
13

I4

15

1 9

24

27

2x
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pIw+L

"l%3lplldAJGJhA
(Inference about Means)

Y-P0
z,=  -,

Ju2/n

$1 Ho ?~,59 i-N(0,  1)

LYn?fls)@  (Critical region: CR): 1 Z 1 > zuz5  = 1.96

hll3Yl~~Sl  Ho :p=po,  H,: p#po b-T1018h?  f-test 16  h%W%’ 2
z*= Xldf

kw:gR^anqm;o  (1.9612  = 3.84 = xf, ,05

CR: X’>~;,,~~=3.84
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baufj  yij 60l%t0$3&d  j vmpd i, i= 1, 2; j= 1, 2; . . . . ni
*

Amlbl&0hi0S¶Ji?

61 Y,j-NI(/~l,20)  bbWZ  Y2j-N,&,10),  j=l,  . . . . 10

n]=lO,  n2=10,  y,,  = 4, y2=121

02 =a: =gx2
y, n,

o2 4 1 0
yi=G  =lo= 1

bmmmau H,,, : p, = G ( IWJ~  k. = 6 )

H,,  : ~1, # 6

-: xf = zt @Y&4  xc2  = %-ho  2

b-1
~-
y,

(4 - 6)2
=

2

d ‘y ’ 2= 2 7f119uounm  x1,,o5 = 3.84

ua~Iebniswma0u  Ho,:  /.L,=  120 (Pzo = 120)

H,2:  /L*+  120

Yz-ho  *xf= ~_kiY

(121 - 12oy
=

1

= 1 = 3.84
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Reject HO,

g=3.*4
Accept HO2

-______-_________  ________.
PI (l-(u)2

Accept H,,
Accept H,

Reject Ho,
Reject HO2

i.

Accept H,,
Reject HO2

x2 =3.84
P2
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D = $
,
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auu?i-h  Y - N2@,

N2  LLVlU Bivariate normal distribution

C $0 covariance matrix YUWI  (2 x 2) (variance-covariance matrix)

g = u”
olz[ 1%I 022

2
011 = y

91 = a’y2

012 = a21 =  cov(Y,,  Y2) = f&zi

p to ~iUEJarfM%IH~~~~~,(correlation  coefficient)

cow,,  Y3

I,=  dqq-

cow,,  Y, 1=
*Y, OY,

Bivariate normal distribution

8 ST 437



LbGi  Uij=Uji , i+ j [COV(Yi,  Yj) = COV(Yj, YJ]

iSL%lpI  symmetric matrix

Joint probability density function 9109  Y1,  Y,, . . . Y, ;O

f(y)=Ry,,y,  1...1  y,,>= ’(zKjP’2/C(!‘2 exp {-W2)(y  - pL)'C -'ty-  p);

%U+dlkJ  1 . 4  L4l+ilU-dbuFil  $ = nD2 iiPao.Gierafh  hsi+.iiaiaoeiixain p-

variate normal population bbbJEdlUXLbdl"1109  D2  L&a
2 2

$ = Xpdf
= nD2

$SLh “quasiquadratic form” in scalar

&A t%illaii=+Xamhain  p-variate normal population (wrmia+.mn  univariate

normal population) Gl~~~~Cl$U~el
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j [Y,, Y*, . . Y ! ,  ‘a. %I] = yi
: : :

” [i,”  ,]  _  ‘Y.n
Yin  ,.. Yla ...

10 ST 437



dl = f* - PI0

d2 = 72  - B20

&&.A  D2  = d’ C-’  d

=
[
0.10

= 2.6754

= 10.6 - 10.5 = 0.10

= 3.77 - 4.14 = -0.37

20.9424

-0.37

‘I
-1.5707

!
0.10

-1.1257 1
-0.37

-1.5707

2.6178

0.10

HI
-0.37

= 0.6840

. . 2=  nD2
xc

= 5 (0.6840)

= 3.42
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L31010LBUU~~i1

Y_ -N2(rc,C_)

% U);IWil
'-I I
x = 20 10

10 10

10 2

Y,
= 20, uy”  = 10, uyy = lo]I I 2

n = 10, y = ,&- I I LLA::

4 =yl-plo  =4-6 = - 2

d2 = y2  - /.Q  = 121 - 120 = 1

. 2. . xc = n D2  = 10 (1) = 10

2
x2.  .lO = 4.61
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i .
122
121 .
120
119.
118
117,

4.

3 4 5 6 7 8 9  i,

$4 1 Elliptical region containing 90% of the values (,,,  iz)  in random samples of 10 obs. from a

bivariate normal population with t’  = [ 6 120 I and 5 =

1 2 0 1 0If ’ = [6  1’201  UW= I: = 1o  2. 1

ST 437 13



jl = “c  y./ni=l  ’

sr;  = T&(Y’  - i9*

l--J

=

n(n - I)

!
A 2

3 CT*  sY  1
Y- ‘ i i - =  i i = -n

J C y F-  (C  yi)*/n

n(n  - 1)

t, = Y-r, bhil"UQS  T - t,, _,
Y

D =
d

-5

. .. s*Y = n s$:. sy  = ur;;sy  [‘t  = $1
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1.8 fll3lFKli3pI  H, :  p = p t:&nmi,  c
-0

~~lirt~iol~~l~~~1nl5~~~~Q~lJ~ln  p-variate normal population Np  +, C) 6ln’

L5lb.hl5lYfilllQJ  variance - covariance matrix C lKW%.lJlJ~SJlWFil%QJ  C m+mh- -

VU7f9 n Gb  y;,  y& . . . , yI,

h.l~ yi = [ y,j yzj  ..:  ypj ] , j= 1, . . . , n (n > PI

yj Lh observed row vector (@%I  1.5 ¶h:flOLl)

ti(p.  n-l) = nD2
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Jlfml~lStIBIRJ  upper percentage points

of Hotelling’s  T*  distribution (T’f,‘jw)

(01  = 0.01)

2 98.503

3 34.116

4 21.198

5 16.258

6 13.745

7 12.246

8 11.259

9 10.561

10 10.044

OlflAl319Lltl6N  Critical values

of the t distribution (t”,-)

(

2 9.925 98.5056

3 5.841 34.1173

4 4.604 21.1968

5 4.032 16.2570

6 3.707 13.7418

7 3.499 12.2430

8 3.355 11.2560

9 3.250 10.5625

10 3.169 10.0426

F~~,n-~)  = [ (n-p) / P (n-l)  ] n D2 . . ..@I

F (p,nmp) = [ (n-p) / P (n-l) 1 Tfp,.-1, . . ..a

1 6 ST 437



F(l,n-l)  = nD2
1= t2(n-1) . .

dli.f&hJ  (n-p) / p (n-l) b319E!&h Fb,n-pj

cYaiagdl4dd1.2

ihn  = 18, p=3

Y = n-l = 17

T2
(3,17),.05  =

11.177

tt&+t [ (n-p) / p(n-1) ] T&,) = [ (18-3) / 3(17)  ] 11.177

= 3.29  = L,.  IIS

ST 437 17



n

Yi
zz E y../n

j=l  ‘J

”

i I

2

c y..
ssyi = !i\  (yij - iij2  =  i,  y; _ j=l  ”

j=l
, i= 1, . ,p

n

‘ii

‘ik

di

tx SSyi  / (n- 1)

= S’YiYk  ’ b- ‘1

=  (Yi - Pjo)

i = 1, . . .p,  k=l, ,p ; i # k

GJIfU  S ( Sample variance-covariance matrix ) = 5 Za

31 S12 . . .
SIP

S= 32 s22 . . .
3PI 1slP S2p  .”  Spp

I@lui!
I

SSY, SPY,Yz  ... SPY,Y,

E = SPY,Y,  SSY,  ... SPY2Y,

SPY,Yp  ..’

= [ d, d,  . . . d,,  1

18 ST 437
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$1 I-C,  &I mean available soil calcium

p2  $8  exchangeable soil calcium.

p3  GO mean calcium %psCnazGi
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n = 29 $, = 521/29 = 17.9655,: y2.  = 15779,T ylj  y2j  = 3628.7
j=] IJ J=I

29 29
p = 3 G2 = 127.3129 = 4.3897, C y2. =

j=I 'J
= 1441.49. C

'j-1
y,jy3j 1428.11

29 29
i3 = 11.36/29 = 2.4607, C y2. =

j=l 31
186.0.506,,~=, y2jy3j = 379.534
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SSY,

SSY,

SSY3

SPY,Y,

SPY,Y3

SPY2YJ

%I

%2

S33

s12

%3

‘23

= 15,779 - (521)2  / 29 = 15,779 9,360:0345  = 6,418.9655-

= 1,441.49  - (127.3)2  / 29 = 1,441.49  558.8031 = 882.6869-

= 186.0506 - (71.36)2  / 29 = 186.0506 175.5948 = 10.4558-

= 3628.7 - (521) (127.3) / 29 = 3628.7 2287.0103 = 1341.6897-

= 1428.11 - (521) (71.36) / 29 = 1428.11 1282.0193 = 146.0907-

= 379.534 - (127.3) (71.36) / 29 = 379.534 - 313.2458 = 66.2882

= SSy,  / 28 = 6418.%55  / 28 = 229.2488

=

=

SSy,  / 28 = 882.6869 / 28 = 31.5245 1 sample variances

SSy3  / 28 = 10.4558 / 28 = 0.3734

= SPy,y, / 28 = 1341.6897 / 28 = 47.9175

= SPy,y, / 28 = 146.0907 / 28 = 5.2175 sample covariances

= SPy2y3  / 28 = 66.2882 / 28 = 2.3674

= Yl - PI0  = 17.9655 - 15.0 = 2.9655

= Y2 - P20  = 4.3897 - 6.0 = - 1.6103

= Y3  - PyJ  = 2.4607 2.85 = 0.3893- -

D2 =

=

d’ S-’ d 229.2488 47.9175 2.9655

2.9655 - 1.6103 - 0.3893 47.9175 31.5245 - 1.6103

I 2.9655 - 1.1603 - 0.3893

15.2175 2.3674 0.37341 l-0.3893 1

- 0.0062824 - 0.05787260

-0.0062824 0.06619570

- 0.05787260 - 0.33190540
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= I 0.0533819 0.0039854 - 1.8137531 1
= 0.8579804

. . n D2  29( 0 . 8 3 7 9 8 0 4 )= = =24.881431 T;

C R :  T2>T& = 14.983 9 .o,

2.9655

- 1.6103

- 0.3893

2 2 ST 437



1

2

3

4

5

6

7

8

9

1 0

11

1 2

1 3

1 4

1 5

Mea

Verbal Math

Yl y2

English Math

y3 y4

5 2 5

4 0 7

5 3 8

5 5 6

090

4 2 7

4 3 6

6 1 8

4 5 3

6 0 4

5 6 9

5 5 6

5 4 5

5 6 2

6 3 9

6 0 9 5 1 5 6 3 1

6 1 5 4 8 7 5 5 4

6 6 5 3 8 9 6 2 5

6 6 1 5 9 5 6 1 2

7 1 0 6 1 1 5 7 5

5 7 2 4 0 4 5 4 4

6 1 5 3 3 3 5 9 1

5 5 5 6 3 4 6 4 7

5 6 3 3 8 3 5 6 5

6 3 2 5 3 . 3 6 4 1

5 7 5 5 9 2 6 6 0

6 6 1 4 6 5 5 8 3

6 6 4 487 879

6 4 2 5 1 7 6 5 3

6 7 9 6 5 5 6 0 2

y, = 545 )i;  = 629.5333 j3 = 510.8667 y4 = 611.1333

c

L?klilnl~~~~~U  Ho bdOJ’Yild1  S  9-mVl-I%i  1.4 &Pdii%~

6081.43 2025.21 5477.50 1478.28

S= 2025.21 1842.70 1330.29 163.35

* 5471.50 1330.29 8760.41 1390.23

1478.28 163.35 1390.23 1745.84

s-1 z 1

0.0006642 - 0.0004897 -0.0002985 -0.0002789

-0.0004897 0.0009717 0.0001237 0.0002253

-0.0002985 0.0001237 0.0002810 0.0000174

-0.0002789 0.0002253 0.0000174 0.0007740L
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LbRt  d’ = i, _ p, = I 545 -0 553 629.5333 - 635 510.8667 -- 532 611.1333 - 613 I
= - 8 -5.4667 -21.1333 -1.8667 1

&iii& D*  = ,j’S-‘d

- 8

= -8 -5.4667 -21.1333 -1.8667 1 S-’ - 5.4667

-21.1333

- 1.8667

- 8

= I 0.0041922 - 0.0044289 - 0.004259 - 0.0008129 I - 5.4667

-21.1333

- 1.8667

= 0.0821979
.. . Tf = n D2 = 15 (0.0821979) 1.2329685=

2 4 ST 437



Y1 = 56.42 , y2  = 38.79

bbtx

s =

! 213.23 128.18 1
128.18 117.56

V’lWtTO¶J  Ho : p = ‘L0  %&I  Ho : (pI = 60, B2 = 50)

Mldl d, y,= = 56.42 - 60 = - 3.58c”,o

d, = Y2 - c12,,  = 38.79 - 50 = - 11.21

66At

s-1 =

-0.014840 !.024687

D2  = d, s-~ d

0 . 0 1 3 6 1 1  - 0 . 0 1 4 8 4 0  - 3 . 5 8

= 1 -3.58 - 11.21 1 1:

- 0.014840 0.024687 11.21-

= 2.085601

Tf  = n D2  = 100 (2.085601) = 208.560
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Pin c b 7 &;au  confidence coefficient (1-a) ~WSdllOJ  C.I. 40

-h&i  T (P,  n-l) a &I positive square root WI9 T2@,  ,I-  1) a
pl

51 (D=ll  iiw&ih~naieJbOPb

i -iks2Tr-
’ 2

(1,  n-,),c?  5  p 5  7 + iisr-T(,,  n - l ) ,  01

.  .
* T(l.n-l),a  = L-1.g

2

<J%?U&l  p = 1, C.I. hJ&&l (?.I.  1189  p 1unA.m  univariate U’ULOJ

L~OWl  joint C.I.‘S  WIJ  p,  LLE + ~IH~Ll~~Tll~~Md  ?lfl&i?au”lJu’7J&

~~aiaaeid  1.5)

lu+-&=2l&;[  1  o ]  tta::c;  =  [o l]

CJih  _c;&  =[l  o] PI = Pl1 14;e =[o 11 ; =p*i 1p2

+=[l  o ] 56.42[ 1 = 56.42 = y,

38.79

ggo l] a 56.42

1 I

= 38.79 = y2

38.79

&&mw1a

/K =/&,l 01 2 1 3 . 2 3

1

128.18 1

128.18

=/&[213.23  128.181  1

,I[ s117.56 0

[I0= J.y&yzxi=J-GZ = 1.4602

T(2,  99),  .Ol  = /G =  fi  =  3 . 1 2 3

. C.I. “UtlJ,  p, (mean major axis length) llQJ?~?ll3%Vk~Q. .

56.42 + 1.4602 (3.123) = 56.42 f 4.56

= (51.86, 60.98)

InlamiY.xnw-bii  p,o =

2 6 ST 437



+=I0 I]
I I

= 38.19
38.79

0 11 213.23 128.18

I -
T SC psc  y +

(P,mLa  -

2 7



SAT Achievement

Relative rank Math English Math English

20.9 533 554 535 534

auych

178.53 -238.85 - 178.46 -396.70 - 266.30

- 238.85 6059.23 2626.54 4425.30 2775.70

YE= - 178.46 2626.54 6228.37 2557.87- 4972.24

- 396.70 4425.30 2557.87 7416.10 2444.65

- 266.30 2775.70 4972.24 2444.65 6974.28
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71 YZ Y3 Y4 75

25.3 445 6 1 3 509 5 6 3

8.0 4 3 3 5 5 8 5 0 4 4 %

17.9 5 4 5 5 0 2 4 9 3 4 5 7

37.5 446 4 3 6 4 3 2 4 4 8

9.7 466 6 5 5 5 8 1 5 7 3

45.5 440 527 3 5 4 4 5 7

30.4 4 3 1 5 5 6 4 4 8 5 4 6

72.3 6 8 3 6 1 5 6 1 5 6 1 2

16.6 5 1 2 5 0 2 626 419

33.7 5 6 2 J28 4 6 5 486

57.1 506 4 1 7 3 6 6 4 0 9

46.9 466 575 4 1 5 4 2 8

39.3 5 3 2 5 2 7 509 506

a.1 551 4 9 3 6 3 7 4 7 7

33.3 584 6 3 7 6 1 5 5 0 6

23.3 5 4 2 6 0 4

23.1 414 5 0 8

26.1 410 6 5 1

20.3 387 6 3 7

35.2 3 9 4 5 8 0

4 4 9

464

3 7 7

3 9 9

4 6 8

5 3 7

3 9 3

3 9 9

3 8 7

5 2 5

5 3 5

5 8 3

5 3 2

5 0 9

21.0 6 7 7 5 4 5

33.5 460 600

1 1 . 1 406 5 5 1

22.5 3 4 8 5 2 7

5 2 5

6 0 2

5 3 5

4 3 5

r,=

16,413.30  5,530.86 850.25

5,530.86  2,456.32 212.99

850.25 2'72.99 396.60
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