Addiction - Multinomial Model

February 5, 2020

First the ”addiction” data are loaded and attached.

> library(catdata)
> data(addiction)
> attach(addiction)

For the multinomial logit model the function "multinom” from the "nnet”—
package is used.

> library(nnet)
The response "ill” has to be used as factor.

> ill <- as.factor(ill)
> addiction$ill<-as.factor(addiction$ill)

» N

The first model is a model with the covariates "gender”, "university” and a
linear effect of "age”

> multinom0 <- multinom(ill ~ gender + age + university, data=addiction)

# weights: 15 (8 variable)
initial value 749.253581
iter 10 value 675.937605
final value 675.208456
converged

> summary (multinom0)

Call:
multinom(formula = ill ~ gender + age + university, data = addiction)

Coefficients:

(Intercept) gender age university
1 -1.160717 0.4366061 0.02991096  1.622052
2 -2.015571 0.2879080 0.04208660 1.067295

Std. Errors:

(Intercept) gender age university
1 0.2654366 0.1938408 0.006235135 0.2534615
2 0.3076299 0.2207805 0.006821200 0.2891136

Residual Deviance: 1350.417
AIC: 1366.417



Another possibility to fit multinomial response models is given by the func-
tion "vglm” from the package "VGAM”.

> library (VGAM)

> multivgamO<-vglm(ill ~ gender + age + university, multinomial (refLevel=1),
+ data=addiction)

> summary (multivgam0)

Call:
vglm(formula = ill ~ gender + age + university, family = multinomial(refLevel = 1),
data = addiction)

Pearson residuals:

Min 1Q Median 3Q Max
log(mul,2]/mul,1]) -4.446 -0.8331 -0.4195 0.9938 1.552
log(mul,3]/mul,1]) -4.243 -0.5581 -0.2792 -0.1837 2.495

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept):1 -1.160714  0.265435 -4.373 1.23e-05 **x*
(Intercept):2 -2.015564 0.307627 -6.552 5.68e-11 *x**
gender:1 0.436607 0.193840 2.252 0.024296 *
gender:2 0.287912  0.220779  1.304 0.192209
age:1 0.029911 0.006235  4.797 1.61e-06 **x*
age:2 0.042086 0.006821 6.170 6.83e-10 **x*
university:1 1.622048 0.253458 6.400 1.56e-10 **x*
university:2  1.067287 0.289110 3.692 0.000223 **x*
Signif. codes: O '"x*xkx' 0.001 '#x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Names of linear predictors: log(mul,2]/mul,1]), log(mul,3]/mul,1])
Residual deviance: 1350.417 on 1356 degrees of freedom
Log-likelihood: -675.2085 on 1356 degrees of freedom

Number of Fisher scoring iterations: 4

No Hauck-Donner effect found in any of the estimates

Reference group is level 1 of the response

Both models yield the same parameter estimates.

The second model includes an additional quadratic effect of "age”.

> addiction$age2 <- addiction$age 2
> multinoml <- update(multinomO, . ~ . + age2)

# weights: 18 (10 variable)
initial value 749.253581



iter 10 value 666.374546
final value 658.875161
converged

> summary (multinoml)

Call:
multinom(formula = ill ~ gender + age + university + age2, data = addiction)

Coefficients:

(Intercept) gender age university age?2
1 -3.720298 0.5264935 0.1840509 1.4546712 -0.001891845
2 -3.502998 0.3562860 0.1357464 0.9362573 -0.001173966

Std. Errors:

(Intercept) gender age university age?
1 0.011047538 0.1023630 0.008783214 0.11373313 0.0001533591
2 0.008699935 0.0827317 0.009064134 0.09599875 0.0001540031

Residual Deviance: 1317.75
AIC: 1337.75

> multivgaml<-vglm(ill ~ gender + age + university + age2, multinomial (refLevel=1),
+ data=addiction)
> summary (multivgaml)

Call:

vglm(formula = ill ~ gender + age + university + age2, family = multinomial(reflLevel = 1),

data = addiction)

Pearson residuals:

Min 1Q Median 3Q Max
log(mul[,2]/mul[,1]) -3.465 -0.6912 -0.3563 0.8557 2.708
log(mul[,3]/mul,1]) -2.880 -0.4823 -0.2822 -0.1801 2.868

Coefficients:

Estimate Std. Error z value Pr(>|z])
(Intercept):1 -3.7202408 0.5466148 -6.806 1.00e-11 *x*x*
(Intercept):2 -3.5029582 0.5958191 -5.879 4.12e-09 ***
gender:1 0.5264746 0.2008304 2.621 0.008755 *x
gender:2 0.3562789 0.2243254 1.588 0.112236
age:1 0.1840478 0.0286028 6.435 1.24e-10 **x
age:2 0.1357440 0.0301019 4.509 6.50e-06 x**x
university:1 1.4546676 0.2577064 5.645 1.65e-08 **x*
university:2 0.9362483 0.2904005 3.224 0.001264 **
age2:1 -0.0018918 0.0003358 -5.634 1.76e-08 ***
age2:2 -0.0011739 0.0003399 -3.454 0.000553 ***
Signif. codes: O 'xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Names of linear predictors: log(mul,2]/mul,1]), log(mu[,3]/mul,1])



Residual deviance: 1317.75 on 1354 degrees of freedom
Log-likelihood: -658.8752 on 1354 degrees of freedom
Number of Fisher scoring iterations: 4

No Hauck-Donner effect found in any of the estimates

Reference group is level 1 of the response

It should be noted that the standard errors for the models generated by "nnet”
and "VGAM?” differ when age is included quadratically. The parameter esti-
mates are equal again.

Now the necessity of the quadratic term is tested by using the function "anova”.
> anova(multinomO,multinoml)

Likelihood ratio tests of Multinomial Models

Response: ill

Model Resid. df Resid. Dev  Test
1 gender + age + university 1356  1350.417
2 gender + age + university + age2 1354  1317.750 1 vs 2
Pr(Chi)
1

2 8.063801e-08
> multinomi$dev - multinomO$dev
[1] -32.66659

Now we plot the probabilities for the responses against age. First a sequence
within the range of age has to be created.

> minage <- min(na.omit (age))

> maxage <- max(na.omit(age))

> ageindex <- seq(minage, maxage, 0.1)
> n <- length(ageindex)

Now the vectors for the other covariates and the data sets for men and
women are built.

ageindex2 <- ageindex”2
genderl <- rep(1, n)
gender0 <- rep(0, n)
universityl <- rep(1, n)

universityl,age2=ageindex2))
datafemale <- as.data.frame(cbind(gender=genderl,age=ageindex,un
universityl,age2=ageindex2))

+ V + VvV VvV VvV VvV

Df LR stat.

2 32.66659

datamale <- as.data.frame(cbind(gender=gender0,age=ageindex,university=

iversity=



Now for the built data sets the probabilities based on model "multinom1”
are computed.

A\

probsmale <- predict(multinoml, datamale, type="probs")
probsfemale <- predict(multinoml, datafemale, type="probs")

v

Now the probabilities can be plotted.

> par(cex=1.4, lwd=2)

> plot(ageindex, probsmale[,1], type="1", lty=1, ylim=c(0,1), main=

+ "men with university degree", ylab="probabilities")

> lines(ageindex, probsmalel[,2], lty="dotted")

> lines(ageindex, probsmale[,3], lty="dashed")

> legend("topright", legend=c("Weak-willed", "diseased", "both"), lty=c("solid",
+ "dotted", "dashed"))
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> par(cex=1.4, lwd=2)
> plot(ageindex, probsfemale[,1], type="1", 1ty=1, ylim=c(0,1), main=
+ "women with university degree", ylab="probabilities")
> lines(ageindex, probsfemalel[,2], 1ty="dotted")
> lines(ageindex, probsfemale[,3], lty="dashed")
> legend("topright", legend=c("Weak-willed", "diseased", "both"),
+ 1ty=c("solid", "dotted", "dashed"))
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