




































































































































































106 Bartlett's Chi-Square Statistic
BARTLETT’S CHI -SQUARE STATISTIC
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where s;2 = sample variance of the i™ sample
f; = degrees of freedom associated with 52
I=1s2nak
k = number of samples
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This x? has a chi-square distribution (approximately) with k - 1 degrees of
freedom, which can be used to test the null hypothesis that s; 2, s,%, ..., s>
are all estimates of the same population variance 0?(Hy: Each of 5,2, 5,2, ...,

sk? is an estimate of ¢?).

Reference:

A. Hald, Statistical Theory with Engineering Applications, John Wiley and
Sons, 1960.
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Bartlett’s Chi-Square Statistic 107
DISPLAY KEY DISPLAY KEY
LINE | CODE | ENTRY LINE | CODE | ENTRY i
00. [ 26, &2 T'w Ro si°
o1. 33 | sto 26. PR STTTURIN | AT T B
02. 61 | + e 0303 R, = /f TR
03. 03 13 28. 100 % Ry =f;
04. 13 | % 29. 34 | RCL R, RGN
R BTN R | R I Ny B
06. 61 | + 31. 01 RS R
T R T | A T e R, R
o8. | 81 | + N TR g R, L i
09. 34 | RCL 34, 02 W 1 A fist
10. | 00| o 38,13 T et T R k R,
11. 31 f 36. 03 | 3 Rey ZfiInsi’
12. 22 | In 37. 13 | % Roy 2 hiin 5202 00 e e e
13. TP N ¢ AR DT Res Zfis®
14. T 39. | 34 | RcL iy R R
15. 2 40. | ) 83 | Res Zfi%si® Insi’
16. L] S | DR 0 | o Res 0 D el
17. | —00 | GTOO00 42. o] AR § i
18. 34 | RcL 43. B e T
19. gai] Bl | G 03 | 3 Re 0 SRR
|20 U313 (M T ALKE 18 )
21. 34 RCELy 2] 46. 81 <+
22. 03 i A7 HL 01 e
23. 81 & 48. 61 +
24, 31 f 49. 81 +
Example:
Ll 2 3 4 5 6
5;2 5.5 S.l 52 4.7 4.8 4.3
f; 10 20 17 18 8 13
X2 =25
STEP INSTRUCTIONS R KEYS DATA/UNITS
1 Enter program [ l [ J [ ] I ]
| 2| initialize NSRS | BRRR | TR | R |
e | RROETRY | SN (R 0.00
| 3 | Perform3fori=1,2,..,k 52 STO 0 ]
fi STO 1 R/S i
| 4 | Compute x* GTO 1 8 R/S e
5 | For a new case, go to 2 [ Ir “ ” ] e
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S Blivers Fisher Siststio Behrens-Fisher Statistic 109

BEHRENS-FISHER STATISTIC ‘Ls e poR oy g
LINE | CODE | ENTRY LINE | CODE | ENTRY o
. 00. 25. 23 | R{ Ro x
Suppose {xl, X Xn,} and {y,, Volbieids ynz} are independent random o1 YN DT o PTG || TRy s T
samples from two normal populations with means uy, y, (unknown). If the 02. atiis Y R a2 ] Tf;;,?g/}?’ Eteg ke NG
variances 0,2 , 0,2 can not be assumed equal, then the Behrens-Fisher 5 ! e b 10 COLSBRIERAS | S80I SN R R L SRR i |
statistic | 04 T T 2. | 01 1 Ry A
iRt RGN B s ks ) e Bid Rs
06. 23 | RY 31. CVR BN | FHw
L By oD - 2 TR RSN | TS0 TN N | e
d = e [ 08. | 34 ['ReL || 88 | 31 [¢ Rg 5]
b T 0. | 0 ]o Wl S UR TR L RN L
b _S 10. 22 | x2y 35. 81 | +  |[Reo Used TR
11. A B 36. 84 | RIS RaiUsad’ 1l s o, )
¢ 12. 41 t 37. 34 | RCL Re2 Used A e
is used instead of the t statistic to test the null hypothesis | U T R | BT T T
3 14. 2 | g 39. 34 | RcL TR ARy
Ho: jiy %l =D [RETERT TR 40. @l Res Used SR
16. 2 BT | R T R0 TG
Critical values of this test are tabulated in the Fisher-Yates Tables for various ; 3 :: (8): (') ::', ..,,,32*‘.,,‘9‘,,,,,1,,,,,« %9 See L s
i FEUI . 14 tan~ s 0
values of n;, n,, a and 6, where a is the level of significance and oy et | BT R e 067; A A DRI
. o K T | Wil
; 81 n, p a 21. 81 + 46. | o e g
6 =tan~ pa— rETy 28 33 STO W4_“7.
S2 n, 23. 02 9 7 48: ; ] 7_ R
p 3 24, 2 | x2y 49.
Notation: I Exampletix: 79 84,108, 114, /120; 103, . 122, (120
N 9117103115190 113 10108 I8 T 1001 1801992 54
23 )2
il s a2 B Tl ) B3 Ho:p =4 (D=0),n, =8,n, =10, X=106.25
n n, -1
1 1 l i si///n; =5.88,d=1.73,0 =47.88° (= .84 radians= 53.20 grads)
o 2 D0 = [y ma o e —— ers I
n, n, - 1 1 Enter program [ “ H ” l
- 3 2 | Initialize g || CL-R | [ 0.00
3 Perform3fori=1,2,.,n, Xj Z+ | i
Reference; 3 Delete erroneous data xy Xk [ f ” Z- J[ ” ]%
Fisher and Yates, Statistical Tables for Biological, Agricultural and Medical a 4 | Compute X and s, A/ny A | TR | S | X
Research, Hafner Publishing Co., 1970. " TR VW ]
0 f VX + aan

5 Perform 5 fori=1,2,..,n, ; Yi Z+ L L_] i
!:" Delete erroneous data yp Yh f z- ” }:
E_,a 6 Input D and compute d, D BST “ R/S Jl “ I» d

— [ |
o [rs ] [ ] 0
‘a 7 For a new case, go to 2 l ” ” ][ ]
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BISERIAL CORRELATION COEFFICIENT

‘.|“:

Reference:

B. Ostle, Statistics in Research, lowa State University Press, 1963.

ii

The biserial correlation coefficient r, is used where one variable Y is

i g 1 i i A DISPLAY
quantitatively measured while the other continuous variable X is artificially s KEY i e KEY
) ; i AT 3 LINE | CODE | ENTRY LINE | CODE | ENTRY REGISTERS
dichotomized (that is, artificially defined by two groups). It measures the - L
A P ] 00. 25. 83 . R, a
degree of linear association between X and Y. s — = —qL AL
50l /S0 Al it 26. | 02 | 2 Ry n 1
A O VTR R ST N T ORER ¢ T 5
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Suppose X takes the value O or 1.
— - - 2 — — 4
09. galiliie 3a. 2 | g R,
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Define  n; = number of x’s such that x = 1

0 R R | O
A R 34 _h[ASTX |
2] salrel M 87 | &
R, R < N N || 38 a2 | Jx  |[Res Zvi-Z'i
M. ] 00]o |l 3 | 3| e |[Res Zvi’-ZT'vi
i ‘1_57. 173 X 40. 00 0 Res
AR T Y 4. 1| 34 [ Ret  |[Ree
IRA&E VRN ) 4] 7742( b A . Re7
18. 01 | 1 43. 00

71 9. ? 1 X 44, 71
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n = total number of data points

='y; = sum of the y’s for which x = 1

Sy; = sum of all y’s
a = ordinate of the standard normal curve at point z cutting off a

n
tail of that distribution with area equal to p el
n

20. 51 - 45, 71
21. | 34| ReL 46 | 81 | s
2 1 s8] - |4 | 0| croom ]
23. 00 | 0 48. ;
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Note:
Among the necessary assumptions for a meaningful interpretation of ry, are:

1. Y is normally distributed

2. The true distribution of X should be of normal form.
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112 Biserial Correlation Coefficient

Example:
L L B 0 B
Pl 98 56 03 25 2448 29 77

n, =4
n=9
a=040
Ihi .59
R ¥ A 0 i : A
| STEP| IS THNCTIONS DATA/UNITS Ko DATA/UNITS
1 [Enterprogam ALAA fle
‘ 2 | Initialize ‘ 0.00
3 | Perform 3 for x; = 1 77 A, >0” W | RO
{ Vi
_—
; < Delete erroneous data yy ‘ 0
[ =1 Yk
4 | Perform 4 for x; =0 Yi 5
} i g
4 Delete erroneous data yp, | Yh
[ [on=0 bty
5 | Inputaandn, v a
} %

| 6 Compute rp,

‘ 7 For a new case, go to 2
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Spearman’s Rank Correlation Coefficient 113

SPEARMAN’S RANK CORRELATION COEFFICIENT

Spearman’s rank correlation coefficient is defined by

n
6y D
i=1

rszl QNS ATAEY L B4 I
n(n? - 1)

where n = number of paired observations (x;, y;)

D; = rank (x;) - rank (y;) = R; - S;.

If the X and Y random variables from which these n pairs of observations are
derived are independent, then rg has zero mean and a variance

1
0=

A test for the null hypothesis
Hy: X, Y are independent
is using
z=1,4v/n-1

which is approximately a standardized normal variable (for large n, say
n = 10).

If the null hypothesis of independence is not rejected, we can infer that the
population correlation coefficient p(x, y) =0, but dependence between the
variables does not necessarily imply that p(x,y) # 0.

Note:
-1<<1

where rg = 1 indicates complete agreement in order of the ranks and rg = - 1
indicates complete agreement in the opposite order of the ranks.

Reference:

D Gibbons, Nonparametric Statistical Inference, McGraw Hill, 1971.

































