
U4 I 

175 Rel ~5 
In RCL 86 
177 t 

178 i 

179 3 
18e RCl 8, 
181 1 
182 -
183 Xt1 
184 " 
ISS Rel B8 
1a6 2 
187 . 
IS8 I 

la9 Rel 88 
198 3 
19! • 
1,2 I 

193 . 
194 "G2" 
195 SF 13 
m XEi 11 
197 Cr 13 
199 r-S' 01 
199 &TO &4 
18B 18 
2B1 STO 18 
2e1 8 
193 STO 84 
284 STO 83 
205 m 87 
286 RCt 81 
287 1 
288 I 

289 t 

21e STO 87 
211.lBL a5 
212 RDY 
213 RCl e3 
114 RCl B9 
215 t 

116 ReL 87 
217 t 

218 PRX 
119 RCL 1HO Ie 
128 ·f· 
211 Sf 13 
222 ":EQ I! 
223 ~r- 13 
124 IS8 
225 ". 
22, RC, ae 
227 I 

222 "F% " 

229 SF l~, 

238 m Il 
23! CF 13 
232 ST+ 94-
232 ; 
2::4 Ht 83 
235 STt 18 
236 RCl e. 
237 "l:F;:" 
238 Sf 13 
23' XEQ 11 
248 Cf 13 
241 j!J8 
242 X=Y? 
243 eTO 84 
244 GTO a5 
24S.tSL 84 
246. LBL E 
247 8 
24e S10 18 
249 5 
258 SiO 13 
251 XEi 82 
252 FC' 01 
ZSl GTO ;8 
£j~ 190 
2:55 ,. 
256 Ie ,~ 
257 I 

258 ST· 11 
15N8l es 
:?~~" . : . ill 
26 1 Ii'CL 95 
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STAT. 03 

TWO INDEPENDANT SAMPLES 

1 - COOP ARISDN OF VARIANCES I "F" TEST 

2 - CCJolPARISON OF MEANS : "t" TEST 

DESCRIPTION 

Two independant samples, with size ~ and D
2

, are compared. 

1 - Comparison of variances. 
2 2 

The two variances are estimated from the data, as 8
1 

and 8
2

" 
2 the two variances are estimations of the Barne variance c:r 

the two variances are different; of I:- c1 
2 2 2 2 

F = S/8
2 

(or 8'/8
1

) using the largest variance as the 

numerator. The program display the probability P (F) (two-tailed test) 

2 - Comparison of means. 

the two samples come from the same population (r, <1') 

the two samples come from two populations with means f1J. and \12' but 

wi th the same variance rI 
l\(a)' 
l\(b)' 

(two-tailed test) 

or l1. (P2 (one-tailed test) 

If F is not significant, the Student's "tit test is appropriate 

I :;1 - Y2 
t = :;::;~=::;:;;:: with (~ + D2 - 2) degrees of freedom. 

scomb~ 1/":1+ l/n2 
If F is significant (P(O,05), the Student's "t"test:is not convenient; the 

program computes 

with a number of d.t. such as 

• with 

The user selects the two-tailed or the one-tailed test, and the program dis­

plays the probability p(t). If P is lower than the chosen significance le­

vel, the difference I Yl - Y2 1 is significant. 
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V, i, .. "" •• n. 
1 to , 

T, tiA1i . 
Tnnut tho rl ... nf tho <i ,t 

Correction routine 
Call 
Innut the erroneous v 

then the one 
At th. .nrl 'f tho n1 
Call 
Oi· n1, • mean V 

PROGRAMMABLAUF I 
INSTRUCTIONS O'EMPLOI I 

NORME OPERATIVE I 
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v. 
Vo 

Reneat stenB ~ to I) for the secnnd 
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il ~Iwl 
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H ~Iw\ < t· 

nf' 
Di~lay : value of t or t' 

,f , f. 

For a test. call 
Wn~ • il.rl tARt. cAll 
ni .. nlAv ilitv pl., 
~, ,f " All 
Mrl to .ten , 
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Function(8) Result 
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22 STAT. 03 

EXAMPLE 1 - F non significant 
(~) 

XEQ 'ECHIND' 146.68 RUN F~1,87 

146.38 I/:lIN 143,80 RIJ, Dl1~6, 88 

1411 , :3S ~!J I./ 145.38 RU, IL1~9.88 

143,88 RUN 149.58 RUN P~8.157 

i43,99 RUN 144.18 RUN 

142,e9 RUN 149.48 RUN t:::.], El4 

(error) 1.141 ,58 RUN 144,88 RUN DL~15,88 

141,6e RUN XED 8 
XEQ b 

143.18 RU~I 145,99 '" 
P~8,888 

144,58 RLIN 
148,78 ,UN 

XED E 
1.141,58 RUN 

141,58 RUN 
XE9 B 

141,71 *** 

EXAMPLE 2 - F significant 

338,88 RUN F~3,81 

XED ~ 358,88 RUN DL1=i7,88 

348,66 RUN 335,88 RUN IL1=17,88 

345,88 RUN 3J3 , e~ RUN P~e.e14 

359,88 RUN 345,80 RUN 
344,88 RUN 331 ,88 RUN t=3,14 

341,88 RUN 354,88 RUN Dl=2(',15 
346,88 RUN 339,08 RUN XED b 

349,88 RUN 339,88 RUN P~8,884 

245,89 RUN 343,88 RUN 
341.(18 RUN 347,88 RU, 
347,88 RUN 348,,8 RUN 
344,88 RUN 3:6,88 f .. ,~ 

339,88 RU~ 342 ,88 RUN 
341 ,88 RUN 345,88 RUN 
348.88 RUN 3)8.88 RUN 
35,,138 RUN 335,88 RUN 
345,88 RUN 339,88 RUN 
346,88 RUN XED B 
)49,,8 RUN 348,58 ... 

XED 8 
345.61 ... 

(~) PHILIPPE p.40 
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LIST AGE DU PROGRAMME 
LISTAJ"O DI PROGRAMMA 

BltlBl "ECHIHn" 58 XEQ &5 115 RCL 28 172 RCl 8S 219 RCl 81 

0Z.LBL R 59.LB~ {l4 1!6 J 173 + 2Je I 

a3 CL~::; 6e PH! !if yt;: ! 74 I 211 1 

94 CF 88 £!tLBL 85 liS , l:l&e344 i75 RCL 8B 232 P.CL 11 

9S+lBL {ll 62 2 11'1 :;. P6 i/X 233 -

96 ST~!? 63 ENTERt 12e .;. 177 RCL £14 234 Xl2 

tic? t+ 64 9 121 Rei. 28 178 !/X 235 Rel f15 ,0 . 
i22 4 236 I tiS GTO f11 ' , : 79 t 

i9.lBl 8 66 STO 17 123 Yt>: lse " 237 + 

10 XEi 82 67 RCl 09 124 .ljl9527 IS! SQRi 233 j/X 

11 1 68 1 125 • 182 STO 88 239 STO {l9 

12 - 69 STO 18 126 + IS] GTO as 248 'DL' 

13 XEQ 82 78 ReL 17 127 -4 IS4+lBl J.I? 2~1 XEQ 19 

i4 HEAl-! 71 ~Cl Ie 123 vt:.: 185 ReL 03' 242+LBL 10 
15 PR X 72 1 12':1 2 186 RCl 88 143 RTil 

16 AIV 73 STC 17 130 ! 137 I 244tlBl c 

17 XEQ 82 74 1 131 CHS IS! RCl 87 245 SF 92 

18 SDEY 75 - 132 I 189 RCc 84 246+lBL 0 

19 XI2 76 CHI 133 .. 198 / 247 ReL HI 

28 XED 82 77 Rei. {IS 134 FS'C 82 !.,I t 248 RBS 

21 Cl: 73 3 135 )(EQ 8t. 191 SiRT 249 RCl 89 

21 4 n !IX !36 J:I X 3 19J STO 88 25e RRI 

23 RCl 25 88 Y'X i37 -p . 194tUli. as 2S! SiRT 
24 ~:-~' ? 81 • 138 XEQ 19 195 RCl 82 252 I 

2S GTG 81 32 1 139 rI X 2 196 RCl 86 253 PHlH 
26 RC, 87 83 Rei. 13 1413 IlD ~' 197 - 254 STO 02 

27 RCl 83 &4 - 141 .a5 198 R8S 255 ~Ol 0':l 
23 X}Y? es - i42 X{=Y? 199 RCl 88 25 ,: '? 

29 GTO .3 86 STO 19 143 GT1J: C 2ee I 257 / 

30 1 87 RCl 17 144 GIO D 281 SF 13 258 !rlT 

31 "F" \S RCl 88 145 ~TH 282 'T ' 159 lRSTX 

12 XE9 19 89 2 146tLBl 86 281 m 19 2$8 XtY? 

J3 S10 88 98 EilTER1" 147 i 284 CF 13 261 GTO 11 

34 IICl 85 9! 3 148 XOY 205 STO 18 262 8 

35 "Dll ' 921 149 - 296 FS? 9& 263 STO 85 

36 m 19 93 ytX 158 RTH 297 GTO 89 264tlBl 16 

37 5TO 89 94 * 151tlBl 92 288 RCl 81 265 RCL ez 

38 RCl 81 95 Rel IS IS2 5TO IHD 25 289 RCl 9S 266 COS 

19 ' Ol2 ' 96+ IS) 7151 2i6 + 267 Xt2 
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var. 
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~"'" < 

!;i d • 
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" ~ " 
" 
" " ISZ reg. " " 
" 
'" 
" r,m!<, E ... bl. 
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I:"owo .... T." .. Fun.ion< T.,," 

" " It 
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INTRODUCTION 

This HP-41C Solutions book was written to help you get the most from your calculator. The programs were chosen to 
provide useful calculations for many of the common problems enco~ntered. 

They will provide you with immediate capabilities in y'our ev.eryday 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 solulion 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 ;11;£011 AlPHA I SIZE I AlPHA I and specify the allo­
cation (three digits: e.g., 10 should be specified as ala). 

Also included in the status information is the display format and status of flags important 10 the program. To ensure proper 
execution, check to see that the display status of the HP-41C is set as specified and check to see that alt applicable flags 
are set or clear as specified. 

2. Sel the HP-41 C 10 PRGM mode (press the IPRGMI key) and press .1 GTol 0 0 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. 

c. 

d. 

e. 

f. 

When you see" (quote marks) around a character or group of characters in the program listing , those characters are 
ALPHA. To key them in, simply press I AlPHA I, key in thecharac.lers, then press I AlPHA I again. So "SAI'IPLE" would 
be keyed in as I ALPHA I"SAMPLE"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 GJ. 
The printer indication of the multiply sign is :+: . When you see :+: in the program listing , press 0. 
The~· character in the .£!:.ogram listing is an indication of the IAPPENOI function. When you see 1- , press .IAPPENO] 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. 2, T, or L (a STACK address: 0 followed by X, Y, Z, T, or l) 
INO X, Y, Z, T or 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 0 followed by X, Y, Z, T, or l. Indirect stack addresses are specified by pressing .0 and X, Y, Z, T, or l. 

Printet.: Listing Keystrokes Display 

01·LBL " S AN .ILalll AlPHA] SAMPLE I ALPHA I 01 LBLT SAMPLE 
PLE" I ALPHA I THIS IS A I AlPHiJ 02

T
THIS IS A 92 "THI S I S 

" 
.. I ALPHA I.IAPPENOI SAMPLE 03 T I- SAMPLE 

93 "I-- SA~IPLE • AVIEW I ALPHA I 04 AVIEW 
94 AVIEW 6 056 
9' 6 IEHTEAtl 06 ENTER ! 
96 EHTER't 
97 - 2 2 [cHsl 07 -2 
9. / 0 08 I 
9. "B S I ;ll;Ea I [ ALPHA lABS I AlPHA I 09 ASS 19 S TO INO 

L I'Tol.0 L 10 STO IND L 
II "R3= " [ AlPHA I R3= .1 ARCLI 03 l1 TR3= 12 ARCL 03 
13 AVIEW .1 AVIEWI 12 ARCL 03 
14 RTN [ ALPHA I 13 AVIEW 

.IATN] 14 RTN 
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TWO RELATED SAMPLES 

lit" TEST FOR PAIRED C(JIlpARISONS 

DESCRIPTION 

Two samples are considered as paired when, to each measurement in one 

group corresponds a measurement in the other : this will be the case, for 

example, when two treatments are applied in sequence to the same unit (pa­

tient, animal); or when two analytical methods are used on several lots 

of material . 

The variable used in the test is the difference ~ between the measu­

rements Y1 and Y2 of each pair. The efficiency of the test 1s increased 

by eliminating the variations between the pairs. 

The program computes the d
i 

and the mean d. 

HO : the differences d
i 

have a normal distribution with mean p = 0 and vs-
2 

rianee cr d • 

~: B- l' f, a (two-tailed test) 

b- l' > a or l' < a (one-tailed test) 

The test ~tatistic is : 

t = I d - 01 with (n - 1) d.f. 

n is the number of pairs. 

The program displays the value of "t", the number of degrees of freedom 

and the probability p(t). If B is lower than the chosen significance level, 

d is significantly different from zero. 

c 
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STAT. 04 

USER INSTRUCTIONS I 
PROGRAMMABLAUF I 

INSTRUCTIONS D'EMPLOI I 
NORME OPERATIVE I 

InltnlClionl VariabJeI 
Ope"!",,, Do .. ~;ng.bc 
Instlll. ,ion. Don"",, 
[st",oionl DOl i 

Key in the •• ~A~ n. , , , . 
T, H.,. 
In~~t the date i n .i v, 

v: 
, of d=v·_v. 

Correction routine 
Tf one v i. onto. th .,.. o' ,oJ lin, 

Tnnut the erroneous nair v. 
v, 

t> t> 

After the lSRt nair ~A 1 , 

nisulav of • ;; 

"' ~ ., nf' "+,, 
" ~ , 

~, n .~. test , call 
~o •• two_ton.n t,.t ,." 
n on' "' . n. p(,) 

For a new set of data , call 
nn • 

27 

Function(l ) Ruult 
Tute{n) R .I~I .. , 
Touc heC') Inuh, .. 
T .. ,; R"u1<.", 

I ym"li'r.Ji PUR II 

HIs 
R/S 

01. 
HI. 

~ 

vnv 
~ . 
• 

n T 

n.A 
~ 

p 

A 
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STAT. 04 

ElWIPLE 1 - One-tailed test 
(0:) 

XED ' ECHPRIR' 
XEi B 985,88 RUN 1"I0Y.=17,Z2 

998,88 RUH E.S."6,62 -S tee ... ,"2,68 
D.['"8,81 

1.815,88 RUH XED, 98B.88 RUN P"8.916 
35,88 ••• 

(error) 1.988,88 RUH 
995, BB RUN 
985,88 ... 

XEQ £ 
I. 988, 88 RUN 

995,88 RUN 
988,88 RUN 
995 ,88 RUN 
-15,88 ••• 

1.888,8B RUN 
995,BB RUN 

5,88 ... 
1.3ULe8 RUN 

99O,O8 RUN 
20,BB ... 

I,B85·BB RUN 
96S.·BB ,UN 

4B,BB ... 
995,8B RUN 
985,88 RUN 
18,88 ... 

1.82B,88 RUN 
995,88 RUN 
25,08 ... 

1.845,80 RUN 
1.885,80 RUH 

4B,Be . .. t: 

(0:) PHILIPPE pp.37-38 
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PROGRAM LISTING 
STAT,04 PROGRAMMAUFLISTUNG 

LISTAGE DU PROGRAMME 29 
LISTATO DI PROGRAMMA 

BittBL "ECHPRIR- ~S sm 115 1: 

92.lBl A S9 I 116 PI 

93 Ci.l~C 69 AlAN 117 I 

&"l8, 91 61 m 92 liB 5TO 97 

9~ STOP 62 RCl 99 119 3 
96 STOP 63 2 129 RCl 99 
97 ' 64 I 121 X=Y? 

98 PRX 65 IN7 :22 GTO 29 
89 RD, 66 lASTX 123 1 

19 tREG 1< 67 X~Y? 12' STO 95 
11 .. 68 GTO 19 !2~ 5T- 89 
12 GTO 91 69 9 12& ){=v? 
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SINGLE CLASSIFICATION ANALYSIS OF VARIANCE 

DESCRIPTION 

It is a comparison between .! samples or groups, equal in size or not, 

and assumed to be : 

a - e1 ther sampled randomly from the same normal population (11' 0'" 2) 

b - or from normal POPul~tionB witb means fI, P2"" fa' but with 

the same variance tr • 

In the analysis of variance (ANOVA), two estimations of the variance 

(or mean squares) are computed: 

- one based on the within groups variations, obtained as a pooled vari­

ance (weighted average of the.! variances of the groups) B~ 
- one computed from the group means or totals (variation among groupe) B~ 

These two mean I!fquares are compared with an "F" test t 

2/ 2 
F ="2 "1 

If F is not significant, one can conclude that the .! groups come from the 

same population. It F is significant, i.e. if the mean square among groups 8; 
is significantly larger than the mean Bquare wi thin groups si (experimental 

error), one can conclude that an extra source of variation, due to a diffe­

rence between the groups, is added to the variation due to the experimen-

tal error. 

If the added variation is caused by fixed treatments chosen by the ex­

perimenter, it is a Model I ANOVA; the several means can be compared to 

each other (see Progr. ANOVA 4). If the added variation is a random effect, 

it is a Model II ANOVA, and the variation due to this effect can be esti­

mated • 

The resul te are generally displayed in the form of an ANOVA table 

Source of variation Nbr Sum of Mean F P(F) 
D.F. Squares Square 

Among groups • - 1 

Wi thin groups N - a 
(error) 

Total N - 1 
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32 
STAT.05 

Since the number of d~es of freedom and the sums of squares are 

additive, the table is conveniently computed as follows I 

- Total S. S. I-l- (ly)2/N 

_ Group S. S. : :i (T./n.)'- (!y)2/N 
1 1 

T. = sum of the n. responses in group 1. 
1 1 

The program displays the results in the order of the ANOVA table. 

-Equality of the variances 

For the AN6VA to be valid, tbe several variances should be equal 

(homoBcedasticity). This can be checked by the Bartlett's test. 

x 2 = 2,3026 (N'l 2 r ' log Si2) C og 8 - D1 

tb C 1 1 ( .... 1 1) 'd 2 df d . wi = + 3(a _ 1) L n! - NT D1 an 61:C: o. an vanance 
1 2 

of each sample; NI = total d.f.; s = pooled variance 

This statistic X
2 has a chi square dis tribution with (8 - 1) d.f. 

If the test is significant, one should try an appropriate transformation 

of the data, or use a non parametric test. 

- Model II ANOVA 

If F is significant, ODe can estimate the percentage of the total 

variation due to the variation among groups, and the percentage due to the 

experimental error. When the group size is unequal, nO is comp)lted as : 
n2 

n = _1_ (I n _! nil 
o a ·- 1 i I ni 
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34 STAT. OS 

EXAMPLE 1 - ANOVA MODEL I (;.) EXAMPLE ~L _ ANOVA MODEL II (S) 

XEG A ANVA 
XEG 'RNVRI' 133,88 RUN 

J,99 RLIN 6,88 RUN 68,88 RUN 
TRRiT 98,88 RUN 

118,88 RUN 
D.l.~1,88 183,88 RUN m,88 RUN 

8j,88 RUN 
S.C.~3.6j8,41 85,99 RUN 4,98 RUN 

88,88 RUN 
C .".~1.81j ,11 138,88 RUN XEG 8 

181,88 RUN 
F~6, 71 168,88 RUN t~418,88 

7j,88 RUN 
P~8.B88 74,88 RUN "0Y.*,88 

6j,88 RUN ERR 
XEG B VAR.~1.693,j8 

B6,88 RUN t~j68,8e 

73.88 RUN 
D.l. ~15,88 "OY.=112,ee 51,8e RUH 

XEi 8 
S.C .~4.87Lj8 VRR.~1.388,58 181,88 RUN 

t~684.88 
C." .~17I ,44 -1,88 RUH 

"OY.~85,j8 TOT 
-33,88 RUH 68,88 RUN 

VAR.~191,19 54,913 RUH 88,88 RUN 
D.l.~17,88 18,88 RUN XEQ 8 

118,88 RUN 
S.C.~7.712,88 41,88 RUN t~388,88 

97,88 RUH 8ART 
19,88 RUN "OYA8,8i 

183,88 RUH XEG 8 VAP..'I.587,58 

(error) 1.185,88 RUN 
CNI.1~8,85 t~188,88 

138,88 RUN 
D.l.~1,88 "OY.~18,88 RNVR 

96,88 RUH 
CHI.1.8,85~6,81 

VAR.~I.II3.58 TRAIT 

XEQ E 
D.l.~5,88 

1.185,88 RUH 58,88 RUN S.CA1.814.17 

185,88 RUN 171 ,88 RUN U.~8.484,a3 

X[g B 193,88 RUN F~1,95 

t~m,88 118,88 RUN P~8,831 

"OY.~189,83 33.88 RUN 

VRR. ~164, 57 XEi B ERR 
N65,88 D.l.~14,88 

188,88 RUH "OY . ~133 ,88 S.CA8.351,88· 

118,88 RUN VRRA.649,58 C .".~1.848,88 

113,88 RUN 
134.88 RUN 178,88 RUH TOT 

XEi 8 96,88 RUN D.l.~19,88 

t~475,88 111,88 RUN S. C. ~1I8. 376.17 

"OY.~1I8,75 151,88 RUH 

VAR.~134,15 11,99 RUN 8ART 
XEG 8 CHI.1~4,61 

t~548,88 D.l.~5,88 

"OY.'I88,88 

(~) PHILIPPE p.l24 
VRR.~3.8Ij,j8 CHI.1.8,8j~II,88 

XEG C 
n8~5,88 

VRR.C~I.III,37 

VRR.CN8.87 

(s) PHILIPPE p.llS VRR.ENI,93 

It 
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35 LISTAGE DU PROGRAMME 

Ll5TATO DI PROGRAMMA 

9t*LBl 'ANVil!' 58 ReL 92 1I~ !IX 172 'P' 219 XEQ 1l 
82.lBi.. A 59 i lt6 * 173 XEQ 11 238 ROY 
8, (lRG 68 m 81 117 I 17' FIX 2 231 2.518232 
94 CF 98 61 - llS RCl 89 175 HDv 232 FCL 25 
is Cf BI 62 STO 8~ 119 - 176 'm' 21l 1.182189 
86 STOP 63 'RHY,' 12B - H7 IlVIEW 234 • 
87 STO 28 64 RY1 EW 121 STO 87 178 Rei.. 9ft 235 -+ 

as RD~' 6'5 "TRAIT" 122 RCL 81 119 ·I. L.· 236 RCL 25 
89 STO 2~ 66 RY1EW 123 RCL 88 188 XEB II 237 Xtl 
18 38.i14 67 RCl 83 124 2 Ie! Rel 94 238 - .88211427 
11 STO 26 68 RCL 81 12~ EHTERt IS2 ·S.C.· 219 • 
12'L8l Bl 69 - 126 1 181 XEQ II 248 1-

11 STOP 79 STO 93 127 I 184 RCL B~ 241 Rel 25 
14 !REG 14 71 - 128 YtX 18~ 'U.· 242 lH 
15 1:f- 72 STO 84 129 • 186 XEQ 1l 243 !.37:IS9 
16 GTO 81 13 RCL 82 138 RCL 89 187 ROY 244 • 
17'LBL B 74 RCL 28 131 + 188 ' Tor' 2.4~ • 
18 ReL !S ?~ - 132 SQRT 189 RY1EW 246 'CHI.1.8 ·B~-

19 sr. 89 76 STO 86 113 RCL 87 198 RCL 82 247 XEQ 1l 
28 RCL 14 77 1 134 X<}Y 191 I 248 RTH 
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J8 XEQ 11 57 XEQ !1 144 ~ 281 RCL 85 258 RCl 28 
31 SIEV 8S xm 145 ReL ~8 282 LOG 219 I 
32 XI1 B~ I 146 Xf2 283 RCL B6 260 -
3l ·VAR.· 9B 'c,!.' 147 .1151j4 294 *' 261 111< 
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48 RCl 19 115 RCl " 162 -. 219 1 2?6 -
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5B ST. Bl IB7 I 164 2 211 2.3826 276 RCL ij5 
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RANDOMIZED COMPLE.'rE BLOCKS ANALYSIS OF VARIANCE 

DESCRIPTION 

In this design, originally devised in agricultural research, the seve­

ral treatments are applied to plots of land (or blocks), the treatments in 

each plot being assigned randomly. It is thus possible, in the ANOVA, to 

subs tract from the experimental error the variation between plots. 

The same design has aleo numerous applications in other fields: for 

example, each block may be an individual (patient or animal) receiv1J:Jg eeve­

ra! treatments one after another; or a piece of equipment in 'Which several 

experiments are performed. 

There are A treatments (a ~ 12 ; when a > 12, display: ERROR), with 

12. blocks, and each treatment once in every block. The ANOVA table is I 

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

Between blocks (b - 1) 

Between treatments (a - 1) 

Error (a-1) (b-1) 

Total (ab - 1) 

The program. computes t 

- Total sum of equares 

- Block sum of squares 

- Treatment 8.8. 

C.F. = correction factor = 

I"l- C.F. 

1. Tifa - C.F. 

t T
2
/b - C.F 

,~ a: 

(I. y)2/ab T = sum of treatments 
a 

Tb = sum of blocks 

F P(F) 

If F = M.8. treat./M.S. error is significant, the treatments can be canpared 

using Program m!AT. 00. 

H 
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40 
STAT. 06 

EXAMPLE 1 
(,,) 

m ·RHYR2· 
5.e0 RUN 

U~54.80 

5. 88 RLIN "OY . ~18.88 
L. T=31. 88 

8.88 RUN "OY. ~6 . 28 

2.88 RUN 
t . T~41.88 

4.8e RUN 
ItOY . =8 . 28 

3. 88 RUN 
U~33 . 88 

9. 88 RUN "OYA.68 

XEQ B U~29.88 

U~26 . B8 
"OY .~5 . 88 

18. 88 RUN 
RNYR 

6. 88 RUN BLOC 

18. 88 RUN 
O . I. ~4.8e 

5.88 RUN 5.C . =49.84 

7.88 RUN C . " . ~12.46 

XEQ 8 
F . ~2.38 

,. 8~38. 88 
P=8. i83 

12.88 RUN TRRIT 
7. 88 RUN I .LA. 88 

9.88 RUN 
S . C . ~83 . 84 

(error) 
9.88 RUN 

C.".~28 . 96 

15.88 RUN 
F . ~3.87 

XEQ E 
P~8.822 

15.88 RUN 
5.88 RUN ERR. 

XEQ 8 
D.l. ~ 16 . 88 

t . 8~42.88 
s . c. ~86.56 
U."5.41 

(error) 
13.88 RUN 

111.88 RUN TOr. 

8. 88 RUN D.l.* .88 

18. 88 RUN 
S.C.~228 . 24 

5. 88 RUN 
XEQ , 

2. 88 RUN 
111.88 RU, 
II. 88 RUN 

XEQ B 
t . 8~47.88 

II. 88 RUN 
5.88 RUN 

18. 88 RliN 
6.88 RUN 
3. 88 RUN 

XEi B (,,) SNEDECOR p.335 
E.B~35.eB 
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86 13 63 , 128 Rei.. (It. t 77 3 234 FS'C 62 
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LATIN SQUARE ANALYSIS OF VARIANCE 

DESCRIPTION 

In this design, used in agricultural research, a factor is tested at 

!!. levels, and the field is divided in !!. row blocks and in a column blocks. 

Each level of the factor (treatment) is replicated only once in a given 

row or column. In the ANOVA, the variations due to "rows and columns are 

eliminated from the error mean square. This design need not be restrioted 

to agricultural research. For instance, the columns may be the subjects 

and the rows the oroer of administration of the treatments. This program 

can accomodate up to a 12 x 12 latin square. (If tbe number of treatments 

is larger than 12, a sign ERROR is displayed). 

The ANOVA is the following : 

Source of variation Nber ~ of squares Mean square F P(F) 
d.f. 

Between rows (n - 1) 

Between columns (n - 1) 

Between treatments (n - 1) 

Error (n-l)(n-2 

Total 2 (n - 1) 

The data are entered in rowe and by pair: first, the number of the 

treatment (the treatments are numbered: 1, 2, 3 ••..• 12), then the cor-

responding response. The BUmS of rows or are displayed, then the SUllIS of 
r 

columns Te and the BUmS of treatments Tt • 

The program computes : 

Total sum of squares ~ I 7
2
_ C.F. 

2 
Row S.S. t T;I n - 8.F. 

2 
Column S.S. t T';j n - C. F. 

2 
Treatment 5.5. 2: T;,t n - C.F. 

(C.F. = ( r y)% ) 

It F = Treat. J.I.S./Error M.S. i s significant, the treatment means may be 

compared, using program STAT. 08. 
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44 
USER INSTRUCTIONS I 

PROGRAMMABLAUF I 
STAT. 07 INSTRUCTIONS D'EMPLOII 

NORME OPERATIVE I 

'-~~--------------~------'-----~-----'I~ 
S,ef In. uuction8 Variable. Function(l ) Re ••. lIt 
Sc hnu Ope .. ,ion O" ...... npbc Tu,«n) R ..... r .. , 

In.ITuenon. Donnie. TOIIChe(I) R .... t .. ' ", 
Pu.o ' ''fU.ion; f)o" T .. ,; R«ult .. " 

, Key in the ""'~ n7 
1 to <; 

2 Initialize no"ANVA. ~" 

-
4 Input the data of the first row 

in naira • ¥; .+ nbr of , 
t), t), ,., ,,1 

At the end of the ¥; ro". 

"i" nlAV • r~ _ T 

a - immediate if neC8ssarv. finish 
to innut the data of the nair. 
then call 
input again the erroneous Dair nil R. 

R. 

+" +), ". RIR 

then the nne 

7 Repeat step 4 and 5 for the other 

R At the end of the last row 

9 If F (treatments) is significant the 
meAn, OAn b. 

". M' • . OR 
For Bet of dat.. call , 
," ~ 
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STAT. 07 

EXAMPLE L - Latin square 

Subj ec t 
Tr eatment order 

1 2 , 4 'i 
1 

~ ~l ~ \4) 183 2) 204 1\3) 216 1\5) 178 
2 (3) 198 (5) 162 (2) 188 (1) 166 
3 (2) 202 (5) 198 (3) 217 (1) 193 (4) 172 
4 (3) 223 (1) 202 (4) 192 (5) 179 (2) 202 
5 (5 ) 192 (2) 202 (1) 189 (4) 165 (3) 191 

XEg ' AHYA3' 2.88 RUN 5. 8e RUN ANYA s,ae RUN 282.88 RUN 192.88 RUN RANG . 
5.88 RUN 2,ee RUN D.l . 04. 88 /, 88 RUN 198.88 RUN 282.88 RUN $.C.01.524.64 289.88 RUN 3, 8e RU~ I.OB RUN C.".03Bl.16 4,e8 RUN 217.88 RUN 189.88 RUN FoB.15 183.88 RUN 1,8e RUN 4.98 RUN p08.862 2. 88 RUN 193. 88 RUN 165.88 RUN 

28\. 88 RUN 4.88 RUN 3.88 RUN COL. 3,e8 RUN 172.88 RUN 19/,88 RUN D.l.oM8 216.88 RUN XED 9 XED 8 $.C.ol.124 .24 5, 88 RUN 'R 0 982 . B8 'Ro 939.88 
C.".0281.86 178.a8 RUN 3.88 RUN F06.81 XEQ B (error ) 1.223.88 RUN ' C.01. 8B6.8e 
p08 . B81 'R0 998. 88 L88 RIIN 'C.0983.88 

4,98 RUN 282.88 RUN re.0964.88 
TRAIl. 18B.88 RUN 4, B9 RUN re.0941.80 
D. l .04. 88 (error) 8,88 RUN 192. 88 RUN ' C. =989 .88 
$.C.03.178.64 198.88 RUN 5,98 RUN C.".0794 . 66 XEi E 179.88 RWl rr. 0959. B8 
Fo16. 99 S,BB RUN 2.88 RUN MOY . Tol9L8B 
pol.868H 198. 88 RUN 282.88 RUN ,1. 0998.88 

J,eB RUN XEQ e "OY . To199.68 ERR. 198.88 RUN I,ea RUN 'T.=1.845. 88 
D.l.ol2.88 5. 88 RliN 3. a8 RUN "OY. T0289. 88 
$.C.0561.12 162.88 RUN 1.223.88 RUN 'T. 0892.88 
C." .046.76 2, 99 RUN 3.8S RUN HOY . To178.48 

188. 88 RUN 223.88 RUN ,I. 0989.88 
TOT. LBe RUN XE9 8 HOY . To181.88 
D.l.oN.SS 166.88 RUN £R0 998.88 
$.C. 06. 388. 64 

XE9 8 
' R0 894.88 
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PRINCIPLES OF STATISTICAL TESTS 

The most frequent applications of statistics are to test some hypo­

thesis. A statistical test is basically intended to evaluate the risk that 

the user is willing to take when accepting tbe hypothesis, or when rejec­

ting that hypothesis and accepting an alternative one. The method is called 

Hypothesis testing. 

Whatever the statistical test used, the procedure usually involves 

several steps 

1 - State the hypothesis. 

The problem to be solved is defined by two hypotheses 

the null hypothesis HO' which is the hypothesis of no difference. 

For instance, if ":8. want to compare the means of two groups and if 

a difference is found, we state that this difference is not real, but 

due to the sampling error. 

the alternative hypothesis, El' which will be accepted if HO is re­

jected. HI may be stated in U!o different ways : 

H
la 

: the research hypothesis simply states that the means 

of the two groups are different 

two-tailed test. 

RIb : the theory predicts the direction of the difference, if 

any. l\ will be either /'1. > 1'2 or h < 1'2 ; this is a 

one-tailed test. 

2 - Choice of the statistical test. 

We have many tests which can be used under various conditions . The criteria 

for choosing among several tests and the corresponding programs will be 

examined below. 

3 - Choice of the significance level. 

This is a l imit which should be specified in advance of the data collection 

and which justifies the rejection of the null hypothesis. It is the risk 

of fal sely rejecting H
O 

when the null hypothesis is actually true. This 

error (Type I error) and the corresponding risk, commonly called 0( is usu­

ally set at the level P = 0,05. 
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: the research hypothesis simply states that the means 

of the two groups are different 

two-tailed test. 

RIb : the theory predicts the direction of the difference, if 

any. l\ will be either /'1. > 1'2 or h < 1'2 ; this is a 

one-tailed test. 

2 - Choice of the statistical test. 

We have many tests which can be used under various conditions . The criteria 

for choosing among several tests and the corresponding programs will be 

examined below. 

3 - Choice of the significance level. 

This is a l imit which should be specified in advance of the data collection 

and which justifies the rejection of the null hypothesis. It is the risk 

of fal sely rejecting H
O 

when the null hypothesis is actually true. This 

error (Type I error) and the corresponding risk, commonly called 0( is usu­

ally set at the level P = 0,05. 

1 
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I STAT.08 I 
!NOVA - COMPARISONS AMONG MEANS 

DESCI1IPTION 

Atter the in! tial significance tes t, a Model II ANOVA is completed 

by the estimation ot the added variance components (See Prog.STAT.OS). 

A Model I ANOVA is completed by examining the data in greater detail, 

testing which meane are different from whicb other ones, or which groups 

of means are different from other such groupe or from s ingle means. 

When these tests are planned before the experiment, and indepen­

dently of the resul ta, they are called "8 priori n comparisons. These 

testa can be applied regardless of the results of the preliminary ANOVA. 

When the comparisons are decided after the experiments, being based on 

the results, they are called "8 posteriori"tests, and they are perfonned 

only if the preliminary ANOVA is significant 

1 - A priori tests 

a - Subdivision of the treatment sums of squares and degrees of freedom 

into separate comparisons. 

To compare ~ groups of any size ~, take the sum of each group, square 

1 t, divide it by 1 ts sample size ~ and sum the 1£ quotients 'tBoS obtained. 

From the sum of these quotients, substract a correction factor, which is 

the grand sum of all the groups 1n the comparison, squared and divided. 

by the number of items in the grand sum. This S.S. has (k- 1) d.f. and 

the corresponding mean square is tested by an "FU test against the error 

mean square. If all the comparisons are independent, their S.S. and d.f. 

are additive. 

b - Least significant difference - (L.S.D.) 

This test is based on the lit" test : one computes 

L.S.D. ~ t o,05 Ve2
( ~ + !2) 

with 
2 

8 = error mean square and to,oS = value of t for the number of d.t. 

of the !NOVA. 
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If a difference (Y
1 

- Y2) is larger than the L.S.D., the two means differ 

significantly at the 0,05 significance level. 

2 - A posteriori tests 

a - Comparison of all the means to the same control 

A frequent caBe is the separate comparison of all the treatment means 

Y
i 

to the same control mean YO. This can be done with the Dunnett test. 

Each treatment mean is compared to YO (Yo - Y i)' and a value of lit" 

is computed as : 

t = 
IYo - Yil 

1f'
2 r---r­

• (--+-) 
nO D1 

If this calculated "t" is larger than a limit value lit '" found in the Dun­

net table(~), which takes in account tbe number ~ of means Y
i 

compared to 

the control. the difference is significant. 

b - multiple comparis ons 

The overall comparison of all the means can be perf'ormed wi tb the 

S.S. subdivision method described above, taking the number of d.f. of F 

as "(a - 1) and a{n - 1) j or wi tb a method based on the studentized range. 

which bas not been included in this program. (Duncan test, for instance) .. 

The program STAT.08 can be used after programs STAT.05, 06 or 07. 

(,,) C.W.1lUNNE'l.'r - Biometric. 1964;~; p.488 

(e) J .PHILIPPE p.l21 

50 

If a difference (Y
1 

- Y2) is larger than the L.S.D., the two means differ 

significantly at the 0,05 significance level. 

2 - A posteriori tests 

a - Comparison of all the means to the same control 

A frequent caBe is the separate comparison of all the treatment means 

Y
i 

to the same control mean YO. This can be done with the Dunnett test. 

Each treatment mean is compared to YO (Yo - Y i)' and a value of lit" 

is computed as : 

t = 
IYo - Yil 

1f'
2 r---r­

• (--+-) 
nO D1 

If this calculated "t" is larger than a limit value lit '" found in the Dun­

net table(~), which takes in account tbe number ~ of means Y
i 

compared to 

the control. the difference is significant. 

b - multiple comparis ons 

The overall comparison of all the means can be perf'ormed wi tb the 

S.S. subdivision method described above, taking the number of d.f. of F 

as "(a - 1) and a{n - 1) j or wi tb a method based on the studentized range. 

which bas not been included in this program. (Duncan test, for instance) .. 

The program STAT.08 can be used after programs STAT.05, 06 or 07. 

(,,) C.W.1lUNNE'l.'r - Biometric. 1964;~; p.488 

(e) J .PHILIPPE p.l21 



'rr Step 
Sohn" 
~, 

~-

1 

, 

, 
4 

< 

6 

7 

.. 
8 
Q 

'0 
10' 

" 
12 

" 
" 
" 

- 16 

USER INSTRUCTIONS I 

STAT. OS 
PROGRAMMABLAUF I 

INSTRUCTIONS D'EMPLOJ I 
NORME OPERATIVE I 

'nstructionl Variablell 
Ope .. ,;"" o.,.ndngabc 
In"tuetion. """"", 
h,ruzioni - nil; 

When oroA'I'am. 05 06 or 07 has been 
clear the 

1(~ in tho 
1 to 'i 

Least 8i~ficant difference ., 
Input the number of the two otl'TOU'PS 

to be comnared n~ 

n' 
Disnlav of : difference , '(I' _ - , • 

, ••• t .i= diff • • 
resuI t 

For another comnarison return to 
step 4 

DUnnett test 
Initialize 
"ispI"".: number of groups compared 

to the control 

" .. n' th, ANOVA 
mh e •• ks for .• , •• • 
Inout t 

'n~ ." nf • 
,,, -".1 

v • 0' .. , .. , 
of treatment S S 

A t •• t TnitiaJ.ize 
A oo.teriori test Initialize 

, the ' of to be 
k 

Immt the number aJ of the treat-
ment(.) of the first groUP 02 • ..•. 

c." 
" ," " ., "h ., 

th~ other 
ni on'.v nf . nbr of d f. 

n' 
m •• 

F 

For t, 
.tep 11 
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Function(I). Re.uh 
TaI~n) kaul ... 
TO<IChc(I) Re.ul .. , 
Turi R"ul"10 

XEQ "CLP" •• 

A 

RS 
of. 

DIFl' 
PPSD 

SIGN. or N.S. 

B 

p 
".T 

t ? 

of. 

DIFF 
+ 

SIGN or N S 

C 
p.C 

RlS 

Rls 
D 

D.L. 
S.C. 
eM 

F 
P 

'rr Step 
Sohn" 
~, 

~-

1 

, 

, 
4 

< 

6 

7 

.. 
8 
Q 

'0 
10' 

" 
12 

" 
" 
" 
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Input the number of the two otl'TOU'PS 

to be comnared n~ 
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Disnlav of : difference , '(I' _ - , • 
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resuI t 

For another comnarison return to 
step 4 

DUnnett test 
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ni on'.v nf . nbr of d f. 

n' 
m •• 

F 

For t, 
.tep 11 
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Function(I). Re.uh 
TaI~n) kaul ... 
TO<IChc(I) Re.ul .. , 
Turi R"ul"10 

XEQ "CLP" •• 

A 

RS 
of. 

DIFl' 
PPSD 

SIGN. or N.S. 

B 

p 
".T 

t ? 

of. 

DIFF 
+ 

SIGN or N S 

C 
p.C 

RlS 

Rls 
D 

D.L. 
S.C. 
eM 

F 
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STAT. OS 

EXAMPLE 1 - Pr ogram used after Program STAT. 05 

j,00 RUN 

11S,~e RUN 
85 ,0Q RUN 
eB,88 RUN 

!81, BB RUN 
75 , 8B RUN 
65,81 RUM 
86 ,8e RUM 
nBS RUM 

XEi S 
Ni4,B8 
110Y. =S5 .59 
VAR .=2':l2,29 

11S,88 RUH 
97,88 RUM 

103,88 RUM 
138,913 RUM 
96 ,88 RUM 

185,88 RUM 
XEQ B 

N59,88 
"OY . ~189,83 
VRR.~164,57 

u~e , ee RUt: 
118,88 RUM 
113,913 RUM 
134,813 RUM 

XEi B 
E~m,08 

ftOY . ~11a.75 
VRR .~134,25 

RMVR 
TRAIT 
D.L, ~1,8B 

S.C . ~3 . 658,42 

C.ft.~I .m , 11 

N,71 
P~8, BSS 

ERR 
D . L.~ I S,BB 

S.CA.87!.5S 
U.~171,44 

TOT 
D.L.=!7,8a 
S.C .=7. 722,ea 

L. S.n 

CLP •• 
PRCK1MG 

XEi R 
1,e8 RUN 
2,ee RUN 

D 1 FF~14,33 

PPDS~ 18,97 

SIGN 

1,138 RUM 
3,88 RUM 

DI FF=33,25 
PPDS~2!.51 

SIGH 

2,88 RUt-: 
3,88 RUM 

D!FF~8,91 

PPDS~11,67 

H.S. 

Dunnett 

p=2,e9 
O. L. ~ 15 ,BB 
,1 

D!FF~14.33 
t=2,73 
SIGM 

D!FF~33 , 15 

, '3, ]8 
SIGM 

XEi B 

2,44 ru'l 

Subdiv. S. S. 

XEi C 
1,8S RUH 

1,1.18 RUM 
XEi 0 

2,ee RUM 
],S8 RUM 

XEi I 
1.L . ~1,88 

S , C,~3,4S9,68 

C.ft . ~3 . 4S9,60 

F~11 , 75 

p'Me3 

2,88 RUM 

2, BB RUN 
XEQ D 

3, 8B RUM 
XEQ I 

D . L.~I,BB 

S . C . ~I9B , 81 

c. ft , ~I98,81 
F~8.78 

P~8 , 41B 
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STAT. OS 

EXAMPLE 1 - Pr ogram used after Program STAT. 05 

j,00 RUN 

11S,~e RUN 
85 ,0Q RUN 
eB,88 RUN 

!81, BB RUN 
75 , 8B RUN 
65,81 RUM 
86 ,8e RUM 
nBS RUM 

XEi S 
Ni4,B8 
110Y. =S5 .59 
VAR .=2':l2,29 

11S,88 RUH 
97,88 RUM 

103,88 RUM 
138,913 RUM 
96 ,88 RUM 

185,88 RUM 
XEQ B 

N59,88 
"OY . ~189,83 
VRR.~164,57 

u~e , ee RUt: 
118,88 RUM 
113,913 RUM 
134,813 RUM 

XEi B 
E~m,08 

ftOY . ~11a.75 
VRR .~134,25 

RMVR 
TRAIT 
D.L, ~1,8B 

S.C . ~3 . 658,42 

C.ft.~I .m , 11 

N,71 
P~8, BSS 

ERR 
D . L.~ I S,BB 

S.CA.87!.5S 
U.~171,44 

TOT 
D.L.=!7,8a 
S.C .=7. 722,ea 

L. S.n 

CLP •• 
PRCK1MG 

XEi R 
1,e8 RUN 
2,ee RUN 

D 1 FF~14,33 

PPDS~ 18,97 

SIGN 

1,138 RUM 
3,88 RUM 

DI FF=33,25 
PPDS~2!.51 

SIGH 

2,88 RUt-: 
3,88 RUM 

D!FF~8,91 

PPDS~11,67 

H.S. 

Dunnett 

p=2,e9 
O. L. ~ 15 ,BB 
,1 

D!FF~14.33 
t=2,73 
SIGM 

D!FF~33 , 15 

, '3, ]8 
SIGM 

XEi B 

2,44 ru'l 

Subdiv. S. S. 

XEi C 
1,8S RUH 

1,1.18 RUM 
XEi 0 

2,ee RUM 
],S8 RUM 

XEi I 
1.L . ~1,88 

S , C,~3,4S9,68 

C.ft . ~3 . 4S9,60 

F~11 , 75 

p'Me3 

2,88 RUM 

2, BB RUN 
XEQ D 

3, 8B RUM 
XEQ I 

D . L.~I,BB 

S . C . ~I9B , 81 

c. ft , ~I98,81 
F~8.78 

P~8 , 41B 



STAT.08 

EXAMPLE 2 - Program used after Program STAT. 06 

t . i=54,88 
"OY. ~I B,aB 
•. T~3[, BB 
"0IA,28 
E.T~4['8B 

"OI. ~8,IB 
!.T~33 ,0B 

"0IA,68 
!.T~19,BB 

"01. ~5 , 88 

AHYH 
BLOC 
D.L.~4.8B 

S.C.~49,B4 

C,1'I.=i2,46 
F.~2 , 3B 

P=8, 182 

mIT 
D.L.~4,Ba 

S.C,=83,84 
U.~2B ,96 

F.~3.87 

P~e.e22 

ERR. 
D.L.~16,8B 

S . C.~86,56 

U. ~5 ,41 

TOT. 
D . L. ~24,BB 

S.C . ~22B,24 

XEQ 'AHVAZ ' 
5,00 RUH 
5,00 RUH 

8,88 RUH 
RUH 
RUH 

L. S.D. 

CLP •• 
PACKIHG 

XEQ A 
I,a8 RUH 
2,88 RUN 

DlfF~4,6B 

PPDN,I2 
SIGH 

3,88 RUH 
4.88 RUH 

DIFF~ I,68 

PPlS~3, 12 
H. S. 

Dunnett 

KED B 
p::4,8e 
D.L . ~16 , 88 

" 2,71 run 
DIFF~4,6B 

t=3,13 
SIGH 

DIFF~2,68 

'~['77 
H.S. 

DlfF~4 , 2B 

t=2,86 
SIGH 

DIFF~5 ,BB 

'~3,48 
SIGH 
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Subdi v. S . S. 

KEi C 
2,80 RUH 

1,08 RUH 
Xli D 

2,88 RUN 
3,88 RUH 
ua '!!liN 
5,88 RUH 

XEQ D 
D . L.~I,B8 

S.C. =67 ,24 
C .!.~67,24 

F~12,43 

p~8,Ba3 

3,813 RUH 

[, BB RUH 
KED D 

2,88 RUH 
3,80 RUK 

KED D 
4,8B IWH 
5,88 RUH 

KED I 
D . L.~2,Be 

S.C. =72,24 
C.".=36 , 12 
F~6 , 68 

p~e,BB8 

STAT.08 

EXAMPLE 2 - Program used after Program STAT. 06 

t . i=54,88 
"OY. ~I B,aB 
•. T~3[, BB 
"0IA,28 
E.T~4['8B 

"OI. ~8,IB 
!.T~33 ,0B 

"0IA,68 
!.T~19,BB 

"01. ~5 , 88 

AHYH 
BLOC 
D.L.~4.8B 

S.C.~49,B4 

C,1'I.=i2,46 
F.~2 , 3B 

P=8, 182 

mIT 
D.L.~4,Ba 

S.C,=83,84 
U.~2B ,96 

F.~3.87 

P~e.e22 

ERR. 
D.L.~16,8B 

S . C.~86,56 

U. ~5 ,41 

TOT. 
D . L. ~24,BB 

S.C . ~22B,24 

XEQ 'AHVAZ ' 
5,00 RUH 
5,00 RUH 

8,88 RUH 
RUH 
RUH 

L. S.D. 

CLP •• 
PACKIHG 

XEQ A 
I,a8 RUH 
2,88 RUN 

DlfF~4,6B 

PPDN,I2 
SIGH 

3,88 RUH 
4.88 RUH 

DIFF~ I,68 

PPlS~3, 12 
H. S. 

Dunnett 

KED B 
p::4,8e 
D.L . ~16 , 88 

" 2,71 run 
DIFF~4,6B 

t=3,13 
SIGH 

DIFF~2,68 

'~['77 
H.S. 

DlfF~4 , 2B 

t=2,86 
SIGH 

DIFF~5 ,BB 

'~3,48 
SIGH 
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Subdi v. S . S. 

KEi C 
2,80 RUH 

1,08 RUH 
Xli D 

2,88 RUN 
3,88 RUH 
ua '!!liN 
5,88 RUH 

XEQ D 
D . L.~I,B8 

S.C. =67 ,24 
C .!.~67,24 

F~12,43 

p~8,Ba3 

3,813 RUH 

[, BB RUH 
KED D 

2,88 RUH 
3,80 RUK 

KED D 
4,8B IWH 
5,88 RUH 

KED I 
D . L.~2,Be 

S.C. =72,24 
C.".=36 , 12 
F~6 , 68 

p~e,BB8 
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STAT. OS 

EXAMPLE 3 - Program used after Program srAT. en 

XEQ 'ANYA3' 
5. B9 RUN 

1.90 
29j.BB 

4,88 
183,B9 

1,98 

!T."j59,88 
!OY.I"ln , 88 
!T."jj8,B9 
/'lOY. T=199.68 
!1."I.B45.8B 
!OY.I"18M8 
!T."8j1,88 
!OY.I"179,48 
!T."j8j,8B 
!OY. I"181.88 

AHYA 
RAHG. 
l . l. "4 ,88 
S.C."1.514 ,64 
C.!."3B!.I6 
F"8.15 
P"B,881 

COL. 
l . l ."4 ,88 
S.C."1.114,14 
C.! ."181,86 
F'6,81 
poe, 887 

TRRIT. 
I . l . '4.88 
S.C.'3.178.64 
U . "m,66 
F=16,99 
P'I ,868E-4 

m. 
D.l.'11,88 
S.C."561. 11 
C.!.'46,/6 

TOT. 
D.l.'24,88 
S.CA.388,64 

RUH 
RUH 
RUH 
RUN 
RUH 
RUN 

~ 

L.S.D. 

PACKIHG 

I1FF'7 ,88 
PPIS"9,41 
H.S . 

I1FF"17,18 
PPOS'9 ,41 
SIGH 

Dunnett 

1)=4, ae 
1.1."11.B8 
<' 

IIFF"7.88 
t=1,89 
H.S. 

11fF'17.28 
\=3 ,98 
SIGII 

I1FF"13 , 4"­
\=3, HI 
SIGH 

0IFF"18,88 
<'1,31 
H.S . 

1,88 
2,89 

3, 99 
5,9S 

ClP •• 

XEQ R 
RUN 
RUH 

XEQ 8 

2,81 run 

Subdiv. 5 . 5. 

XEQ C 
2, 88 RUH 

1,88 RUH 
XEQ D 

2, 88 RUH 
3,88 RUN 
4,98 RUN 
5,88 RUN 

XEQ ! 
D. L. =1. ea 
S.C."e.6' 
C. h. ';,'4 
F'8 , 81 
P'8,4!e 

3,98 RUN 

j,ee RUN 
XEQ D 

1.99 RUH 
3.88 RUH 

XEQ D 
4,{l-8 RUN 
5,e8 RUN 

XEQ D 
M . '1,88 
S.C.'2.928,8' 
C.! . "1.464,42 
F"31 ,32 
P'7,559E-5 
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STAT. OS 

EXAMPLE 3 - Program used after Program srAT. en 

XEQ 'ANYA3' 
5. B9 RUN 

1.90 
29j.BB 

4,88 
183,B9 

1,98 

!T."j59,88 
!OY.I"ln , 88 
!T."jj8,B9 
/'lOY. T=199.68 
!1."I.B45.8B 
!OY.I"18M8 
!T."8j1,88 
!OY.I"179,48 
!T."j8j,8B 
!OY. I"181.88 

AHYA 
RAHG. 
l . l. "4 ,88 
S.C."1.514 ,64 
C.!."3B!.I6 
F"8.15 
P"B,881 

COL. 
l . l ."4 ,88 
S.C."1.114,14 
C.! ."181,86 
F'6,81 
poe, 887 

TRRIT. 
I . l . '4.88 
S.C.'3.178.64 
U . "m,66 
F=16,99 
P'I ,868E-4 

m. 
D.l.'11,88 
S.C."561. 11 
C.!.'46,/6 

TOT. 
D.l.'24,88 
S.CA.388,64 

RUH 
RUH 
RUH 
RUN 
RUH 
RUN 

~ 

L.S.D. 

PACKIHG 

I1FF'7 ,88 
PPIS"9,41 
H.S . 

I1FF"17,18 
PPOS'9 ,41 
SIGH 

Dunnett 

1)=4, ae 
1.1."11.B8 
<' 

IIFF"7.88 
t=1,89 
H.S. 

11fF'17.28 
\=3 ,98 
SIGII 

I1FF"13 , 4"­
\=3, HI 
SIGH 

0IFF"18,88 
<'1,31 
H.S . 

1,88 
2,89 

3, 99 
5,9S 

ClP •• 

XEQ R 
RUN 
RUH 

XEQ 8 

2,81 run 

Subdiv. 5 . 5. 

XEQ C 
2, 88 RUH 

1,88 RUH 
XEQ D 

2, 88 RUH 
3,88 RUN 
4,98 RUN 
5,88 RUN 

XEQ ! 
D. L. =1. ea 
S.C."e.6' 
C. h. ';,'4 
F'8 , 81 
P'8,4!e 

3,98 RUN 

j,ee RUN 
XEQ D 

1.99 RUH 
3.88 RUH 

XEQ D 
4,{l-8 RUN 
5,e8 RUN 

XEQ D 
M . '1,88 
S.C.'2.928,8' 
C.! . "1.464,42 
F"31 ,32 
P'7,559E-5 



PROGRAM LISTING 
STAT. 00 

PROGRAMMAUFLISTUNG 55 
LIST AGE DU PROGRAMME 
L1STATO DI PROGRAMMA 

9J *lBl -STAiS ' 58 .' !!S 'h.S , " 172 GTO B9 229 EHTERt 
flZ*lBi.. H 59 STO 82 116 AYIEW 1 n.LBL 9S 23'3 3 
03 CF 81 68 RCl IHD 8e J!7GrOaS i74 Rei.. 29 231 I 

94 2.3777 61 11X ! lS.lBl as !?S ! 2j2 Vt:.: 
~~ ReL 86 62 STO 83 119 'SIG~' :76 - 233 " 
86 ' ,3 lSG a, 126 IlVIEW 177 STO !~ 234 RCl e3 
97 Et>i 64"LBl ~4 12!*LBL 96 i?8 'D.L " 235 + 
lie ,96 65 RCl IHD Be 111 RDV 179 XEQ 11 236 sm 
99 + 66 ISG eo 123 RTH Ise-lBl 99 237 RCl ,7 
18 STO 22 67 RCl IHD Be !24.lBL c 1al Rei.. 92 238 xm 
U.lBL 91 68 I m SF Bl Ia2 XI2 239 I 

12 STOP 69 XEO 83 116-lBl C IB3 Rel 83 2'8 STO e8 
13 XEV 82 7B Rel 64 117 e 184 I 141 X)B' 
14 STC 62 71 XOV 118 STO 6e ISS RCl S4 242 SF B2 
15 RCt IHD ee 72 1 129 STO el IS6 WY 243 RBS 
16 1/X 73 SF 13 138 STO BZ IS7 - 244 I 
17 STO B3 74 'f" 131 STO 83 ISS ·S.C.· 24J Rel 6S 
18 STOP 7S XEQ 11 132 STO 64 189 XEQ II 246 ,196854 
i9 XEQ 82 76 CF 13 133 STOP 19B Rel Be 247 • 
2B XEa S3 77 Rel B9 134 ADV 191 ! 248 t 

21 Rel 22 78 XOY 135 STO 88 192 - 249 RCt B8 
11 • 79 XEa 12 136 STO 25 ;93 I 25e XI2 
23 '''PDS' 8B ISG 88 137-lBl B7 194 'c. It , " 251 d15!94 
24 XEQ 11 SI GTO B4 138 STOP 1;5 XEi 11 252 • 
25 RCl 84 S2 RTH 139 2 196 RCl BS 2SJ + 
26 XEQ 12 SNSl B2 149 • !9? I 254 Rei.. 138 
27 GTe 81 84 (: 1~! 28 198 'F' 255 ;) 
28tlBL B 8S • 142 + 199 SIO 11 256 YIX 
29 CF B, 86 28 143 SIO IB z;e XEQ 11 257 ,8BB344 
3B RCl 2B 87 ' 144 RCL IND Ie 2&1 2 258 • 
31 1 SS STO B8 14S 5T+ 88 2B2 EHTERI 259 • 
31 • 69 RCl IH! BB 146 ST! B2 181 9 268 RCL 88 
33 SF 13 9B STO 91 147 I 284 I 261 4 
34 0p. 91 1 148 STt HI 265 STO 61 262 ytX 
35 XEi 11 92 ST+ 8B 149 RCl I~D IB 2B6 Re! II 263 ,B19527 
36 CF 13 93 iCl BI 158 ST+ e~ 287 I 264 • 
37 ~Cl 86 94 Rel IHn Be 151 ST. Bl 26B STO Bl 265 + 
33 ·I . l. · 95 I 152 GTO 67 29:~ RCL 81 266 -4 
39 XEi 11 eo RTH 153.LBL D 216 RCl B6 267 VIA 
49 SF 13 9NBl Bl !S4 RCl BS 211 I 268 2 
41 °T?". 98 m B2 155 XI2 211 STO 61 269 I 
42 PROtlPT 99 - !S6 RCl BI 213 1 270 CHS 
43 STO 89 IB6 RBS 157 I 214 - 27! i 
44 CF 13 161 STO 84 158 ST. 64 215 CHS 272 + 
45 RCl 26 182 "DIFF" 159 e 216 RCl 12 27l FIX 3 
46 2 183 XEi II 168 STO BB 217 3 27' mc B2 
47 • IB4 Rel IHD BB 161 STO BI 218 IIX 275 XEi IB 
4S·29 IB5 l /X 162 7DSI 219 VIA 176 .p. 

49 • 196 RCl B3 161 GIO B7 228 *' 277 XEi 11 
5B IBBB 107 + 164 FS' Bl 221 ! 27S FIX 2 
51 I IBS Rel B5 165 GTO 6S 221 RCl Bl 279 RIY 
52 38 189 • 166 RCL 88 213 - 2SB GTI r 
53 + 118 SiR! 167 I 224 - 2S1-lSl IB 
54 STO 6e 111 RTH : 68 - 22) STO 87 2B2 I 
55 Rel IHI Be 112.LBL 12 16':1 STO !1 216 RCl BI 1B3 XOY 
56 ISG B8 113 X)Y? 17B ·D. l . · 227 Rel 12 2S4 -
57 RCl IHI BB 11 4 GTO 65 171 XEe II 228 2 285 RTN 

P1u~ ~~ pop .. 1':111< K> .!tach h'''n~ •. AdM<l,'. I>p< .... ). affce, p"n'~ SS.P. unh,." de I •• <>1 .. i POP"" pt>u. Ii, .. ~ l""nIC" I. .. ruban •• dho,,(. pcu,·.", .hh~. romp ........ 
8'''.1~'''''~. ,M P'ponl •. m .. nkltbm. t.:ltb.:rilme kiln ... n D .... k bl<ocbcn~ ~,fa ... ,~ u .... I •• <>11.0 pt. ~ ... "" I.,..". II ru"m .~"" p"".I .... '" k, ' .. mpo'''' 

PROGRAM LISTING 
STAT. 00 

PROGRAMMAUFLISTUNG 55 
LIST AGE DU PROGRAMME 
L1STATO DI PROGRAMMA 

9J *lBl -STAiS ' 58 .' !!S 'h.S , " 172 GTO B9 229 EHTERt 
flZ*lBi.. H 59 STO 82 116 AYIEW 1 n.LBL 9S 23'3 3 
03 CF 81 68 RCl IHD 8e J!7GrOaS i74 Rei.. 29 231 I 

94 2.3777 61 11X ! lS.lBl as !?S ! 2j2 Vt:.: 
~~ ReL 86 62 STO 83 119 'SIG~' :76 - 233 " 
86 ' ,3 lSG a, 126 IlVIEW 177 STO !~ 234 RCl e3 
97 Et>i 64"LBl ~4 12!*LBL 96 i?8 'D.L " 235 + 
lie ,96 65 RCl IHD Be 111 RDV 179 XEQ 11 236 sm 
99 + 66 ISG eo 123 RTH Ise-lBl 99 237 RCl ,7 
18 STO 22 67 RCl IHD Be !24.lBL c 1al Rei.. 92 238 xm 
U.lBL 91 68 I m SF Bl Ia2 XI2 239 I 

12 STOP 69 XEO 83 116-lBl C IB3 Rel 83 2'8 STO e8 
13 XEV 82 7B Rel 64 117 e 184 I 141 X)B' 
14 STC 62 71 XOV 118 STO 6e ISS RCl S4 242 SF B2 
15 RCt IHD ee 72 1 129 STO el IS6 WY 243 RBS 
16 1/X 73 SF 13 138 STO BZ IS7 - 244 I 
17 STO B3 74 'f" 131 STO 83 ISS ·S.C.· 24J Rel 6S 
18 STOP 7S XEQ 11 132 STO 64 189 XEQ II 246 ,196854 
i9 XEQ 82 76 CF 13 133 STOP 19B Rel Be 247 • 
2B XEa S3 77 Rel B9 134 ADV 191 ! 248 t 

21 Rel 22 78 XOY 135 STO 88 192 - 249 RCt B8 
11 • 79 XEa 12 136 STO 25 ;93 I 25e XI2 
23 '''PDS' 8B ISG 88 137-lBl B7 194 'c. It , " 251 d15!94 
24 XEQ 11 SI GTO B4 138 STOP 1;5 XEi 11 252 • 
25 RCl 84 S2 RTH 139 2 196 RCl BS 2SJ + 
26 XEQ 12 SNSl B2 149 • !9? I 254 Rei.. 138 
27 GTe 81 84 (: 1~! 28 198 'F' 255 ;) 
28tlBL B 8S • 142 + 199 SIO 11 256 YIX 
29 CF B, 86 28 143 SIO IB z;e XEQ 11 257 ,8BB344 
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2 

one may choose to set «. at a lower level (i.e. 0,01), if one feels that 

the danger of falsely rejecting HO is important. 

Another error iihich may be made i s to accept HO when i1.:"'1:s ·actually 

false; this is the type II error, and the corresponding risk: is .s; 
(1 - S-» is called the power of the testj this power increases wi tb the 

size of the sample(s). 

4 - Sampling distribution. 

It i s the distribution, under HO' of the statistic chosen for the tes t 

(for instance: u, t, F, X 2). The experimental value of this statistic 

is computed from the data, and the probability f corresponding to the 

calculated value, if-HO is satisfied, is found in the proper table, or 

co~puted in the program. 

5 - Decision. 

If the probability associated with the observed value of the statistic is 

equal to or less than the previously determined significance levele( , 

HO is considered as false and rejected, and H, is accepted . The diffe­

rence is "significant" . If the probali ty of the observed value is larger 

than HO cannot be rejected ; the difference is not statistically sign­

ficant . 

In the first case, Ke know that, when rejecting Hot we accept a riskb( to 

be wrong (for instance, lout of 20 ito( = 0,05). In the second case, not 

rejecting HO does not i mply that HO is true; it may exist a small, but 

real difference ~ , but the po~:er of the test may not be sufficient to 

show it. 

CHOICE OF THE TESTS 

The choice between several tests is based on three criteria 

1 - the nature ot the problem to be solved 

It may be a comparison between dispersions or between means of two 

or more groups; the s tudy of several factors, • •• 

2 - the nature of the experimental data 

The data may be classified in several types of measurements 
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NESrED ANALYSIS OF VARIANCE 

DESCRIPTICN 

In a nested (or hierarchic) ANOVA, each of tbe .!. groups is divi­

ded in S subgroups, the subordinate classification baeing nested within 

the higher level classification; n measuremente are collected in each 

subgroup. This type of ANOVA may be used, for instance, to study an indus­

trial process or an analytical metbod involving several steps. 

The groups representing the subordinate level of classification 

(subgroups) must be randomly chosen. The hi~ level of classification 

may be Model II (random), giving a pure Model II ANOVA, or Model I (fixed) 

giving a Mixed Model ANOVA. 

a Groups 

b Subgroups 

n measuI'm. 

The ANOVA table i s as follows 

Source of variation Number of Sum of squares Mean square F 
d.l. 

Among groups (a - 1) 2 • g 
.IUi1ong subgroups 

a(b - 1) 2 
wi thin groups • sg 

Within subgroups 
ab(n - 1) 2 

(error) • • 
Total abn - 1 

The existence of a 

by F1 = s~s! 
tested by F2 = 

variation among subgroups within groups is first tested 

then the significance of the variation among groups is 
2/ 2 

Bg Bsg' 

in a pure Model II ANOVA, one can estimate the variance among groupe 
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~, the variance of B wi thin A 
2 

"'E(A) and the variance of the 
2 

error""E 

and the percent of total variation assignable to each source of variation. 

In a Mixed ANOVA, the different levels of A can be compared, using as 

error tem 8
2 

when this tem is significant, ar a pooled variance of 
2 2 sg 2 

B and i9 when B is not significant. The difference between means can 
sg e sg 

be tested, using program STAT.08. 

The data are entered by subgroups, starting with the first subgroup Bl 

of the first group ~; display of the subgroup totals Tb and of the group 

totals T
A

• The program computes 

Total sum of squares 

Group S.S. 

Subgroup S.S. 

I -i - C.F. 

: 1. T~bn - C.F. 
2 

: ~ T~n - C.F. 

Among subgroups within groups 5,S. = 

Within subgroups (error) S. S. = 

(1) 

(2) 

(3) 

(3) - (2) 

(1) - (2) 
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STAT. 09 

( .. ) 
EXAMPLE 1 - Nested !NOVA Model II 

XEQ 'PNVIl~' 2,77 
4,ge RUN 1,66 
3,38 RU~ 
2,99 RUN ,805,43 

3,28 RUN ~.74 

3,09 RUN 3,44 
XEi , 

tS=6,37 ~B=7"9 

3,51 RUN 2.55 
3,48 RUN 1,55 

me 
",07.00 28=5,19 

1,88 RUN ~~::17 , 71 

2,Ba RUN 
XEi e 3,78 

,B05,6, 3, B7 

1:P.=19,85 1:8=7·65 

1,46 RUN 4, 87 
2,44 RUN (error) 14,11 

m S 
!:8=4.ge 14,12 

4.l1 
I,B7 RUN 
I,n RUN '80a.l9 

XEi B 
,B03,79 3,31 

J,31 
2.19 RUN 
2,19 RUN E8=6,62 

XEi B 
1:8=4,38 1:11.=22.46 

,Q'13 ,07 

( .. ) SNEDECOR - p; 319 

61 

RUN ANYR 
RUI GRQUP 

XEi 8 D. L. =;) . 86 
S,C,0/,56 
C.I'! . ::2,52 

RU, F07 ,67 
RUN P='.L 810 

XEi B 
$/GROUP 
D.L. =8,99 

RUN S.C.01.63 
RUN C.lt =8,33 

XED B F=49 ,41 
P=5 , 9t5~-6 

ERR, 
D,l ,011,BS 

RUN s.c. =e,{ls 
RUN C.!I.=B.ei 

XEi 8 

TOT. 
D.l. =23 ,{l9 

RUN S.C.=11l,27 
RUN XEi C 

XEi E VRR .R=e ,37 
RUN YP.R . A%=6e, 53 
RUN YRR.B(R)oQ,16 

XEi B YRR.B(R)N0. 11 
YRR.m,os ,al 
YRR.ERR,%0 1,15 

RUN 
RUN 

XED, 
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EXAMPLE 2 - Nest ed ANOVA Mixed Model 

Same data used aa if A were f ixed treatment s 

Xl 
,8"0 ... XEQ R 

til=22 ,46 
1,88 RUH 
1,88 RUH 

0Iff"I,88 

RHY, PPUS=8, ?6 

GRQUP SIGN 

0.l ."3.80 
S.C . =7,~6 

2,88 RUH 

U ."2,52 
3,8a RUN 

F=7,67 
Dlff"8,1/ 

P"B,Bli PPDS"B,76 
SIGH 

S/CROUP 
D.l."8,88 2 , e~ RUH 

S.C."2.6) 
4,88 RUN 

U."8,)3 DIFF=I.57 

F=49,41 
PPDS"8 , /6 

P"5,915E-E SICN 

ERR . 
XEQ C 

D.L. "11,88 2,8& RUN 

$.C."e.B8 
U. "8,81 

I.ee RUN 
XEQ D 

TOT. 
1,88 RUH 

D.L."2),88 3,e0 RUN 

$.C."18,27 
4,89 RUN 

XEQ 1 XEQ 1 
ClP •• D.l."L88 

PRCKING 
S.C. =8,21 

XEQ B C.H."8,11 

p::3 , 89 f"8,05 

l .l."8,80 p"8,m 

,? 
2,88 rlJn 

2.88 RUN 

Ilff"l,e8 
t=3,81. 

2,88 RUN 

SIGH 
),88 RUN 

XEQ 1 

Il ff"8 ,12 
4,(19 IW~ 

1"8,67 
XEQ 1 

H.S. 
D.l ."1,88 
S.C. "5, 55 

Ilff"8 ,57 C.H."5,55 

t=I ,72 f"16 ,89 

N.S. P"8,884 
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l .l."8,80 p"8,m 

,? 
2,88 rlJn 

2.88 RUN 

Ilff"l,e8 
t=3,81. 

2,88 RUN 

SIGH 
),88 RUN 

XEQ 1 

Il ff"8 ,12 
4,(19 IW~ 

1"8,67 
XEQ 1 

H.S. 
D.l ."1,88 
S.C. "5, 55 

Ilff"8 ,57 C.H."5,55 

t=I ,72 f"16 ,89 

N.S. P"8,884 



63 
PROGRAM LISTING 

STAT.09 
PROGRAMMAUFLl5TUNG 

LIST AGE DU PROGRAMMF 
L1STA.TO DI PROGRAMMA 

&l'LB~ °AHYAS' 5S Rel 20 115 KEO 11 1?1 ·S.C.· 219 1 

~Z'LBl A 59 RCl 11 !If XED 18 173 XEQ 11 138 Rel 8a 

83 elRC 68 RC:" 22 Ii7 'S/ GIWUP' 174 F.TN 131 ,1~665' 

8' SlOP oj "' lIB AYIEW 175.lBL ! 1 131 • 

85 S10 28 6' ' 119 Rel 91 176 '~=' 233 + " . 
96 STOP b3 / 129 S10 99 177 ARCl ' X 23' Rel 98 

97 S10 21 6. S1(o 93 121 "D .L ~ 178 AYI EW 235 X!2 

98 STO 15 65 ReL ,5 121 XEQ 11 i79 RTH 136,11519' 

09 STO? 66 XO V 113 Ret 88 tBB'lBL E 237 * 
19 STC 2, 67 - 124 ·S.C.· IS1 SiGP 238 .. 

11 38,1354 68 STO 9. 12S XEO 11 182 SI- 99 139 Rel 99 

i2 STO 26 69 Rtl 92 126 ReL 24 193 (;- 1'9 3 

13 AIV 78 Rel 83 127 ·U.· 184 Gl0 91 24\ 'l'tX 

14.LBl {It ?I - 128 XEI} 11 IB5'lBl H! 1.1 ,909344 

[5 STOP 72 STO 87 12:~ RCi. 28 ISE. 2 243 , 

16 SI+ 99 73 ReL 91 138 Rel 21 187 mER!" 244 + 

17 !REG 14 7. Rel 81 131 RCl 11 188 9 1.5 Rel 88 

18 t+ 75 - f ' ? ~ 189 I 1'6 • ,- . 
19 GTO 91 76 S10 08 131 - 190 STO 92 247 'l'tX 

2&.lB:" B 77 ReL 15 134 * 191 ReL 88 148 ,919527 

21 Rel 88 78 Ret 81 135 *' 192 I 249 * 
22 ·IS· n- 116 S10 8i m S10 13 258 + 

23 XEQ 11 88 S10 89 137 ~c:.. 89 194 ReL 92 251 -4 

24 ADY 81 °RHYri" !JB XOY 195 Rel 81 252 ytX 

25 ST+ 93 82 AYIEW 139 I ! 96 I 251 2 

1~ Xt2 B3 ·GROUp· 14e STD 06 197 S10 92 25< I 

27 Rel 22 9' AYIEW 14i RCL 24 !9B 1 1S5 eHS 

28 I S5 Rel 18 1.2 XOY 199 - 156 1 

29 SH 01 86 1 143 I 2ee eHS 2'57 + 

38 e 87 - 14~ "F" 2Bl 1Cl 85 m FIX 3 

31 SID 98 88 ·O . l.· 145 XEQ 11 282 3 259 FS?C 92 

32 7152 29 XEQ 11 146 SID 85 183 llX 268 XEi 89 

33 GTO 81 98 STO 99 H7 XEQ 18 29. ytX 161 .p. 

3' pel 11 91 Rel 87 148 "ERR.' 285 • 162 STO 27 

3S SiO 25 92 ·S.C. · 1'9 AYIEW 296 i 163 X[g 11 

36 XEQ 82 93 XEQ 11 158 Rel 91 297 Rel 13 26' fIX 2 

37 RCL 83 94 X<>Y 151 ·D.l." 298 - 265 AIY 

38 "~R' 95 I 152 XED 11 299 - 266 RIN 

39 XEQ 11 % 510 87 153 Rel 99 218 SID I. 167'lBl 89 

.8 AIY 97 'C.II . · IS. · s.e.· 111 Rel 81 268 1 

.1 rt2 98 XEQ 11 155 XEQ 11 212 Rel 95 259 XOY 

42 ~Ci. 22 99 Rel 18 156 Rtl 86 2ll 2 178 -

.1 RCl 21 1ge Rel 21 157 ·C.".· 214 EHlERt 271 RTH 

44' i.81 ! 158 XEQ 11 115 3 271'lBl 92 

.5 I 191 - 159 AOY 216 I 173 ReL 81 

46 Sh 82 te3 • 16B ·10T." 217 YIX 27. STO INI 26 

• 7 9 19' S10 61 161 AYlEW 218 • 275 ISG 16 

'8 SIO 81 195 SID 1S 161 Rel 28 219 RCt 11 176 Rel 21 

49 i 196 Rel 98 163 Rel 11 228 + 277 Rel 22 

58 SI+ 9. 197 WY 164 Rel 12 211 sm 278 • 

51 Rel 94 188 I 165 , 121 Rel I. 179 SIO IHD 26 

51 Rel 28 199 STO 2' 166 '" 223 XOY 28e ISG 16 

'53 X-V? 118 Ret 97 167 1 224 I 181 RTN 

54 GIO 81 1!! X()Y 168 - 225 S10 88 2S2.lBl C 

55 AIY il2 I 169 'D.L." 126 X>B' 283 Rel 14 

56 RCL 14 113 SID 85 178 m 11 127 Sf 91 1B. Rel 86 

~7 >!t2 114 -f· 171 Rel 84 22B A8S 2SS -
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64 

STAT _09 

286 RCL 22 
2S7 I 

288 STO 01 
289 RCl Bi 
298 ReL 24 
231 -
292 ~CL 22 
293 I 

294 RC~ 21 
295 I 

296 STG 82 
197 tel al 
298 + 
299 ReL €6 
zee + 
3~1 STO 63 
302 t:CL 62 
383 ·Y~R . A · 

384 ~E f> 11 
m XEQ i5 
386 ·YRR.A%" 
3{11 XE~ 11 
2M RCl ~! 

309 "V;:;i!:, son" 
310 XEQ 11 
~!: XEg 85 
311 -m.B'm-
313 X::9 11 
:14 ~Cl 86 
315 · I{~R . ER~ . • 

:16 XHl 11 
2'i7 XEO 85 
318 -YRR.ERR.%-
319 XEQ it 
32'l RTH 
321*LBL 9'5 
322 RCl '.13 
323 I 

32': lee 
32~ , 
!26 RTN 
327*LBL D 
328 ,Bl 
32~ RCl 27 
338 XiY? 
331 GTO 83 
331 RCl 14 
3jJ STO 05 
334 RCL 28 
m STD 86 
336 GTO B4 
J37*lBL I:'J 
338 RCl B9 
3Jj RCl as 
348 • 
341 RCl 81 
3.1 RCl 19 

344 S10 06 
345 I 
34~· STO 9S 
347. La:.. il4 
343 P.TN 
349 .END. 

PROGRAM LISTING 
PROGRAMMAUfLIST UNG 
USTAGE DU PROGRAMME 
LISTATO OJ PROGRAMMA 
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REGISTERS, STATUS, FLAGS 65 

STAT 09 REGISTERBELEGUNG, FLAGS, BETRlEBSARTEN 
~ . REGISTRES,INDICATEURS, MODES OP RATOrRES 

REGISTRI, MODI OPERATIVI, FLAGS 

Regiaten StatuI 
[b'~'f><ic"'r Bn ... b..," 
Regi." .... d< cIo......,. Mode< op<''''''''''' 
Regi",i Modi ope .. "~i 

00 T>- • d .f., '" Size 055 TOial Reg. Uscr Mode 

-' \ '0, 0 o. m '" 0 "" <:ll 
T 2lbn "" 0 .. , 0 G., 0 "" 0 

.~ 0 0 

Tnt.f e" 
Purpose Flag. 
s..de,.,ung 

" p " 
Signi6ca,;on • < 
""I'" 1;: 

"" Error M S • " 
Grnun S S 00 

SI Fa' . S S " 
Error S. S. "' n{~\ I y 

'" "' " .. 
" .. 
" 

" stack " .. 
'" 
'" 
" Audio n«=ul< ,.., -- -- - " 

'" '" " , " 
n " el, M. " " 

" 
" " " 

" 
'" 
" "nn", " ... ble 

~ Number Input 

~ ., 
" "'Iph> Input ,. R.nl\" I~n,,,. 

" Err .... rlClIO'" 

" AudIO Enable 

" Uk' ;\1""" 

" .. " Dtt1",.r Pmn. 

" D>1t" G ...... p'n,l! 

Anignmems 
T .... n ... Io,ltunll l " ... jt""'JOn./ A."'IC ....... "n 

., 
'" 

Function Koy Function K.y 
I'unk""" Tn,. Funk,,,,,, T.~ 

I'on" .... " Touch. ,~~ T_'" 
I'un,,,,,,,, Tn", Funz""", T.~ 

,.. 
., 

" 

., 

REGISTERS, STATUS, FLAGS 65 

STAT 09 REGISTERBELEGUNG, FLAGS, BETRlEBSARTEN 
~ . REGISTRES,INDICATEURS, MODES OP RATOrRES 

REGISTRI, MODI OPERATIVI, FLAGS 

Regiaten StatuI 
[b'~'f><ic"'r Bn ... b..," 
Regi." .... d< cIo......,. Mode< op<''''''''''' 
Regi",i Modi ope .. "~i 

00 T>- • d .f., '" Size 055 TOial Reg. Uscr Mode 

-' \ '0, 0 o. m '" 0 "" <:ll 
T 2lbn "" 0 .. , 0 G., 0 "" 0 

.~ 0 0 

Tnt.f e" 
Purpose Flag. 
s..de,.,ung 

" p " 
Signi6ca,;on • < 
""I'" 1;: 

"" Error M S • " 
Grnun S S 00 

SI Fa' . S S " 
Error S. S. "' n{~\ I y 

'" "' " .. 
" .. 
" 

" stack " .. 
'" 
'" 
" Audio n«=ul< ,.., -- -- - " 

'" '" " , " 
n " el, M. " " 

" 
" " " 

" 
'" 
" "nn", " ... ble 

~ Number Input 

~ ., 
" "'Iph> Input ,. R.nl\" I~n,,,. 

" Err .... rlClIO'" 

" AudIO Enable 

" Uk' ;\1""" 

" .. " Dtt1",.r Pmn. 

" D>1t" G ...... p'n,l! 

Anignmems 
T .... n ... Io,ltunll l " ... jt""'JOn./ A."'IC ....... "n 

., 
'" 

Function Koy Function K.y 
I'unk""" Tn,. Funk,,,,,, T.~ 

I'on" .... " Touch. ,~~ T_'" 
I'un,,,,,,,, Tn", Funz""", T.~ 

,.. 
., 

" 

., 



- nominal or classificatory variables 

the observations are distributed into two or more classes, and 

the variable is the frequencies in each catego~; they can also 

be expressed as ratios or percentages. 

- ordinal or ranked variables 

the data are Bcores or measurements which can be ordered or 

ranked by increasing or decreasing values. 

- measurement variables 

they may be continuous or discontinuous (discrete) 

3 the knowledge of the distribution 

Each group of data is considered as a sample drawn at random 

from a population. Generally, the distribution of this population 

is not known, and the sample is too small to give an idea of this 

distribution, which must be assumed. 

The different criteria determine three groups of tests 

1 - the variable is a measured quantity, nonnally distributed (or assu­

med normal). Parametric tests should be used. 

2 - the data are scores, or measur ed variables known as non normal; the 

data are ranked and analysed with non parametric rank tests 

3 - ~he data are frequencies; they are analysed with non parametric 

frequency tests. 

It can be seen that the conditions of use of the parametric tests (normal 

distribution) are more stringent than the non parametric tests (sometimes 

called I1distribution free"); but, for a given sample size, the parametric 

tests are also the more powerful. 

A few suggestions for the choice of the appropriate test and the 

corresponding program are listed below : 

A the variable is measured and normally distributed 

1 - One sample 

- mean and confidence interval 

- histogram and normality test 

Prog. STAT.Ol 

02 
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00041 -90246 

APPLIED STATISTICS I 

MEANS AND CONFIDENCE INTERVAL 
HISTOGRAM - NORMALITY TEST 
TWO INDEPENDENT SAMPLES «F» AND «I» TESTS 
TWO RELATED SAMPLES «I» TEST 
SINGLE CLASSIFICATION ANOVA 
COMPLETE BLOCK ANOVA 
LATIN SQUARE ANOVA 
COMPARISONS AMONG MEANS 
NESTED ANOVA 

• 

HEWLETT 
PACKARD 
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2 - Two samples 

a - independent 

• Comparison of variances : test "pn 

• Comparison of means : test ntH STAT.O} 

b - related 

• comparison of means : test Nt" by difference 04 

3 - More than two samples : Analysis of varianoe (ANOVA) 

a - One factor 

single classification randomized ANOVA 

restrictions in design : 
•• complete blocks 
•• latin square 

comparison of means 

b - Two factors 

• hierarchic classification : nested ANOVA 

independent : two-way ANOVA 

c - More than two factors 

three factors ANOVA (B nested and C crossed) 

three, four and five factors at two levels 

4 - Relations between two factors 

a - two random variables : correlation 

b - one dependent variable : linear regression 

c - one concomitant variable : analysis of 

covariance (ANCOVA) 

B - The variable is measured, but not normally distributed, or is 

ordinal (scores); the data can be ranked 

1 - Two samples 

a - independent Mann-Whitney U test 

b - related : Wilcoxon signed-rank test 

2 - More than two samples 

a - independent : Kruakall-Wallie one-way ANOVA 

b - related : Friedman two-way ANOVA 

3 - Relationship between two variables : Spearman 

rank correlation coefficient 

C - The variable is qualitative (frequencies) 

1 - Tests of Goodness of fit: G test 

05 

06 
07 

08 

09 

10 

11 

12 

13 

14 

15 
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I 

2 - Contingency Tables 

a - (2 , 2) Tables 

small samples 

large samples 

b - (r, c) Tables : 

: Fisber exact test 

Pearson X2test with correction 
of continuity 

G test STAT .18 

The probability under HO of the several statistics used in the tests 

is computed by a subroutine, to avoid the consultation of tables. Tbe 

following algorithms are used for this computation: 

- Normal distribution 

a - Ordinate at point .!:! 
2 

Z(u) = _1_ e -u /2 

b _ Probability ¥2Tt 

p(u) = 1 - 1/2 (1 • c
1
u • c2u2• c3u3~ c4~~-4 

0 1= 0,196854 

c2= 0,115194 

c
3
= 0,000344 

c
4
= 0,019527 

- Student "t" distribution 

1\ -l('tl) 
IJ = tan -­y;;, 

a:.-n'even 

(radians) n' = number of d.f. 

Il{ 1 29 1.3 49 
R z:::: sin I} 1 + 2 COB + 2.4- COB + ...... . 

1.3.5 .•.... (n'- 3) (n' - 2) 61 
+ --7---~.-or cos J 

2.4.0 ... ... 'n'- 2, 

b - n' odd 

n' = 1 

n' > 1 

R = 2r;9 • ~ casB {Sine[l. ; cas2B ••....• 

2.4.6 .... (n' - J) (n' - 3) 1"1) ~ 
.. ~;--~.--OT cas (J 

1 .. ,J ••••• ,D - 2, 

Twa-tailed teot: p(t)= 1 - R 

One-tailed test : p( t) = (1 ; R) 
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