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Midterm        2019. 4. 17 

(Written) 

1. (30%) For independent binomial sampling with response 
풀풊~푩(풎풊, 풑풊), 풊 = ퟏ, ퟐ, ⋯ , 풏, 

please write down the IRLS estimates with respect to the following two link  
functions. 
(a) Logistic link function: 풍풐품풊풕(풑풊) = 휷ퟎ + 휷ퟏ풙풊. 
(b) Probit link function: 휱 ퟏ(풑풊) = 휷ퟎ + 휷ퟏ풙풊. 
Please specify the weight matrix 푾풕 and 풛풕 explicitly.  

 
2. (20%) Let 퐗 = (푿ퟏ, 푿ퟐ)~푴풖풍풕풊풏풐풎풊풂풍(풏, 풑ퟏ, 풑ퟐ) have the multinomial 
distribution, i.e., the probability distribution being 

풇(풙ퟏ, 풙ퟐ) =
풏!

풙ퟏ! 풙ퟐ! (풏 − 풙ퟏ − 풙ퟐ)! 풑ퟏ
풙ퟏ풑ퟐ

풙ퟐ (ퟏ − 풑ퟏ − 풑ퟐ)풏 풙ퟏ 풙ퟐ  

(a) Find the moment generating function for 퐗 = (푿ퟏ, 푿ퟐ).  
(b) Show that 푬(푿풊) = 풏풑풊, 풊 = ퟏ, ퟐ, and 푪풐풗(푿ퟏ, 푿ퟐ) = −풏풑ퟏ풑ퟐ. 

 
(Computer) 
1. (50%) For problem 1 in written part, Please write two R programs for (a) and 

(b), respectively, to carry out the computation. In the program, the inputs are 
the response and covariates while the output is the IRLS estimate. Please 
simulate data to test the program you write and compare the results with the 
ones using the R function “glm”. Comment on the results.  

 
2. (40%) The following table gives frequencies for whether a boy scout, 

delinquency, and socioeconomic status.  
 퐃퐞퐥퐢퐧퐪퐮퐞퐧퐭 (퐜퐫퐢퐦퐞) 

퐒퐨퐜퐢퐨퐞퐜퐨퐧퐨퐦퐢퐜 퐒퐭퐚퐭퐮퐬 퐁퐨퐲 퐒퐜퐨퐮퐭 퐘퐞퐬 퐍퐨 

퐋퐨퐰 퐘퐞퐬 ퟏퟎ ퟒퟎ 
퐍퐨 ퟒퟎ ퟏퟔퟎ 

퐌퐞퐝퐢퐮퐦 퐘퐞퐬 ퟏퟖ ퟏퟑퟐ 
퐍퐨 ퟏퟖ ퟏퟑퟐ 

퐇퐢퐠퐡 퐘퐞퐬 ퟖ ퟏퟗퟐ 
퐍퐨 ퟐ ퟒퟖ 
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(a) Please analyze the data using both logit and probit links and make 
conclusions.  
(b) Please give the residual plots, including the one for Pearson residuals and the 
one for deviance residuals. 
 
3. (40%) The following data concern the number of car accidents.  

퐀퐠퐞 퐆퐞퐧퐝퐞퐫 퐑퐞퐠퐢퐨퐧 퐍퐮퐦퐛퐞퐫 퐨퐟 퐜퐚퐫 퐚퐜퐜퐢퐝퐞퐧퐭퐬 

ퟐퟎ − ퟑퟒ 퐌퐚퐥퐞 퐀 ퟐퟖퟖ 
ퟐퟎ − ퟑퟒ 퐅퐞퐦퐚퐥퐞 퐀 ퟔퟎ 
ퟐퟎ − ퟑퟒ 퐌퐚퐥퐞 퐁 ퟗퟎ 
ퟐퟎ − ퟑퟒ 퐅퐞퐦퐚퐥퐞 퐁 ퟏퟗ 
ퟐퟎ − ퟑퟒ 퐌퐚퐥퐞 퐂 ퟐퟐퟔ 
ퟐퟎ − ퟑퟒ 퐅퐞퐦퐚퐥퐞 퐂 ퟖퟖ 
ퟐퟎ − ퟑퟒ 퐌퐚퐥퐞 퐃 ퟐퟖퟓ 
ퟐퟎ − ퟑퟒ 퐅퐞퐦퐚퐥퐞 퐃 ퟏퟏퟎ 
ퟑퟓ − ퟒퟒ 퐌퐚퐥퐞 퐀 ퟐퟐퟒ 
ퟑퟓ − ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐀    ퟑퟓ 
ퟑퟓ − ퟒퟒ 퐌퐚퐥퐞 퐁 ퟗퟔ 
ퟑퟓ − ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐁 ퟏퟐ 
ퟑퟓ − ퟒퟒ 퐌퐚퐥퐞 퐂 ퟏퟖퟗ 
ퟑퟓ − ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐂 ퟒퟒ 
ퟑퟓ − ퟒퟒ 퐌퐚퐥퐞 퐃 ퟐퟐퟓ 
ퟑퟓ − ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐃 ퟓퟑ 

> ퟒퟒ 퐌퐚퐥퐞 퐀 ퟑퟑퟕ 
> ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐀 ퟕퟎ 
> ퟒퟒ 퐌퐚퐥퐞 퐁 ퟏퟐퟒ 
> ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐁 ퟏퟕ 
> ퟒퟒ 퐌퐚퐥퐞 퐂 ퟏퟓퟔ 
> ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐂 ퟕퟎ 
> ퟒퟒ 퐌퐚퐥퐞 퐃 ퟑퟐퟒ 
> ퟒퟒ 퐅퐞퐦퐚퐥퐞 퐃 ퟔퟎ 

Assume that the numbers of the accidents are Poisson variables 풀.  
(a) Please find the estimate of 흈ퟐ, the variance of the Poisson variable 풀, and then 
analyze the data based on the estimate of 흈ퟐ. Please make conclusions.  
(b) Please give the residual plots, including the one for Pearson residuals, the one 
for deviance residuals, and the one for Anscombe residuals. 


