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 They have positive relationship which is consistent with the expectation. When 
people have more income, we would expect them to consume more. 
 
d) Nominal Consumption and GDP 
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3. a) We usually observe that a country with the high crime rate also has high number of police 

officers. Equivalently, we usually observe that a country with high number of police officers 
also has the high crime rate. 

b) It does not mean that if we increase or reduce one variable, the other variable will be 
affected. For example, if we reduce the number of police, it does not mean that the crime rate 
will be reduced. It is also possible that there is a 3rd variable that affect both variables. 

 
4. a) The discrete probability density function is the probability function that is associated with a 

discrete random variable; on the other hand, the continuous probability density function is 
associated with continuous variable. Thus, a discrete probability density function is a discrete 
function, and a continuous probability density function is a continuous function. 

b) Outcomes are 2, 3, 4, … , 12. The PDF is  

Outcome Probability  Outcome Probability 
2 1/36  8 5/36 
3 2/36  9 4/36 
4 3/36  10 3/36 
5 4/36  11 2/36 
6 5/36  12 1/36 
7 6/36    

 

 c) It is a discrete PDF because it assumes that the outcomes are only discrete values. 

 

5. a) ( 0) 0.1 0.2 0.18 0.48P X       

( 1) 0.04 0.09 0.08 0.21P X       

( 2) 0.06 0.11 0.14 0.31P X       

b) X and Y are not independent. It can be proved by showing that
( 0 and 0) ( 0) ( 0) 0.1 (0.2)(0.48)P X Y P X P Y        . 

c) ( ) ( ) ( ) [.48(0) .21(1) .31(2)] [0.2(0) 0.4(1) 0.4(2)] 2.03E X Y E X E Y         
(For the summation of expected values, you do not have to take into account the covariance, 
but you have to take into account when you find var(X+Y).) 

 Each day, the machine is expected to be broken by 2.03 times. 
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d) 
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6. a) PRF, in this case, is a linear function. It tells us how does Y indeed response to X. For the 
SRF, it is the estimated version of PRF. We will never know the actual parameters in the 
PRF, so we use the estimators estimated in SRF as a proxy for parameters in PRF. 
 

b) No because 1 and 2 are the population concept. As a result, we cannot find them from 

the sample. 
 

c) If we have a sample, we can use the sample to find 1̂  and 2̂ because they are the sample 

concept.     

d) No. It is important to remember that the PRF is something fixed, but unknown, in the 
population. Because the SRF is obtained from a given sample of data, a new sample will 
generate different slope and intercept. 

e) Unbias ( ˆ( )E   ) and efficient (lowest variance) 

f) iu is usually called an error term or disturbance term. ˆiu is called a residual. They are 

different because the error term is a population concept, but the residual is for sample 
concept. 
 

7. a) Intrinsically linear model: 1 2ln( )i i iY X u     

b) Intrinsically linear model:  
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c) Linear model 

d) Nonlinear model 
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e) Nonlinear model 
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9. a) 
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b) The performance of male and female tend to move together (This is a good example of 
what I said in 3.b that there may be the 3rd factor that affect 2variables. In this case, male 
causes female or female courses male are illogical. However, it may be more logical to 
assume that the 3rd factor, e.g. the difficulty of the exam, is responsible for the movement of 
these variables.). 

 

 

 

 

 

 

c) 

  

 
 
The relationships for both groups are not clear. However, it seems like there is only slightly 
positive relationship. 
 
d) There is a highly positive linear relationship. 
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