Solution: GZLM for Independent -Data Practice

November 24, 2003
Problem 1
(a) See output. The LRT can be found in the attached code. The final model is a logistic re-
gression model with gender(newmale) and curriculum(newspc) as predictors. Curriculum (newspc)
is kept in the final model although it is non-significant. It is because the purpose of the study is to

find out which curriculum is better.

(b) My final model is

KH
1—7l’,'

log( ) = Bo + BspeX1i + Bmate Xai.

The probability of a collision for a female is the same whatever her GPA is, since there is no GPA
in my final model. But it depends on which curriculum she took, since SPC is in my final model.
For a female who took SPC, the probability of collision is :

ezp(—1.4109 + 0.1299)

1+ exp(~1.4100 + 0.1209) ~ 0217

For a female who took PDLC, the probability of collision is :

exp(—1.4109)

1+ ezp(—1.4109) 0-196.

The probability of a collision for a male is the same whatever his GPA is, since there is no GPA in
my final model. But it depends on which curriculum he took, since SPC is in my final model. For
a male who took SPC, the probability of collision is :

ezp(—1.4109 + 0.1299 + 0.9259)

= 0.412.
1 + exp(—1.4109 + 0.1299 + 0.9259)
For a male who took PDLC, the probability of collision is :
_ £0.4159
—1.410
ezp( 9 =0.381.

1+ exp(—1.4109 + 0.9259)

(©)
odds of collision for male Ton /(1 = Tp)

e2pP(Bmate) = odds of collision for female ~ 7,/(1— = 1)

(d) SAS Proc Logistic gave the same fitted regression coefficients and standard errors.

Problem 2



(a)There is no sufficient evidence to support the hypothesized link between SIDS and tempera-
ture, since the fitted coefficient of temperature turned out to be nonsignificant with p-value 0.7373.

expected death of SIDS at temp = X +1
expected death of SIDS at temp = X

exp(Bremp) =

If our model were plausible, we could have said if the temperature increased by 1°C, the expected
number of SIDS deaths reported would increase to be €291 = 1.015 = 101.5% of the original num-

ber, which corresponds to an increase of 1.5%.

(b)The parameter estimates changed, but the model didn’t fit the data well either. For this
model, Btemp is interpreted as the increase in expected number of death of SIDS for 1°C increase in
temperature. Thus exp(Btemp) is the increase in expected number of death of SIDS in log scale for

1°C increase in temperature.

(c)The parameter estimates changed, but the model didn’t fit the data well either. For this
model, Biemp is interpreted as the increase in expected value of log-death of SIDS for 1°C increase

in temperature.

(d)Poisson regression with log link:
we OIS
log(EY;) = Bo + Br Xtemps whereAYi ~ Poisson.

Poisson regression with identity link:
wt W“'"
EY; =y + B;Xtemp,whereAY,- ~ Potsson.

Simple linear regression with log-transformation: e

ot
E(log(Y:)) = Bo + BlXtemp,where‘log(Y,-) ~ Normal.
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*** read in driver education data, create own indicator variables for
L school, create new categorical variables for SPC and gender
**+ keep only those observations from year 1

hhh === ==

tinclude ‘/home/squid/lynn/sasuser/2col.options.sas’;

data dat;

infile ’/home/muskie/correlated.data/sids.dat’;

input count temp @@;

tax

]
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*** Ppoisson regression with log link in genmod

AR s e

proc genmod data=dat;

model count = temp / dist = poisson link = log;

title "POISSON MODEL with log link*;

Ak oo,

*** Ppoisson regression with identity link in genmod
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proc genmod data=dat;

model count = temp / dist = poisson link = identity;
title *POISSON MODEL with identity link";
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*++ gimple linear regression of log transformed counts

LR
i

*hw

lncount = log(count+1/6);

proc glm data=dat;
model Incount = temp;
title “NORMAL MODEL on log transformed

count*;

ek,
H
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s=a== ===sssssast ik, . INTERCEPT 1 -2.0324 0.6826 8.8643 0.0029
*** read in driver education data, create own indicator variables for **=; NEWMALE 1 1 0.9159 0.2553 12.8669 0.0003
bl school, create new categorical variables for SPC and gender A i NEWMALE 2 0 0.0000 0.0000 . .
*** keep only those observations from year 1 rrw, . GPA 1 0.3142 0.2496 1.5847 0.2081
i e LI TP T L PP =m==cc =smsszo=sckE e, SCALE 0 1.0000 0.0000
$include ’/home/squid/lynn/sasuser/2col.options.sas’; :
data dat; H
infile ’'/home/muskie/correlated.data/driver.dat’ firstobs=2; : *** FROM LOGISTIC ***
input id collide year spc school male gpa; i Analysis of Maximum Likelihood Estimates
if school = 1 then do; :
schl = 1; sch2 = 0; end; Parameter Standard Wald Pr > Standardized
else if school = 2 then do; Variable DF Estimate Error Chi-Square Chi-Square Estimate
schl = 0; sch2 = 1; end;
else if school = 3 then do; { INTERCPT 1 -2.0324 0.6826 8.8643 0.0029
schl = 0; sch2 = 0; end; ! MALE 1 0.9159 0.2553 12.86693 0.0003 0.252844
if spc = 1 then newspc = 1; GPA 1 0.3142 0.2496 1.5847 0.2081 0.088683
else if spc = 0 then newspc = 2;
if male = 1 then newmale = 1; */
else if male = 0 then newmale = 2;
if year = 1; |
\6
LR L P g T [P - sozzzzziex; ,
***  fit full model in genmod e
t4 o oo s mmmmsme st amcesmmmmssaszomrmm—— z=z= === LA
proc genmod data=dat;
class newspc school newmale ;
model collide = newspc|school|newmalelgpa / dist = bin link = logit;
title “FULL MODEL, all interactions”;
rew sms==c == m==memsm=szzs=zxzc === mem=z=z=== ===R kR, ;
*** fit reduced model in genmod Trwg :
* ko EEZSEZTSSSooToasRSSSSTos I|||||l‘l.l""“"“““H"""“""””“"""“"""“""’tﬁ~. _
proc genmod data=dat;
class newspc school newmale ; :
model collide = newspc school newmale gpa / dist = bin link = logit; !
title "MAIN EFFECTS ONLY MODEL";
*** LRT = -2( -180.5993 - {-174.9419%9)) = 11.31 Hhk i
*#% df = 23 - 5 = 18 i
*kx U - o.mm ﬁlln
*/ !
*hh o Prpmpn— 2==z== ==s=xz== S=ssssssosstee; |
*+*  fit final model in genmod ek, !
LA e e s T TS T P T Y T YT e v ) Sasmassmaog H"lllllll“""’;.»‘. i
proc genmod data=dat; i
class newmale ;
model collide = newmale gpa / dist = bin link = logit;
title "FINAL MODEL*;
*** LRT = -2( -181.8684 - (-174.9419)) = 13.85 bl ;
**+ df =23 - 2 = 21 b !
k. H
i p = 0.86 i A
¥ Ao sooozzoosSITSEIETssSSsssssRssESSSSSS2SISSSS=SSSSSZ=SS=sssIsssszssSseEs Ak :
***+  fit final model in logistic i
*koh o promy ——a P T P P e e Y P e EEE 5N
proc logistic data=dat descending ;
model collide = male gpa: '
title *FINAL MODEL";
I
*** FROM GENMOD ***
Analysis Of Parameter Estimates
Parameter DF Estimate std Err ChiSquare Pr>Chi

Odds
Ratio

2.4998
1.369



FULL MODEL, all interactions
The GENMOD Procedure

Model Information

Data Set WORK.DAT
Distribution Binomial
Link Function Logit
Dependent Variable collide
Observations Used 300

Probability Modeled Pr( collide =1 )

Class Level Information

Class Levels Values
newspc 2 12
school 3 123
newmale 2 12

Response Profile
Ordered Ordered

Level Value Count
1 0 202
2 1 98
Criteria For Assessing Goodness Of Fit

Criterion DF Value Value/DF
Deviance 276 349.8837 1.2677
Scaled Deviance 276 349.8837 1.2677
Pearson Chi-Square 276 299.6437 1.0857
Scaled Pearson X2 276 299.6437 1.0857
Log Likelihood -174.9419

Algorithm converged.

Analysis Of Parameter Estimates

Standard
Parameter DF Estimate Error
Intercept 1 0.0867 1.8701
newspc 1 1 -2.0019 3.1602

Analysis Of Parameter Estimates

Parameter Pr > Chisq
Intercept 0.9630
newspc 1 0.5264

Wald 95%
confidence Limits

-3.5787
-8.1959

3.7521
4.1920
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FULL MODEL, all interactions

The GENMOD Procedure

Parameter

newspc

school

school

school
newspc*school
newspc*school
newspc*school
newspc*school
newspc*school
newspc*school
newmale

newmale
newspc*newmale
newspc*newmale
newspc*newmale
newspc*newmale
school*newmale
school*newmale
school*newmale
school*newmale
school*newmale
school*newnmale
newspc*school*newmal
newspc*school *newmal
newspc*school *newnal
newspc*school *newmal
newspc*school *newmal
newspc*school*newmal
newspc*school*newmal
newspc*school *newnal
newspc*achool *newnmal
newspc*school *newmal
newspc*school*newnal
newspc*school*newnal
gpa

gpa*newspc
gpa*newspc
gpa*school
gpa*school
gpa*school
gpa*newspc*school
gpa*newspc*school
gpa*newspc*school
gpa*newspc*school
gpa*newspc*school
gpa*newspc*school
gpa*newmale
gpa*newmale
gpa*newspc*newnale
gpa*newspc*newmale
gpa*newspc*newnale
gpa*newspc*newmale
gpa*school*newmale
gpa*school *newmale
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Analysis Of Parameter Estimates

Standard Wald 95%

DF Estimate Error Confidence Limits

[¢] 0.0000 0.0000 0.0000 0.0000

1 ~0.5727 3.1030 -6.6544 5.5090

1 1.3435 3.2832 -5.0915 7.7785

0 0.0000 0.0000 0.0000 0.0000
1 1 1.2814 4.8805 -8.2842 10.8471
2 1 0.3302 5.0370 -9.5422 10.2025
3 0 0.0000 0.0000 9.0000 0.0000
1 0 0.0000 0.0000 0.0000 0.0000
2 0 0.0000 0.0000 0.0000 0.0000
3 0 0.0000 0.0000 0.0000 0.0000

1 -4.8020 3.2827 -11.2360 1.6320

o] 0.0000 0.0000 0.0000 0.0000
1 1 5.1920 4.6783 -3.9774 14.3613
2 4] 0.0000 0.0000 0.0000 0.0000
1 4] 0.0000 0.0000 0.0000 0.0000
2 0 0.0000 0¢.0000 0.0000 0.0000
1 1 2.5632 5.1757 ~-7.5811 12.7074
2 0 0.0000 0.0000 0.0000 0.0000
1 1 1.6938 4.8537 -7.8192 11.2068
2 0 0.0000 0.0000 0.0000 0.0000
1 0 0.0000 0.0000 0.0000 0.0000
2 0 0.0000 0.0000 0.0000 0.0000
1 1 1 ~6.4464 7.3129 -20.7794 7.8867
102 0 0.0000 0.0000 0.0000 0.0000
2 1 1 -3.0263 6.8325 -16.4177 10.3651
2 2 [o] 0.0000 0.0000 0.0000 0.0000
31 0 0.0000 0.0000 0.0000 0.0000
3 2 0 0.0000 0.0000 0.0000 0.0000
1 1 0 0.0000 0.0000 0.0000 0.0000
1 2 0 0.0000 0.0000 0.0000 0.0000
2 1 o 0.0000 0.0000 0.0000 0.0000
2 2 0 0.0000 0.0000 0.0000 0.0000
31 0 0.0000 0.0000 0.0000 0.0000
3 2 0 0.0000 0.0000 0.0000 0.0000

1 -0.3268 0.7700 -1.8360 1.1825

1 0.7307 1.2024 ~1.6260 3.08%4

(] 0.0000 0.0000 0.0000 0.0000

1 0.0370 1.2043 -2.3234 2.3975

1 -0.8443 1.3407 -3.4720 1.7834

0 0.0000 0.0000 0.0000 0.0000
1 1 -0.7308 1.8945 -4.4441 2.9824
2 1 0.0542 1.9377 -3.7437 3.8521
3 0 0.0000 0.0000 0.0000 0.0000
1 0 0.0000 0.0000 0.0000 0.0000
2 0 0.0000 0.0000 0.0000 0.0000
3 0 0.0000 0.0000 0.0000 0.0000

1 2.0914 1.2807 -0.4187 4.6015

0 0.0000 0.0000 0.0000 0.0000
1 1 -2.0332 1.7774 ~5.5168 1.4504
2 0 0.0000 0.0000 0.0000 0.0000
1 0 0.0000 0.0000 0.0000 0.0000
2 0 0.0000 0.0000 0.0000 0.0000
1 1 -0.8359 1.9499 -4.6576 2.9858
2 0 0.0000 0.0000 0.0000 0.0000
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The GENMOD Procedure

FULL MODEL, all interactions

Analysis Of Parameter Estimates

Parameter

newspc

school

school

school
newspc*school
newspc*school
newspc*school
newspc*school
newspc*school
newspc*school
newmale

newmale
newspc*newnale
newspc*newmale
newspc*newmale
newspc*newmale
school*newmale
school *newmale
school*newmale
school*newmale
school*newmale
school*newmale
newspc*school*newnmal
newspc*school *newmal
newspc*school*newmal
newspc*school *newmal
newspc*school*newmal
newspc*school*newnal
newspc*schoocl*newmal
newspc*school*newmal
newspc*school*newmal
newspc*school *newmal
newspc*school*newmal
newspc*school*newmal
gpa

gpa*newspc
gpa*newspc
gpa*school
gpa*school
gpa*school
gpa*newspc*school
gpa*newspc*school
gpa*newspc*sachool
gpa*newspc*school
gpa*newspc*school
gpa*newspc*school
gpa*newmale
gpa*newmale
gpa*newspc*newnmale
gpa*newspc*newmale
gpa*newspc*newmale
gpa*newspc*newmale
gpa*school*newmale
gpa*school *newmale

—

NNRNRNONPFRE R SRR OWRONR RPN EPRPRNESNRDN SRS WD N

e RN R R NN S R W R e e

W W

WWOMNFHERPWWONKHEBNRDRRDEFEN RPN

WN WD

N PN

NN NN

Pr > ChiSg

0.8536
0.6824

0.7929
0.9477

0.1435

0.2671

0.6204

0.7271

0.3780

0.6578

.6713
0.5434

(=]

o

.9755
0.5289

. 6997
L9777

o o

0.1025

0.2527

0.6681
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FULL MODEL, all interactions

The GENMOD Procedure

Parameter

gpa*school *newmale
gpa*school*newmale
gpa*school*newnmale
gpa*school*newmale
gpa*news*schoo *newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news *schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
Scale

DU OMNOVONRRPEPPEPPREELWNON

Analysis Of Parameter Estimates

Analysis Of Parameter Estimates

Parameter

gpa*school*newmale
gpa*school *newmale
gpa*school *newmale
gpa*school*newmale
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpra*news *schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
gpa*news*schoo*newma
Scale

L N N N e e e e S S W IV SN

Standard
DF Estimate Error
1 1 ~0.4589 1.9099
2 0 0.0000 0.0000
1 0 0.0000 0.0000
2 0 0.0000 0.0000
11 1 2.6002 2.7542
1 2 0 0.0000 0.0000
2 1 1 1.1645 2.6028
2 2 0 0.0000 0.0000
31 0 0.0000 0.0000
3 2 0 0.0000 0.0000
11 0 0.0000 0.0000
1 2 o] 0.0000 0.0000
2 1 0 0.0000 0.0000
2 2 0 0.0000 0.0000
31 0 0.0000 0.0000
32 0 0.0000 0.0000
0 1.0000 0.0000

Pr > ChiSq

0.8101

0.3451

0.6546

WWRNRN KRR WO EDE N

LSS SIS H L S

NOTE: The scale parameter was held fixed.

Wald 95%
Confidence Limits
-4.2024 3.2845

0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
-2.7979 7.9982
0.0000 0.0000
-3.9368 6.2659
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
1.0000 1.0000

A
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MAIN EFFECTS ONLY MODEL
The GENMOD Procedure

Model Information

Data Set WORK.DAT
Distribution Binomial
Link Function Logit
Dependent Variable collide
Observations Used 300

Probability Modeled Pr( collide = 1 )

Class Level Information
Class Levels Values
newspc 2 12
school 3 123
newmale 2 12
Response Profile
Ordered Ordered
Level Value Count
1 0 202
2 1 38
Criteria For >MWmmmwuo Goodness Of Fit
Criterion DF Value
Deviance 294 361.1986
Scaled Deviance 294 361.1986
Pearson Chi-Square 294 301.0020
Scaled Pearson X2 294 301.0020
Log Likelihood -180.5991

Algorithm converged.

Value/DF

1.2286
1.2286
1.0238
1.0238

Analysis Of Parameter Estimates

Standard
Parameter DF Estimate Error
Intercept 1 -1.8095 0.6974
newspc 1 1 -0.1396 0.2545
newspc 2 1] 0.0000 0.0000
school 1 1 -0.4280 0.3131
school 2 1 -0.3573 0.3070
school 3 0 0.0000 0.0000
newmale 1 1 0.9089 0.2576
newmale 2 0 0.0000 0.0000
gpa 1 0.3541 0.2519
Scale [4] 1.0000 0.0000

NOTE: The scale parameter was held fixed.

Wald 95% Confidence
Limits
-3.1765 -0.4426
-0.6384 0.3592
0.0000 0.0000
-1.0416 0.1856
-0.959¢ 0.2444
0.0000 0.0000
0.4041 1.4137
0.0000 0.0000
-0.1397 0.8478
1.0000 1.0000

Chi-
Square

o

12.

.73

.87
.35

45

.98

logist.practice.lst |
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Pr > ChiSqg

o

.0095
.5833

L1716
L2444

.0004

.1598

INAL MODEL
[ ——————

Procedure

Model Information

Data Set WORK.DAT
! Distribution Binomial
Link Function Logit
} Dependent Variable collide
Observations Used 300
Probability Modeled Pr{ collide = 1 )

Class Level Information

Algorithm converged.

Standard
Parameter DF  Estimate Error
T
Intercept 1 ~-1.4109 0.4278
newspc 1 0.1299 0.2523
newmale 1 1 0.9259 0.2547
newmale 2 1] 0.0000 0.0000
Scale 0 1.0000 0.0000
e

NOTE: The scale parameter was held fixed.
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Class Levels Values
newmale 2 12
Response Profile
Ordered Ordered
i Level value Count
1 0 202
I 2 1 98
Criteria For Assessing Goodness Of Fit
Criterion DF Value
Deviance 297 365.0678
Scaled Deviance 297 365.0678
Pearson Chi-Square 297 299.8479
Scaled Pearson X2 297 299.8479
Log Likelihood -182.5339

Value/DF

1.2292
1.2292
1.0096
1.0096

Analysis Of Parameter Estimates

Wald 95% Confidence

-2.
-0.

Limits
2494 -0.5724
3646 0.6244
.4266 1.4251
. 0000 0.0000
.0000 1.0000

Chi-
Square

10.88
0.27
13.21

Pr > Chisg

0.0010
0.6067
0.0003



FINAL MODEL

The LOGISTIC Procedure

Model Information

Data Set WORK . DAT
Response Variable collide
Number of Response Levels 2

Number of Observations 300
Link Function Logit

Optimization Technique

Ordered
Value

Fisher's scoring

Response Profile

Total

collide Frequency

1 98
0 202

Model Convergence Status

Convergence criterion (GCONV=1E-8) satisfied.

Model Fit Statistics

Criterion

AlC
SC
-2 Log L

Intercept

Intercept and
Only Covariates
381.076 371.068
384.779 382.179
379.076 365.068

Testing Global Null Hypothesis: BETA=0

Test

Likelihood Ratio

Score
Wald

Parameter

Intercept
male
spc

Chi-Square DF Pr > Chisq
14.0079 2 0.0009
13.8614 2 0.0010
13.5047 2 0.0012

Analysis of Maximum Likelihood Estimates

Standard
DF Estimate Error Chi-Square
1 -1.1511 0.2282 25.4402
1 0.9259 0.2547 13.2117
1 -0.1299 0.2523 0.2651

Pr > ChiSq

<.0001
0.0003
0.6067

logist.practice.lst
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FINAL MODEL
The LOGISTIC Procedure

0dds Ratio Estimates

Point 95% wWald
Effect Estimate Confidence Limits
male 2.524 1.532 4.158
spe 0.878 0.536 1.440

21:39 Thursday, November 20, 2003

Association of Predicted Probabilities and Observed Responses

Percent Concordant 50.2 Somers’ D
Percent Discordant 26.0 Gamna
Percent Tied 23.8 Tau-a
Pairs 19796 c

0.243
0.318
0.107
0.621
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POISSON MODEL with log link
The GENMOD Procedure

Model Information

Data Set WORK . DAT
Distribution Poisson
Link Function Log
Dependent Variable count
Observations Used 242

Criteria For Assess

Criterion DF
Deviance 240
Scaled Deviance 240
Pearson Chi-Square 240
Scaled Pearson X2 240
Log Likelihood
Algorithm converged.

Analy:

St

Parameter DF Estimate
Intercept 1 -0.3625
temp 1 0.0147
Scale 0 1.0000

NOTE: The scale parameter was

20:24 Thursday, November 20,

ing Goodness Of Fit

Value Value/DF
314.2785 1.30985
314.2785 1.3095
292.4263 1.2184
292.4263 1.2184

-241.5885

sis Of Parameter Estimates
andard Wald 95% Confidence
Error Limits
0.9193 ~2.1643 1.4392
0.0437 -0.0711 0.1004
0.0000 1.0000 1.0000
held fixed.

Chi-
Square

poisson.practice.lst
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Pr > ChiSg

0.6933
0.7373

1

POISSON MODEL with identity link

' The GENMOD Procedure

Model Information

Data Set WORK.DAT
Distribution Poisson
Link Function Identity
Dependent Variable count
Observations Used 242

20:24 Thursday, November 20, 2003

Criteria For Assessing Goodness Of Fit

Criterion DF
Deviance 240
Scaled Deviance 240
Pearson Chi-Square 240
Scaled Pearson X2 240

Log Likelihood

Algorithm converged.

314
314
292
292
-241

Value Value/DF
.3032 1.3096
.3032 1.3096
L3141 1.2180
L3141 1.2180
. 6009

Analysis Of Parameter Estimates

St
Parameter DF Estimate
Intercept 1 0.7180
temp 1 0.0109
Scale [} 1.0000

andard
Error

0.7797
0.0372
0.0000

Wald 95% Confidence

Limits
-0.8101 2.2462
-0.0620 0.0838

1.0000 1.0000

NOTE: The scale parameter was held fixed.

Pr > ChiSg

0.3571
0.7694



The GLM Procedure

Number of observations

NORMAL MODEL on log transformed count

242

poisson.practice.lst
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NORMAL MODEL on log transformed count

The GLM Procedure

Dependent Variable: lncount

Sum of
Source DF Squares
¢ Model 1 0.4351605
Error 240 334.2555001
Corrected Total 241 334.6906606
. R-Square Coeff var Root MSE Incoun
0.001300 ~246.4122 1.180140 -0.
Source DF Type I SS
temp 1 0.43516048
Source DF Type II1 SS
temp 1 0.43516048
Standard
Parameter Estimate Error
Intercept -1.072377117 1.06438146
temp 0.028353704 0.05072461

20:24 Thursday, November 20, 2003

Mean Square
0.4351605
1.3927313

t Mean
478929
Mean Square
0.43516048
Mean Square
0.43516048
t Value Pr > |t]
-1.01 0.3147
0.56 0.5767

F vValue

0.31

F value

¢.31

F Value

Pr > F

0.5767

Pr > F

0.5767

Pr > F

0.5767



