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Unit 2 – Discrete Distributions 
Practice Problems  

Solutions – R Users 
 
 

1. Source:  Rosner B.  Fundamentals of Biostatistics, second edition.  Boston:  Duxbury Press, 1986.  Chapter 4 problem 4.29, page 93. 
 
Suppose that the expected number of deaths due to bladder cancer for all workers at a tire plant on January 1, 1964 , 
over the next 20 years (1/1/64-12/31/83) based on US mortality rates is 1.8.  If the Poisson distribution is assumed 
to hold and there are 6 reported deaths due to bladder cancer among the tire workers, then how unusual is this event?  
In developing your answer, compute the probability of exactly 6 deaths using the appropriately defined Poisson 
distribution model. 
 

Answer:  The likelihood of this event is .0078, representing an unlikely event  
 
# dpois(x=, lambda= ) for exact Poisson Distribution probability 
# Solve for Pr [ Poisson(mean=1.8) = 6 
 
# Basic – Note:  Surrounding command in parentheses tells R to show output. 
(dpois(6,lambda=1.8)) 

## [1] 0.007808587 

#Fancy 
q1sol <- dpois(6,lambda=1.8) 
q1sol_rounded <- round(q1sol,6) 
paste("Poisson(mean=1.8)  Pr[X=6] =  ", q1sol_rounded) 

## [1] "Poisson(mean=1.8)  Pr[X=6] =   0.007809" 
 

 
2.     Source:  Rosner B.  Fundamentals of Biostatistics, second edition.  Boston:  Duxbury Press, 1986.  Chapter 4 problem 4.30, page 93-94. 
 
The rate of myocardial infarction (MI) in 50-59 year old disease-free women is approximately 2 per 1000 per year or 10 per 
1000 over 5 years.  Suppose that 3 MI’s are reported over 5 years among 1000 women initially disease-free who have been 
taking postmenopausal hormones. 
 
             (a).  Use the binomial distribution to see if this experience represents an unusually small number of  
                 events based on the overall rate.  That is, compute the probability of 3 or fewer events of MI using  
                 the appropriately defined Binomial distribution model. 
 

Answer:   .01007 
 

# pbinom(q=, size=, prob= ) for exact cumulative Binomial Distribution probability 
# Solve for Pr [ Binomial(n=1000, p=.01) <= 3] 
 
# Basic 
(pbinom(q=3,size=1000,prob=.01)) 

## [1] 0.01007265 
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#Fancy 
q2asol <- pbinom(q=3,size=1000,prob=.01) 
q2asol_rounded <- round(q2asol,6) 
paste("Binomial(n=1000, p=.01)  Pr[X <= 3] =  ", q2asol_rounded) 

## [1] "Binomial(n=1000, p=.01)  Pr[X <= 3] =   0.010073" 

 

 

 
            (b).  Answer exercise “a” using the Poisson approximation to the binomial distribution. 
 

Answer:   .01033 
 
# ppois(q=, lambda= ) for cumulative Poisson Distribution probability 
# Solve for Pr [ Poisson(mean=10) <= 3 
 
# Basic 
(ppois(3,lambda=10)) 

## [1] 0.01033605 

#Fancy 
q2bsol <- ppois(3,lambda=10) 
q2bsol_rounded <- round(q2bsol,6) 
paste("Poisson(mean=10)  Pr[X <= 3] =  ", q2bsol_rounded) 

## [1] "Poisson(mean=10)  Pr[X <= 3] =   0.010336" 

 
 
(c).  Compare your answers to “a” and “b”. 
 

 
The answers are similar!  The closeness of these answers is what we might expect given that the probability of 
event is small and the number of trials is large. 
 

 
 
3.         Source:  Fisher LD and Van Belle G.  Biostatistics: A Methodology for the Health Sciences. 
            New York:  Wiley, 1993.  Chapter 6 problem 5, page 232. 
 
             Smith, Delgado and Rutledge (1976) report data on ovarian carcinoma.  Individuals had different 
             numbers of courses of chemotherapy. The 5-year survival data for those with 1-4 and 10 or more 
             courses of chemotherapy are: 

 
                          Five Year Status 

Courses Dead Alive 
1-4 21 2 

> 10 2 8 
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           Using Fisher’s Exact test, is there a statistically significant association (p<.05) in this table?   
          In 1-2 sentences, write a clear interpretation of your hypothesis test. 

 
    Preliminary – Create an R object that is a 2x2 table (there are lots of ways to do this …) 

 
# rbind( ) and as.table( ) to create 2x2 table of counts with counts entered row by row 
# dimnames(tablename) <- list( 
#    ROWNAME=c("Smoke","Dont Smoke"), 
#    COLNAME=c("Abnormal","Normal")) 
# tablename 
 
q3table <- as.table(rbind(c(21,2),c(2,8))) 
dimnames(q3table) <- list( 
    "Courses"=c("1-4",">= 10"), 
    "Five Year Status"=c("Dead","Alive")) 
q3table 

##        Five Year Status 
## Courses Dead Alive 
##   1-4     21     2 
##   >= 10    2     8 

 
Dear R learner – The R command fisher.test( ) does not produce the odds ratio calculation that you are familiar 
with: 

 

                          Five Year Status 
Courses Dead Alive 

1-4 21 2 
> 10 2 8 

 
 

                           Familiar odds ratio calculation:   𝑂𝑅 =
𝑎𝑑

𝑏𝑐
=

21·8

2·2
= 42 

 
This familiar odds ratio calculation is called by various names:  “sample OR” 
   and “ unconditional MLE OR” 
The other kind of odds ratio calculations are called conditional MLE OR. 
These do not have straightforward formulae and are not covered in this course.  

 

             Solution I:  Using command fisher.test( ) which does NOT calculate OR as OR = (ad/bc) 
Answer:   
The null hypothesis of “no association of number of courses of chemotherapy with 5-year survival“ is rejected 
(assumption of the null hypothesis and its application to the data has led to a highly unlikely result; p-value = 
.0001).  Examination of the data suggests > 10 courses of chemotherapy, relative to 1-4 courses is associated with 
improved survival at 5-years. 

 
# Key 
# fisher.test(TABLENAME,alternative="two.sided")   
# fisher.test(TABLENAME,alternative="greater")   
# fisher.test(TABLENAME,alternative="less")  
  
fisher.test(q3table,alternative="greater")   
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##  
##  Fisher's Exact Test for Count Data 
##  
## data:  q3table 
## p-value = 0.0001255 
## alternative hypothesis: true odds ratio is greater than 1 
## 95 percent confidence interval: 
##  4.927592      Inf 
## sample estimates: 
## odds ratio  
##   34.05494    Dear class – This is not the familiar OR = (ad)/(bc).         
 

 

 

 
              Solution II:  Using command epi.2by2( ) in package epiR 

Answer:  The null hypothesis of “no association of number of courses of chemotherapy with 5-year survival” is 
rejected (assumption of the null hypothesis and its application to the data has led to a highly unlikely result; p-
value = .0001).  Examination of the data suggests > 10 courses of chemotherapy, relative to 1-4 courses is 
associated with improved survival at 5-years (OR = 42) but is imprecise due to small cell frequencies  
(95% CI estimate of OR = 5.03 - 350.75). 

 
# Using command epi.2by2 in package = epiR 
library(epiR) 

q3data = matrix(c(21,2,2,8), ncol=2, byrow=TRUE,  
              dimnames = list(c("1-4 courses", "10 or more courses"),c("Dead", "Alive"))) 
q3data 

##                    Dead Alive 
## 1-4 courses          21     2 
## 10 or more courses    2     8 

epi.2by2(q3data) 

##              Outcome +    Outcome -      Total        Inc risk * 
## Exposed +           21            2         23              91.3 
## Exposed -            2            8         10              20.0 
## Total               23           10         33              69.7 
##                  Odds 
## Exposed +       10.50 
## Exposed -        0.25 
## Total            2.30 
##  
## Point estimates and 95 % CIs: 
## ------------------------------------------------------------------- 
## Inc risk ratio                               4.57 (1.31, 15.87) 
## Odds ratio = (ad/bc)                         42.00 (5.03, 350.75)   This is OR = (ad)/(bc) 
## Attrib risk *                                71.30 (43.97, 98.64) 
## Attrib risk in population *                  49.70 (20.36, 79.03) 
## Attrib fraction in exposed (%)               78.10 (23.85, 93.70) 
## Attrib fraction in population (%)            71.30 (9.47, 90.90) 
## ------------------------------------------------------------------- 
##  X2 test statistic: 16.778 p-value: < 0.001 
##  Wald confidence limits 
##  * Outcomes per 100 population units 

 


