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1 - fGElt#EEt Summary Statistics

1.1 Summary Statistics
AT - APEfE > Az o AR MRS -
B
data set: exair [IEEFHAIE New York HY ozone 325 ~ JEUHE ~ 1B E RIS
SPE, 3100 (EESE -
a. File/Open/samples directory/exair.sdd
b. Statistics/Data Summaries/Summary Statistics
c. Data [: {5 data set Jof3 BUERAEEGEE<ALL> » B AARKHS R4
FE 2 k¥§44 summary.air
d. Statistics H: ZEZTE /OK
e.

***  Summary Statistics for data in: exair ***

ozone radi ation

M n: 1. 0000000 7.0000
Mean: 3.2477838 184.8018
Medi an: 3.1413807 207.0000
Max: 5.5178484 334. 0000
Total N 111.0000000 111.0000
NA' s 0. 0000000 0. 0000
Vari ance: 0. 7928069 8308. 7422

d. #i%2 Explorer Object Window

1.2 Crosstabulations
& H RS SR B A A A S 8 -
B
data set: exclaims [H&FHEH R insurance claims @ 128 {E&FRHELE T =1E
THIHIEA S age™, "car.age”, type” i FIHEAH 7 » number Fff—4% claim Y
&% » cost £ claim FYZPIHA
a. File/Open/sample directory/exclaims.sdd
b. Statistics/Data Summaries/Crosstabulations
c. Model H:
Variables: 3% car.type, type (FI[F] Ctrl)
Counts Variable: 3% number /OK
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*** (Crosstabul ati ons ***

Call:

crosstabs(fornmula = nunber ~ car.age +
type, data = exclains, na.action

= na.fail, drop.unused.levels =
m
8942 cases in table
[ SR +
IN I
| N RowTot al |
| N Col Tot al |
| N/ Tot al |
[ S, +
car. age| type
| A | B | C | D | RwTt | |
------ R T T T i SR

0-3 | 391 |1538 |1517 | 688 |4134 |
| 0. 0946| 0. 3720| 0. 3670| 0. 1664| 0. 462|
| 0. 3081| 0. 3956| 0. 5598 0. 6400| |
| 0. 0437| 0. 1720| 0. 1696| 0. 0769| |

Col Tt1]1269 |3888 |2710 |1075 |8942 |
|0.14 |0.43 ]0.30 |0.12 | |

Test for independence of all factors
Chi~2 = 588.3 d.f.= 9 (p=0)
Yates' correction not used

e. The test for independence results reported below the table indicate that the

percentage of observations in each cell is significantly different from the product of

the total row percentage and total column percentage. Thus there is an interaction

between the car age and type, which influence the number of claims. That is, the

effect car age on number of claims varies by car type.

1.3 Corrections
AR SR BEON TAH R (R -
B:
data set: exair
a. File/Open/sample directory/exair.sdd
b. Statistics/Data Summaries/Correlations
c. variables EE<ALL> /OK



S-Plus 2000 22Tt 5-3

*** Correlations for data in:

ozone radiation tenperature

exair ***
wi nd
ozone 1.00000 0.42201 0. 75310 -0.59893
radi ation 0.42201 1.00000 0.29409 -0.12737
tenperature 0.75310 0. 29409 1. 00000 -0.49715
wind -0.59893 -0.12737 -0.49715 1. 00000

e. [LHZ Scatter matrix plot.

2 - AR

2.1 One Sample

t-test

i RS £ Normal 43fC > test RIS PHIHUE
AR H—(H « 2L t-test [ » FFJofner sample
7=t Normal 530 » ' HIHY J7i55E qgplot -

Wilcoxon singed rank test

TERFEITY TR test REER P HIRUE SR —
- A HEEEHEAY IR

Kolmogorov-Smirnov GOF

Test data J2& 7720 5 A — BT BC - BEE G
EHAF RS data -

Chi-square GOF

H Pearson’s chi-square statistic test data &5
AR E F— ey ic - nlEE AR A Y
data » {HERAEUINY 50 BYREEA » fsdlsrid
TEHEEAIEY > chi-square SEME—FTF test #Y -

2.2 Two Samples

t-test

Test FERHEAPHIEE GAHS > I ttest 12
& paired t-test > two-sample t-test with unequal
variance °

Wilcoxon rank test

RIS test W {E RHERYPEIMEE 5 FH
&% o Alternative Hypothesis ‘&8 Z(EA H
shape FH[F]{H location A [F]fY43HL ©

Kolmogrov-Smirnov GOF

Test AL EHIEZE S 2 H [F—/0Ed - KS GOF
RF% AR FS random samples  H A AT

2.3 K Samples

One-way ANOVA

BN AR AT Bk kR (A
+ k {lél level) A A7 H 2K F /2 Normal 43
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Model &
=iy i=Leee b, G=1,00e, ),

Kruskal-Wallis rank test RIS AR one-way ANOVA » NEE{EES
Normal 43

Friedman rank test It test {5 data 7€ § unreplicated complete
block design.

2.4 Counts and Proportions
Binomal test Test data J&:75 2K H Binomial(p) °
Proportions parameters 35— Chi-square test > test binomial data J& 754

—+5 72/ proportion 228 > B {[E binomial £
AESHHFRZE -

Fisher’s exact test Test Yz HIMEAIY &S0 7 o 0/
ZIK o
McNamar’s test Test YR AIHEFIY &S M07 > #1 matched

pair data - FSH{EEZENGATE L -
Surviva B DB

Syrvivg & i [

Die.t 5 510
Mantel-Haenszal test Test —#EYIIRZRAVELIE -
Chi-square test Pearson’s chi-square test on —_ffEF IR

3 - iHEEFESHT Regression

3.1 #RM4E3EEFE linear regression

a

© o a0 o

File/Open/exair.sdd

Scatterplot of temperature and ozone

Statistics/Regression/Linear

Formula: 0zone~t enper at ur e

Plot page: seven main diagnostic plots

Result page: Long Output, ANOVA, Correlation matrix of estimates
Output

*** |jinear Model ***

Call: I nm(formul a=o0zone ~tenperature, data=exair, na.acti on=na. excl ude)
Resi dual s:

M n 1Q Medi an 3Q Max
-1.49 -0.4258 0.02521 0.3636 2.044

Coefficients:

Value Std. Error t value Pr(>|t])
(I'ntercept) -2.2260 0.4614 -4.8243 0.0000
tenperature 0.0704 0.0059 11.9511 0. 0000




h.
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Resi dual standard error: 0.5885 on 109 degrees of freedom
Mul ti pl e R-Squared: 0.5672
F-statistic: 142.8 on 1 and 109 degrees of freedom the p-value is O
Correl ation of Coefficients:

(I'ntercept)
tenperature -0.9926

Anal ysis of Variance Table
Response: ozone
Ternms added sequentially (first to |ast)
Df Sumof Sq Mean Sq F Value Pr(F)
tenperature 1 49.46178 49.46178 142.8282 0
Resi dual s 109 37.74698 0.34630

Diagnostic Plots

Residuals vs Fitted values:

o a1 1. reveals unexplained structure
s left in the rediduals.
I ) . 2. A strong model should appear
N 0o o as nothing but noise.
g o oo © 8, ° 0000080000
B |2 o0 o ¢ 8 °
° o 00 5o g . °8 o o
o ° OOESO Z; ° OZ °
o 0.80% o g
o

20 25 3.0 3.5 4.0 4.5
Fitted : temperature

show no obvious pattern, although five
observations appear to be outliers

Square root of absolute residuals

< a1 vs fitted values:

o o5 1. Identify outliers

. ) 2. Visualize structure in the
A . ) o e residuals
5 oo o % g oo, ° g8 0 oo o

3 o0 3 -
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ozone

Fitted : temperature

Response vs Fit:

1. gives a good idea of how well
the model has captured the broad
outlines of the data.

2. dash line: y=fitted values

3. useful for checking for the
constant variance assumption of
the model.

a7

Residuals

a5

T T T T T
-2 -1 0 1 2
Quantiles of Standard Normal

gives no reason to doubt that the residuals are
normally distributed

Residuals Normal QQ:

1. provides a visual test of the
assumption that the model’s error
are normally distributed.

2. strong evidence that errors are
normal if the ordered residuals
cluster along the superimposed QQ
line.

Fited Walues Rsidyals

shows a weakness in this model, the spread of
the residuals is actually greater than the spread
in the original data, ignore the five outlying
residuals

Residual-Fit Spread:

1. compares the spread of the fitted
values with the spread of the
residuals.

2. This is a visual analog of the
multiple R-square

3. Since the model is an attempt to
explain the variation in the data,
you hope that the spread in the
fitted values is much greater than
in the residuals.
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Cook’s Distance:

2 1. measure of the influence of
- individuals observations on the
regression coefficients.

Cook's Distance

0.00

g

)

g
\\“ H‘\ Wl ‘ \ . ‘ ‘wh
T

T T
20 40 60 100

Index

shows four or five heavily influential
observations.

Partial Residuals:
° 1. a plot of (Ri+BkXik)vs Xik
oo Ri: ordinary residuals
00°%% o Bk: regression coefficient estimate
8 coc for the kth predictor
. B PRI Xik : ith observation of the kth
g 0% © ° oBeo @ predictor
v— 7% o 0 gete 2. useful for detecting
° ’ nonlinearities and for identifying
™ possible causes of unduly large
0 o % % residuals

temperature

partial for temperature
0
I
o

i ASSHER
S5 data (AR ER AR T i H AR H. residuals FRLAHE G
normal 73t > FAMIFEIFAEAGIE temperature > A FRIEERFHRAALET ozone
concentration g3 &Y ° HiE R-square HA 57% - EFHe A fiEfE 7 data
57%tE L » B EE T H @ 22 ozone concentration At -

ZF RS T Stepwise linear regression
:@%F:@Eﬁﬁfﬁ% (£ 2 AE variables HEEHY EE ZIAAEA SR EF model #f - 45 forward,
backward, stepwise —f& procedure. S-Plus £ Mallow’s Cp #f T &= AR P E =T 2
75 F %] model H1.
a. Statistics/Regression/Stepwise
b. File/Open/exair.sdd
c. Upper Formula: ozone~radiation+temprature+wind
d. Lower Formula: ozone~1 (HAEERERIE)
e. Output

*** Stepwi se Regression ***

*** Stepwi se Model Comnparisons ***
Start: Al C= 29.9302
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ozone ~ radiation + tenperature + wi nd
Single termdel etions

Model :
ozone ~ radiation + tenperature + w nd

scal e: 0.2602624

Df Sum of Sq RSS Cp
<none> 27.84808 29.93018
radiation 1 4.05928 31.90736 33.46893
tenperature 1 17.48174 45.32982 46.89140
wind 1 6.05985 33.90793 35. 46950

*** Linear Model ***

Call: Im{(formul a =o0zone ~radi ati on +tenperature + wi nd, data = exai r, na.action
= na. excl ude
)
Resi dual s:
M n 1Q Median 3Q Max
-1.122 -0.3764 -0.02535 0.3361 1.495

Coefficients:
Value Std. Error t value Pr(>|t])
(I'ntercept) -0.2973 0.5552 -0.5355 0.5934
radi ation 0.0022 0.0006 3.9493 0.0001
tenperature 0.0500 O0.0061 8.1957 0.0000
wind -0.0760 0.0158 -4.8253 0.0000

Resi dual standard error: 0.5102 on 107 degrees of freedom
Mul ti pl e R-Squared: 0.6807
F-statistic: 76.03 on 3 and 107 degrees of freedom the p-value is O

f. Criterion (x1, x2,x3) BERPHIT p fHEL/NY Cp ATEHERT model

#regressor |p regressors Cp
0 1 0
1 2 x1
1 2 x2
1 2 x3
2 3 x1 x2
2 3 x1 x3
2 3 x2 x3
3 4 x1 x2 x3
33 HE
Regression Response  |Predictors criterion
Generalized linear models |General Linear combination of the (ML
R AR AL predictors
1 |Log-linear regression |Counts Linear combination of the |Poisson ML
predictors
2 |Logistic regression Binary Logistic link Binomial ML
3 |Probit regression Binary Probit link Binomial ML
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Generalized additive General A sum of nonparametric
models smooth univariate

functions of the predictors
Nonlinear regression Continuous |Nonlinear function of the |LS
FEAR I predictors

ML: Maximum likelihood, LS: Least-square

4 - BEREHT ANOVA

ANOVA is generally used to explore the influence of one or more categorical
variables upon a continue response.
4.1 One-way ANOVA
Data: A single continuous response variable is measured a number of times for
each of several levels of some experimental factor.
5% a. Samples A FHMT
b. Observations & Normal 43 o

[ L Leeel ke, j=1-- 0

Model: |

HO: mean values for all of the groups are equal. ($5FHAY A 75
$iatE: F-statistics
51]-: exblood.sdd
a. one factor with four levels: diet (A,B,C,D), one response variable: time
b. Box plots.
Diets A f1 D fH{LL °
diets B,C ¥} median response £ K fEt 5L - g =
WIS diets ¥ blood coagulation time 5 52%E - @

c. Statistics/Compare Samples/k Samples/
One-way ANOVA

Variable: time

Grouping variable: diet
***  (One-Way ANOVA for data in tine by diet ***

Cal | :
aov(formula = structure(.Data = tine ~ diet, class =
"forrmula"), data = exbl ood)

Terns:

di et Resi dual s
Sum of Squares 228 112
Deg. of Freedom 3 20

Resi dual standard error: 2.366432
Esti mated effects may be unbal anced

Df Sum of Sq Mean Sg F Val ue Pr(F)
diet 3 228 76.0 13. 57143 0. 00004658471
Resi dual s 20 112 5.6
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d. %&Em: p-value=0.000047(highly significant). Diets FEE & 222 blood

coagulation times.

4.2 Fixed Effects ANOVA

51]-: exblood.sdd
a. one factor with four levels: diet (A,B,C,D), one response variable: time

b. Statistics/ ANOVA/Fixed Effects
Model 3£1H:

#E77. model >

Options EIH:

Results ZEJH:
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Plot 3#J5: [F] regression

4.3 Random Effects ANOVA
Ilf-: expigmnt.sdd
a. 15 FREERIR » Shh—HE > IR 2 A - SRR GG, -
We fit a random effects ANOVA model to assess the within-batch and

between-batch variation.

Moisture Batch
Bl B2 B15
S1 T1 40 26 39
T2
S2 Tl
T2

b. Statistics) ANOVA/Random Effects
Formula: Moisture~Batch + Sample %in% Batch

Term Category of nested effect: 433 variables 5 term categories
c. Output

*** Anal ysis of Variance Mdel ***

Short Qutput:

Call:
raov(formula = Moisture ~ Batch + Sanple % n% Batch, data = expi gmt,
na.action =
na. excl ude)
Ter ns:
Bat ch Sanpl e % n% Bat ch Resi dual s
Sum of Squares 1210. 933 869. 750 27.500
Deg. of Freedom 14 15 30

Resi dual standard error: 0.9574271
Esti mated effects are bal anced

Df Sum of Sq Mean Sq Est. Var.

Bat ch 14 1210.933 86.49524 7.12798

Sanpl e % n% Batch 15 869.750 57.98333 28.53333
Resi dual s 30 27.500 0.91667 0.91667
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4.4 Multiple Comparisons
S SRE TR B 2 ELE treatments £ response I effects 28 - 2 1% » M
5 R 2 AR B S ER[E]Y treatment groups T response S& A5 {7 F fh 2 78 »
TR FATAERIRS » 38 A= AR/ NIA] « Multiple comparisons & H 2 A 15t
effects B85 —4% > i HALET treatment effects o
a. Statistics/ ANOVA/Multiple Comparisons
b. {E One-Way ANOVA {17 » FefM321— {5 diet EE & 524 blood
coagulation time > N — T AEFIEW—1{E diets FIEE diets N[H] -
c. f#5¢ one-way ANOVA Ei5 S FAFE anova.blood
(Statistics/Compare Samples/k samples/One-Way ANOVA)
d. Model Object: anova. bl ood
Method: Tukey

e. output

95 % si mul t aneous confidence intervals for specified
| i near conbi nations, by the Tukey nethod

critical point: 2.7987
response variable: tinme

L

intervals excluding 0 are fl agged by

Estimate Std. Error Lower Bound Upper Bound

A-B -5.00e+000 1.53 -9.28 -0.725 ***x*
A-C -7.00e+000 1.53 -11. 30 -2.720 ****
A-D -1.64e-014 1.45 -4.06 4. 060
B-C -2.00e+000 1.37 -5.82 1.820
B-D 5.00e+000 1.28 1.42 8.580 ****
C-D 7.00e+000 1.28 3.42 10. 600 ****

f. fitF=H K% plot of the confidence intervals F]Z&H, diets A F1 D 4L blood
coagulation times [l diets B 1 C B A[A] »

12 10 -8 6 4 -2 0 2. 4 6 8
simultaneous 95 % confidence limits, Tukey method

response variable: time




