
NTHU STAT 5230               Midterm Examination         May 3, 2022 

Instructions: Attempt all questions. Short and specific answers are preferred. Given explanation when required, 

but keep it as short and simple as possible. Give only one answer to each question – if you give alternative 

answers, the worst answer will be graded. 

 

Question A. 
Antibodies produced in response to an infectious disease like malaria remain in the body after the 

individual has recovered from the disease. A serological test detects the presence or absence of 

antibodies. An individual with such antibodies is termed seropositive. The data shown below were 

obtained as part of a serological survey of malaria infection. Individuals of nine age groups were tested. 

The midpoint of the age range for each age group is given:  

Age   No. tested  No. seropositive 

   1.5      123      8 

      4.0      132      6 

      7.5      182       18 

      12.5      140      14 

      17.5      138      20 

     25.0     161      39 

      35.0      133      19 

     47.0      92        25 

  60.0  74     44 

A logistic regression was fit to the data with just a linear age term and the following output was 

obtained: 

Coefficients: 

              Estimate  Std. Error  z value  

(Intercept) -2.714074    0.151740   -17.886  

age          0.044672    0.004511    9.904  

 

    Null deviance: 124.037  on 8  degrees of freedom 

Residual deviance:  21.865  on 7  degrees of freedom 

 

Number of Fisher Scoring iterations: 4 

 

(1) (1 point) What does a “Fisher scoring iteration” in the output mean? 

(2) (1 point) Using this model, estimate the age at which there is a 25% probability of being 

seropositive. 

(3) (1 point) Give an interpretation of the estimate of the slope in this regression that indicates 

how the chance of being seropositive changes with age. 

(4) (1 point) The 95th percentile of the  distribution is 15.5. What can you say about whether 

this model fits the data? Explain. 
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Suppose an individual living in an affected area is exposed to a constant risk of malaria. The age  at 

which they become seropositive will therefore follow an exponential distribution. So, for the ith group 

with age midpoint , the probability of being seropositive is  

  

where  is the mean proportion of infections per year. Rearranging this we get 

  

(Note: it is NOT ) 

 

(5) (1 point) Suppose that a binomial GLM was fit to the data to estimate . What link function 

was used? 

(6) (1 point) The binomial GLM used an offset of . Explain why this is appropriate. 

 

The output from the model fit is shown below: 

Coefficients: 

              Estimate  Std. Error z value  

(Intercept)  -4.66052  0.07249    -64.29 

 

    Null deviance: 41.503  on 8  degrees of freedom 

Residual deviance: 41.503  on 8  degrees of freedom 

 

(7) (1 point) What is the estimated value of ? 

(8) (1 point) Why is residual deviance equal to the null deviance in this case? 

 

 

 

Question B. 
A study was conducted to measure the indirect protection brought by entomopathogenic nematodes to 

plants. Bush lupine can be killed by root-feeding ghost moth caterpillars. But these caterpillars can be 

killed by nematodes feeding on them. In this study, 120 healthy bush lupine seedings (Lupinus arboreus) 

were placed in individual pots in the field. A month later, 0, 8, 16, 32 hatchings of ghost moth 

caterpillars (the cats column) were also added to each pot. Heterorhabditis hepialus nematodes were 

added to one half of the pots (the nemtrt column, 1=present; 0=absent). Pots were randomly chosen 

to receive the different caterpillar and nematode treatments. Each of the 8 treatments was replicated in 

15 pots (with 120 pots total). Two months after applying the treatment, plant survival was recorded. The 

number of surviving lupine plants (the lupine column) was analyzed with logistic regression and 

several models were considered. Below shown the data, part of the output from 4 different models, and 

some comparisons between models.  
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    lupine  nemtrt  cats 

1      14       1      0 

2      14       1      8 

3      13       1     16 

4      13       1     32 

5      15       0      0 

6      11       0      8 

7       8        0     16 

8       5        0     32 

 

Model A: 
> modA <- glm(cbind(lupine,15-lupine) ~ cats * nemtrt, family=binomial) 

> summary(modA) 

Coefficients: 

              Estimate  Std. Error  z value  Pr(>|z|)     

(Intercept)   2.17577  0.56300     3.865   0.000111 *** 

cats         -0.10006  0.02829    -3.537  0.000405 *** 

nemtrt        0.41664    0.92985     0.448   0.654102     

cats:nemtrt   0.07449   0.04538     1.641   0.100712     

--- 

    Null deviance: 32.4825  on 7  degrees of freedom 

Residual deviance:  4.8986  on 4  degrees of freedom 

 

Model B: 
> modB <- glm(cbind(lupine, 15-lupine) ~ cats + nemtrt, family=binomial) 

> summary(modB) 

Coefficients: 

              Estimate  Std. Error  z value  Pr(>|z|)     

(Intercept)   1.75137  0.45567     3.844   0.000121 *** 

cats         -0.07417 0.02142    -3.463  0.000535 *** 

nemtrt        1.79561   0.55082     3.260   0.001115 **  

--- 

    Null deviance: 32.4825  on 7  degrees of freedom 

Residual deviance:  7.6087  on 5  degrees of freedom 
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Model C: 
> modC <- glm(cbind(lupine, 15-lupine) ~ cats, family=binomial) 

> summary(modC) 

Coefficients: 

              Estimate  Std. Error  z value Pr(>|z|)     

(Intercept)   2.30820   0.43062     5.360   8.32e-08 *** 

cats         -0.06530   0.01949    -3.351  0.000804 *** 

--- 

    Null deviance: 32.482  on 7  degrees of freedom 

Residual deviance: 20.300  on 6  degrees of freedom 

 

Model D: 
> modD <- glm(cbind(lupine, 15-lupine) ~ nemtrt, family=binomial) 

> summary(modD) 

Coefficients: 

              Estimate   Std. Error  z value  Pr(>|z|)    

(Intercept)   0.6190      0.2707     2.287   0.02219 *  

nemtrt         1.5782      0.5084     3.104   0.00191 ** 

--- 

    Null deviance: 32.482  on 7  degrees of freedom 

Residual deviance: 21.227  on 6  degrees of freedom 

 
Analysis of Deviance Tables: 
Table 1: 
> anova(modC, modA, test="Chi") 

Model 1: cbind(lupine, 15 - lupine) ~ cats 

Model 2: cbind(lupine, 15 - lupine) ~ cats * nemtrt 

   Resid. Df  Resid. Dev Df  Deviance  P(>|Chi|)     

1   6       20.2996                           

2   4        4.8986    2   15.401  0.0004526 *** 

 

Table 2: 
> anova(modC, modB, test="Chi") 

Model 1: cbind(lupine, 15 - lupine) ~ cats 

Model 2: cbind(lupine, 15 - lupine) ~ cats + nemtrt 

   Resid. Df   Resid. Dev  Df   Deviance  P(>|Chi|)     

1   6       20.2996                           

2   5        7.6087    1    12.691  0.0003674 *** 
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Table 3: 
> anova(modD, modA, test="Chi") 

Model 1: cbind(lupine, 15 - lupine) ~ nemtrt 

Model 2: cbind(lupine, 15 - lupine) ~ cats * nemtrt 

   Resid. Df   Resid. Dev  Df   Deviance  P(>|Chi|)     

1   6       21.2267                           

2   4        4.8986    2    16.328  0.0002847 *** 

 

Table 4: 
> anova(modD, modB, test="Chi") 

Model 1: cbind(lupine, 15 - lupine) ~ nemtrt 

Model 2: cbind(lupine, 15 - lupine) ~ cats + nemtrt 

   Resid. Df   Resid. Dev  Df  Deviance  P(>|Chi|)     

1   6       21.2267                           

2   5        7.6087    1  13.618  0.0002240 *** 

 

Table 5: 
> anova(modB, modA, test="Chi") 

Model 1: cbind(lupine, 15 - lupine) ~ cats + nemtrt 

Model 2: cbind(lupine, 15 - lupine) ~ cats * nemtrt 

   Resid. Df   Resid. Dev  Df   Deviance  P(>|Chi|)   

1   5        7.6087                         

2   4        4.8986    1     2.7100    0.09972 . 

 

(9) (1.5 pts) Briefly explain why logistic regression is appropriate in this study. 

(10) (2 pts) Was cats used as a quantitative or a qualitative variable in the analysis? Explain. 

(11) (2 pts) Explain why the p-values for the effect of nematode presence, as obtained from the 

output of model B (0.001115) and from the comparison between models B and C 

(0.0003674), are not exactly equal. Which one would you choose to report in a publication? 

Explain. 

(12) (2 pts) Explain why the p-value associated with the presence of nematodes differs widely 

between the output of model A (0.654102) and that of model B (0.001115). 

(13) (2 pts) Is this a prospective or retrospective study? Explain. 

(14) (2.5 pts) Fill in the table below with the probability of bush lupine survival, as estimated 

from model A. Briefly explain how the probabilities are calculated. 

 # caterpillars per pot 

nematodes 0 16 

absent     

present     
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(15) (2 points) To measure the protection brought to the plants by nematodes, report the 

estimated effect of nematode presence on the increment/decrement of plant survival 

probabilities (note: NOT increment/decrement of log odds), as obtained from model A. 

Report this effect both when there are no caterpillars and when the caterpillar density is 16 

per pot. 

(16) (2 points) The residual deviance of model C (20.300) is the highest deviance among 

models A, B, and C. Briefly explain why. 

(17) (2 points) Of all 4 models (A, B, C, and D), explain which ones are nested and which ones 

are not nested. 

(18) (2 points) Which model would be selected as “best” to explain lupine plant survival? Use 

the analysis of deviance tables to determine which model is selected and explain your 

selection procedure. 

(19) (2 points) From this study, how would you rate the evidence that Heterorhabditis hepialus 

nematodes protect or harm bush lupine seedlings? Explain. 

 

 


