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SPSS

SPSS SAS TSP
EViews BMDP TPL CENTS DET SP SARP Excel Lotus1-2-3 Matlab S-Plus
Minitab

( )SAS
SAS(Statistical Analysis System)
1972 SAS
SAS SAS
SAS
SAS BASE SAS
BASE SAS SAS
SAS SAS
BASE SAS
SAS
SAS
BASE SAS
SAS/STAT SAS/GRAPH SAS/QC
SAS/ETS SAS/OR
SAS/IML SAS/FSP
SAS/AF
SAS/STAT  SAS
Logistic

Cox

SAS
SAS
SAS
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SAS
SAS
SAS
SAS SAS SQL
Server Access Excel
SAS
SAS
SAS
SAS SAS 8.2 8.2 SAS
GUI SAS ODBC
COLE MailAPIs SAS
SAS
SAS http://www.sas.com
( )Micro TSP
Micro TSP(Time Series Processor)
1
2 3
4 5 6 ARMA
7 8 9
Micro TSP for DOS
V6.53 Windows EViews
( )EViews
EViews  Econometric Views Micro TSP Windows
EViews Windows
EViews Windows
EViews
EViews V1.0 V2.0 V3.0 V3.l V4.0 EViews

http://www.eviews.com
MiniTab for Windows

MiniTab for Windows SAS SPSS
MiniTab
(http://www.minitab.com)
30
NCSS 2000 for Windows

NCSS for Windows
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http://www.ncss.com

( )DPS For Windows

30

” Delphi TideStone

FormulaOne SAS
STATISTICA DPS
DPS

()

Statistica http://www.statsoft.com

BMDP  http://www.spss.com

SYSTAT http://www.spss.com

StatMost  http://www.datamost.com

Stata http://www.stata.com

S-Plus  http://www.mathsoft.com/splus
SimStat http://www.simstat.com

SHAZAM http://shazam.econ.ubc.ca
DataDesk http://www.datadesk.com/datadesk
Matlab http://www.matlab.com

SPSS

SPSS

SPSS Statistical Package for the Social Science
20 60
SPSS 1975 SPSS 20 80
1984  SPSS
SPSS/PC+ SPSS

SPSS
SPSS

SPSS SAS BMDP
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SAS BMDP GLIM GENSTAT EPILOG MiniTab

SPSS

SPSS SPSS

Logistic Probit

SPSS
SPSS for Windows

SPSS DOS Windows Unix Macintosh OS/2
DOS  Windows SPSS for DOS SPSS/PC+
SPSS for Windows SPSS for
Windows SPSS V7.0 SPSSV7.5 SPSSV8.0 SPSSV9.0 SPSSVI10.0 SPSS
V11.0 SPSS V10.0 (Server) (Local)/ SPSS
1-2 1-2 SPSS for Windows

1996.1
SPSS SPSS http://www.spss.com/
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SPSSV7.0 |1 Windows 95
2 Summarize  GLM
SPSSV7.5 |1 Visual Basic
Sax Basic
2 HTML
3 Statistics Coach( )
Variance Components Analysis
SPSSV8.0 |1
2
3
SPSSV9.0 |1 [Analyze( ]|
[Statistics( ]|
2
3 ROC
4
SPSSV10.0 |1
2
3 SQL Excel
Excel XML
4
5 PLUM
6 Logistic Cox
7 SPSS 10.0
Windows 9X/NT/2000 SPSS 10.0 for Windows
SPSS
SPSS
SPSS
Windows 95/NT/2000
SPSS
SPSS SPSS Windows 9X Windows NT 4.0 Windows
2000 Windows
SPSS
SPSS SPSS
1 Windows SPSS SPSS

Setup.exe
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2 Setup.exe [Welcome ]
[Next]

3 [Software License Agreement] [Yes]

4 SPSS SPSS

“ C:\Program Files\SPSS” [Browse] [Next]
5 [User Information] [Name( )] [Organization( )] [Serial Number

] 2-1 [Next]

User Information

Enter your name, organization, and the serial number that iz
prirted on the CO-ROM caze.

M arne: I [

Organization: Iﬁﬁ

Serial nurnber: IJ? =

¢ Back I Mest » I Cancel |

] 2-2

2-1
[Typical( )]  [Compact

] [Custom

[Custom] [Next]

Select the type of inztallation you prefer.

™ Typical Pragram will be inztalled with the most commaon
optionz. Recommended for most users.

" Compact Program will be inztalled with minirmum reguired
optiang.

= Custon 'ou may chooze the options you want ta install.
Recommended for advanced users.

2-2
2-3
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v
v
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SElvEn fanmean | F addiess |

_cBack | New» | _ cacd |

2-4
2-5 [Next]

2-6 [Next]
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v
v
v
v
v
v
v
v
v

_<Bock [ New |  concdl |

2-6
11 SPSS 2-7 SPSS SPSS
PDF Adobe Acrobat
Reader [Do not reinstall Adobe Acrobat Reader] [Next]

12 SPSS 2-8 ODBC [Do not reinstall
ODBC(C]

13 2-9 SPSS 2-9
[Launch tutorial now [Finish] SPSS ] [Display the ReadMe file
now SPSS ] [Finish] SPSS
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SPSS for Windows Setup iz now complete.

[T Display the Readie file now?

Ehaes Finish
2-9
SPSS
SPSS
[ ] [Spss for
Windows]=>[Production Facility]
(Syntax) (Script)
SPSS
SPSS
SPSS
Windows [ ] 2-10 [ ] [SPSS for Windows]
[SPSS 10.0 for Windows]
B (5 0ffice 2000 b
WTTEE (4] r IE Analysis ¥
S A o ¥ (5 Tools C
 BEE b R b
N BHEE® v (3 BE b
& o SPSS for Windows Plafy SP3S 1000 for Windows
T =T E. .
& El L. B IX BN SPSS
EHEHW. ..
FEIECEL
2-10 SPSS
SPSS
SPSS SPSS Windows SPSS
2-11
File “ K SPSS
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Edlt “ ”

View
Data “

Transform

Analyze

(Procedure)

Graphs *“

Utilities “
SPSS
Window “
Help *“ K

SPSS

SPSS

1.rI|.ti+.1F_'li - SP35 Data Editor
File Edit ¥iew Data Transform Analyre Graphs Utilities Window Help

SPSS

Statistics

SPSS

SPSS

R EEEEE

=|d|s] =] o~

|1.

war

Tar

war

war

-
war j

Al o on e s e -

‘[»\Data View A Variable View /

]|

|SPSS Processor 1s ready

_>|J
.é

2-11 SPSS
SPSS
[File] [Exit]
SPSS
SPSS
SPSS
(Data Management)
SPSS
2-11 [Data View

21
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[Variable View]

Microsoft Excel

1 (Variable)
2
SPSS (Case) 3
(Cell)
4
SPSS
SPSS
.sav
[Variable View]

(Var)

[Name] [Type] [Width] [Decimal] [Label] [Value]
[Missing] [Columns] [Align] [Measure]

].rl'l.titli'-_'li — SP55 Data Editaor
File Edit ¥iew Data Transform Analwyze Graphs Utilitiaes

Z|E|3| B| v|| 5| |k | Ele| =mlE

WName |Twpe|Width|Decimal [Label| Value|Miz=i

= | onf e oaf raf —

=
1| v\ Data View AVariable View / _| 4|

|SPSS Processor is ready

2-12
1 [Name]
@ @ # 3
8 4
2 [Type]
SPSS Numeric Comma Dot
Scientific Notation Date Dollar
SPSS10.0 SPSS 9.0
L7
[ 1= 1 [File]=>[Exit] [File] [Exit]
Windows SPSS
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Custom Currency String [Type]
2-13 [OK]

2|

¥ariable Type

" Comma #idth: IB_ c
™ Dot . ancel |
{" Scientific notal Jecimal IZ_ Help |
" Date
" Dollar
" Custom currency
{" String
2-13

3 [Width]

4 [Decimal]

5 [Label]

120

6 [Value]

[Value] 2-14

Value Labels

—Walue Label=

0K |
Value: [ |
_ ey |

Cancel
Value I
Hel
22
Change

Femomwe |

2-14
7 [Missing]
SPSS
) SPSS

[None] [Value] 2-15
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Mizzing Values

(o Ho missing walues

i~ Dizcrete mizsing walues Eemesl I

| | | Help |

{" Range plus one optional discrete miss

Low: | High: |
lircorete I—
2-15
8 [Column]
8
9 [Align]
[Left ] [Right ] [Center
]
10 [Scale]
[Scale]
[Scale] [Ordinal]
[Nominal]
2-16 A
[Copy] 2-16 B
[Paste] Var0001 Var0002 Var0003

Name Tvpe |[Width| Decimals | Label | ¥We
1

Cut

Fazte '
Clear

== Inzert Variable
| — | |
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Hame | Type |Width|Decimals | Label |va
1 Mumeric|8 q U

[E1rt

[Fopr

Clear

Inzert ¥ariable

T7] |

2-16
[Data View]

2-17

LEWAES TEE BTREE  ¥E
13 . bdate T/26/29

R

2-18

2-19

id | gender bdate educ joboat
) TR 02/03/52 15 3
2 2(m 05/23/58 16 1
3 3| 07/ 26520 12 1
1 4 4| 04/15/47 8 1
B Blm 02/08/60 | HEFIEBETHE 1
f 6 (m &/ 22/58 15 1
T T(m 04/ 26556 15 1
2-17
Windows
[Data]=>[Go to Case]
[Case Number]
[Edit]=>[Find] Ctrl+F
[Search for]

o Ta Case

Caze Humber I3

2-18
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Find Data in Variable IO

[Transform]=>[Compute]
[Target Variable

SPSS

2-20
]

[Numeric Expression

[Compute Variable (

[Functions ]
+ _ * / w3k
< <= >=
~= & and A B
| or A B AB ~ not
A ~A A ~A
70
ABS() SUM()
[IF]
(case)

26
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i Compute Variable |
T arget W anable: Murneric Expression:
— -
pekllabel |
& Emplopes Code] | L I —
@ Gender [gender] LI LILI _?I_Blil Functians: E

& Date of Birth [hok

| <=]>=] _4]5]6] ABS[numexpr] ﬂ
# Educational Les: | ==| 1] 2] 3] [ANitest value value....

& Emploprnent Cabe: ARSIM[numexpr]

<#» Current 5 alary [a; sl ] o || ,EE ESHEH["EHT] |

=l zvalue
P 2| ZJ0] _oeete || fr pernoULLge) 2
@ taonthz zsince HE
@ Previous Experie_| If... |

& Minarity Classific

LI (I I Eastel Eesetl Eancell Help |

2-20
2 case
[Data]=>[Sort
Cases] [Sort Cases] 2-21
@ xl Sort by )it |
x2
%}{3 Bacte |
@}{4 Beset |
—Sort Order Cancel
(% jccending _I
{" Descending ﬂl
2-21
3
SPSS
[Data]=>[Transpose] 2-22
' Transpose
il Variable(s]:
@ x3 Eacte |
P -] _feset |
Cancel |
Wame Varisble: Help |
MR
2-22
4
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[Data]=> [Merge Files]=>[Add cases]

SPSS [Data]=>[Merge
Files]=>[Add Variables] SPSS
5
[Data]=>[Select Cases]
6

[Data]=>[Aggregate]
[Data]=>[Weight Cases]
[Transform]=>[Recode]
[Transform]=>[Rank Cases]

[Transform]=>[Create Time Series]

SPSS
[File]=>[Save] Ctrl+S
[File]=>[Save As]
2-23
SPSS(*.sav) SPSS 10.0
SPSS7.0(*.sav) SPSS 7.0
SPSS/PC+(*.sys) SPSS/PC+
Excel(* xls) Microsoft Excel
1-2-3 Rel 3.0(*.wk3) Lotus 1-2-3 V3.0

. Sawve Data As |
chrubat MﬂL survival. sav
|:|L-:--:-l':5 ﬁ.:n.xiety 2. sav
|:||:Id'|:-c ﬁ.:n.xiety. av
DScripts Breast cancer Surwvl
|:|Setup Cars. sav
KN 2
B @ | {RF 5
{RIF2R (T ISPSS (. zawv) LI FPaste |

[¥ Write variable names to spreadshest Bl |

2_23 “ ”

[File]=>[Open] Ctrl+O [Open file( )]
[ ]
(Statistical Analysis)

SPSS
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[Analyze( )]
SPSS
2-3

Reports

OLAP Cubes

Case Summaries

OnLine Analytical Processing Cubes

Report Summaries in Rows

Report Summaries in Columns

Descriptive
Statistics

Frequencies
Descriptive
Explore
Crosstabs

Compare Means

Means

One-Sample T Test T
Independent-Samples T Test T
Paired-Samples T Test / T
One-way ANOVA

Linear
GLM

General
Model

GLM
GLM

Univariate
Multivariate
Repeated Measures GLM

Variance Components

Correlate

Bivariate
Partial

Distances

Regression

Linear

Curve Estimation
Binary Logistic Logistic
Multinomial Logistic
Ordinal

Probit Probit

Nonlinear

Logistic

Weight Estimation
2-Stage Least Squares

Loglinear

General
Logit
Model Selection

Logit

Classify

K-Means Cluster K
Hierarchical Cluster /

Discriminant

Data Reduction

Factor
Correspondence

Scale

Reliability Analysis

SPSS V8.0

[Statistics( )]
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Multidimensional Scaling

Nonparametric
Tests

Chi-Square

Binomial

Runs

1-Sample K-S

2 Independent Samples

2 Related Samples
K Related Samples

K Independent Samples

K-S

Time Series
Autoregression
ARIMA

Exponential Smoothing

X11 ARIMA X11 ARIMA
Seasonal Decomposition

Life Tables
Kaplan-Meier

Survival

Cox Regression Cox

Define Sets

Frequencies

Multiple Response

Crosstabs

Missing Value | Missing Value Analysis

Analysis

(Graphical Analysis)

SPSS
[Graphs]

2-4

[Analyze]

(Bar)

[Graphs]=>[Bar]

(Line)

[Graphs]=>[Line]

(Area)

[Graphs]=>[Area]

(Pie)

[Graphs]=>[Pie]

30
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Viewer

SPSS
(High-Low) I I I I [Graphs]=>[High-Low]
(Pareto) [Graphs]=>[Pareto]
(Control) ey [Graphs]=>[Control]
EEE
(Boxplot) El El 5 $ [Graphs]=>[Boxplot]
(Error Bar) Hﬂ [Graphs]=>[Error Bar]
(Scatter) * u [Graphs]=>[Scatter]
(Histogram) D] [Graphs]=>[Histogram]
/ [Graphs]=>[P-P]
(Normal P-P) v
Q-Q .+ [Graphs]=>[Q-Q]
(Normal Q-Q) v
(Sequence) [Graphs]=>[Sequence]
[Graphs]=>[Time Series]
(Autocorrelations) =>[ Autocorrelations]

(Cross-Correlations)

[Graphs]=>[Time Series]
=>[Cross-Correlations]

2-5
(Bar) [Graphs]=>[Interactive]=>[Bar]

(Dot) [Graphs]=>[Interactive]=>[Dot]

(Line) [Graphs]= >[Interactive]=>[Line]
(Ribbon) [Graphs]= >[Interactive]=>[Ribbon]
(Drop-Line) [Graphs]= >[Interactive]=>[Drop-Line]
(Area) [Graphs]= >[Interactive]=>[ Area]

(Pie) [Graphs]= >[Interactive]=>[Pie...]
(Boxplot) [Graphs]= >[Interactive]=>[Boxplot]

(Error Bar) [Graphs]= >[Interactive]=>[Error Bar]
(Histogram) [Graphs]= >[Interactive]=>[Histogram]
(Scatterplot) [Graphs]= >[Interactive]=>[Scatterplot]

(Output Management)
——Viewer
SPSS Viewer 2-24 Viewer
2-25 R

31
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Viewer
2-26

(Pivot Table)

[What’s This]

Windows
Viewer

g Outputl - 5SP55 for Windows Viewer

File Edit ¥iew Insert Format Analwyre Graphs Utilities Window Help

sa]5(5] b =) | Bk @] & 2

|T|SPSS for Windows Frocessor iz ready o

2-24

gie Outputl - SFSS Wiewer

File Edit ¥iew Inszsert Format Anslwze Graphs Wtilities

=g @ B o 3=k o & |
< = ) s

l-+{&] Output
E‘E Descriptives
[ Title SR
E Descriptiv
-- Hotes
i @ Descriptive Statistics

Current Salary
Valid H (listwi:

d

T [SF35 Frocessor is ready

2-25
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utl - SPSS Viewer

Edit ¥iew Insert Format Analyre Graphs WUtilities Window Help

J%EI!I_I_I_IEI_I_I_I

i
e [T 2
o

Descriptives

Desecriptive Statisties

Minimum Maztimum Mean

Current Salary $15, T50 $135, 000 | $34419,
Valid ¥ (listwise]

=

SPEE Processor iz ready

2-26
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(%)

30 60

1998
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20 40
50 100
3-7
(%)
5 10
10 20
20 40
10 20
5 10
50 100
> > >
3-8
(%)
17 6 12
18 14 28
19 18 36
20 9 18
21 3 6
50 100
3-1] 30
3-9
1 106 16 97
2 84 17 103
3 110 18 106
4 91 19 95
5 109 20 106
6 91 21 85
7 111 2 106
8 107 23 101
9 121 24 105
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10 105 25 96
11 99 26 105
12 94 27 107
13 119 28 128
14 88 29 111
15 118 30 101
30
128 84 10
80~89 90~99 100~109 110~119 120~129
5 15
10
3-10

80~89 3 10%

90~99 7 23%

100~109 13 43%

110~119 5 17%

120~129 2 7%

10
3-1 3-10
100~109 10
7
3-10
3-27 3-27
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3-27
) (%)
157 50
121 /\ F40
97 30
6T r20
3t ™\ 10
80 90 100 110 120 130
U
A B

JN S

D U
3-28
3-28 (A)
3-28(B)
3-28(C) J J
J J

3-28(D)
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3-10
3-11
80~89 10% 3 10% 30 100%
90~99 23% 10 33% 27 90%
100~109 13 43% 23 76% 20 67%
110~119 17% 28 93% 24%
120~129 7% 30 100% 7%
100
20 110
23
Dr. M.O.Lorenz
3
3-12
3-12
(%)
0 0 ( 1)
( )| (%) | (%) ) (%)
(1) (2) (3) 4) (5) (6) (7) ()
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128.5 | 12.85 | 12.85 | 1.57 5 5 12.85 0
348.0 | 34.80 | 47.65 | 4.08 13 18 47.65 0
466.9 | 46.69 | 94.34 | 16.33 | 52 70 94.34 0
45.6 | 456 | 98.90 | 7.54 24 94 98.90 0
11.0 | 1.10 | 100.0 | 1.88 6 100 | 100.0 | 100
1000.0 | 100.0 | — 31.40 | 100 — — —
1 4
2 5 3 6
3-29
100
80
(%)
60
& \a
2 B &
L %,\\_
0 QD
| | | /
20 40 60 80 100
%
3-29
SPSS
SPSS 3-1
NO X NO X
[Analyze]=>[Descriptive Statistics]=>[Frequencies...] [Frequencies]
3-30 X X
[Variable(s)] [Display Frequency Tables]
[Format...] [Frequencies Format] [Order by]

Ascending values]
Descending values

Ascending counts]

— — —

]

Descending counts]
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[Ascending values] Continue [Frequencies]
[Statistics...] [Frequencies:Statistics]
[Charts...] [Frequencies:Charts]
Bar chart Pie Charts Histogram [Histogram]
[With Normal Curve] [Continue] [Frequencies]
[OK] 3-13
3-31
SPSS
[Frequencies] 84
128 10 5 80 10 [Transform]=>[Recode]
=>[Into Different Variable...] [Recode Into Different Variable]
X [Numeric Variable—Output Variable] [Output
Variable] [Name] x1 [Change] x1
[Old and New Values] [Recode Into Different Variable:Old and New Values]
[Old Value] [Range] 80 89
[New value] 80 [Add]
[Continue] [OK]
x1 [Frequencies] 5
& LA [nol HowaRinled oK
O ) =l
Enste
] -
Cancel
Help
™ Display requency tables
Sististics... Charts. .. Farmal...
3-30
3-13
Frequency | Percent | Valid Percent | Cumulative Percent
84 1 3.3 3.3 3.3
85 1 3.3 3.3 6.7
88 1 3.3 3.3 10.0
91 2 6.7 6.7 16.7
94 1 3.3 3.3 20.0
95 1 3.3 3.3 23.3
96 1 3.3 3.3 26.7
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97 1 3.3 3.3 30.0
99 1 3.3 3.3 33.3
101 2 6.7 6.7 40.0
103 1 3.3 3.3 43.3
105 3 10.0 10.0 53.3
106 4 13.3 13.3 66.7
107 2 6.7 6.7 73.3
109 1 3.3 3.3 76.7
110 1 3.3 3.3 80.0
111 2 6.7 6.7 86.7
118 1 3.3 3.3 90.0
119 1 3.3 3.3 93.3
121 1 3.3 3.3 96.7
128 1 3.3 3.3 100.0
Total 30 100.0 100.0

Frequency

12

10

85.0 95.0 105.0

3-31

115.0
90.0 100.0 110.0

120.0

45

125.0

Std. Dev = 10.45
Mean = 103.5
N = 30.00

130.0
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(mode)
(median)
(quartiles) (decile) (percentile)
(mean)
n X
)?:X1+X2+~-+Xn:i§ i 1
n n
3-1 3-1
1064841010
30
103.5
)—(:XIF1 + X, F, +--+ X, F, :EXI'F" 3
F+F ++F, S F
X, F m
3-1 m n 3-2
3-1
3-14
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(range)
R = max(X,;)—min(.X,)
3-1 128-84=44
(Inter-Quartile Range, IQR)
IQR= —
50%
(variance) (standard deviation)
N
Z (X i u)z
ol=H— 33
N
Z (xi -x )
SP=i______ 34
n—1
3-3 o’ u 34
S? X n n-1
(Degree of Freedom) n
X n-1 n
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n-1

(skewness)

3-28(C)

(kurtosis)

3-28 B
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3-32

3-32
Y
p=—sli=D /14 3-10
[X(x-%)"/n]?
B =0 B >0
B <0
SPSS
SPSS 3-1
X
[Analyze]=>[Descriptive Statistics]=>[ Descriptives...] [Descriptives]
3-33 X [Variables(s)]
[Options...] [Descriptives  Options] (Mean)
(Sum) (Std.Deviation) (Variance) (Range) (Minimum)
(Maximum) Skewness (Kurtosis) [Continue]
[ Descriptives] [OK] 3-34
L emiptives |
@ 1 ASRE no) Variabjc(s): 0K
o A T
Pasie I
- Beset
L] —
Cancel
Help
™ Save standardized values as variables Dptions...

3-33

3-34

49



SPSS /2000 /

Statistic N 30
Range 44
Minimum 84
Maximum 128
Sum 3105
Mean 103.50
Std. Deviation 10.45
Variance 109.224
Skewness .149
Kurtosis .050
Std. Error| Skewness A27)
Kurtosis .833
Valid N (listwise) Statistic N 30
NO X NO X
[Analyze]=>[Descriptive Statistics]=>[Frequencies...] [Frequencies]
3-30 X X
[Variable(s)] [Display Frequency Tables]
[Statistics...] [Frequencies:Statistics]
(Mean) (Median) (Mode) (Sum)
(Std.Deviation) (Variance) (Range) (Minimum) (Maximum)
Skewness (Kurtosis) [Continue] [Frequencies]
[OK] 3-15
3-15
N 30
Mean 103.50
Median 105.00
Mode 106
Std. Deviation 10.45
Variance 109.22
Skewness .149
Std. Error of Skewness 427
Kurtosis .050
Std. Error of Kurtosis .833
Range 44
Minimum 84
Maximum 128
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10
11
12

3-2
(Stem-and-Leaf Displays)
3-1
4 7 5
11 9 4 7 |
6 9 7 3 6 6 1 5 5 7 1
0 1 9 1|
1 8
3-9 1 106
6 10 6 2 84
4 30
(Boxplot)
5

3-35

51
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SPSS
SPSS
X
[Analyze]=>[Descriptive Statistics]=>[Explore...] [Explore]
3-36 X [Dependent List]
[Plot...] [Explore:Plot] 3-37 [Boxplot] [Factor
levels together] [Descriptive] [Stem-and-leaf]
[Continue] [Explore] [OK]

3-38

(+ Hone

L Eower estimatiomn

FElranstorimed ™ Power: |

L Untranstonmed

3-37

Stem-and-Leaf Plot
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Each leaf:
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.00
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X
X X X3 XN
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X X
X
p20 (=12, N)
X 1
>p, =1 (=12, N)
0 1 2
11 1
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(X=0) 22 4
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1 1 1
P(X=2)= —-—=—
( ) 2 2 4
2
X X X XN
X X] Xz Xi XN
p P, P, b; Py
X ( ) X
X
X 0 1 2
1 2 1
P 4 4 4
3
X P
P XN py Pi
4-40
p
T
X i(_ao X XN
X
p
2
4
1
4
X
0 1 2
4-41
4
X
X X
PX<X)~ Y P(X=X)=Yp, &I
X1<X» P(XlS X<X2):P(X<X2)—P(X<X1)
X P(X<x) P(x;= X<xy)
F(x)=P(X<x)
X
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0 —0<x<0
1 0<x<l
F(x)= ‘3‘ 4-2
— 1<x<2
4
1 2<x<w
F(x)
1 !
3 i
4 : :
2 : :
4 | |
. i
4 i i
. . x
0 1 2
4-42
4-42 P(X<x) X
x=k(k=0,1,2) P(X=k) x<0 P(X<x)=0 x>2
P(X<x)=1
5
0-1
1 (Binomial Distribution)
Bernoulli
n V4
1-p q k (=0,1,2, ,n
P(X=X)=P(X=k)=Clp'q"™* 4-3
4-3
5000
0.2 20 20 k k=0,1,2, n
20 20 X 20
X n=20,p=0.2 4-3

P(X =k)=C5(02)" (0.8 k=01--20
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2 (Poisson Distribution)
S. D-
n np=271
k
k -4
P(X =k =2° 4-4

k!

P(X =k) k A=np
0.005
260 4

n=260 p=0.005 1=np=260x0.005=1.3 k=4
e 13%xe™?
K
0.0324

P(X =4)= =0.0324 4

P(a<X<b)=[f(x)dx —o<X<+w 4-5

f(x)
1 f(x) f(x)>0

2 Tf(x)dx:l

2
X
F(x)=P(X<x) )
Fe=[ fdx 46
X F(X) F’(X) _ f(X)
f(x) = lim F(x + Ax) — F(x) - lim P(x £ X <x + Ax)
Ax0 AX Ax—0 AX
f(x) X X
y=f(x) X 1
X (x1,X2)

P(x1< x<xp)= jf (x)dx 4-7

X
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P(x;s x<x) (X1,X2) y=f(x) x
4-43
f(x)
P(XIS X<X2)
X
X1 X2
4-43
F(x)= jf (x)dx F(-o0) = lim F(x)=0  F(0) =limF(x) =1 F(x)=0
F(x)=1 4-44
F(x)
_______ e
/
X
4-44
3 -
(Normal Distribution) De Moivre 1773
(Laplace) (Gauss)
1 (Expected Value)
X
X | X X i XN
Pl » P P Py
X E(X)
EX)=u,=Xip,+Xap,+ +Xip+ Xnp,
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1 c E(c)=c
2 a b E(aX+b)=aE(X)+b
3 XY EX+Y)=E(X)+E(Y)
4 XY E(XY)=E(X)E(Y)
5 n X X X, E(X)) E(Xy) EX,) E(X +X,+
X0 =EXDHEX )+ +E(Xn)
(6) n X Xo X, EXiXo Xo)FE(XDE(X2) E(Xa)
2 (Variance) S.D. Standard Deviation
X P(X=Xi)=p;,(i=1.2, .n) E(X)
EX X Var(X)
Var(X)=0? =3 (X, ~EX)'p, 48
Var(X)=E(X*)-[E(X)]? 49
c
o=Var(X) = [$.(X, -EX)'p,  4-10
1 c Var(c)=0
2 c X Var(c+X)=Var(X)
3 c X Var(cX)=Var(-cX)=c’Var(X)
4 a b X Var(a+bX)=b*Var(X)
5 XY
Var(X+Y)=Var(X-Y)=Var(X)+Var(Y)
6 n X X, X, o] o, o) Xi+X+  +X,
Var(Xl +X2+ +Xn)
Var(X,+X,++X )=0!+0,++0’
7 n l/n
n X X X, of ©; o,
X - X, +X, ++ X,
n
X Var()? )
Var(X) = 9 19 J:M+G" :lo-_’?
n n
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3 (Covariance)

X Y EX) E(Y) EX EY

X Y Cov(X,Y)

Cov(X,Y) = E[(X — EX)(Y — EY)] 4-11

Cov(X,Y)= E(XY)- E(X)-E(Y) 4-12
4 (Correlation Coefficient)

XY X Y p
Cov(X,Y)
p= 4-13
\Var(X)\Var(Y)
p X Y “
pls1 p =1 X Y
=0 X v p >0 X Y p <0 X Y
0

1

X f(x) X E(X)

E(X)=u, = | of (x)dx 4-14

2

X f(x) E(X) EX

X Var(X)
Var(X)=o? = [(x—EX)’ f(x)dx 4-15
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X Y E(X) E(Y) EX EY
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XY X Y p
b= Cov(X,Y) 4-19
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Y
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Xp) X
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o, = JVar(X) = \/ [(x— EX)? f(x)dx 4-16
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— x, Sx<ux,
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F.(x)= :k 4-20
- x, Sx<x,,
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(%)
X
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X
£ (x)
I/m I/n x F (x)
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(Statistics)
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N(u,c?) 4-45
fix)
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4-45
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1 X

1 1?2 2
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67



SPSS

/2000

y7] X
4-49
X (p—a, u+a)
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L PPN
e TR dx 4-28
oN2r ¥

Te—3

F(x)

Z=—" 4-29
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(e}
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Var(Z) = " =E[X;“ —E(X;”)T =E<X;“)2

2

- LB - =% =1
(o2 (e
F(Z)
F(2) :%e” 4-30
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F(z)
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F(Z)= e’ dz 4-31
(%) . I
N(0,1)
u=0 x—pu
o Z
4-50 4-51
fZ)
Z
0
4-50
Z
0
4-51
tz -Z,Z
P(-z<Z<z)=P(Z<z)= 2 fe*“dz 4-32
N2 =
z P(Z|<2)
Z 0-3
N(O,1)
VA
z a 4-52

Z=a

z=0.5, P(z|<0.5) =0.3829
z=1.0, P(Z|<1.0) =0.6827

z=2.0, P(Z|<2.0) =0.9545
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fZ)
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—a 0 a
4-52
2 P(|Z| < z) V4 a
P(|Z| < 2)=0.1585,2=0.2
P(|Z| < 2)=0.8030,z=1.2
P(|Z| < 2)=0.9973,2=3.0
N(u,0%) X 7
a X (p—a, uta)
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a
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(__>_) (—Z,Z)
O O
[ 4-2] 550 50
525—575
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o 50
a=25 z 2 220505 =05
O O
P(525 < x < 575) = P(|x - 550/ < 25)
=0.3829
38.29% 525—575
[ 4-3] 175 4
100000 171—179
X —
7 = M < i =1
o 4
P(171< x <179) = P(jx - 175 < 4) = 0.6827
171—179 100000x0.6827=68270
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X, Xy, X, x,~N(0,1) =12, n
;(2=x12+x22+---+xf:ixi 4-33
n X~ x(n)
4-53
TGO =1
n=4 n=10
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4-53
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t student
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t= X 4-34
Y
Z
n t t~t(n) 4-54
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X
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o, =Var(X)=
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4-55

A B C D E

34+38+42+46+50

—X===
a N

(34-42)" +(38—42)7 +(46—42)* + (50— 42)°

5

Y3

34 38 42 46 50

=322
5
2
25
4-16
34 | 38 | 42 | 46 | 50
34 34 | 36 | 38 | 40 | 42
38 36 | 38 | 40 | 42 | 44
42 38 | 40 | 42 | 44 | 46
46 40 | 42 | 44 | 46 | 48
50 42 | 44 | 46 | 48 | 50
4-17
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46 3 3/25
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(Simple Random Sampling)
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t 5-22
5-22 t
1 Hﬂ:ll'll_ll'lZ:A Ho:lul_luzzA Ho:lul_luzzA
Hywopy—p, #A Hywopy—p, >A Hywop—p, <A
(A ) (A ) (A )
. X, —x,—A
2 S,
H, ,
t~t(n, +n,—n)
a a
3 t,(n +n,=2) t,(n +n,=2)
t p
\tl>t, (n, +n, —2) t>t (n,+n,-2) t<—t,(n +n,-2)
4 : ( p<a) ( p<a)
( p<a) H, H,
HO HO HO
HO
A=0
t
t Levene
F p p<a
3 SPSS
SPSS
1 Means
[Analyze]=>[Compare Means]|=>[Means]
2 t
[Analyze]=>[Compare Means]|=>[One-Sample T Test]
3 t

[Analyze]=>[Compare Means]=>[Independent-Samples T Test]
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[Analyze]=>[Compare Means]=>[Paired-Samples T Test]

[ 5-6] 14 11 17

mg/dl o =0.05

290 541 548 460 4.03 510 497 424 436 272
237 209 7.10 5.92

5.18 879 3.14 646 372 6.64 560 457 771 499

4.01
1 X G
G 1 2
2 [Analyze]=>[Compare Means]=>[Independent-Samples T Test] [Independent-
samples T Test] X [Test
Variable(s)] G [Grouping Variable] [Define Groups]
[Define Groups] [Group 1] 1 [Group 2] 2 [Continue]
[Independent-samples T Test] 5-7 [OK]
v Independent—Samples T Tast
Test Yariable[s]: 0K
H X
Paste
E Beset
Cancel
Help
Grouping Yariable:
4| F
Define Groups... |

Options... |

5-7 T
5-23 T
sl N Mean Std. Deviation Std. Error Mean
X 1(14 4.3779 1.4499 .3875
2(11 5.5282 1.7354 .5232
Levene's Test for Equality of t-test for Equality of Means
F Sig. t df Sig. (2-tailed)
X| Equal variances
.440 514 -1.807 23 .084
assumed
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Equal variances not
-1.767 19.472 .093
assumed|
5-23 Levene F=.440,p =.514 p>a
t t
t t-value df p Sig 2-Tail
Equal variances assumed t=-1.807,p=0.084<0.1
17
5-24
H, (1-a) (a)
H, (B) (1-4)
a
a
a o
a
a
a
a =0.05
5% a =0.01 1%
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ANOVA: ANalysis Of

VAriance
“ ANOVA " “ "  ANOME ANalysis
Of MEans “ "
F
[ 6-8] 1990 “ " 6-25 6-26
6-25 6-26
1 2 3
42 39 43 39 40 41
41 40 44 42 44 44
42 40 43 44 43 44
42 41 45 40 40 45
43 40 45 40 43 41
x,=42 x,=40 X, =44 x, =41 x,=42 x,=43
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3
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2
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-5
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F
3
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Hy 6-25
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p >0.25
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ELL N
34/3
2 12 F
0.10<p <0.25
Hp
6-28 F
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F
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_ = =’1sz
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F= s
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nS:
+3(x, —X,)* # =S S;
+2(x, =x,)°] !
— n-1
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F
F:
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48 14
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= nX tn,X,++n X, Ynx,
X = =
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SS, =n,(x, —X)* +n,(x, —x)" +---
df =n, +n,+--+n, —1=N-1

df =(n, =D+, -D+-+(m,-)=N-g

6-30
SS MSS F
df
g - MSS, =SS, I(g-1
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(N-g) | MSS, =SS, /(N~-¢g)

1
<
I

S8, =33 (x, ~ %)’ (N-1)
SPSS
[ 6-1] SPSS
1 13 ” X G
G=1 2 3 6-66
g bt
1 1 42,00
2 1 41.00
3 1 42.00
4 1 42,00
i 1 43.00
i 2 39,00
T 2 40. 00
8 2 40, 00
9 2 41.00
1n 2 40. 00
11 3 43.00
12 3 44, 00
13 3 43.00
14 3 45. 00
15 3 45, 00
la
6-66
2 [Analyze]=>[Compare Means]=>[One-Way ANOVA...] [One-Way ANOVA]
6-67 X [Dependent
List] G [Factor] [OK]
v One—Way ANOVA |
Dependent List: 0K
X
‘ Paste
Beset
Cancel
Factor: Help
4| |#9
Contrasts... | Post Hoc... Options...
6-67
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ANOVA Sum of Squares df Mean Square £ Sig.
X P )
Between Groups
40.000 2 20.000
— 30 | .000
Within Groups
8.000 12 .667
Total
48.000 14
6-29
6-28
SPSS
SPSS
[ 6-11] 1
6-31
6-31
i _
1 2 x,;
1 53 61 51 55
2 47 55 51 51
3 46 52 49 49
4 50 58 54 54
5 49 54 50 51
_ 49 46 51 X=52
Xie
(Factors) (Treatments)
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2 r r
2 (Level)
3 (Cell)
gender
0 1 age 1 10 2 1 3 12
11 12 1 3 21 2 2 2 3
15
X, i ]
X, = Zr:xi]./r 1
X, = X, /c ]
x] ij/
X, =X+(X, +x)+ (X, +X)
- + 1 + 2 £,=52 4 3=59
x, =61
=x,-X,
X, =X, TX(x, —%,) =YX (x, ~X. X, +x%)°
SS =SS +SS +SS
6-32
SS F
df
MSS
SS = (c-1) | MSS. =SS, [(c-1)
> (X, -x)°
g( =) MSS,
X, MSS,,
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55, = (-1) | MSS, =SS, /(r-1)
Ci()_c-‘f_)zc)z
li MSS,
- MSS.
55, = (c-1) | MSS,, =
ii(xif —-X,,—X +x)2 '(I'—l) L
i=1 j=1 i [(C_l)(r_l)]
ss, =35, -5 |
6-32 6-31 6-33
6-33 ( 6-31 )
SS | df | MSS F .
130 2 65 23.6 p<0.001
2 18 6.5 p<0.05
22 8 | 2.75
224 14
SPSS
1 I " X Gl
G2 Gl=l 2 3 el 2 3 4
5 224 6-68
gl g2 x
: ! 1 53.00
: ! 2 47, 00
. ! 3 4R, 00
: ! 4 0. 00
: ! 5 49, 00
: 2 1 £1.00
! 2 2 ER. 00
: 2 3 E2.00
> 2 4 E&. 00
0 z ] E4. 00
L s 1 E1.00
2 E Z 51, 00
= . 3 49, 00
4 . 4 E4. 00
ad . ] 0. 00
6-68
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6-69

6-33

1994

[Analyze]=>[General Linear Model]=>[Univariate...] [Univariate]
X [Dependent List]
Gl G2 [Fixed Factor(s)] [OK]

s lnivariate

1993

88

27

159

1994

1997.7
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1994 1993
1993 1994
SPSS 2.89191 p 0.00764
0.05 1994 1993
1994 1993
1994
SPSS 7-34
7-34
F P
480.8201 4
5826.5656 154 3.177 0.0153
6307.3857 158
7-34 p 0.0153 0.05
1994 7-35
20.0428%
15.2516%
7-35 95%
" 95%
12.5475 11.2518 13.8431
12.4129 10.0739 14.7519
20.0428 15.4491 24.6366
13.4453 10.0744 16.8163
15.2516 12.7707 17.7325
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Pearson p
_ Cov(X,Y) 7-41
JVar(X)«Var(Y)
Cov X Y X Y Var(X) Var(Y) X Y

> (x, =D, =)

IN
a
S
©

r= 7-42
L -0 [£0. -7
p
: 7-43
1-7°
n—2
p o /2 p<a
= o
[ 7-12] Y X,
SPSS Y X
7-36
Y X, X,
1983 280.00 9.43 3.91
1984 281.50 10.36 5.12
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1985 337.40 14.50 6.67
1986 404.20 15.75 5.34
1987 402.10 16.78 4.32
1988 452.00 17.44 6.12
1989 431.70 19.77 5.56
1990 582.30 23.76 7.92
1991 596.60 31.61 5.82
1992 620.80 32.17 6.11
1993 513.60 35.09 4.26
1994 606.90 36.42 5.59
1995 629.00 36.58 6.68
1996 602.70 37.14 5.54
1997 656.70 41.30 6.93
1998 778.50 45.62 7.64
1999 877.60 47.38 7.75
1 7-36 SPSS
[Analyze]=>[Correlate]=>[Bivariate] Y X
[Variables] [OK]
vBivariate Correlations
¥ariables:
B2 Y
(g)xl Faszte |
Rezat |
Cancel |
Help |
—Correlation Coefficient=
[ Pearzop [ Eendall'z t: [ Spearman

—Test of S1gnificance
% Two—tailed

{~ One—tailed

[¥ Flag significant correlations e o o
Correlations
Y X1
Pearson Correlation 1.000 .948**
Y Sig. (2-tailed) . .000
N 17 17
Pearson Correlation .948** 1.000
X1 Sig. (2-tailed) .000 .
N 17 17
**  Correlation is significant at the 0.01 level (2-tailed).
Y Xl r=0.948 p =0.000 a =0.01
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r X Y 7-42
X=X X y-y
y x,¥)
(X.7) 7-70
5
y-r
(x- Ry - H<D i“'ﬂf’"wﬂ
_ « " _
Fl--——- Reowooooad
(r=Tr =P8 1 1 (x= D - P)<0
1] x
7-70
X=X  y-y
2 (x=x)(»y-Y) 2 (x=x)(y-»)
7-70 X=X, y-y |
i X=X y-y (x=X)(y-¥)
11 v xX-X y-y (x=X)y-Y) xX—Xx
y=y X=X y-y
1 111 x=x)»y-»)
2 (x=x)(»y-Y) X Y X
Y 11 v
2 (x=x)(y-y) X Y
2(x=x)(y-y) 2(x=x)(y-y) Xy
X Y
2 (x=x)(y-Y) 0
2 (x=x)(»y-Y) X Y
X Y 2 (x=x)(y-Y)
2 (x=x)(y-Yy) 7-42
XY e r r 7-71
7-71 () +1 B
-1 C +0.8 D -0.8 E F 0
E X Y F X Y

r=0
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0 Y 1 X1
X2 Y X1
T — Tl
g = —t Tl 7-44
RN
o102 X2 Y X1 To1>To25 ha
X2 X3 Y X1
T2 ~ To3eali3e2
Py = e foveliney 7-45
" Vl_roza-zvl_rzz-z
Y Xii=12, .p) p-l 7-44
7-46
7;),-.12...(,-,1)(,-”)...” — }/;]i-IZ---(ifl)([+l;---(pfl) - r;)p-lZ---(p;l)r;'pOIZ-»-(ifl)(Hl)---(pfl) 7.46
\/1 T peize( 1) \/1 T a2 11y
SPSS p
[ 7-13] [ 7-12] Y X2
1 [ 7-12] [Analyze]=>[Correlate]=> [Partial]
2 [Partial Correlations] y x1 [Variables]
X2 [Controlling] [OK]

tPartial Correlations

Yariables: 0K
%il Faste

Reszet

C 1
Controlling st

I

ElEfEE

—Test of S1gnificance
% Two—tailed { Ope—tailed

|

i L Options. ..
¥ Display actual siznificance level

3
- - - PARTIAL CORRELATION COEFFICIENTS - - -
Controlling for.. X2 X2
Y X1
1.0000 .9482
Y (0) (14)
p= P= .000
.9482 1.0000
X1 (14) (0)
P= .000 p=
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(Coefficient / (D.F.) / 2-tailed Significance)

/ / p
" . " is printed if a coefficient cannot be computed
X2 Y X1 0.9482 o =0.01
Spearman( ) Kendal 1( ) tau
Spearman
Spearman
Spearman
C.Spearman
6 d?
s :1—L 7-47
n(n2 -7
di=(x; =), X Y
n
Spearman -1<r <1 s
s S=1’
=-1
Spearman
Spearman
n 20 t
P i 7-48
1-r2
a t p t,,(n=2) p<a
p, 0
[ 7-14] 10
7-37 1 3
SPSS
1
7-37
4
0.587 t 2.05( )

8 arz 2.306 , 2.306
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7-37

Vi

86

87

85

93

O OAIN|FP|~W

91

GO IN|F,IBlW

10 95

8.5

9 94

OIN|O(OO O |, B>W

11 95

8.5

13

[EEN
o

96

10

Spearman

S

n(nz-7
7-48

0.985410-2

t=——==16.04

V1-0.985*

s 1t 2.306

2 SPSS
7-37 T

[Analyze]=>[Correlate]=>[Bivariate]
T S [Variables]

Coefficients] [Spearman]

20 t
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tBivariate Correlations |

Yariables: 0K

ot
@5 Faste

—

Cancel

FlE[EE L

Help

—Correlation Coefficients

¥ Fearsem [ :ﬁendall’ c t: |V Spearman

—Test of Si1gnificance

% Two—tailed " One-tailed
[¥ Flag zignificant correlations U o o
[OK] Correlations
T] S
T] Pearson Correlation 1.000 .587
Sig. (2-tailed), . .075
N 10 10
S Pearson Correlation .587 1.000
Sig. (2-tailed), .075 .
N 10 10
Correlations
T S
T |Correlation Coefficient| 1.000 .985
Sig. (2-tailed) . .000
Spearman's rho
N 10 10
Spearman - —
S |[Correlation Coefficient| .985 1.000
Sig. (2-tailed) .000 .
N 10 10
** Correlation is significant at the .01 level (2-tailed).
p
Kendall tau 7
Kendall tau Kendall
Y tau-a tau-b tau-c
N —-N
tau—aq = ——— (7-49)
n(n—-1)/2
N —N
tau—b = B (7-50)

n(n=1)/2-T, n(n-1)/2-T,

tau—a =22 2N (7-51)
n°(m-1)
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N, XY N, XY T. X
n m X Y
X Y
n
n(n-1)/2
tau-a
tau-b tau-c XY
tau-b tau-c SPSS tau-b
[ 7-15] SPSS 7-37 tau
SPSS 7-37 tau

[Analyze]=>[Correlate]=>[Bivariate] [Bivariate Correlations]
T S [Variables] [Kendall's tau-b] [OK]

" Y : m 3
sBivariate Correlations

Yariables: 0K
ot
@5 Faszte
Rezat

Cancel

ElE[E L

Help

—Correlation Coefficients

[W¥ Pearsom [ Eendall's t: [ -;ipearrnarg

—Test of S1gnificance

¥ Two—tailed ™ One—tailed
[¥ Flag significant correlations e o o
[ 7-14]
Correlations

T S
Correlation Coefficientf 1.000 .944**

T Sig. (2-tailed) . .000

Kendall's tau_b - — N 10 10
Correlation Coefficient] .944** 1.000

S Sig. (2-tailed)] .000
N 10 10
**  Correlation is significant at the .01 level (2-tailed).

[ 7-14]
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5
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31 S
2— o ° o
14 o
0 T T T T
1 2 4 5 6
8-72
X
X
[ -16] 10
8-38
Y X
1.6 2.0
2.0 2.5
2.3 3.0
2.4 35
3.0 4.0
3.2 45
3.1 5.0
35 55
3.6 6.0
4.4 6.5
10 8-73
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5
>
X
8-73
Y=by+bX 852
Y X Y
b, b, 8-73

e=Y — Y Residual
Z e

e e

e e

“ OLS

Ordinary Least Squares

=
=

e =Y (V=Y =Y [V, =(by +b,X)I* b, b,
i=1

i=1 i=1 i=

Dt by b b by
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, :Z(X—)?)(Y—?)

1 = 8-53
D (X -X)
by=Y -bX 854
[ -16] b, =0.607 b, =0.542
8-52
Y =0.607 +0.542.X
8-73 X
Y bl X Y bl b, =0.542
1000 542
SPSS
1 13 ” Y 1] ” X
2 [Analyze]=>[Regression]=>[Linear] 8-74 [Linear Regression]
8-75 Y |
Dependent X Independent(s
[Dep p
ta Transform | fpnalwyze Graphs Utilities Hindow Help
- Beports L =
1 k= Nl O B
Q Deseriptive Statistics r w
Custom Tables ¥
¥ x Compare Means S Var WAL
1. 860 2.00 General Linear Model »
2.00] 2.50 Correlate r
2401 3.50 Loglinear g Curwvwe Eztimation. .. I
3.00] 4.00 Clas=ify ¢ . .
. Binary Logistiec. ..
3.20) 4.580 Data Reduction * . . ..
Multinemial Logistie. .. |
3.10] b. 00 Seale + )
. Ordinal. ..
3. 6800 5,80 Honparametric Tests » )
Probit. ..
3.60| 6.00 Time Series ¢ =
4.40| &. 50 Survival » Honlinear. ..
Multiple Eesponse ¥ Weight Eztimation. ..
Mis=zing Value Analwy=is. .. 2—Stage Least Squares. . |
Optimal Scaling. ..

8-74
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Dy Dependent: oK
#x .
Paste
Breyious | Block 1 of 1 NExt Reset
Independent|s]: Cancel
] ~
Method: IEnter vl
Selection Yariable:
» | Bule... |
Case Labels:
WLS »> | Etatistics...l Plots... | Save... | Dptions... |
8-75
3 [OK]
8-39
Model Summary
Model | R [ R Square | Adjusted R Square | Std. Error of the Estimate
1 |.977% 954 .948 1918
a Predictors: (Constant), X
ANOVA
Model Sum of Squares | df | Mean Square F Sig.
1 Regression 6.055 6.055
- 164.655 | .000
Residual 294 3.677E-02
Total 6.349
a Predictors: (Constant), X
b Dependent Variable: Y
Coefficients
Unstandardized Standardized
Model Coefficients Coefficients t | Sig.
B Std. Error Beta
1| (Constant) .607 .189 3.206 |.013
X .542 .042 977 12.832 | .000
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a Dependent Variable: Y

[Unstandardized Coefficients] B Std.
Error b, =0.607 b, =0.542

Y=b,+bX

P(Y|X,

X /% S X X /X
E(Y[X) E(YX) E(YIXs) E(YXy)
8-76

P(Y|X,
BY|X)=4+BX
X ‘:.-"':: X, ::-"':': X3 -:.:":': Xy X
E(Y[X1) E(YXy) E(Y[Xs) E(Y|Xy)
8-77
8-76 Xi Y
Y X Y P(Y 1X1)
X, Y, 8-76
Y
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4 X Y
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EY[X)=p,+p X
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~H
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Y=b, +bX

EY[X)=p,+BX

8-78

F- Galton 1822——1911
K- Pearson(1856——1936 )

Y

Y =33.73+0.516X
Y

v

X
Bo
by b
&
“ (Regression)”
F- Galton
1078
X
X
0.516
1999
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F- Galton
F- Galton ! (regression)” X Y
13 ” X Y
X Y
F- Galton
8-53 8-54
Y

E(b0)=ﬂ0 > E(bl):ﬁl 8-58

(1 X
Var(bo) =0 (; + W] 8-59
Var(bl) = Z(‘Xi‘—z_)?')z 8-60
n o’ v
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BLUE the Best
Linear Unbiased Estimator
b, b Y b, b Y
b, b
8-58 8-59 8-60 bo b,
1 X
b, ~N ,0-2 —t = 8-61
S (W
O_Z
b ~N(f,, — 8-62
1 (ﬂl Z (X . X)2 )
8-59 8-60 8-61 8-62 bo b,
o’ =Var(e)=Var(Y) o’ b, b,
£ e, o’
J2
e
S == 8-63
n—2
b, b
S*(by) =S’ l+L_2 8-64
no Y (X-X)
2
S2 (bl ) = S—_2 8-65
D (X -X)
8-39 [Unstandardized Coefficients Std. Error]
S(by) =+/S2(b,) =0.189  S(b,)=+/S>(b,) =0.042
b b p B,
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S
Z (X )?)2 bl ﬂl bl
b, b, X
X
5, 0 1 b, 0
(t ) F
Coefficient of Determination
A
Y
Y =h+hX
3 y-Y
Y-Y
Y-Y
Y
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8-79
8-79 Y
Y-Y
Y-¥,
Y-Y = -Y)+(F-Y) 8-66
8-66
SE-Yy =Y F-¥)’+> (¥ -Y)
8-67
7SS= RSS + ESS
ISS =Y (Y -Y)’ (Total Sum of Squares)  RSS=>(Y-1)
(Residual Sum of Squares)
ESS=Y(Y-Y) (Explained
Sum of Squares) 8-67 TSS
_RSS | ESS 8-68
7SS TSS
ESS TSS
=I5 _|_RSS g g9
7SS 7SS
R2
1 R?
R2
2 < R’<
R2
RSS R®
RSS RSS TSS R?
RSS TSS R?
3
[ -16] R® 0.954 8-39 Model Summary R Square
95.4%
X Y p
Cov(X,Y)

P JVar(X)Var(Y)
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o

o (X -X)(Y-Y)

XY

X Y Cov(X,Y)

n—1

S, = Z(X—_IX) X X S2 Var(X)
| —
S, = Z“(Y—_IY) Y Y Sy Var(Y)
\/ .

r Y
r
1 r -1 +1 r>0 X Y r<0
Y r= X v Irl 1
2 r=t/R* R? Y X
r X Y X Y
3 r 1 n n
1 n n=2
1 X Y
X Y
iy
2 a n Ta
3 Irpr X Y X Y
[ -16] r=0.977 o =0.05 n=10 ro 0s=0.632
r>r1o0 o5
r=0.977 8-39 Model Summary R
R r
t
b, b
8-61 8-62 z
S2
8-64 8-65 b, b,
n-2
b -8
I R NPT
sw) Y
-2
Bo P B1

B1
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1
Ho B1=0
Hh Bi1# O
Ho H1
X v
2
,_b=B _b-0__ b
Sy Sk)  Sk)
3 a t p
a
t,(n-2)
2
4
t p<a X
t p>a
X Y
[ -16] B
8-39 [Coefficients] T Sig =12.832 p=0.000 Sig
p £,=0 X Y
F
F 8-67
TSS=ESS+RSS ESS/RSS X Y
ESS/RSS
ESS RSS
n-2 z ESS ~ y*(1) , RSS ~ y*(n—-2)
_ ESS/1
RSS /(n—2)
() ( F
1 n-2 F
__ESSIV g a-o)
RSS /(n—2)
F
1
Ho Bo=B1=0
Hi Bo B2 0
Ho
Y
2 F
_ ESS/1
RSS/(n—2)
3 a Fa 1 n-2 F p
4
F Fe 1 n-2 p<a
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F F« 1 n-2 p>a
[ -16] B
8-39SPSS ANOVA F=164.655 p=0.000<0.05
B 0
F t
F=t*
Y p X1,X2, 1XP
Y=B+BX +pX,+. +BX +¢& O
€ B1 B2 B Bi
Xj Y
Y
E(Y|X1,X2, ,Xp) Y
E(Y|X,,X,,L,X))=B,+B X, +B,X,+..+B,X,
E(Y|X15Xz):ﬂo+ﬂ1X1+ﬁ2Xz
8-80
X1 X2 Y

X1 X2 Y
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Y

Xy

8-80
bﬂ,bl,sz...’bp
Y:b+lel+b2X2+...+prp+e
e Y Y
Y=b+bX, +b,X,++b X,
8-81
y 1 Y=b+hX +hJX,

E(Y‘Xl ,Xz)ZB 0+[3 1)(1 +I3 22(2

Xy

8-81

136



SPSS

/2000 /

1
3
2
£~ N(0,67) Y~N(B,+BX +L++8 X ,c%)
. ~ 0 141 A
- (_:ov(s i€ )=0(i# Cov(Y,Y,) =0 (i # )
)
4
5
X
6
X 7
e Cov(X,e )=0
RSS= e => (Y=Y
:Z(Y—bo—b]Xl_L_prp)z
RSS
RSS b, b b, A "
p+1 ( )
b, b, b,
SPSS
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(BLUE)
o’ o’
$? = n_z:f_l 8-70
p p
p+l ptl (n p-1)
2 o’ z S
S*(b,) (j=012,L,p)
S(,) (j=012L,p)
[ 8-17] Y X1 X2
X1 X2
8-40
Y X1 X2
1 59190 23.56 76200
2 65450 24.44 91200
3 62360 32.07 106700
4 64700 32.46 111600
5 67400 31.15 119000
6 64440 34.14 129200
7 68000 35.3 143400
8 72400 38.7 159600
9 75710 39.63 180000
10 70680 46.68 193000
SPSS
1 SPSS Y X1 X2
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I > |
Dependent;
@ | = OF. |
oz I Wy

Paste

Fieyians | Block 1 of 1 Mext |

Independent]z):

< |°E 3

bethod: I Enter b I

|

Selection Yarahle:

= |

Reset

Cancel

i

Help

LCaze Labels:
|
WS »r | Etatistics...l Flats... | Save... | thiu:uns...l
8-82
3 Y [Dependent] X1 X2 [Independent(s)]
[OK]
4
8-41 [ 8-17]
Model Summary
Model | R | R Square | Adjusted R Square | Std. Error of the Estimate
1 .950 .902 .874 1738.9846
a Predictors: (Constant), X2, X1
ANOVA
Model Sum of Squares| df [Mean Square F Sig.
1{Regression| 195318937.424] 2 [97659468.712
Residuall 21168472.576| 7 3024067.511| 32.294 | .000
Total| 216487410.000, 9
a Predictors: (Constant), X2, X1
b Dependent Variable: Y
Coefficients
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
1 |[(Constant) 62650.928 4013.010 15.612| .000
X1 -979.057| 319.784 -1.381] -3.062| .018
X2 .286 .058 2.211] 4.902 .002

a Dependent Variable: Y

1 Unstandardized Coefficients B
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Y =62650.928 —979.057 X, +0.286.,
2 Unstandardized Coefficients Std. Error
S(b,) =4013.010 S(b)=319.784 S(b,)=0.058
3 Std. Error of the Estimate S S=1738.9846
4
1 R?
:_ZU-D" BSs | RS 8-71
D(Y-Y)y: 7SS 7SS
0<R<1 R 1
[ 8-17] R Square R’ R’=0.902 Y
90.2% X1 X2
2 R?
R’ X p X
R? R?
p R’
72 _q_ RSS/n-p-1)
7SS /[(n—1)
_ l_R_SS n-1
7SS n—p-1 8-72
__TSS—ESS _n-1
7SS n—p-1
—1-(1- gt
n—p-1
p>0 R*< R R* R
R? R
[ 8-17] Adjusted R Square R [ 8-17]
R>=0.874
3 R
Y
Y Y R R?
Y ¥
[ 8-17] R R=0.950 Y X1 X2
95.0%
Y X1 X2
X1 Y X1 Y X1
X2 Y X1 X2 Xp
Y Xi i=1,2, ,p
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(p-1)
0 Y 1 X1 2
X2 Y X1
o1 — Tl
Ty = ———02 12 8-73
Y (TN [
Toren X2 Y X1 FousToysTis Y X1
X2 X3 Y X1
T2 ~ Mo3e0l1302
%1-23 N e 8-74
Vl_rozsnz Vl_rszoz
Y Xi(=1,2, ,p) p-1 7-44 7-45
7-46
n)i-lz...(i—l)(iﬂ)...p = }/;][.]2“.(H)(MZ”(!)?” _ ’%p‘lz.“(p;l)’/}p.lzmuil)(H])M(p?l) 8-75
\/1 T peize( 1) \/1 TV i (1Yt (p-1)
SPSS
SPSS [ 8-17] 8-41
[Linear
Regression] [Statistics] [Linear
Regression:Statistics] [Part and partial correlation] [Continue]
Linear Regression: Statistics |
— Regression Coefficients ¥ Model it
[T F squared change
: o Cancel |
[T Confidence intervals [T Descriptives
[ Covariance matris ¥ Pait and partial conelations ﬂl
[ Collinearity diagnostics
— Residualz
[T Durbinwatzon
[ Cazewise diagnostics
%) [Hutliers outside |3 standard deviations
0 Alleases
[ Coefficients]
Coefficients
Correlations
Model -
Zero-order Partial Part
1 [(Constant)
X1 .753 -. 757 -.362
X2 .878 .880 579
a Dependent Variable: Y
=-0.757 , r

Partial Correlations
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p p
[Analyze]=>[Correlate]=>[Partial]

t

Xj Y
1
Ho =0 (j=0,1,2, ,p)
H: gi# 0 (J=0,1,2, ,p)
2 Ho t
{ bj_ﬂj b/
CS(b)  SK)
3 a t,(n—p-1 t p
It]>t,(n—p-1) p<a Ho Xi Y
Itl<t,(n—p-1) p>a Ho Xi Y
o =0.05 [ 8-17] Bl t
8-41 t t Sig p t.=-3.062
p1=0.018 p<a Ho X1 Y
F
F
0
1
Ho Bi=R= =Rp=0
H1 Bj 0 0:011121 1p)
2 Ho F
ESS/
=2 F(pn-p-1)
RSS /(n—p—1)
F
3 a F,(p,n—p-1) F p
F>F (p,n—p-1) p<at Ho Y
F<F, (p,n—p-1) p>o Ho Y
a =0.05 [ 8-17]
F 8-41 F F Sig  F
p F=32.294 p=0.000 p<a Ho
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Y E
B
( )
V=B o+B X+B X'+e 8-76
Bo B: PB:
X X Xt
Yt Y Y2t
Xt=Xt-Xt-1; Ye=Yt-Yt-1 8-77
Yot= Yt- Yt-1 8-78
Xt Yat Y X
Y X
Y=B o+B 1 (1/X) +& 8-79
1 2 ﬂp &
Y=pB,X X/ Xe 8-80
Y
Y Xi Xj Y
Y = B,e"" 8-81
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Y=B otP 1InX+e 8-82
In X X
Y
)
L
= L >0 8-83
1+ B,e " ( )
Y X X Y
Y X Y
L, L
Y=, +BX+BX + X" +¢& 8-84

Y=8,+BX +BX,+ XX, +B.X +BX; +¢ 8-85

X'=1/X 8-79 Y=B o+B 1 X +€

8-82 X'=InX
Y=B o+B X+e

8-80
InY=InB otB InXi+f InXo+  +B InXpte 8-86
Y'=InY; B ;=InB ;X =InX1, , X =InXs,
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Y5=B 4B X[+ X+ B X, 8-87
8-85
X3 =X, X3 =Xe, Xy =XaXe, X5 =X T, X (=X
Y=B B X, +B X H+B X, B X +B X 8-88
8-83 L=20
8-83 ,
-pX+e
1 1+ Be 8-89
Y 20
20 :
__1: -pX+e
Y Pue

[

Y'=In(20/Y-1)

ln(%—l):ln/i’0 - X+e 8-90

ﬂ(: =11’1ﬂ0 131* :_ﬂ1

Y' =B +B X+e 8-91

L ,
Y L
-18] 1996 8-42 16
Y Y X
8-42
Y X Y X
1493.47 1017.52 4996.12 6160.77
1762.82 1643.86 5692.75 6785.27
2298.40 2300.04 6102.06 7503.47
2784.98 2917.52 5712.40 8106.87
3345.43 3567.42 6886.65 8814.28
3769.01 4205.01 8877.78 9427.21
3981.00 4881.93 6561.70 10001.90
4805.03 5521.33 8311.68 12582.52
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SPSS
1 X Y [Graphs]=>[Scatter] [Simple] [Define]
[Simple Scatterplot] ( 8-83 ) Y X [Y Axis]
[X Axis] [0K]
| @ AFOEERZ L] |
Faste
£ hxis: Eeset |
| A3ogiEs A [x] c 1|
ance,
Set Markers Help |
|
8-83
2
Y X
10000
8000 °
< e
6000 o e o
4000 o °
2000 o °
0
0 2060 40?)0 60;)0 80?)0 10600 12600 14000
X
8-84
3 Y X InY InX Iny InX
> 9.5
9.0
8.5
8.0
75
7.06.5 7.-0 7.-5 8-.0 8.-5 9.-0 9.5
InX
8-85
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Iny InX

Y=8X"e 8-92

InY=Ing, +p InX+¢ 8-93

Y =nY,B, =InB,,X =lnX

Y' =8 +BX +¢ 8-94
4 8-94 [Analyze]=>[Regression]=>[Linear]
Iny Inx [OK]

Dependent : 0K |

| 1ny

Erevions | Block 1 of Hext | Be=at |
Independent (=): EI

= FV Hels

ﬂethnd: IEnter TI

8-86
5
Y' =2.006+0.748X"
t :7.098 22.580
p, :0.000 0.000
R?*=0.973 F=509.847 p, =0.000
bl 1%
0.748%
SPSS
8-43
Linear LIN Y=Rot+p.t
Quadratic( ) QUA | Y=Rotpst+p,t?
Compoound( ) COM Y=Ro(B1)"
Growth( ) GRO Y=e#t 0
Logarithmic( ) LOG Y=BotB:INt
Cubic( ) CUB Y=50+[31t+52t2+63t3
S(S ) S Y= othiin
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Exponential ( ) EXP Y=Roe™
Inverse( ) INV Y=Bot+B:1/t
Power ( ) POW Y=g
Logistic( ) LGS v= 1
=T
—+ ﬂo(ﬂlt)
u
t Bo B1 e In e
SPSS
1 [Analyze]=>[Regression]=>[Curve Estimation( )] 8-87

| Analyze Graphs Utilities Window Help

Report= » $|@|
Tescriptive Statistics r
Custom Tables ¥
Compare Means ¥ | var War War
eneral Linear Model »
Correlate r
r Linear. . .
Loglinear » Curve Estimation. ..
Cla==ify » - - i
Data Reduction r 1113.1.'}' |.:-g15 1|:.. o i
Multinomial Logistic. .. L
Srale ¥ :
. Ordinal. .. L
Honparametrie Tests » )
: : Probit. .. L
Time Series »
Surwiwal r Honlinear. . . i
Multiple Besponsze ¥ Weight Estimation. .. i
Mizsing Value Analysis. .. 2-Stage Least Squares. .. i
Optimal Scaling. .. L
8-87
2 [Curve Estimation] 8-88 Y

8-43
Include constant in equation
Plot models
Display ANOVA table

148



SPSS /2000 /

Dependent(]: -
]
By
Paste |
Independent Beset |
v Yariable: Cancel |
| 3 I |®:-: Help |
= Time ¥ |nclude constant in equation
Casze Labels: M Plat models
2] |
— Models
¥ Lingar [T Quadiatic [~ Compound [ Growth
[ Logarithmic ™ Cubic [ |5 [T Exponertial
[ lnwverse [~ Power V¥ Logistic
|Ipper bound: I
[ Display &M 044 table Save... |

8-88
3 [Save]
8-89
Curve Estimation: Save E |
—SaveWanables——— [ Fredich Cazes

% Fredichfrom estimation perod through [ast case
[T Besiduals 0] Fredich traugh

[™ Prediction intervals Obszervation: I

|95 vI % Confidence

ifteryal

The Estiration Penad is:
Al cazes

Continue I Cancel Help

8-89
Predicted values
Residuals
Prediction intervals
Confidence interval Prediction intervals
95%
[Save] [Predict cases]

Predict from estimation period through last cases
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Predict through

[OK]

SPSS

[Analyze]=>[Regression]=>[Curve Estimation]
Linear Compound Growth Logarithmic

[Observation]
4
[ -191 [ -18]
1
Y X
S Exponential
2
Independent: X
Dependent Mth Rsg
LIN .927
Y LOG .873
Y INV .624
Y COM .888
Y POW .973
Y S .820
Y GRO .888
Y EXP .888
Mth
Sigf F
POW
1
X2

Inverse Power

df
14
14
14
14
14
14
14
14

178.
95.
23.

111.

509.
63.

111.

111.

8-

[OK]
F Sigf
32 .000
91 .000
27 .000
08 .000
85 .000
63 .000
08 .000
08 .000
43 Rsg
p  bo
LIN

150

b0
975.301
-20282
6788.94
1736.20
7.4312
8.9017
7.4595
1736.20
R df

X1

bl
.6473
2954.27
-7.E+06
1.0002
.7480
-2024.8
.0002
.0002

bl

X2

X1

X1

X2



SPSS /2000 /

R2 F p

VIF,Variance Inflation Factor

Indexes)  Theil

X

X

X;

Tolerancej =1- Rjz.

VIF
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VIF, = S— -
* Tolerance, 1-R;
0.1 VIF
10 VIF, >10 X
SPSS 8-82
[Statistics ] [Linear Regression: Statistics]
[Collinearity diagnostics( )]| [Continue]
[OK] SPSS 8-44
X1 X
8-44 8-2
. . Standardized Collinearity Statistics
Unstandardized Coefficients o )
Coefficients t Sig.
B Std. Error Beta Tolerance VIF
(Constant) 62650.928 4013.010 15.612 (.000
X1 -979.057 319.784 -1.381 -3.062 |.018 .069 14.559
X2 .286 .058 2.211 4.902 |.002 .069 14.559

Stepwise Regression
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F
t F
F t F=t¢
F p entry p entry F p
removal p removal entry removal p entry < p removal SPSS
Ferm‘y = 384 perm‘y = 005 Fremuval = 271 premuval = 01 perm‘y premoval
8-2 SPSS
1 SPSS Y X1 X2
2 [Analyze]=>[Regression]=>[Linear...] 8-82
Y X1 X2 [Method 1 [Stepwise]
3 [Options] [Linear Regression: Options] 8-90
[Stepping Method Criteria] / F /'p
SPSS [Continue]
— Stepping Method Criteria Continue
& Use probability of F
pra k4 Cancel
Entry: IEE Removal: |.1 0
¢ Use F value Help
Entry: [3.84 Hemoval: |2.?1
¥ Include constant in equation
~Missing Yalues
¥ Exclude cases listwise
" Exclude cases pairwise
" Beplace with mean
8-90
4 [OK]
Coefficients
Unstandardized . ) o
» . Collinearity Statistics
Coefficients t Sig.
B Std. Error Tolerance VIF
1 (Constant) 52140.580 | 2973.212 | 17.537 | .000
X2 114 .022 5.194 |.001 1.000 1.000
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2 (Constant) 62650.928 | 4013.010 | 15.612 |.000
X2 .286 .058 4,902 |.002 .069 14.559
X1 -979.057 319.784 -3.062 |[.018 .069 14.559
a Dependent Variable: Y
Excluded Variables
. Collinearity Statistics
) Partial
Model Beta In t Sig. . Minimum
Correlation | Tolerance VIF
Tolerance
1 X1 -1.381 | -3.062 | .018 - 757 6.869E-02 | 14.559 | 6.869E-02
a Predictors in the Model: (Constant), X2
b Dependent Variable: Y
Y
Y 8-91

P(Y|X,

BY|X)=3,+ X

Xi

X

.X3

X,

B(YIX) E(YXy) E(YIXs) E(Y|Xy)

A
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P(Y[X,
EY|X)=/+6X
X\ /X% 4% Sxe /X
E(Y[X) E(Y[X) E(Y[Xs) E(YXy)
B
8-91
[ -16]
Goldfeld-Quandt
Glejser Park White
Y
D ¢
1 Y X
Y X
8-92 A B C
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A B C
8-92 Y
SPSS
1 [Graphs]=>[Scatter] [Simple]
[Define]
Srcatterplot
. e _ : :
Simple F Matrix Caneel |
Owerlay ;}L:: 3-0 Help |
8-93
2 [Simple Scatterplot] Y X [Y Axis] [X Axis]
[OK]
3 Y X
v3imple Seatterplot
@xl E 1 horis: [E |
@}{2 ® Bacte |
i hxis Bezet |
I Cancel |
Set Markers Help
| s |
- Label Cazas=
Template
[T Use chart specifications from:
Eille |
Title=. . .| Jptions. ..
8-94
2 ee X
& e X e’
e’ X 8-95
e’ e’ e’ e
X X X X
A B C

8-95
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SPSS e’ X
X
1 [Save]
[Residuals] [Unstandardized] [Continue]
res 1

Predicted Values
[T Unstandardized
[ Standardized
[ Adjusted

[T 5.E. of mean predictio

—Residuals——

[ Standardized
[T Studentized
[ Deleted

Cancel

Help

[T Studentized deleted

r]]ista.m:es

Continue

ai

8-96
2 [Transform] => [Compute]

2 ( res_1%%2) [0K]
' Compute Variahle
Target Fumeric Expression:
IE = res 1 4% 2 ;I
TypedLabel. .. | _I

} -
e ] <0>] 1088 Functions
ozl Sl ==l as|e] pEs (romexpr ] ﬂ
@Unstandsrdized Ras ll ilil Llilil AHY (test, value, value, ... ]
. . ARSTH (numexpr)
> Standardized Resid LI il_'J 1] I_l ARTAN (roam expr )
® <2 w] O] Daete | |5 oniia =
If. .
0K I Laste | Beset | Ca.ncell Help |
8-97
3 X
3 Y
0 1
SPSS
1 [Plots] *SRESID
Studentized Residual [Y] *ZPRED
Standardized Predicted Value [X]
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Linear Regreszion: Flots |
IEFENDHT Continue |
¥IPRED Jrevic| Seatter 1 of | Mext | |
*ZRESTII Cancel
*DIRESID r I —
*AD TFRED 7 L |*SEESID elp |
*SRESID u
*ZORESTD E X
~Standardized Residual Flot=— pp 00 a1l partial plod
[ Histogram
[T Hormal probability g
2
Goldfeld Quandt 1972 Goldfeld-Quandt
— G-Q F
1 n Xi Yi (i=1,2, ,Il) X,’
SPSS [Data]=>[Sort Cases] X [Sort by]
[OK]
vSort Cases
Py ]
(%)Unstand:ardized @}{2 == Ascending Fast
> Standardized Re E il
@. &2 Bezet |
@Unsta.nd:ardized —Sort Order Cancel |
@Sta.ndardized Ee % fccending
- " Descending ﬂl
8-98
2 C=n/4
n-C /2
3 RSSI X
RSS2 X
n-C p—1 p
2
SPSS [Data]=>[Select Cases] [Select Cases] [Base on
time or case range] [Range]
[ (0-0)2] [OK]
13 /”
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[Residual Sum of Squares]

@-xl

@xz

@-Unsta.ndardi:ed Bes

@ Standardized Resid

@-EZ

@-Unsta.ndardi = -
@-Sta.ndardize vSelect Cases: Range

8-99
RSS2
4
H, :ol =0, H :o0!#0,
ol o,
5
rss2/"=C_ 1
F= 2
n—-C
RSS1/( 5 -p-1
n-C
-p-1
> P
n—-C n—-C
6 a F -p-1, -p-1
(o 5 —,7D
n-C n—-C
F>F -p-1, -p-1
Lo 5 —r7D
0
o’ =f(X,)
1 Glejser
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Glejser 1969 le. |
lel=ry +7 X +ulel=y, +7 VX +ulel=7, +7,1/ X +u 2
7 0
SPSS
1 [Analyze]=>[Regression]=>[Linear] [Save]
[Linear Regression: Save] [Unstandardized Residuals]
res 1
2 [Transform]=>[Compute] abse
X
3 ( abse) X
2 Park
Glejser Park
ol =0’Xe" 8-95
Ino’=Inc’+rinX, +u, 8-96
o’ e’
Ine’ =lnc*+rinX, +u, 8-97
e’ Ine! InJX,
3 White
White 1980 e’
Xlst»“‘aXlzaXzza“'leXzs“‘ 0
(WLS, Weighted Least Squares)
ol =Var(¢,))=0"L; L,
Li YI:ﬁO+ﬂle+gl Li
Y X, &
=8 —+p —+— 8-98
L‘ ﬂ(] , ﬂl L, L,
u, =— Var(u))=o" u
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Y, 10X
L L L
1 -
— i
L[
Var(e)=0c’X, Var(e)=0’X} w. L
V Xi
1
W, =— WLS
X[
v L
Y,
SPSS WLS
W [WLS] WLS
[WLS Weight]
(Autocorrelation)
t,t-1,t-2,
Yr:ﬁn+ﬂ1X11+ﬂ2X21'”+ﬂpor+8r 8_99

Cov(g,,&, ,)20(@{=L2,---,5)

1
t t-1 t-2
2
3
4
Y:ﬂ0+lB1X+IB2XZ+g
&

Y=0,+BX+u
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u=3X"+¢ X’
OLS
F t
OLS
OLS
€ €
8 € _erfl
et _erfl
8-100(A)
8-100(B) 3
e 8-100(C)
e 8-100(D)
o, & k-
- " €41 " €41
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8-100
D-W Durbin-Watson -
D-W Durbin  Watson 1951
g, =pe,_ +u, p 8-100
1
HO p=0
HI p#0
2 DW
Zn: (er —€, )2
DW="2—— 8-101
Ye
=2
DW
DW =2(1- p) 8-102
Yo, Yo, [pl= 1 DW 0< DW< 4
8-102

p -0 DW 2

p -1 DW -0

p -1 DW-4
3 n p DW D,
(D) 0<DW<D, DW 0
2) D, <DW<D,
3) D,<DW<4-D, DW 2

(4)  4-D,<DW<4-D,
(5) 4-D,<DW<4 DW 4

f{DW)

(1) @ €)

“4)

)
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D-W DW
Durbin  Watson Beta DW
1 D-W
2 D-W
3 D-W DW
SPSS DW 8-82 [Statistics] [Linear
Regression: Statistics] [Residuals] [Durbin-Watson] [Continue]
[OK] SPSS DW
Yr:ﬂ0+ﬂ1X“+ﬂ2X21”-+ﬁpot+6‘r 8-103
gt = pgrfl + ur
ul
8-103 p
th—l = pﬂo + ﬂl le(H) + ﬂz pXZ(H) teeet ﬂp po(H) + 0, 8-104
8-103 8-104

Yz _le,l :ﬂo(l_p)+ﬁ1(X11 _le(t—l))+"'+ﬂp(Xpl —po(H))+gr —pPE, (_105)

Y =Y, -p¥, . 1=23n

X; =X, _pXi(H) si=12,,n

u, =& —pe, , ,t=23,--,n

(-105)
Y =B,(1=p)+ B X, + B X, ++ X +u, 8-106
u, 8-106 LS
P P
1 oLS 8-103 e, =Y -Y t=1,2, ,n
2 p=Stee/Ee p
3 P
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Y =0.607+0.542X

7 Yo ¥,

Y =0.607+0.542X
=0.607 +0.542x 7
=440

o%)

Yo
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Y, Xx,, i=1,2, ,p,t=1,2, ,n OLS
8-106 8-103
p p
Y
X
Yo Y,
Yo
Yy
);0 X Xogseer
fo:b0+b1XOI+b2X02+~--+prop
8-1 Y X
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{YO —t,-S; Yy +t, S,
2 2

2

[¥, -1, ~S~\/1+l/n+fi(Xo,~ —X)(Xy; =X ,)C,

U 2
i=1 j=1

Y, +1, "S'\/l“'l/”l“‘ii()(o,' ~ X)Xy, =X ,)C; ]

5 i=1 j=1

C, C=X'X)" i
Y,
A P P o —
[Yo —t,-S- U”"‘Z} ZI(XOI - X)X, =X,)C;
2 ==
Y, 41, --S-\/l/n+ii()(0i ~X,)(Xy; —X,)C; ]
5 i=1 j=1
SPSS
X Xo=7 Y
2 [Analyze]=>[Regression]=>[Linear] 8-74 [Linear Regression]
8-75 Y [Dependent]
X [Independent(s)]

3 [Save...] [Linear Regression: Save] [Predicted

Values ] [Unstandardized ]
[Prediction Intervals ] [Mean] [Individual]
[Confidence Interval] 95% [Mean]

[Individual] Y, Yo

4 [OK] 8-39 pre_1
Imei 1 umci 1 lici 1  wici 1 8-45 pre 1
Imei 1 umci 1 Y, lici 1 ulici 1 Yo

8-45
Y X pre 1 Imei 1 umci_1 lici 1 uici_1

1.60 2.00 1.69091 1.43100 1.95082 1.17798 2.20384

2.00 2.50 1.96182 1.74139 2.18225 1.46772 2.45592

2.30 3.00 2.23273 2.04734 2.41811 1.75323 2.71222

2.40 3.50 2.50364 2.34588 2.66139 2.03413 297314

3.00 4.00 2.77455 2.63261 2.91649 2.31012 3.23897

3.20 4.50 3.04545 2.90351 3.18739 2.58103 3.50988

3.10 5.00 3.31636 3.15861 3.47412 2.84686 3.78587

3.50 5.50 3.58727 3.40189 3.77266 3.10778 4.06677
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3.60 6.00 3.85818 3.63775 4.07861 3.36408 4.35228
4.40 6.50 4.12909 3.86918 4.38900 3.61616 4.64202
7.00 4.40000 4.09792 4.70208 3.86446 4.93554
1:
50
1952 1977 8-46
8-46 1952 1977 1952
(® | (year) Y) ® (year) Y)
1 1952 589.0 14 1965 1163.4
2 1953 671.5 15 1966 1361.2
3 1954 710.4 16 1967 1263.2
4 1955 755.9 17 1968 1181.1
5 1956 862.4 18 1969 1409.0
6 1957 901.3 19 1970 1737.3
7 1958 1099.5 20 1971 1859.0
8 1959 1189.7 21 1972 1912.9
9 1960 1173.0 22 1973 2071.6
10 1961 824.7 23 1974 2094.4
11 1962 771.0 24 1975 2268.3
12 1963 835.5 25 1976 2207.0
13 1964 994.4 26 1977 2379.2
8-46 SPSS
Model Summary
Model| R |R Square[Adjusted R Square| Std. Error of the Estimate
1 |.927| .860 .854 214.316
a Predictors: (Constant), T
ANOVA
1998.4
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Model Sum of Squares| dff Mean Square F Sig.
1| Regression 6747125.263| 1| 6747125.263
Residual 1102354.324] 24 45931.430| 146.896 | .000
Total 7849479.587| 25
a Predictors: (Constant), T
b Dependent Variable: Y
Coefficients
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
1 (Constant) 401.739 86.547 4.642 .000
T 67.922 5.604 .927 12.120, .000
a Dependent Variable: Y
Y 401.739 67.922 8-107
8-107 1977 67.922
401.739 67.922
15.51%
1978—1995
GNP 8-47
8-47 1978 1995 GNP 1978
GNP GNP
() | (year) (Y) ® (year) Y)
1 1978 3624.1 10 1987 8481.8
2 1979 3899.5 11 1988 9440.2
3 1980 4204.0 12 1989 9836.7
4 1981 4392.4 13 1990 10249.9
5 1982 4776.6 14 1991 11182.6
6 1983 5273.1 15 1992 12759.3
7 1984 6048.6 16 1993 14430.8
8 1985 7012.6 17 1994 16249.1
9 1986 7607.0 18 1995 17711.5
SPSS
Model Summary
Model| R [ R Square | Adjusted R Square Std. Error of the Estimate
1 (.971 .943 .940 1071.128
a Predictors: (Constant), T
ANOVA
Model Sum of Squares| dff Mean Square F Sig.
1| Regression| 305380978.687| 1| 305380978.687| 266.170 | .000

Residual

18357056.151

16

1147316.009
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| Tota] 323738034.838 17] | L]

a Predictors: (Constant), T
b Dependent Variable: GNP Y

Coefficients
Unstandardized Standardized
Coefficients Coefficients t Sig.
Model B Std. Error Beta
1 (Constant) 1190.017| 526.740 2.259 .038
T 793.915 48.663 971 16.315 .000
a Dependent Variable:GNP
Y 1190.017 793.915 8-108
8-108
8-108 793.915
793.915
12.63%
8-107 8-108 8-102
20000
G
N 10000
P

o W

1950

1960

1970 1980 1990 2000

8-102
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0.8
2 0.86, 2
0.943 0.083  9.65%
GNP
GNP GNP 222 GNP
5.36
10% 50%
1992 47 1999
1956 65
8-48
8-48
65 % 4 4~7 > 7
65
19 1930 65
7%
1930 1975 45 65 7% 14%
1999
6
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1995 1990 65 15.4%
1991 65 15.9% 2025
65 21.77% 2050 29.16%
70
1982 4.88% 1996
6.94% 2005 65 7.28%
2025 2050 65
12.21% 19.23%
8-49
10%o
50%
8-49

1982 1980 1990 1987
65

4.88 15.46 5.60 15.30

%
65
49275549 9534600 63232361 9347709
%0 15.68 -1.5 14.39 -1.1
1987 1996 United nations: The sex and age distribution of the

world population, the 1996 revision;

65
6.94%

70

U.S. bureau of the census, International Data Base

80
5.6%
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1977

1999

1957 1969
1992

1997

1881—1957
1969 1977
1999
10
1998 20.3%
1999

172



SPSS /2000 /

65
8-50
%0
Year X2
Y X1 X3
1950 941 487 *#18.10 824
1961 1107 1531 **19.61 670
1970 1317 3158 13.40 561
1980 1546 13216.5 10.10 442
1984 1468 10084.3 9.50 380
1985 1470 10190.0 9.60 377
1987 1530 18130.9 10.50 *364.95
1990 1540 23738.7 11.50 370
1991 1590 19852.5 10.40 *317.06
1 (1996) (1989 1993 95) (1982
1987) (1949 1976) (1990—1996) U.S. bureau of
the Census, International Data Base
P
11.973 241553
*E “ " ” 1.076
11.753  * " 8-51
3 1991 1991
8-51
%0 %0
1950 18.10 5.9
1961 19.61 7.3
1970 13.40 1.3
1980 10.10 -1.5
1984 9.50 -1.8
1985 9.60 -2.4
1987 10.50 -1.1
1990 11.50 0
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1991 10.40 -1.0
8-50
8-52
% %O
Year v X1 X2 X3
1982 488 265.52 22.28 778
1985 518 266.56 21.04 749
1988 550 364.25 22.37 687
1989 579 320.34 21.58 656
1990 560 313.03 21.06 649
1991 599 346.04 19.68 651
1992 607 397.74 18.24 648
1994 636 455.10 17.70 637
1995 669 581.32 17.12 631
1996 694 677.98 16.98 631
1 1987—1997 1992 1993 1995 1996

1990  United Nations: The sex and age distribution of the world population, the 1996

revision

2.*
-
SPSS
¥=1910.016 +0.0044X, -14.150X, - 0.819X; (-109)
t 13.823  1.030  -1.168 -2.339
p 0.000 0350  0.295 0.066
0277  0.166 0.097
VIF 3.605  6.034 10.265
R*=0.945 F=46.60,p=0.000
Y_
X, —
X
X5—
Y =991.081 + 0.212X, - 8.077 X, - 0.485 X3 (-110)
t 12666  5.022  -2.883  -5.909
p 0.000 0.002  0.028  0.001
0273 0253  0.509
VIF 3.669 3954  1.966
R’=0.981 F=152.419  p=0.000
Y_
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X, —
X
X5—
(-109) Xl X2 X3 Y
Xl X2 a=0.10 X3 VIF 0.097
10.265 X3 Xl X2 X3
90.3%(1-0.097) Xl X2 (-110)
X3
¥ =1734.532 + 0.011X, —37.349X, (-111)
t 11314  2.645  -4.064
p 0.000 0.038  0.007
0.503  0.503
VIF 1.990  1.990
R*=0.928 F=38.479,p=0.000
¥=753.190 + 0.261X; —13.488X, (-112)
t 4643 2598  -2.107
p 0.002 0.036  0.073
0283  0.283
VIF 3532 3.532
R*=0.912 F=36.122,p=0.000
a =0.10
(-111)(-112)
1.
1000 2.61%
0.11%
2.
1%o 13.488
37.349
8-50 852 1950
(-112)
1980 3559.54 1980
13216.5

1980 3915.08
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2001 “
SPSS
8-52 8-50 8-103 SPSS
year ¥ ®1 ®Z2 X3 group
1| 1950 H341 4587.0 158.10 524.00 1
91 199 1580 | 19353 10.40 317.06 1
10| 1952 488 | ZBES | 224 778.00 2
19| 1996 B34 | B7E.0 16.93 B31.00 2
8-103
group 1— 2——
[Analyze]=>[Regression]=>[Linear]
8-103 group [Selection Variable]
8-104 [Rule] group=1
(group=1) [OK]

Define Selection Bule

Value
2 oup quual to LI |1|

Continue I Cancal | Help I

Selection Variable:
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8-104
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Logistic
oo “1 ‘0
T “ o
“r ‘0 1 0
Dummy Variable
20 35
35 60
13 1” 1 O”
9-105
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E(Y):ﬂo+ 1+ﬂ2X

ﬂo+ﬂl/
EY)=p,+5,X
B,

X
9-105
Y X
1988
D:{l (1988
0
Y=p,+BD+p,X+¢
Y=0,+0+0,X+e (1988
{Y: B, +B,X+¢
1988 B, + 5
[ 10-20]
Y
X
D 9-53
9-53
Y X(100 ) D

17 151 0
26 92 0
21 175 0
30 31 0
22 104 0
0 277 0
12 210 0
19 120 0
4 290 0
16 238 0
28 164 1
15 272 1
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11 295 1
38 68 1
31 85 1
21 224 1
20 166 1
13 305 1
30 124 1
14 246 1

Y=0,+B8X+5,D+¢

SPSS

1 SPSS Y X D
2 [Analyze]=>[Regression]=>[Linear]
[Dependent] X D [Independents] [OK]

@x Dependent: 0K |
dod -n | @y = |
Faste
Freptions I Block 1 of Hext I Reset |
Independent (=): _ICa.ncel
S g e
B [~
Method: [Enter =
Selection Variable:
| Rale.. |
Case Labels:
|
W= = | Flots. .. | Sawve. .. | Iptions. . |
Model Summary
R Adjusted R .
R( Std. Error of | Durbin-Watson
Model Square| Square( i
) the Estimate DW
(R?) R?)
1 .946 .895 .883 3.2211 1.971
ANOVA
Model Sum of Squares dfiMean Square FSig(p )
1Regression 1504.413 2 752.207
Residual 176.387] 17 10.37672.497| .000
Total 1680.800, 19
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Coefficients

Unstandardized Standardized
Model Coefficients Coefficients
B Std. Error Beta

1 |(Constant) 33.874 1.814 18.675 .000
X -.102 .009 -.911-11.443  .000
D 8.055 1.459 439 5.521] .000

t Sig.

Y =33.874-0.102X+8.055D
D Y
a =0.01
=0.000<0=0.01

SPSS

1988

9-106

{1 (1988

Y=0,+8DX+p,X+¢
Y=0,+(B,+5,)X+e (1988
Y=05+p,X+¢
1988 B, + P, B,
A% E(Y):ﬁo+(ﬂ1+ﬂz)X

E(Y)=p,+ 5. X
B,
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9-106
1988
9-107
A% E(Y):(ﬂo+ﬂ1)+(ﬂz+ﬁ3)X
ﬂo+ﬁ1%ﬂn+ﬂzx
B,
X
9-107
D:{l (1988
0

Y=0,+pD+[,X+[,DX+¢

Y=, +B)+ (B, +B)X +e (1988
Y=0,+0,X+¢

Yz(ﬂo +ﬂ1)+(ﬁz +ﬂ3)X+8

Y=08,+p,X+¢
Y=0,+pD+p,X+[,DX+¢
&

1988
Y=0,+pD+[,X+[,DX+¢ &
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Y, =py+BD +B,D,+ DD, + B, X, +¢

Dl D2
1 1
D=1, D=1,
By
Bo+ 5
Bo+ P,
Bo+ B+ By + s
1997 1998  —
1999.1
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2
X
X
X3 X4 X5
X() X7 X9
Xio X X7 X9 Xj X2 Xi4
Xy X X Xis Xis X7 X5 X Xis
X; Xs X Xy Xy X7 X5 X Xg
=Xz X7)/X7
Si 1 Si 0 i=1,2,3,4
1997 1 —1998 4 10 “ o
” 85
12 14
17 1 15 3 16 4 4 6 10 2 9 5
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y=0.9228-0.01961X5+0.0003X,4+0.4909X5-0.1246X7-0.1055X0-0.000037X 1,-0.0106 X 5+0.
51193D+1.3062S,+0.6177S,-0.3119S5-0.5969S,
R*=0.94282 DW=2.1659 F=98.9350

()

1997 1 1998 4 10
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Logistic
Logistic
(Discriminant analysis)
Probit Logistic Logistic
Logistic Binary Logistic
Multinomial Logistic Binary Logistic 1 0
Multinomial Logistic
Binary Logistic Logistic
=1 Y=0
1
Y =
b
Y=1 Y=0
0 1
1
Y =
o
0 1 p
1-p p Xi
p:P(yzl):F(ﬁle) i:1323“'3k
F(- ) F(- )
p=po+ X+, X+ + [, X, +¢& (10-113)
p [0,1]
p 0 1 p
p Xi p=0 p=1
p o(p) p=0  p=l
p  Logistic p Logit
6’(p)=10git(p)=1n(lp) (10-114)
-p
Logistic Logistic S S
p k

11-1 WLS
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p/(1-p) logit(p) Y=1 (odds ratio) (likelihood ratio)
(log odds ratio) (log likelihood ratio)
d(p) logit(0.5)=0 10-54 6(p) p=0 p=1
p 0 1 O(p) - +00 a(p) (10-113)
p Xi f(p) Xi
0(p) (10-113) P
0(p) = h{lf J: Bo+B X, 4B X, ++ B X, +5  (10-115)
(10-114) p 9
66 eﬂquﬂlXﬁerﬂ*X* +&
p= 1+et9 = 1+eﬂo+ﬂ\X|+“'+ﬂka+f
10-54 p  logit(p)
p 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 0.99
Logit(p) | -0.847 | -0.405 | 0.0 | 0.405 | 0.847 | 1.386 | 2.197 | 2.944 | 4.595
Logistic
(10-115) (Maximum likelihood estimation MLE)
OLS OLS
(log likelihood)
[ 10-1] 10-55
10-55
Y X Y X Y X
0 10 0 10 0 11
1 17 1 17 0 8
1 18 0 13 1 17
0 14 1 21 1 16
0 12 1 16 0 7
1 9 0 12 1 17
1 20 0 11 1 15
0 13 1 16 1 10
0 9 0 11 1 25
1 19 1 20 0 15
0 12 1 18 0 12
0 4 1 16 1 17
1 14 0 10 0 17
1 20 0 8 1 16
0 6 0 18 1 18
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1 19 1 22 0 11
0 11 1 20
Logistic
In| —— =B, +BX, +&,
1-p,
1
peP(T=1) Y, =
0
SPSS
1 SPSS 10-55 Y X
[Analyze]=>[Regression]=>[Binary Logistic] 10-108
| Analyze Graphs Utilities Window Hslp
Reports L gl@l
Descriptiwe Statisties L
Cusztom Tables g
Compare Means Foar war
General Linear Model L
Correlate L
Begreszion L4 Linear. ..
Loglinear g Curwe Estimation. . .
Clas=ify k . ..
. Binary Logistic. ..
Data Reduction L . . —
Multinomial Logistic... |
Srale L :
. Ordinal. ..
Honparametric Tests g i
. . Frobit. ..
Time Series L
Surviwval L Honlinear. . .
Multiple Responsze L Weight Estimation. ..
Missing ¥alue Analysis. .. #-Stage Least Squares. . |
Optimal Sealing. ..

2 [Logistic Regression]
[Covariates] 10-109
® [Enter]
® [Forward: Conditional]
® [Forward: LR]
® [Forward: Wald] Wald
® [Backward: Conditional]
® [Backward: LR]
® [Backward: Wald]

[Enter]

Wald

10-108

Y

188
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yLogistic Regress

Dependent:

[1]:4

|y

Paste

Preziousl Elock 1 of

Hext | Beset

Covariates:

Cancel

=

FIEEEL

Help

Methad: IEnter LI
Select »» | ategorical. I Save, .. I Options. .. I
10-109
3 [Logistic Regression] [Options]
[Classification plots] [Hosmer-Lemeshow goodness-of-fit] 10-110

[Continue]

Logistic Regression: Options

—Statistics and Plots

[¥ Clasz=ification plots [T Correlations of esti
v .].;[-:-smer-Lemesh-:nw goodnesz—of-f [ Iteration hiztory Cancel |
[T Cazewize listing of residuals [ CI for exp [o5 % Help |
& Ontliers oute 20 =tal
{0 401 caces
—Display
{ ht sach step " ht last step
—Frobability for Stepwisze Classification IS_
Entry: Iﬁ Remowal : IT A IF
¥ Include constant inm n
10-110
4 [OK]
Omnibus Tests of Model Coefficients
Chi-square| dff Sig.
Step 1| Step 32.379 .000
Block 32.379 .000
Model 32.379 .000

Model Summary

Ste -2 Log likelihood | Cox & Snell R Square | Nagelkerke R Square
. -2 Cox & Snell R? Nagelkerke R?
1 36.856 ATT .636
Hosmer and Lemeshow Test
Step| Chi-square| dff Sig.

189



SPSS

/2000 /

1 11.266| 7

127

Hosmer and Lemeshow Goodness-of-Fit Test

Y= 0 y=1
Group | Observed Expected | Observed Expected | Total
1 5.000 4.909 .000 .091 5.000
2 4.000 5.548 2.000 .452 6.000
3 5.000 4.281 .000 .719 5.000
4 6.000 4.406 .000 1.594 6.000
5 2.000 1.816 2.000 2.184 4.000
6 .000 1.313 5.000 3.687 5.000
7 1.000 1.011 5.000 4.989 6.000
8 1.000 .537 5.000 5.463 6.000
9 .000 .179 7.000 6.821 7.000

Classification Table for Y

Predicted
0 1 | Percent Correct

Observed 0] 21 3 87.50%

1 3 23 88.46%

( Overall( ) 88.00%

The Cut Value is .50
Variables in the Equation

B S.E. Wald df | Sig. Exp(B)
X .563 .145 15.005 .000 1.757
Constantf -7.981 2.129 14.046 .000 .000

a Variable(s) entered on step 1: X.
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Ohzserved Groups and Predicted Probakbilities
& + 4

F
b
E 6 T+ 1 o
o 1
n ] 1 1
E ] 1 1
H 4+ 1 0 1] 1 1 1 1 +
[ 10 1] 1 1 1 1
T ] onon 1] 1 1 1 1
] onon ] 1 1 1 1
EH0 100 1] ] 1 1 1 1 1 11 1+
an 1o o0 1] ] 1 1 1 1 1 111
a0 oo oo 1] ] ] ] 1 ] 01111
an o0 ] ] ] ] 1 ] 0 1111
Predicted I I I
Prob: ] .25 5 e 1

Grogp:  OOOO0O0O0000QNAOAO0A0A000N0N0011111111111111111111111111111]
Predicted Probability iz of HMembership for 1
The Cut WValue is .50
Symbaols: 0 - 0
1 -1
Each Svmbol Eepresents .5 Cases.

-2

(-2 log likelihood -2LL)
(likelihood)
0 1 (log likelihood LL)
[0,1] 0
2LL
-2LL Logistic -2LL

(Badness-of-fit Chi-square) -2LL

Vi

~2LL =25y, In(p)+ (1= y,)In(l = p,)

A

P i

f’; = exp(é,.)/[l+exp(é, )N =exp(fy + BXy ++ LX) [ +exp(fy + BXy +-+ B.X,)]

Logistic

(Goodness of Fit)
o (y,=p)’
Z T
=1 p;(1=p;)
(Classification Table)
0 1
| 0 Moo no1 Jo

191
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1 10 ) il
A
n,(i=10, j =1,0) i j
fr =0 %100% £, =— "M x100%
Moo + 1 Ny + 1y
fe— M 00%
Ny + 1y + g + 1
(Classification Plot)
Cox Snell R* Cox & Snell’s R-Square
Cox Snell R’ R’ Logistic
1
/(0 ’
Rés =1 _( ( A) J
1(p)
1(B) (likelihood)  (0)
Nagelkerke ~R* Nagelkerke’s R-Square
Cox Snell R’ 0 1 Nagelkerke  Cox
Snell R’
Ry =R /max(Rey)
max(R¢s ) = 1-[/(0)]°
R* Pseudo-R-square
R’ R’ 1
Hosmer Lemeshow Hosmer and Lemeshow's Goodness of Fit
Test Statistic
Hosmer Lemeshow
Hosmer
Lemeshow H-L 8
p Logistic p a
a =0.05
p a
Wald
Wald
1
Hy:p5,=0 (@(=12,---,k)
H :pB #0
2 Wald
Xi Wald
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2

Wald, = b
Var(b;)
Xi Wald
Wald
3
1
2
1995 1996
10-56
10-56
Logistic 55
25
Logistic 10-58
F C
R S
10-59
70%—90% 64%
—85%

Bao Benxian, Empirical Analysis of Audit Options Qualifications, Working Paper
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10-56
Wilcoxon
T p p
0.4130 0.5120 -3.8020 0.0002 0.4220 0.5275 798 0.0021
0.1882 0.1702 0.7486 0.4552 0.1454 0.1600 -71 0.7358
+ 0.0901 0.1140 -1.8225 0.0703 0.0648 0.0935 438 0.0348
— 20.4637 20.5023 -0.3102 0.7568 20.3744 20.5049 333 0.1107
+ 0.0750 0.1500 -1.5024 0.1350 0.0000 0.0000 25.5 0.2101
— 0.0497 0.0201 -5.0021 0.0001 0.0486 0.0198 400 0.0427
— -0.1731 -0.2489 0.8273 0.4093 -0.1538 -0.1351 -204 0.3310
Beta + 1.0160 1.0260 -0.5007 0.6173 1.0191 1.0303 83 0.6932
+ 0.5125 0.5125 0.0000 1.0000 1.0000 1.0000 0 1.0000
? 0.6750 0.5000 2.2703 0.0245 1.0000 0.5555 -136.5 0.2210
+ 0.0000 0.1625 -3.9151 0.0001 0.0000 0.0000 45.5 0.0002
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10-57

Beta
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10-58  Logistic
Wald | p Wald | p Wald | p Wald | p Wald | p
3.9287| 03236| 05695| 1.7827| 12125 02708| 05182| 17106 0.0909| 6.7771| 0.5307| 04663| 04528| 03129| 0.5759
26161 22146 0.1059 27704 23953 | 0.1217| 24189| 3.1157| 0.0775
3.0459| 1.1857| 02762 32017| 12542| 02628
22971 1.8206| 0.1772 -1.9629|  1.0761|  0.2996
-0.1940 |  02962|  0.5863 -0.2488 | 03469 | 05559
2.1223| 49868 |  0.0255 -1.9510|  3.5864| 0.0583| -1.7917| 3.4473| 0.0634
234140 10.7840|  0.0010 247628 | 83088 | 0.0039| -203635| 83257  0.0039
-0.3857| 08127| 03673 05864 | 09472| 03304
Beta L7111 1.1444|  0.2847 -1.3551|  03759| 05398
02178 02669 0.6054| 02598| 02728| 0.6014
11902 | 7.0774|  0.0078| -1.0895| 43425| 00372 -0.9126| 3.9718|  0.0463
143966 |  0.0012| 0.9724| 144771 0.0013| 09714
R? 0.2547 0.0269 0.2132 0.3969 0.2622
2 233240  0.0007 22430 03258 19.1660 |  0.0003 38.8690 |  0.0001 24.0840 |  0.0001
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10-59

85.8%

70.0%

79.5%

90.4%

N | |W| N[ =

86.2%

78.9%

64.2%

70.8%

86.2%

DN |[WIN =

79.5%
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parameter statistical methods
distribution-specified statistical methods

parametric test t

nonparametric statistics
distribution-free statistical methods
nonparametric test distribution-free statistical

test
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11-60
11-60

Friedman

Spearman

(Chi-square test)

Y  k
Y P(Y=i)(i=1,2,

P(Y=i)(i=1,2, k) G

1
H, P(Y=)=G; (=12, k G G )

199
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Hl P(Y:l)iG,
2
k (01 _E, )2
=X ~ 2 (k=1
i=1 E,
O, E,=n/k
3
2' > x.(k=1)  p<a
[ 11-21] 300
(0=0.05)
11-61
i 1 |12 |3 [4 |5 ]6
O, 43149 |56 45|66 |41
1 Y 1 2 3 4 5 6
SPSS
2 [Analyze]=>[Nonparametric Tests]=>[Chi-square]
11-111
3 [Chi-square Test Y [Test
Variable] 11-112
SPSS for Windows 1998
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Ira.nsfu:-rml&nalyze Graph=z Wtilities Window Help

@ El E.? Reports ¥ w
= Descriptivwe Statistics P
Compare Means »
General Linear Model r
¥ Correlate ¥ v v N
1.00 Begreszsiom »
Loglinear »
1.00 Classify r
100 Data Reduction ¥
Secale »
1.00 Honparametric Tests » Chi-Square. ..
100 Survival r Binomial. ..
Multiple Response ¥ Buns. . . -
1.00 1-Sample E-S. .
100 2 Independent Samples. .. B
K Independent Samples. .. |
1.00 2 Related Zamples. ..
100 K Relatedl Samples. .. B
i i
11-111
Test Variahle
c@)y Faste |
Beset |
Ca.m:ell
—Expected ¥Walues ﬂl
o A1] categories equal
= Yalues I—
fedd
Change
Fempwve |
Options. ..
11-112
4 [OK]
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Y
Observed N Expected N Residual
1.00 43 50.0 -7.0
2.00 49 50.0 -1.0
3.00 56 50.0 6.0
4.00 45 50.0 -5.0
5.00 66 50.0 16.0
6.00 41 50.0 -9.0
Total 300
Test Statistics
Y
Chi-Square 8.960
Df 5
Asymp. Sig. 11

Asymp. Sig. The significance level based on the asymptotic

distribution of a test statistic

j2
p=0.111>0=0.05

(Binomial Test)
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Hy P=P, (0<P<l)

H, P#P,
2 P
n, N, 1 2 N=n,+n, m=min(n,n,)
* {pt m:nl
P, =
l_pt m=n,
p=AScip’ampiy |-cipa-piy
7 _n; +0.5-Np, n, —0.5-Np,
=, 2:—
VNpt(l_pt) \INpt(l_P)
F(Z)

P(X =n))=F(Z,)-P(Z))
P(X<n)=F(Z)
p=2P(X<n)-P(X=n))

3 P
[ 11-22] 40 A B
11-62
11-62
| 1101101111011010101110110111101110110110
0 A 1 B
1 SPSS 11-62 Y
[Analyze]=> [Nonparametric Tests]=> [Binomial Test]
2 11-113 [Binomial Test ]
[Test Variable]
3 [OK]
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Binomial Test

Category| N(Observed Prop.Test Prop.Asymp. Sig. (2-tailed)
YGroupl 1 [28 .70
Group2l 0 [12 .30 .50 .018
Total 40 1.00

a Based on Z Approximation.
p=0.018<0=0.05

v Binomial Test

Te=zt Yariable
By Paste |
E Rezat |
Cancel |
Help |
—Define Dichotomy Te=st I.SEI
%" Get from data
{7 Cut point I
Options. ..
11-113
(Run Test)
xI,xZ’...,xn
n
A B
A B
A n =8 B n, =7
AAAAAAAABBBBBBB
AAAABBBBAAAABBB
ABBAAABABBBABAA
ABABABABABABABA
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A R=1 B R,=1

A R =2 B R,=2

A R=5 B R,=4

A R =8 B R,=7

R R=R, +R, R=1+1=2
R=2+2=4 R=5+4=9 R=8+7=15
R 2 n, #n, 2min(n,,n,)+1 n, =n,
n, +n,
R
R
1
Hy
H,
2 p
A B
x> A
B n,n,
E(R)=2M" 4
n, +n,
Var(R) = 2niny (2nyiny —ny —n,y)
(n +n2)2(n1 +n, 1)
, ,_R-E®)
v Var(R)
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[Test

R
4
(R—E(R)+0.5)/ \[Var(R) R-E(R)<0.5
Z ={(R-E(R)—0.5)/Var(R) R-E(R)>0.5
0 |R—E(R)|<0.5
3
[ 11-23]
a =0.05
31 23 36 43 51 44 12 26 43 75 2 3
15 18 78 24 13 27 8 61 13 7 6 8
1 SPSS X
[Analyze]=>[Nonparametric Tests]=>[Runs]
2 [Runs Test ] X
Variable ] Cut point
(Median)
 Bunz Tast
ey Test Yariable List: oK
Paste
Beset

E Cancel

Help
—Cut Point
¥ Median ™ Mode Exact...
[ Mean [ Custom: I Options...
3 [OK]
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Runs Test
X
Test Value 25.0000
Cases < Test Value 12
Cases >= Test Value 12
Total Cases 24
Number of Runs R 10
Z -1.044
Asymp. Sig. (2-tailed) p .297

p=0.297>0=0.05

— (One-sample K-S test)

— (Kolmogorov-Smirnov Test

)
K-S
F(x) n
Fn (x) K_S
1 H,
2 Xy X)o7 Xy
0 —00 < x <X
F,(x)=1i/n x4 Sx<Xxq,, i=12,---,n—1
1 Xy S X <400

F(x)

D:maX|Fn(xi)_F(xi)| (i=l,2,-~,n)

Z =Din
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p Smirnov

3

[ 11-24] [ 11-23]
1 SPSS X [Analyze]=>[Nonparametric

Tests]=>[1-Sample K-S]

2 [One-Sample Kolmogorov-Smirnov Test K-S ]

X [Test Variable] [Test Distribution(
)] [Normal( )

 One—Sample Eolmogorow—Smirnow Test

Test Yariable

Hox

—Test Instribution

1]:4
Faste
Rezet

Cancel

EEfELE

Help

[¥ Hormal [~ Uniform
[” Foiz=zon [T Exponential Options. ..
3 [OK]
One-Sample Kolmogorov-Smirnov Test
X
N 24
Normal Parameters®” I-\/Ie-an S10417
Std. Deviation 24.5790
Absolute .149
Most Extreme Differences Positive 149
Negative -.119
Kolmogorov-Smirnov Z .728
Asymp. Sig. (2-tailed) .664

a Test distribution is Normal.
b Calculated from data.

208



SPSS /2000 /

p=0.664>a

Mann-Whitney U
Kolmogorov-Smirnov Z Moses Extreme Reactions
Wald-Wolfowitz
Mann-Whitney U
1 2 3

Mann-Whitney U U
t Kolmogorov-Smirnov Z
Moses extreme reactions

Wald-Wolfowitz

Hy
H,

p>a Hy Hy

[ 11-25]

20 10 10

11-63
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1 Y G
G=1 G=2
y q
1 190 1
2 B0 1
vy awn] o
10 3401 1
11 A00 2
12 160 2
19 ooy 2
20 2000 2
2 [Analyze]=>[Nonparametric Tests]=>[2 Independent
Samples] [Test Type( )] Y [Test
Variable] G [Grouping Variable] [Define Groups(
)] [Group 1] 1 [Group 2]
2 [Continue]
Two Independent Samples: Define Gr. ..
o 1 B
Group 2 |2 Cancel |
_Hdp |
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v Two—Independent—Samples Tests

Test Variable
Wy
Paste |
Reszat |
Grouping Yariable: Canecel |
] Fre— =
efine Groups. . |
—Test Type
¥ Mann—Yhi tney U ¥ Eolmogerow—Smirnov T

[# Moses extreme reactii [ Wald-Wolfowitzr runs

Options. ..
3 [OK]
Mann-Whitney Test
Y
Mann-Whitney U 24.000
Wilcoxon W 79.000
z -1.968
Asymp. Sig. (2-tailed) .049
Exact Sig. [2*(1-tailed Sig.)] .052

Moses Test
Y
Observed Control Group Span 15
Sig. (1-tailed).070
Trimmed Control Group Span 14
Sig. (1-tailed).500
Outliers Trimmed from each End 1

Two-Sample Kolmogorov-Smirnov Test

| R
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Absolute| .500

Most Extreme Differences| Positive | .000

Negative|-.500

Kolmogorov-Smirnov Z 1.118

Asymp. Sig. (2-tailed) .164
a Grouping Variable: G

Wald-Wolfowitz Test

Number of Runs| Z [Exact Sig. (1-tailed)

*

Y|Minimum Possible 8 -1.149 128
Maximum Possible] 10’ -.230 414
"There are 2 inter-group ties involving 4 cases.
p 0.05

Kruskal-Wallis H
Median Jonckheere-Terpstra Kruskal-Wallis H

Jonckheere-Terpstra

Jonckheere-Terpstra
Kruskal-Wallis H

[ 11-26] 1 20
11-64
a =0.05
11-64

Y G
A 225610 1
B 1819162012 18 2
C 181517121412 11 3
D 4138789 4

1 Y G SPSS
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2 [Analyze]=>[Nonparametric Tests]=>[K Independent Samples]
[Test Type] [Kruskal-Wallis H] [Median] Y [Test
Variable] G [Grouping Variable( )] [Define Range(
)] [Minimum] 1 [Maximum]
4 [Continue]

vTests for Several Independent Samples

Test Variable List: 0K
By
} Paste
Beset
Grouping Yariable: Cancel
» 14
b o a —
Defime Bange:.. -

Test Type
W Kruskal‘Wallis H ~ Median Exact...
[~ Jonckheere-Terpstra Options...

Several Independent Samples: Define Range |

Range for Grouping ¥ariable

Minimum: I Caneel
M1 mum |4 Help |

3 [OK]

Continue

ai
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Kruskal-Wallis Test

Ranks
G| N| Mean Rank
Y| U 6 7.83
2l 6 22.00
3 7 17.71
44 7 6.86
Total| 26
Test Statistics
Y
Chi-Square| 18.171
df 3
Asymp. Sig. .000

a Kruskal Wallis Test
b Grouping Variable: G

Median Test
Frequencies
G
1
Y| > Median 1
<= Median| 5
Test Statistics
Y|
N 26
Median 11.5000
Chi-Square 19.238
df 3
Asymp. Sig. .000

a 8 cells (100.0%) have expected frequencies less than 5. The minimum
expected cell frequency is 3.0.
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b Grouping Variable: G

)4 0.05
Wilcoxon Sign
McNemar Marginal Homogeneity Wilcoxon
Sign
McNemar Marginal Homogeneity
McNemar
[ 11-27] 15
5
11-65
11-65

70 |76 |56 | 63|63 56|58 [60|65|65|75|66|56|59 |70

48 |54 160 | 64 |48 | 55|54 45|51 485648 |64 |50 |54

SPSS
1 X1 X2

2 [Analyze]=>[Nonparametric Tests]=>[2 Related Samples]
[Two-Related-Samples Test] X1 X2  [Current Selections]
[Variable 1] [Variable 2]
[Test Variable List]
[Test Type] [Wilcoxon] [Sign] [McNemar] [Marginal Homogeneity]
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i Two—Related-Samples Tests
b xl Test Pair[s] List: 0K
#x2 x1 —x2
Paste
Beset
>
i Cancel
Help
— Current Selections —Test Type
Variable 1: ¥ Wilcoxon M Sign ¥ McNemar
Yariable 2: ¥ Marginal Homogeneity
Exact. thmns .......
3 [OK]
Warnings

The McNemar Test for X1 & X2 is not performed because both variables are
not dichotomous with the same values.

Wilcoxon Signed Ranks Test

Ranks
N Mean Rankl Sum of Ranks
X2 -X1 Negative 12 9.17 110.00
Ranks
Positive Ranks 3.33 10.00
Ties 0
Total 15
a X2<X1i
b X2>X1
c X1=X2
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Test Statistics

X2 - X1
Z| -2.842
Asymp. Sig. (2-tailed), .004
a Based on positive ranks.

b Wilcoxon Signed Ranks Test

Sign Test
Frequencies
N
X2 - X1 Negative Differences 12
Positive Differences
Ties 0
Total 15
a X2<X1i
b X2>X1
X1=X2
Test Statistics
X2 - X1
Exact Sig. (2-tailed)] .035
a Binomial distribution used.
b Sign Test
Marginal Homogeneity Test
X1 & X2
Distinct Values 17
Off-Diagonal Cases 15
Observed MH Statistic 799.000
Mean MH Statistic 878.500
Std. Deviation of MH Statistic 27.491
Std. MH Statistic -2.892
Asymp. Sig. (2-tailed) .004
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p<0.05 5
Friedman Kendall W Cochran
Q Friedman
Cochran Q McNemar
Kendall W Kendall
W
[ 11-28]
9 3
1 2 3 11-66 3
11-66
1 2 3 4 5 6 7 8 9
1 |1 2 2 1 3 1 2 1 1
2 |3 1 3 3 2 2 3 3 3
2 3 1 2 1 3 1 2 2
1 SPSS X1 X2 X3
x1 x2 x3
1 1 3 2
z 2 1 3
3 2 3 1
4 1 3 2
5 3 2 1
6 1 2 3
Fi 2 3 1
(] 1 3 2
g9 1 3 2
2 [Analyze]=>[Nonparametric Tests]=>[K Related Samples]
[Test Type] [Friedman] [Kendall’s W]
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[Cochran’s Q]

vTests for Sewer

[OK]

al Belated Samples

K

—Test Type

¥ Friedman

I Kendall's W | Cochran's O

Test Variables: oK
ol
Bx2 Paste
=3
Beset
Cancel
Help
Exact...
.................................. Statistics...

Warnings

The Cochran Test for

X1 X2 X3 is not performed because all variables
are not dichotomous with the same values.

Friedman Test

Ranks Test Statistics
Mean Rank N 9
X1 1.56 Chi-Square 4.667
X2 2.56 df 2
X3 1.89 Asymp. Sig. .097

Kendall's W Test

Ranks

Mean Rank
X1 1.56
X2 2.56
X3 1.89

Test Statistics

N 9

Kendall's W|

.259

Chi-Square/4.667,

df 2
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IAsymp. Sig.‘ .097|
a Kendall's Coefficient of

Concordance
Cochran Friedman Kendall W p 0.05
3
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(Discriminant Analysis)
A B C D E
X4 X Xo1 Xz Xa X1 X
X5 X X Xn Xin Xs
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15-67 15-67
15-67
( )l ( )2 «C p
)1 X1 X1z X1y
)2 Xa1 X2 X
»n X1 X2 Xop

Logistic
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15-67
Xy Xy
_ Xy Xy

nl n2

(15-116)
0~1

SPSS /2000 /
X,
X
2 (15-116)
X,
X, i j

-1~+1
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Z (Z score)

.OX,-X,
Xij= jS / (izlaza"'ana ]zlazaap) (15_117)
J
. - 1
i X/ZZEXU J S./'
1 n < 2
S, = n—lz(Xi’_X'/)
4-29
Xll_)?l XIZ_)?Z le_Xp
S, S, S,
i le_)?l Xy )?2 Xop =X,
X = s, s, S,, (15-118)
an_)?l an_)?z an_Xp
S, S, Sp |
(15-118)
1
(Range)
(15-116) X
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X, —min{X;}

X = = (=12, ,m; j =12, 15-119
7 max{X;}-min{X;} ¢ " P) ( )
1<i<n 1<i<n
1 0
0~1
4-29
Xll X12 le
x=|"2t 2T (15-120)
an X)12 an
(15-120) X n p
Xy i J
(Interval) (Ratio)
(Distance)
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Euclidean distance
(15-120) i k

P
dy = f_zl(x,.j—xkj)z (15-121)
=

nxn

dll d12 1n

d, d d

D= 7 o (15-122)
dnl dnz e dnn
p p
p
15-68
15-68
i k

Euclidean distance

Squared Euclidean

distance
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d; =max{| X, - X, [}
1<j<p
Chebychev
dy =[5 X, - X, ']
ik _[jZ::l| i k/" ]
Minkowski
q q
d =3|X, - X, |
Block =t
)4
dy(q,,9,) = [Z}| Xg,' _Xk/ | ]l/q2
=
Customized SPSS 9 9 4 9,
1 4
(similarity)
P cos 6, i k
P
LX; X,y
cosf, = -’;l (i,k=12,-.,n) (15-123)
XXX}
Jj=1
nxn
cosf,, cosb,, cosd,,
cosf, cosd cos@
cosd = : . 2 Y (15-124)
cosd, cosb,, cosd,,
(15-123) X, X, 0

227




SPSS /2000 /
cosd, 1
n X=X, Xy X)) Xj :(AXYL/"X;/""’)(nj)v
a; i J
XX, Zn:inij
cos @ = ——F—==——1 G,j=12,---,p) (15-125)
\/Xin\/Xij \/ZX,fi > X
k=1 k=1
pxp
cosa,;, Cosq, cosa,,
cosa cosa cosa
cosa = .21 2 o (15-126)
cosa, cosa,, cosa,,
X, X,;G,j=12-,p) 0
cosa, 1
2 p i i k
p
Z(Xg'_Xi)(Xk;_Xk)
Ty = pA/:] — » — (i9k:132,"'=n) (15_127)
\/Z(XI/_ z)zzl(Xk]_ k)2
J=1 J=
nxn
TRV i
rR=|™ "2 Tl (15-128)
rnl rn2 rnn
(15-127)
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I -1 0

> (X, = XX, = X7)
e — G,j=12,--,p) (15-129)
;(in _)?i)z ];(X/g _/\7j)2

pxp
i Ty Ty
O R
R= 7 T (15-130)
rpl rpZ rl’ﬂ
1 1
0
2 2
dy+r; =1
1 -1
0
(Count)
Chi-square measure Phi
(Phi-square measure) 15-69
15-69

Chi-square measure
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Phi-square measure

(Binary)

Euclidean distance squared
Euclidean distance size difference pattern difference
variance dispersion  shape  simple matching  phi 4-point correlation
lambda Anderberg D dice  Hamann  Jaccard  Kulczynski 1
Kulezynski 2 Lance and Williams  Ochiai Rogers and Tanimoto Russel
and Rao Sokal and Sneath 1 Sokal and Sneath 2 Sokal and Sneath 3 Sokal
and Sneath 4 Sokal and Sneath 5 Yule’sY  Yule’s Q.

15-70
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15-70

between-groups
linkage

(nearest neighbor)

SPSS ( .g J ;
2
within-groups|
linkage
3

4
(furthest
neighbor)

S
(centroid
clustering)

6
(median

clustering)
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SPSS
7 Ward Ward
(Ward's method)
(SPSS )
Ward
1969  Wishart
Wishart
D. =d.D;, +d,D. + fiD; +y|D; - D, |
D; G, G, G, G, G,
D} G, G, D D; G, G,
G.v di dj ﬁ 7/
15-71
d, d, B 4
n;/n, n;/n, 0 0
12 12 -1/2
12 12 1/2
n/n, n.ln, —nn,/n! 0
172 172 -1/4 0
n.+n. n +n. n,
S i s J s 0
n_+n, n,+n, ng+n,
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[ 15-29]
15-72
Region Region
X1 X2 X3 X1 X2 X3
86.56 | 786.85 | 1137.9 748.22 | 1752.91 | 1203.08
74.03 660 602.35 828.31 | 1294.17 | 1088.92
790.6 |2084.33 | 1381.08 1004.92 | 3991.97 | 2922.23
207.26 | 856.13 | 537.72 574.25 | 678.19 | 650.6
341.62 | 479.53 | 371.14 164 90.63 | 184.29
531.46 | 1855.22 | 1495.05 298.67 | 585.38 | 545.21
429.5 | 597.29 | 530.99 941.24 | 1527.07 | 1111.95
463.05 | 1506.76 | 863.03 264.89 | 326.03 | 250.96
78.5 1847.2 | 1762.5 408.43 | 828.37 | 557.1
1016.27 | 3640.1 |2543.58 31.31 20.24 39.63
631.31 |2709.08 | 1647.11 283.49 | 567.66 | 530.38
739.7 | 1253.53 | 812.22 202.21 382 285.54
610.04 | 1444.73 | 1275.41 41.63 88.42 90.11
450.44 | 740.33 | 661.21 48.69 94.01 84.76
1215.81 | 3457.03 | 2489.36 291.05 | 430.73 | 394.89
1071.39 | 2012.74 | 1272.47
SPSS
1 SPSS
2 [Statistics]=>[Classify]=>[Hierarchical Cluster]
3 X1 X2 X3 [Variable] region [Label Cases]
4 [Statistics]

IAgglomeration schedule
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Proximity matrix

. INone:
Cluster Membership . .
Single solution:
Range of solutions:
5 [Plots]
Dendrogram
1 25
(Vertical)
[cicle
(Honrizontal)
6 [Method]
Cluster
15-70
Measure
Transform Values
None
7. scores
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Range -1 to 1 -1 +1
Range 0 to 1 0 1
Maximum magnitude of 1 1
Mean of 1
Standard deviation of 1
/Absolute Values
Transform Measures |[Change sign
Rescale to 0~1 range
7 [SAVE]
INone
Single solution
Range of solutions
8 [OK]
Case Processing Summary
Cases
Valid Missing Total
N Percent [N Percent [N Percent
31 100.0 |0 .0 31 100.0

a Squared Euclidean Distance used

b Average Linkage (Between Groups)

Average Linkage (Between Groups)

Agglomeration Schedule
Vertical Icicle
Dendrogram

*xxxx*HIERARCHICALCLUSTERANALY SIS *****x*

Dendrogram using Average Linkage (Between Groups)
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Rescaled Distance Cluster Combine 1—25
C&1C in 15 [ 44

Label L i Fommmmme - EE TR LR e e EEEEE LR +

Qinglai H

Hirgria 0 ) .

Tibket F ;}_}, ,ﬁ,"f, ':.]"__I\

Ilawiai il E% Fﬁ

Irmer Mongolia 5

Ximjiang L

11l ko H

ram s o

Tianjin &

dhana=i 4

Chemcging tE

haar=i H

Jilir 7

Jiamexi 4

[~FEE P H

Frrman ]

Dedjiny 1

Heilangjiang &

&nbnal X

Hharar -

dicktan H

Pujian 2

Hhibei =7

Hebei 2

Herar _E

Liaoring b

hanchai 1

Thiajiang a

JTiancsa n

TLia iy o}

Gaangdang e
15-73

1998.2
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15-73
15-74 0 1 15-73
5
15-74 30
Wald 30 30
30
SPSS
15-114
30 1 2 9 21 28
29 25 4 5 26 14 20 8 13 7 30 23 27
3 6 10 11 16 15 19 22 12 17 18 24
1
29
21 28 29 25
11

15-73

CoHop )y | lm | C )| C )

1 1394.89 1251 11811 29087 58.94
2 920.11 942 4243 19260 26.80
3 2849.52 6437 51630 59860 72.64
4 1092.48 3077 33644 39774 33.29
5 832.88 2284 44753 24384 22.12
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6 2793.37 4092 43434 69976 63.90
7 1129.20 2592 31321 20478 23.61
8 2014.53 3701 48819 19281 36.36
9 2462.57 1415 3787 24645 30.71
10 5155.25 7066 25970 49578 51.19
11 3524.79 4319 34121 45052 35.92
12 2003.58 6013 35178 30236 24.46
13 2160.52 3237 46574 23720 20.08
14 1205.11 4063 34915 18078 16.90
15 5002.34 8705 54243 63525 76.20
16 3002.74 9100 49707 42692 46.93
17 2391.42 5772 48728 28649 34.89
18 2195.70 6392 59125 41272 35.24
19 5381.72 6868 84567 71158 114.73
20 1606.15 4543 40904 20686 24.90
21 364.17 724 14808 6809 9.52
22 3534.00 11325 100724 80001 53.35
23 630.07 3508 32487 8957 15.89
24 1206.68 3990 68236 36042 33.39
25 55.98 240 22391 360 2.94
26 1000.03 3514 39620 25560 24.52
27 553.35 2438 35194 17719 15.14
28 165.31 481 17223 2887 5.76
29 169.75 513 8554 3465 5.00
30 834.57 1661 30298 17000 24.70
15-74
Z1 Z2 73 z4 z5

1 | -0.35679] -0.98672( -1.22446] -0.1061] 0.99732

2 | -0.67872 -1.09728| -1.57081f -0.56892| -0.32325

3 0.62953] 0.86881f 0.59782 1.34323| 1.56023

4 | -0.56185 -0.33338] -0.2253] 0.39723| -0.05659

5| -0.73787 -0.61711 0.2831f -0.32759| -0.51555
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6 0.59145] 0.02978| 0.22274) 1.81966| 1.20112
7 | -0.53695| -0.50691f -0.33161] -0.51156| -0.45433
8 0.06336] -0.11012[ 0.46918 -0.56793| 0.06955
9 0.36715| -0.92804 -1.59167 -0.3153] -0.1626
10| 2.19294 1.09387 -0.57649] 0.85897| 0.67889
11 1.0874 0.111) -0.20347| 0.64581] 0.05147
12| 0.05593] 0.71711 -0.15509] -0.05198] -0.4194
13| 0.16234 -0.27614] 0.36643| -0.35887| -0.59937
14| -0.48548 0.0194] -0.16713| -0.62459| -0.73003
15| 2.08926( 1.68029] 0.7174] 1.51584] 1.7065
16| 0.73342] 1.82162] 0.50981] 0.53466| 0.50385
17 031891 0.63088 0.46501] -0.12672| 0.00915
18 0.1862[ 0.85271] 0.94082 0.46778 0.02353
19 2.3465| 1.02302] 2.10515( 1.87533] 3.28962
20| -0.21355 0.19115] 0.10695( -0.50176 -0.40132
21| -1.05568 -1.17528 -1.08731] -1.15533| -1.03326
22| 1.09364] 2.61772( 2.84456] 2.29181| 0.76764
23| -0.87538 -0.17917| -0.27824) -1.05416| -0.77153
24| -0.48441] -0.00671f 1.35778 0.22147 -0.05248
25| -1.26465| -1.34845 -0.74028 -1.45906| -1.30362
26 | -0.62453| -0.17703[ 0.04819] -0.27221] -0.41693
27| -0.92741) -0.56201] -0.15436( -0.6415| -0.80234
28 | -1.19052 -1.26222| -0.97679| -1.34004| -1.18775
29 | -1.18751] -1.25077| -1.37352 -1.31282] -1.21898
30| -0.73672| -0.84002| -0.37842] -0.67536| -0.40954
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il SR SN AN ]

Lok}
LWO-] = \0Mamo o

[ [}
o a-d

D = [
R e ] T P = TN
L[| 124 %T

15-114
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SPSS

PCA)

(Principal Components Analysis

17-115

p=0.6

X

Xi
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Xy X
X':(leXz) -

(1 0.6)
Yy =

0.6 1
E-e=0

A =16 4 =04

e;:(ell’eZI):( 5 5

£.5)

X; Xz 45° Xy X3 45°

Y, Y, Y,
Y, YI Y,

. _\E‘ﬁ-l 06 5 | .,
Var(Y,)= E(Y*)=e X el—[T - (0.6 | Jﬁ =1.6=21,
2
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2 2

2

o _ﬁﬁ10.67__

Var(Y,)= E(Y})=¢, X ez—[— X2 (06 IJ_Q =04=4,
2

Y, Y, X,

X5
Y, X X
17-115 Y,
Y1 Y2
YI Y X X
X':(XI’XZ"“’X;;) p
Y =eX=e X +e, X, ++e, X,
Yz:e'zX:elzXl+622X2+-~~+ep2Xp
Y, =e X=e X +e, X, ++e, X,
ee =1(=12,---,p) Y, Y, =e X Y,
Y =eX Y, Y =eX Y, ¥,
Y, p p P P
p Xv:(XI’XZ’...’Xp) — 2
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Var(X,) Cov(X,,X,) - Cov(Xl,Xp) o, O,
Cov(X,,X,) Var(X,) o Cov(X,, X)) o, 0, = O

Cov(X,, X)) Cov(X,6,X,) - Var(X ) o

pl O-PZ O-pp
p Isgsrsdy A2 Ay 22 A 20 p
e.e,, e,
1 X i Y; i A,
e[
Y, =eX=e X +e,X,++e, X,
2 i Y; i 2,
0 Y =(¥.Y,,.Y,) Y
A As Ay A, Y
ﬂ'l
A= &
A
P
3 £ A —

tr(Z):O-” +O-22 J’_...J,-O'pp :ﬂl +j’2 +"‘+ﬂyp :tr(A)
p Xlst""’Xp trx)

rA)=4,+2,++4,
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A
i =  (i=12,--,
/11+ﬂz+---+ﬂp( 2
Y,
X, X, X, Y, .Y,
m m<p
A +A,++ 4,
A +Ad, +t A
Y]9Y2)...9Ym )ZI’YZ’...’YWI
X, X, X, m
85%
4 Y, X,
Cov(X .Y A
p(YiﬂXj): ( - ‘) = \/_l eji (i’jzlaza"‘ap)
\/Var(Xj )\/Var(Yi ) o,
Y, X,
5 Ypan' '9Ym
XI’XZ"..’X[) Y.Y,,.--.Y, Xj(jzl’z’
X, YlﬂYz""’ m
pi(l---m) = i/lie; /o,
m Y.,Y,,--,Y, X, p
Y.,Y,,».Y, X, 1
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W

»
2 _ 2 _
Piaen = Z’Leﬁ /o, =1

i=m

X -E(X.
X EX)

T Jrar(x )

(j=12,--,p)

Z(Xl*,XZ,"-,X;) - X p
z p
X" i
Y, =e X
Y — A

'D(Yi’X;):\/ﬂ’_ie,/i (G, /=12, p)

*

Y X,

P J

Y,

1°

Y,

st

m

2 _ 2

p./,(lmrn) - Zﬂ'ieﬁ
i=m
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xll xlp
X:(XI,XZ,' >X,,) = : :
xnl xnp
— S R
1 ¢ _ .
S=(5,)=——2(x, -X)(x, -X)
n—1ia
R=(R)) il
S S,
i:(xlsf 5" sfp) S R X P
S R S
R
[ 17-30] 38 1
17-75
17-75 11

X -0.03 0.234 | 1970~1977

X5 0.52 0.085 | 1969~1975

X3 0.016 0.209 | 1970~1977

Dillon & Goldstein, Multivariate Analysis,John Wiley & Sons ,1984
,1992
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X4 0.92 0.308 | 1970~1976
Xs 0.52 0.676 | 1972~1977
X -1.29 3.301 | 1972~1977 —
X7 0.40 2.062 | 1971~1976

1971~1976
X3 0.58 0.631

1972~1977
X -0.01 0.455
X 10 1.27 0.496 | 1970~1977
Xn 1.27 0.583 | 1970~1977

17-76 A
90% 93%
17-76 B
64%
X6
25% X7
3.301° =10.9 2.062° =4.25
X6 X7
1 5
80%
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X1
X3 X7 “ K
X10 X11 “
17-76 —
(A) B
«C )
1 10.936 64.3 X -0.0746 | 0.5667 | -0.3723
2 4.323 89.7 Xs 0.1164 | -0.1136 | -0.0601
3 0.623 93.4 X3 0.0043 | 0.5121 | -0.2714
4 0.464 96.1 X4 0.0925 | 0.4470 | 0.2375
5 0.376 98.3% X5 0.1311 | 0.1402 | 0.0390
6 0.118 99.0 X6 0.9996 | 0.0089 | -0.0091
7 0.078 99.4 X7 -0.0218 | 0.9988 [ 0.0235
8 0.061 99.8 X3 -0.2472 | 0.0905 | -0.5753
9 0.024 99.9 X9 0.0385 | -0.0517 | 0.6644
10 0.007 100.0 Xio 0.0206 | -0.1461 | 0.7637
11 0.003 100.0 X1 0.0106 | -0.1334 | 0.8195
17-77
(A)

/ %

1 3.130 285 28.5

2 1.989 18.1 46.6

3 1.477 13.4 60.0

4 1.154 10.5 70.5

5 1.089 9.9 80.4

6 0.663 6.0 86.4

7 0.545 5.0 91.4

8 0.404 3.6 85.0

9 0.331 3.0 98.0

10 0.145 1.3 99.3
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11 0.073 0.7 100.0
11.000 100
B
1 2 3 4 5
X4 0.90936 0.20587 0.15208 -0.07556 -0.13286
X, -0.14097 -0.33839 0.55362 0.20074 0.49161
X3 0.81965 0.20944 0.38487 -0.08755 -0.04807
Xy 0.08799 0.63249 -0.23092 0.51255 0.29409
Xs 0.38816 0.41821 0.33187 -0.53723 -0.12257
Xs -0.09243 0.25691 0.10220 -0.40261 0.78553
X7 0.56708 0.46137 0.07907 0.51907 0.08207
X 0.38991 -0.60176 0.37674 0.31465 -0.06529
Xo -0.43686 0.63492 -0.11976 0.00047 -0.17723
Xi0 -0.64785 0.21916 0.60014 0.09780 -0.21094
X1 -0.59990 0.34751 0.55012 0.09748 -0.14182
38
m
Y, =2, .m m<p
Y =eX =Pix 17-131
T
X' P, XXX
i A, R i
17-131 38
5 Boston  Honoluu
17-78
17-78 Boston  Honoluu
(4,=3.13) Boston Honoluu
X 0.90936 -0.02123 5.28339
X, -0.14097 -1.55866 -2.41315
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X3 0.81965 -0.59068 4.32701
X4 0.08799 -0.33825 5.39500
X5 0.38816 -0.31398 2.14468
Xe -0.09243 -0.11679 -0.35764
X5 0.56708 -0.15839 2.87651
Xs 0.38991 -0.84694 0.63674
X9 -0.43683 0.86810 -1.04087
X10 -0.64785 0.09917 -2.78783
X1 -0.59990 0.00323 -1.98013
Boston

[(0.90936)( -0.02123)+( -0.14097)( -1.55866)+ +(-0.59990)( 0.00323)]

++4/3.13 =-0.729

Honoluu

[(0.90936)(5.28339)+(-0.14097)(-2.41315)+

(-0.59990)(-0.98013)]

+4/3.13 =-8.68
“ " Boston
Honoluu
[ 17-31] 13-79
Xl X2 X3 X4
X X X5
13-79 50
X] Xz X3 X4 X5 X6 X7
Alabama 1421252 | 96.8 | 2783 | 11355 | 1881.9 | 280.7
Alaska 10.8 | 51.6 | 96.8 | 284.0 | 1331.7 | 3369.8 | 753.3
Arizona 95 (342 138.2 | 312.3 | 2346.1 | 44674 | 439.5
Arkansas 8.8 1276 83.212034 | 972.6 | 1862.1 183.4
California 11.549.4 |1 287.0 | 358.0 | 2139.4 | 3499.8 | 663.5
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Colorado 6.3 1420 170.7 | 292.9 | 1935.2 | 3903.2 | 477.1
Connecticut 4.2 ]16.8|129.5 | 131.8 | 1346.0 | 2620.7 | 593.2
Delaware 6.0 (249 | 157.0 | 1942 [ 1682.6 | 3678.4 | 467.0
Florida 10.2 | 39.6 | 187.9 | 449.1 | 1859.9 | 3840.5 | 351.4
Georgia 11.7 | 31.1 | 140.5 | 256.5 | 1351.1 | 2170.2 | 297.9
Hawaii 721255 |128.0 | 64.1| 1911.5 | 39204 | 4894
Idaho 551194 | 39.6 | 172.5| 1050.8 | 2599.6 | 237.6
Illinois 991218 |211.3]209.0| 1085.0 | 2828.5 | 528.6
Indiana 7.4 1265|1232 | 153.5| 1086.2 | 2498.7 | 377.4
Iowa 231106 | 412 | 89.8 | 812.5| 26851 | 219.9
Kansas 6.6 | 22.0 | 100.7 | 180.5 | 1270.4 | 2739.3 | 244.3
Kentucky 10.1 | 19.1 | 81.1 | 1233 | 8722 | 1662.1 | 2454
Louisiana 15.5130.9 | 142.9 | 335.5 | 1165.5 | 2469.9 | 337.7
Maine 24 | 135 387 (170.0 | 1253.1 | 2350.7 | 246.9
Maryland 8.0 | 34.8 | 292.1 | 358.9 | 1400.0 | 3177.7 | 428.5
Massachusetts 3.1120.8 | 169.1 |231.6 | 1532.2 | 2311.3 | 1140.1
Michigan 9.3 1389|2619 |274.6 | 1522.7 | 3159.0 | 545.5
Minnesota 2.7119.5| 859 | 85.8 | 1134.7 | 2559.3 | 343.1
Mississippi 1431 19.6 | 65.7|189.1 | 915.6 | 12399 | 1444
Missouri 9.6 | 28.3 | 189.0 | 233.5 | 1318.3 | 2424.2 | 378.4
Montana 541167 | 392 156.8 | 804.9 | 2773.2 | 309.2
Nebraska 39| 181 | 64.7| 112.7| 760.0 | 2316.1 | 249.1
Nevada 15.8 | 49.1 | 323.1 | 355.0 | 2453.1 | 4212.6 | 559.2
New Hampshire | 3.2 | 10.7 | 23.2| 76.0 | 1041.7 | 2343.9 | 293.4
New Jersey 56 21.0] 180.4 | 185.1 | 1435.8 | 2774.5 | 511.5
New Mexico 8.8 39.1 | 109.6 | 343.4 | 1418.7 | 3008.6 | 259.5
New York 10.7 1 29.4 | 472.6 | 319.1 | 1728.0 | 2782.0 | 745.8
North Carolina | 10.6 [ 17.0 | 61.3 [ 318.3 | 1154.1 | 2037.8 | 192.1
Ohio 7.8 1273 (190.5 | 181.1 | 1216.0 | 2696.8 | 400.4
North Dakota 091 90| 133 | 43.8| 446.1 | 1843.0 | 144.7
Oklahoma 8.6 1292 | 73.8|205.0| 1288.2 | 2228.1 | 326.8
Oregon 4.9 1399 | 124.1 | 286.9 | 1636.4 | 3506.1 | 388.9
Pennsylvania 5.6 (19.0 | 130.3 | 128.0 [ 877.5| 1642.1 | 333.2

252




SPSS /2000 /

Rhode Island 3.6 |10.5| 86.5|201.0| 1489.5|2844.1 | 791.4
South Carolina | 11.9 | 33.0 | 105.9 | 485.3 | 1613.6 | 2342.4 | 245.1
South Dakota 20| 13.5| 179 | 1557 | 570.5| 1704.4 | 147.5

Tennessee 10.1 | 29.7 | 145.8 | 203.9 | 1259.7 | 1776.5 | 314.0

Texas 13.3 ] 33.8 | 152.4 [ 208.2 | 1603.1 | 2988.7 | 397.6

Utah 351203 | 68.8|147.3 | 1171.6 | 3004.6 | 334.5

Vermont 1.4 1159 | 30.8 | 101.2 | 1348.2 | 2201.0 | 265.2

Virginia 9.0 233 92.1 1657 | 986.2|2521.2 | 226.7

Washington 43139.6|106.2 | 224.8 | 1605.6 | 3386.9 | 360.3

West Virginia 6.0 132 422 | 909 | 597.4 | 1341.7| 163.3

Wisconsin 28129 | 522 | 63.7| 8469 |26142 | 220.7

Wyoming 541219 39.7 (1739 | 811.6|27722| 282.0

SPSS

[ 13-2]

1 State X4 X5

X Xy X5 X X7

State
2 [Analyze]=>[Data Reduction]=>[Factor...] 13-116
[Factor Analysis ] X1
X2 X3 X4 X5 X6 X7 [Variables]

3 [Descriptive...] [Factor Analysis:
Descriptives] 13-117 [Statistics]
[Univariate descriptives 1

[Correlation Matrix ]
[Coefficients ] [Continue]

[Factor Analysis]

4 [Extraction...] 13-118
[Factor Analysis: Extraction] [Method]

——[Principal components 1 [Analyze]
[Correlation matrix]
[Exact] [Eigenvalues over: 1] [Continue]
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[0K] 13-81
6 13-81
v
p XX, X i
A, R i 0.609/4.115=0.3002
-0.7/1.239=-0.6289 13-80
76.49%
X7 X6
X1 X4 X5
X2
13-80
F1 F2 Y1 Y2

X1 0.609 -0.7 0.3002 -0.6289
X2 0.876 -0.189 0.4318 -0.1698
X3 0.805 0.047 0.3968 0.0422
X4 0.805 -0.382 0.3968 -0.3432
X5 0.893 0.226 0.4402 0.2030
X6 0.725 0.448 0.3574 0.4025
X7 0.599 0.559 0.2953 0.5022

4.115 1.239

58.79% 17.70%

58.79% 76.49%
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Factor Analysis

Yariables:

#xl

#x2
#x3
x4
| F
@ xb
@7

Selection Yariable:

D]

Valug... |

Qescriptives...l Extractiun...l Rotation... | Scores... | Options... |

0K

Paste

Beset

Cancel

Help

13-116 /

Factor Analysis. Deszcriptiwes

— Statistics

[T Univariate descriptives

¥ Initial solution

Continue

Cancel

Help

—Correlation Matrix

¥ Coefficients

[" Significance levels:

[T Determinant
[T KMO and Bartlett's test

[ Inverse

™ Reproduced

[ Anti-image
of sphericity

13-117
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Factor Analysis: Extraction

Method: v Continue
—Analyze Displa
4 play Cancel
& Correlation matrix W Unrotated factor solution
Help
" Covariance matrix [~ Scree plot
- Extract

 Eigenvalues over: |1
" Number of factors: I

Maximum Iterations for Convergence: |25

13-118
13-81

Descriptive Statistics

Mean |Std. Deviation| Analysis N
X1 7.444 3.867 50
X2 25.734 10.760 50
X3 124.092 88.349 50
X4 211.300 100.253 50
X5 1291.904| 432.456 50
X6 2671.648| 725.383 50
X7 377.526 193.394 50
Correlation Matrix
X1 X2 X3 X4 X5 X6 X7

X1 1.000 .601 484 .649 .386 .102 .069
X2 .601 1.000 .592 .740 712 .614 .349
X3 484 .592 1.000 .557 .637 447 591
X4 .649 .740 .557 1.000 .623 404 .276
X5 .386 712 .637 .623 1.000 792 .558
X6 102 .614 447 404 792 1.000 444
X7 .069 .349 591 276 .558 444 1.000
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Communalities

Initial Extraction
X1 1.000 .861
X2 1.000 .803
X3 1.000 .650
X4 1.000 794
X5 1.000 .848
X6 1.000 726
X7 1.000 671

Extraction Method: Principal Component Analysis.
Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared

Loadings
Component, Total % of Cumulative | Total % of |Cumulative
Variance % Variance %

1 4.115 58.787 58.787 4.115 58.787 58.787

2| 1.239 17.699 76.486 1.239 17.699 76.486

3 .726 10.365 86.852

4 317 4,521 91.373

5  .258 3.685 95.058

6 .222 3.172 98.230

7 124 1.770 100.000

Extraction Method: Principal Component Analysis.
Component Matrix

/

Component
1 2
X1 .609 -.700
X2 .876 -.189
X3 .805 .047
X4 .805 -.382
X5 .893 .226
X6 725 .448
X7 .599 .559
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Extraction Method: Principal Component Analysis.
a 2 components extracted.

GNP GDP
1 2 3 4 5
Y=a,+px +6,x,+B.x,+f,x,+ Bx; +¢ (13-132)
& 0,6%) Y P,

Yt+1 (P t+1° Pt) Pt t+1

P=a,+pfx, + B, x,+ f.x, + B,x, + f.x; + fx, + f.x, +& (13-133)
e  (0,6°) P l , s
X, X, X, X, GNP

GDP

(13-133)

X, GDP X, X,
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1984 1985 a, a,
1983 1984 1985 ; 1+a,
1+a, 1+a, 5 7
14
X;
1984 1993 10 Pooxy; Xy
X7, 1 10 P, 1983
p'_ﬁX'__ff i=1, ,7,j=1, ,10 (13-134)
j - P lj - 9 9 7J 9 9 -
1 il
(13-134) (13-133)
13-82 13-82
(13-134)
13-83
13-82 (13-133)
14 R
0.7709 0.8426 0.90
5.589 0.961 1.530
2.767 o 7 2 =935
13-82 13-83
1997 3
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13-82
R’ >09 R; >09
RY iy = 04348 > R] L =0.2642
RY iy =0.9777  R] ., =0.4348
Ry =0.9919 R} . =0.2642
Xy Yol “
" a 005 P, 0.6319
Pz Py
P
p 096
P -0.60
13-82 (13-133)
| I | Il 11
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P T P F P F
F
F 05 =476 F 05 (4:5)=
F, (72)= R? R’
01(7:2) ‘ 2 5.19
R? 9.35 Fo1307
‘ F, (45)=
3.29 01(4)
3.52
0.9981 148.1 0.9195 22.84 0.9734 45.72
0.9765 11.87 | 0.4384 1.561 0.9259 15.63
0.9890 | 25.68 | 0.9777 87.78 0.8570 7.49
0.9928 | 3946 | 0.9226 23.85 0.9919 153.1
0.9884 | 2426 | 0.8373 10.29 0.9304 16.71
0.9736 10.53 | 0.9597 47.60 0.8722 8.530
0.9958 | 68.25 | 0.9089 19.94 0.9898 112.70
0.9922 | 36.18 | 0.9739 74.62 0.9898 | 121.10
0.9514 | 5.589 | 0.7888 7471 0.5701 1.658
0.7709 |  0.961 0.6708 4.075 0.7469 3.688
0.9727 1020 | 0.9352 28.87 0.8728 8.577
0.8426 1.530 | 0.6824 4.296 0.7239 3.278
0.9743 10.85 | 0.8541 11.70 0.8396 6.544
0.9064 | 2.767 | 0.7818 7.166 0.2642 |  0.4489
13-83
» e e e e e
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GDP X4 X5 X6 X7
X1 | x2 X3 (
/GDP)

0.7773 0.7960 0.3949 09796 | 0.9702 09168 | 0.9790 | 0.9821

0.1891 | -0.1399 0.2072 0.1866 | 0.2329 0.1759 | -0.0519 | -0.5223

0.9200 0.9871 0.4402 09048 | 0.8334 08672 | 0.7310 | 0.9273

0.9605 0.0350 0.9691 09743 | 0.9953 09775 | 0.9929 | 0.8972

0.7557 0.6947 02051 | 0.6406 | -07430 | 0.7156 | 0.9478 | 0.7802

0.9111 0.9366 -0.6031 | 0.8865 | 0.1937 0.8942 | 09753 | 0.9263

0.4507 0.9090 -0.1069 | 0.9684 | 0.9151 07612 | 0.9244 | 09720

0.9851 0.6215 0.6980 0.9908 | 0.9676 09821 | 0.9942 | 0.7388

02713 | -0.1564 0.1862 | 03002 | 03210 04004 | 03207 | 0.3335

0.8059 0.6748 0.5060 0.8250 | 0.8318 07597 | 0.8425 | 0.9917

0.5313 0.6059 0.6387 05772 | 0.4582 07700 | 0.5515 | 0.9886

0.8980 0.9140 0.7019 0.9070 | 0.8938 0.1161 | 0.9029 | 0.9857

0.4627 0.6588 0.9132 0.8471 | 0.8408 0.8340 | 0.7698 | 0.9507

0.8165 0.6104 0.4032 04615 | 0.4898 0.1468 | 04977 | 0.9696

13-84
F
X1 X2 X4 X5 X6 X7

-10.45 0 0 6.966 0 0 0 190.07
0.8785 0 0 0.5132 0 0 0 304.60
-6.434 0 0 0 7.596 0 838.79
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-1.808 | 3.406 0 0 0 0 0 0 12.44
-4.574 0 0 0.1216 0 5.283 0 0 83.08
-100.81 0 93.478 0 16.88 0 -15.15 0 310.81
-3.472 0 0 0 0 0 0 3.914 | 679.83
-14.8 0 0 0 0 0 0 13.82 | 19.57
-1.196 0 3.048 | -0.288 0 0 0 0 50.24
18.076 0 0 0 0 0 -17.472 0 11.65
0.224 0 0 2.899 0 0 01 0 40.14
-2.864 | 3.028 | -1.676 0 2.9128 0 0 0 11.85
.5 10
0.6406 0.8
-0.7430 -0.7700
12
0.75 0.45
13-83
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0.77
0.65

p, 0.6319

13-83
10 0.95

3.0
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X, X,
1984 1993 10 (13-134)
140
140 ,

1 2 3 4 5 6 7
1.000 0.522 0.801 -0.038 -0.063 -0.092 0.01
0.522 1.000 0.692 0.090 0.059 0.024 0.550
0.801 0.692 1.000 0.040 -0.015 -0.085 0.282
—0.38 0.09 0.040 1.000 0.908 0.650 0.314

—0.063 0.059 -0.015 0.908 1.000 0.727 0.245
-0.092 0.024 -0.085 0.650 0.727 1.000 0.315
0.010 0.550 0.282 0.314 0.245 0.293 1.000
2.750 2.442 0946 0387 0.254 0.145 0.077
393 34.9 13.5 3.6 2.1 1.1
87.7
1 2 3
1 -0.038 0.954 -0.078
2 0.002 0.644 0.656
3 -0.026 0.916 0.249
4 0.930 0.030 0.112
5 0.962 0.000 0.049
6 0.842 -0.096 0.130
7 0.217 0.045 0.939
91.7 84.5 90.2 87.9
92.8 73.4 93.1 87.7
930 .842
954 .644 916
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.656 .939
10 140
140
10 13-85
13-85
-0.141
4.33
-0.372
13-85

-0.129 0.767
-0.171 -0.682
-0.214 -0.86
-0.524 -0.247
-0.509 -0.09
-0.739 -0.285
0.865 -0.573

3.97 -0.141
-0.605 -0.143
-0.569 -0.633
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-0.656 -0.156
-0.615 0.8
0.266 -0.554
-0.372 433
| -
g
J
5
4
3
g2
1
ﬁ -
3 .2 12 4 §F 7 B #—
a8 1 =
o B i - ] E
ET 5
13-86
1992 1995 o -0.3467
0.998 1.000 1.000
0.385
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P
-0.3467 p  -0.6801 2o
0.6319
13-86
1986 | 1987 | 1988 | 1989
R
1057 | 1089 |116.9 |1369 |[0.9298 |0.9525 |0.998
1161 | 121.4 | 1286 |1694 [0.8932 |0.9536 | 1.000
1226 |1254 | 1402 |178.0 |0.9226 |0.9453 |1.000
1992 | 1993 | 1994 | 1995
1990 | 66852 | 10134 |674.1 |660.8 |-0.3467 |-0.384 |0.385
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Karl Pearson

X’= X,X;,

F= Fl,Fz, Fp

1931 Thurstone

Xp px1
Cov(X) =X
m %1

E(F)=0,Cov(F)=I

270

Charles Spearmen

(18-135)

(18-136)

(m<p)



X, =a,F +a,F,++a,F, +¢& (18-141)

im= m

Y=, +BX +B,X,++[,X, +& (18-142)

18-87
18-87
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8':(51’52""381,) p x1
0 £
E€)=0
q)l
o 18-137
Cov(s)=(D=diag(d)l,q)2’...’q)p)= 2 ( )
FI,FZ’ Fp gl’gz’...
F ¢
Cov(F,g)=0 (18-138)
X=AF+¢ (18-139)
A=(a,) (p xm ) X,
J F
(18-139)

Xl = a“E +a12F2 +.”+almFm +81

X,=a,F +a,F,+-+a, F +¢, (18-140)

Xp = aplF1 +asz2 +~~-+amem +e,

i , i X; i

F; P
(18-140)



SPSS /2000 /
A,y a,, ﬂ ﬁ ﬂ ﬂ
&, Var(¢,) A
£ Var(¢)
: ” E’Fz""’ m
X, X, X,
* ” p p
A
A pXm m<p
all alZ alj Im
a, dy 2 2m
A= (18-143)
a, a, Cl" a,,
apl apz ap/ pm
1 A a, i X, J F,
Cov(X,,F,))=a, (18-144)
X, a, X, F,
X, F, 1 a;5,dp5 54,
1 X[ J alj’aZ/"“9ap/
J F,
2 A h? i X &
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Var(X )= h’ + Vi ,
ar(X)= @) (15-145)
o,=(a,+a, ++a.)+®,

= +

B=%a’ (i=12,,p) (18-146)

X (Communalities)

i X h’ X, m
m X

(18-145)

hP+® =1 (18-147)

h? X,
g =Xa, =aj+a;+-+a, (j=12-,m) (18-148)
P XI’XZ"..’X[)
2 al +al +--+a’
_ g_/z _ T o (18-149)
g Var(X)+Var(X,)+--+Var(X )
Ff
X, X, X, J
2 gt +al +-+a’
F) &8 _ T4, (18-150)
p p
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(18-139)

X = AA+D

TT'=T'T=1

(18-151)
X

(18-152)

A" =AT ,F =T'F (18-153)

F

(18-139)
X=AF+g =ATT'F+e =A'F +¢  (18-154)

(18-136)

E=AA+D=A'A" +® (18-155)

T
(18-154)
(18-151)

7

N

mxm

X

s

Cov(X,,X,)=a,a,+a,a,++a,a (18-156)

X X

r K

[ 18-32]

X, X,, X,

X':(XlonaXs’Xqu»Xo)

1.00

0.24 1.00
0.28 0.42
0.20 0.30
0.24 0.36
0.28 0.42

1.00
0.35
0.42
0.49
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Xy, X5, X

1.00
0.78 1.00
0.75 0.72 1.00
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0.272  0.293
0.409 0439
A 0.477 0.513
0926 -0.179
0.848 0.031
0.843 0.172
1
2
3
4
1
X1=0.272F; 0.293F, ¢l
X,=0.409F, 0.439F, &2
X3=0477F, 0.513F, &3
X4=0.926F, 0.179F, &4
X=0.848F, 0.031F, &5
Xs=0.843F, 0.172F, &6
2) 3) 18-88
18-88
F F
X 0.072 0.293 0.16 0.84
X, 0.409 0.439 0.36 0.64
X3 0.477 0.513 0.49 0.51
X4 0.926 -0.179 0.89 0.11
X5 0.848 0.031 0.72 0.28
X 0.843 0.172 0.74 0.26
45.9% 10.1% 56% 44%
45.9% 56%
4 Fy Xy X5 Xg Fy
F;
X X, X
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p XIXZD Xp n
S R S x
p m a; D,
a; (OB
SPSS
z Mzl 222,20

€,e,, e, VAheyde,, - 04 e, B

B=(JAe . e, +.\[2,e,)  (18-157)

z
T -BB+0=BB'  (I8-158)
(18-151) (18-158)
p m m<p
B Vﬂ'm+1em+l’ Vﬂ‘m+2em+25"'9ﬂﬂ’pel7
p_m /Ierl’ﬂ‘erZ"”aﬂ‘p

Al
X=BB'=(A C{CJ =AA'+CC'~ AA'+®  (18-159)

A= \/Zelﬂ\/zezf‘"\/zep C= Vﬂ'mﬂem+1"\jﬂ’m+2em+2’”.’\/zep
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®= diag(®,,®,,-,®,) ©, =0, -a} cC'
=0
A ©
S R
AM2Ay 222,20 e,e,, e,
S

A=(Ghe e, \fd,e,)  (18160)
m<p SAA’

®= diag(®,,®,,-,®,)  (18-161)

O =5, —ia; (=12, .p)

j=1
m
I
m
S  AA4®
m
S—(AAHD)  (18-162)
0 m
p—m
e T (18-163)
S11+S22+~-~+SW
A>1 m
[ 1833] [ 18-32] 6 X, ~ X,

R
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1.00
0.24
0.28
0.20
0.24
0.28

1.00
0.42
0.30
0.36
0.42

1.00
0.35
0.42
0.49

1.00

0.78 1.00
0.75 0.72 1.00

A, =2.756,e, =(0.164,0.246,0.287,0.558,0.511,0.508)
A, =0.604,e, = (0.377,0.565,0.660,-0.230,0.040,0.221)

(18-160)

A=(Jhe, 1e,)=

m=2

0.272
0.409
0.477
0.926
0.848
0.843

0.293
0.439
0.513

-0.179

0.031
0.172

®=diag(®,,®,, -, ) = diag(0.84,0.64,0.51,0.11,0.28,0.26)

R - (AA4®) =

[

X=AF+¢&
¥ = AA+D
0
0.00013 0
~0.00005 —0.00030 0
0.00058 —0.00015  0.00013 0
0.00026 —0.00044 —0.00040 0.00030
0.00276  —0.00030  0.00395  0.00017
AA'+D R
18-32]  18-88
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[ 18-34] 18-89

X4 X, X3
Xy Xs
18-89
Xi X, X3 X4 Xs
1 5700 12.8 2500 270 25000
2 1000 10.9 600 10 10000
3 3400 8.8 100 10 9000
4 3800 13.6 1700 140 25000
5 4000 12.8 1600 140 25000
6 8200 8.3 2600 60 12000
7 1200 11.4 400 10 16000
8 9100 11.5 3300 60 14000
9 9900 12.5 3400 180 18000
10 9600 13.7 3600 390 25000
11 9600 9.6 3300 80 12000
12 9400 11.4 4000 100 13000
SPSS
1 [Analyze]=>[Data Reduction]=>[Factor] [Factor Analysis]
18-119
2 Xy X X3 Xy X5 [Variables]
3 [Descriptives] 18-120 [Correlation Matrix]
[Coefficients]
4
1999
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vFactor Analysis

Variables:
@-xl Faste |
@-xz
@-}{3 Be=et |
®X4 Ca.nu:ell
@-XE
Help |
Selection
I Valme, |
ascriptives. .| Ixtraction. . | Rotation. .. I Scores. . . | Options. .. I

18-119

Factor Analysis: Descriptiwes

—otatistics Continue

[ Uniwariate descriptiwe

[¥ Initial solution

Cancal

Help

a

—Correlation Matrix

[ Taverse
[ Significance lewe [ BReproduced
[T Determinant [T Anti-imagze

[T EM0 and Bartlett's test of sphericity

18-120 Correlation Matrix
Correlation Matrix

X1 X2 X3 X4 X5

X1 1.000 .010 972 439 .022

Correlation X2 .010 1.000 .154 .691 .863
X3 972 .154 1.000 515 122

X4 439 .691 515 1.000 778

X5 .022 .863 122 778 1.000

Communalities
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Initial | Extraction
X1 1.000 .988
X2 1.000 .885
X3 1.000 979
X4 1.000 .880
X5 1.000 .938

Extraction Method: Principal Component Analysis.

Total Variance Explained

» ) Extraction Sums of Squared
Initial Eigenvalues ,
Component Loadings
% of ) % of |Cumulative
Total ) Cumulative %| Total )
Variance Variance %
1 2.873| 57.466 57.466| 2.873 57.466 57.466
2 1.797| 35.933 93.399] 1.797| 35.933 93.399
3 .215 4.297, 97.696
4 9.993E-02 1.999 99.695
5 1.526E-02 .305 100.000
Extraction Method: Principal Component Analysis.
Component Matrix
Component
1 2
X1 .581 .806
X2 767 -.545
X3 672 726
X4 .932 -.104
X5 791 -.558
Extraction Method: Principal Component Analysis.
a 2 components extracted. 2
1
X4 X X3 X,
Xs X X3 X; Xs X4
2 0.880
0.988
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R = BB' B
A R A @
hl =1 R 1
®, =1-h}
@, @,
B =1-®  R=(,) 1 n’
R*
'’
%2
31 h,
R- :
*2
Yorn Yoor2 hpfl
%2
rpl rp2 rp,pfl hp
R m B T A
¢; ¢, WAeh A ) A
® =R-A"A"
o, 0
R’ R
q)i
|
D =— (18-164)
r
rll Rfl (rii) i
*2 * l
h*=1-0) =1-— (18-165)
r
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1 h* R R’
R*
S
1/Sii S S :(Si/) i
h’ X, p-1
R} X, p-1
R?
h* R} R’ (18-165)
R} =1-1/r"
[ 18-35] [ 18-34] SPSS
Communalities
Initiall Extraction
X1 .969 .978
X2 .822 .818]
X3 .969 972
X4 .786 .798
X5 .847 .885]

Extraction Method: Principal Axis Factoring.
Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared
Loadings

Factory Total % of Cumulativ

Total % of Cumulativ
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Variance e% Variance e%
1 2.873 57.466 57.466 2.734 54.686 54.686
2 1.797 35.933 93.399 1.716 34.321 89.007|
3 .215 4.297 97.696
4 9.993E-02 1.999 99.695
5 1.526E-02 .305, 100.000
Extraction Method: Principal Axis Factoring.
Factor Matrix
Factor
1 2
X1 .625 .766
X2 714 -.555
X3 714 .679
X4 .879 -.158
X5 742 -.578
Extraction Method: Principal Axis Factoring.
[ 18-34] X4
X X X3
X, Xs Xy
a
30
0.40
1500
o
SPSS
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18-90
18-90 SPSS
Principal components
Unweighted least squares
Generalized least squares
Maximum Likelihood
Principal Axis factoring
a Alpha factoring
Image factoring
X;
X, X,
0 1
T
A A'=AT
F F=TF
L=AA+DP=A"A" +®
T
(1
)
3)
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[ 18-36] [ 18-32] F,
X, Xs X X,
X3 F1 Fl
F»,
(FL,F»)
0
F/ Xy
X5 X6 F; FZ*
X, X, X3 F/
A’ 6 ~23°5
T cos@ sind B 0.920 0.392
| =sin@ cos®) |-0392 0.920
0272  0.293 0.135 0.376
0.409 0.439 0204 0.564
A" AT 0477 0513 | 0920 0392) |0.238 0.659
B 0.926 —0.179 | -0.392 0.920) |0.922 0.198
0.848  0.031 0.768 0.361
0.843 0.172 0.708 0.489
18-88 18-91
18-91
F F F, F,

X 0.072 0.293 0.135 0.376 0.16 0.84
X, 0.409 0.439 0.204 0.564 0.36 0.64
X3 0.477 0.513 0.238 0.659 0.49 0.51

Xy 0.926 | -0.179 | 0.922 0.198 0.89 0.11

Xs 0.848 0.031 0.768 0.361 0.72 0.28

Xs 0.843 0.172 0.708 0.489 0.74 0.26
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45.9% | 10.1% | 34.3% | 21.7%

56% 44%

45.9% 56% 34.3% | 56.0%

m=2
m>2
T
0 1
SPSS
[ 18-37] [ 18-34] (m=2)
SPSS
[Factor Analysis] [Rotation]
[Varimax] [Continue]
[OK]

Factor Analysis: Retation

[

[ Hone: " Ouartimax

% Varimax " Equamazx ﬂl

" Direct Oblimi f  Eromax Help |
ﬂelta:ln_ appa Iq_

—Display

[+ Rotated solut: [ Loading plot (s

Maximum Iterations for |25
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Component Matrix

Component
1 2
X1 .581 .806
X2 767 -.545
X3 672 726
X4 .932 -.104
X5 791 -.558

Extraction Method: Principal Component Analysis.
Rotated Component Matrix

Component
1 2
X1 016
X2 -.009
X3 137 980
X4 447
X5 -.006

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 3 iterations.

X2 X4 X5
X1 X3
X1 X3 X4 X2
X5
SPSS
p
X, X, m Fi;, ,Fu
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Bartlett Anderson-Rubin ~ Thompson

i J

Fy=b X, +b,X,,++b, X, (i=12,,n, j=12,--,m)  (18-166)

X, i k by.by.ib,
J
F= XB (18-167)
(nxm)  (nx p)(pxm)
ﬁ n m
X p
p
z
Fo=Xp (18-168)

(nxm)  (nxp)(pxm)

B
_ -1
p=R"A (18-169)
(pxm) (pxp)(pxm)
R™ X, Xy, X, A
oo -1
F= XR A (18-170)

(nxm) (nxp)(pxp)(pxm)
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[ 18-38] [ 18-37]

[ 18-37] [Scores]
[Save as variables] [Regression] SPSS
( facl 1 fac2 2)
18-92

Factor Analysiz. Factor Scores

W Save as wariables:
Method Cancel |
{* Regression
{ Bartlett M

" Anderson-FRubin

[ Display factor score coefficient ma

18-92
F F,
1 1.20297 -.03080
2 -.65918 -1.38351
3 -1.25937 -.76740
4 1.11491 -.79697
5 93710 -.76320
6 -1.22514 .54857
7 -.16819 -1.54932
8 -.44127 73444
9 32032 91306
10 1.57628 1.02554
11 -.94628 96184
12 -45215 1.10776
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1984
1995 33
18

18
1994 18-93

18-93

Xl X2 X3 X4 XS X6 XS

X;

64 107 1202 | 2492 | 941 | 7233 | 29 14
20 |60 |284 [ 12152313456 |5

20 |57 |278 [ 1140|156 | 2721 |4

1998 2
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15 |38 |268 |1005|235|2831|6 |3
24 |75 399 |1784]230|4336|6 |4
21 |65 276 |1415]292|3657|4 |5
23 |50 330 | 1185|139 32662 |3
29 |67 | 501 | 1586|342 49527 |5
20 |62 271 [ 1177|167 ]2632 |4 |4
34 |75 267 | 1755|278 (4086 |8 |5
21 |62 [302 |1181]206|3004 |4 |1
35 |84 658 |1882[367[4598|9 |10
24 |46 |246 | 778 |225|2433 |4 |5
29 |76 | 495 |1737]299 | 4087 |4 |4
13 [20 [215 472 |201|1942|5 |2
14 (40 |212 |776 |85 |2182]|2 |1
33 |65 690 | 1694|403 |4812 |11 |8
19 |54 |277 |1102]207]3078 |3 |3

85%
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95.3%
18-94
18-94
1 2 1 2
X; 1.08998 | -0.14690 | 0.97663 | 0.69407
X 1.00662 | -0.02617 | 0.98603 | 0.75018
X; 0.85073 | 0.14781 | 0.96477 | 0.80419
Xs | 0.82976 | 0.14305 | 0.94012 | 0.78324
X, 0.70331 | 032548 | 095443 | 0.86812
X, | —0.02906 | 1.00664 | 0.74761 | 0.98421
X, | 007426 | 093417 | 0.79502 | 0.99147
Xs | 045550 | 0.57878 | 0.90205 | 0.93022
1 2

18-94
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18-95
F F>
1 3.52138 2.28012 1 1
2 -0.32322 -0.17917 10 9
3 -0.55753 -0.39170 16 13
4 -0.35486 -1.02746 11 16
5 -0.18163 0.80076 4
6 -0.24202 0.14284 8
7 -0.53641 -0.34008 15 12
8 0.29318 0.55366 4 6
9 -0.51433 -0.26473 17 10
10 .04071 0.75449 5 5
11 -0.58254 -0.21307 17 10
12 0.81128 1.14650 3 2
13 -0.27316 -0.97400 9 15
14 -0.05377 0.80448 6 3
15 -0.52032 -2.01711 14 18
16 -0.93288 -1.16212 18 17
17 0.92023 0.52181 2 7
18 -0.51411 -0.43522 12 14
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363




SPSS /2000 /
1 2 3 4 5 6 7 8 9 10 12 15 20 30 40 60 oo}
21 8017 57801 4874 4369 4042 38121 36401 3506 3398 33101 3,173 3030 2830 2720 2,636 2548 2360
22 7.945] 57191 48171 4313 3988 37581 3587 3453 3346 3258 3.121 2978 28271 26671 2583 2495 2305
23 7.881] 5.664] 4765 4264 3939 37101 3539 3406 3299 3211l 3.074 29311 2781 26201 2535 2447 2256
24 7.823| 5614 4718 4218 3895 3667 3496 3363 3256 3.168] 3.0321 2,889l 2738 2577 24921 2403 2211
25 77701 5568 4.675] 4177 3.855| 3.627] 34571 3324 3217 31291 2993] 2850 2,699 2538 24531 2364 2,169
20 1721 55261 4637 4140 3818 3,591 3421 3288 31821 3094 2958 2815 2,664 2503 2417 23271 2131
27 7.677] 5488 4601 4,106 3785 3558 3388 3256 3.1491 3.062| 2926] 2783 2632 24701 2384 2294 2097
28 7.636] 5453 4568 4074 3754 3528 3358 3226l 31201 3.032] 2,896 2753 2602 2440 2354 2263 2064
29 7.598] 54201 4538 4,045 3725 34991 3330 3,198 3,092 3005 2868 2726 2574 24120 2325 2234 2034
30 7.562] 53901 45100 4018 3699 3473 3304 3,173 30671 2979 28431 27001 25491 2386l 2299 2208 2.006
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