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Midterm 2 - Solutions
You have until 10:20am to complete this exam. Please remember to put your name, section and
ID number on both your scantron sheet and the exam. Fill in test form A on the scantron sheet.
Answer all multiple choice questions on your scantron sheet. Choose the single best answer for
each multiple choice question. Answer the long answer questions directly on the exam. Keep your
answers complete but concise. For the long answer questions, you must show your work where
appropriate for full credit.
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SECTION I: MULTIPLE CHOICE (60 points)
1. Suppose that all of our bivariate population assumptions are true. Increasing the sample size
will:
(a)
(b)
(c)
(d)

Change the expected value of the slope coefficient.
Decrease the standard error of the slope coefficient.
Both (a) and (b).
Neither (a) nor (b).
(b) The expected value of the slope coefficient will be equal to the true population
slope coefficient regardless of the sample size. However, the standard error of the
slope coefficient will get smaller as the sample size increases.

2. Suppose that we regress Y on X and get estimates of the intercept b1 and the slope coefficient
b2 . The R2 of the regression is .65. We then run the regression again but force the constant to
be zero and get a new estimate for the slope coefficient, b˜2 . Which of the following statements
will definitely be false?
(a) b2 = b˜2 .
(b) b2 6= b˜2 .
(c) The R2 of the new regression is greater than .65.
(d) The R2 of the new regression is less than .65.
(c) The new slope coefficient could be equal to, greater than or less than the original
slope coefficient. The R2 will either stay the same or get smaller (the fit of the line
should be at least as good when allowing the intercept to vary as it is when we
force the intercept to be zero).
3. Suppose that population (P ) grows exponentially over time (t). Which of the following
equations would you use to model the relationship between populaton and time?
(a)
(b)
(c)
(d)

ln(P ) = β1 + β2 ln(t) + ε.
P = β1 + β2 ln(t) + ε.
ln(P ) = β1 + β2 t + ε.
P = β1 + β2 t + ε.
(c) If population is growing exponentially over time, then for each one unit increase
in time, population will increase by a certain percentage. This can be modeled with
a log-linear model.

4. Which of the following would not decrease the standard error of b2 (the estimated slope
coefficient in a bivariate regression)?
(a)
(b)
(c)
(d)

Increasing the sample size.
Greater variation in x.
Larger magnitudes for the residuals.
None of the above would decrease the standard error.
(c) Larger magnitudes for the residuals would increase the standard error of b2 .

5. If the covariance of two variables is equal to 400, we can say for certain that:
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(a)
(b)
(c)
(d)

The
The
The
The

correlation
correlation
correlation
correlation

3
between
between
between
between

the
the
the
the

two
two
two
two

variables
variables
variables
variables

is
is
is
is

negative.
less than one but greater than zero.
positive.
equal to one.

(c) The correlation will have the same sign as the covariance. The magnitude of
the correlation will depend on the magnitude of the covariance but also on on the
variances of each variable which we are not given.
6. Suppose that we regress life expectancy (in years) on the natural log of annual income where
annual income is measured in dollars and we get a slope coefficient of 4. Which of the following
is a correct interpretation of this coefficient?
(a) An increase in annual income of one dollar is associated with a 4 percent increase in life
expectancy.
(b) An increase in annual income of one dollar is associated with a 400 percent increase in
life expectancy.
(c) A one percent increase in annual income is associated with a 4 year increase in life
expectancy.
(d) A one percent increase in annual income is associated with a .04 year increase in life
expectancy.
(d) The slope coefficient tells us that a one unit change in the log of income is
associated with a 4 year increase in life expectancy. A one unit difference in logs
is a 100% change. So we need to divide the coefficient by 100 to get the change in
life expectancy with a 1% change in income.
7. Suppose we run a regression of Y on X. Which of the following would prove that a positive
change in X causes a negative change in Y ?
(a)
(b)
(c)
(d)

A positive, statistically significant slope coefficient.
A negative, statistically significant slope coefficient.
An R2 value of 1.
None of the above.
(d) The value of the slope or the R2 can tell us about the strength of the association
between X and Y but neither can tell us about causality.

8. If we knew the true population values of β1 and β2 and used these to calculate yˆi , the predicted
value of yi given xi , then:
(a)
(b)
(c)
(d)

The
The
The
The

predicted value of yi will be equal to the actual value yi .
error term εi will be equal to zero.
expected value of yˆi will be zero.
expected value of yˆi will be equal to yi .

(d) Even using the true population parameters, individual values of y will not
necessarily lie exactly on the regression line. However, the error term for each
observation will have mean zero implying that the expected value of y will lie on
the regression line. Note that during the exam yˆi and yi were switched for answers
(c) and (d).
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The Excel output below gives the results of a regression with life expectancy in years as the
dependent variable and the natural log of gross national product per capita as the independent
variable. The data is a cross section of countries from the year 2006. Use the output to answer
questions 9 through 13.

Regression Statistics
Multiple R
0.810066205
R Square
0.656207257
Adjusted R Square
0.654253889
Standard Error
6.242631332
Observations
178

Intercept
ln(GNP per capita)

Standard
Coefficients
Error
9.052733817 3.211483423

t Stat
P-value
Lower 95% Upper 95% Lower 95.0% Upper 95.0%
2.81886363 0.005371621 2.714760977 15.39070666 2.714760977 15.39070666

6.733180227 0.367359896 18.32856635 1.15581E-42 6.008182854 7.458177599 6.008182854 7.458177599

9. Which of the following is a correct interpretation of the intercept?
(a) The predicted life expectancy for a country with zero GNP per capita would be 6.7
years.
(b) The predicted life expectancy for a country with zero GNP per capita would be 9 years.
(c) A best fit line on a scatterplot with life expectancy on the vertical axis and GNP per
capita on the horizontal axis would intersect the vertical axis at 9 years.
(d) A best fit line on a scatterplot with life expectancy on the vertical axis and the natural
log of GNP per capita on the horizontal axis would intersect the vertical axis at 9 years.
(d) Notice that the independent variable is the natural log of GNP per capita. The
intercept gives us the value of life expectancy when the log of GNP per capita is
equal to zero which is not the same thing as GNP per capita itself being zero.
10. We would reject the null hypothesis that there is no relationship between the natural log of
GNP per capita and life expectancy at a:
(a)
(b)
(c)
(d)

10% significance level.
5% significance level.
1% significance level.
All of the above.
(d) The p-value for the slope coefficient is much smaller than .01, so p < α for α
equal to .1, .05 or .01.

11. The predicted average life expectancy for a country with a GNP per capita of $2000 is:
(a)
(b)
(c)
(d)

55
57
60
62

years.
years.
years.
years.

(c) To get the predicted value, we just plug in 2000 for GNP per capita: 9.05+6.73*ln(2000)=60.
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12. The 90% confidence interval for the slope coefficient:
(a)
(b)
(c)
(d)

Will
Will
Will
Will

contain the value 6.
not contain the value 6.
be centered at a value greater than the center of the 95% confidence interval.
be centered at a value less than the center of the 95% confidence interval.

(b) The 90% confidence interval will be centered at the same value as the 95%
confidence interval but will be narrower. Therefore its lower end will be a value
that is larger than 6.008 (the lower end of the 95% confidence interval.
13. If we ran the same regression but used the natural log of GNP as our independent variable
(rather than the natural log of GNP per capita):
(a)
(b)
(c)
(d)

The new slope coefficient would be larger than the old one.
The new slope coefficient would be smaller than the old one.
The new slope coefficient would be the same as the old one.
Not enough information.
(d) Let population be P . Then we can rewrite the natural log of GNP per capita
in the following way:
GN P
ln(
) = ln(GN P ) − ln(P )
P
This gives us the following two ways to write our regression equation:
LEi = b1 + b2 ln(

GN Pi
) + εi
Pi

LEi = b1 + b2 ln(GN Pi ) − b2 ln(Pi ) + εi
If population were the same across observations, then regressing life expectancy
on GNP would give us an intercept of b1 + b2 ln(P ) and a slope coefficient b2 ,
the same slope coefficient as we get when regressing life expectancy on GNP per
capita. However, if population is changing across observations, it will end up in the
error term and if it is correlated with GNP and life expectancy, this will affect the
estimated slope coefficient.
14. Suppose that test scores increase as hours of studying increase but that the increase in the
test score from an additional hour of studying gets smaller and smaller as studying increases.
Suppose we run a regression to estimate S = b1 + b2 H + b3 H 2 where S is test score and H is
hours of studying. We would expect:
(a)
(b)
(c)
(d)

b1
b1
b1
b1

and b2 to be positive.
and b2 to be negative.
to be positive and b2 to be negative.
to be negative and b2 to be positive.

(c) The wording of the question tells us that the curve when test scores are plotted
as a function of hours of studying has a positive slope that is getting smaller as
hours increase. The fact that the slope is getting smaller tells us that b3 is negative
(the second derivative of test score with respect to hours is negative). If b3 is
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negative but the effect of an additional hour on test score is positive, b2 must be
positive. Note that during the exam b1 was switched to b2 and b2 was switched to
b3 for all four choices.
15. If Y and X have a correlation of -1, a scatter plot with X on the horizontal axis and Y on
the vertical axis will have:
(a) All of the points either above and to the right of the point (X̄, Ȳ ) or below and to the
left of (X̄, Ȳ ).
(b) All of the points either above and to the left of the point (X̄, Ȳ ) or below and to the
right of (X̄, Ȳ ).
(c) Most but not all of the points either above and to the right of the point (X̄, Ȳ ) or below
and to the left of (X̄, Ȳ ).
(d) Most but not all of the points either above and to the left of the point (X̄, Ȳ ) or below
and to the right of (X̄, Ȳ ).
(b) A correlation of negative one tells us that X and Y are perfectly correlated (all
of the points would lie along a straight line) and that the relationship is negative
(that line would have a negative slope).
16. Suppose we run a regression with height as the dependent variable and average daily caloric
intake as the independent variable. If we switch from measuring height in inches to measuring
height in meters (assume that the R2 was originally less than one and greater than zero):
(a)
(b)
(c)
(d)

The
The
The
The

standard
standard
standard
standard

error
error
error
error

of
of
of
of

the
the
the
the

regression
regression
regression
regression

will increase but the R2 will stay the same.
will decrease but the R2 will stay the same.
and the R2 will both increase.
and the R2 will both decrease.

(b) Switching to measuring height in meters will make the magnitudes of the residuals smaller purely because of the change in units (not because we have a better
fit). This will decrease the standard error of the regression but it will not change
the R2 (the reduction in the error sum of squares will be offset by the reduction int
he total sum of squares).
17. The total sum of squares
is 100 and the R2 is .25. What is the sum of the
Pfor a regression
square of the residuals ( (yi − yˆi )2 )?
(a)
(b)
(c)
(d)

25.
50.
75.
Not enough information.
2
(c) The R2 is just 1 − ESS
T SS . Plugging in .25 for the R and 100 for the T SS in this
equation and solving for ESS gives us a sum of the squares of the residuals of 75.
SUM OF SQUARE IN QUESTION SHOULD BE SUM OF THE SQUARES.

18. The predicted mean value of y when x is equal to 5 is 100. The predicted actual value for y
when x is equal to 5:
(a) Will also be equal to 100.
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(b) Will be greater than 100.
(c) Will be less than 100.
(d) (a), (b) and (c) are all possible.
(a) The predicted mean value and the predicted actual value will be the same (but
they will have different standard errors).
19. Which of the following would lead to a larger slope coefficient when Y is regressed on X
(assume the correlation between X and Y is positive):
(a) A larger variance of X, holding the variance of Y and the correlation of X and Y
constant.
(b) A larger variance of Y , holding the variance of X and the correlation of X and Y
constant.
(c) A smaller correlation of X and Y , holding the variances of X and Y constant.
(d) All of the above.
q
syy
(b) The slope coefficient would be rxy sxx
. From this formula, it is clear that the
slope coefficient is bigger is syy is larger, rxy is larger, or sxx is smaller.
20. Which of the following is definitely true when regressing Y on X?
(a)
(b)
(c)
(d)

The
The
The
The

regression
regression
regression
regression

line
line
line
line

will
will
will
will

pass
pass
pass
pass

through
through
through
through

the point (X̄, Ȳ ).
the origin.
at least one data point in the sample.
all of the data points in the sample.

(a) We calculate b1 as ȳ − b2 x̄, so the regression line passes through the mean of y
and x by constuction. We cannot say for certain whether the regression line will
pass through any specific data points or the origin.
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SECTION II: SHORT ANSWER (40 points)

1. (12 points) For each graph below draw a scatter plot with at least 10 data points that depicts
the situation described. Next to each graph include a one sentence explanation of why the
graph violates the assumption of interest. For all three questions, assume that all of the
observed values of X are positive.

(a) Suppose we regress Y on X and discover that our residuals violate the assumption that
the error has mean zero. Draw a scatter plot with xi on the horizontal axis and yi − yˆi
on the vertical axis that depicts this situation.
There are many scatter plots you could show. The key is that the average
vertical height of the residuals on the graph must be clearly above or below
zero. Figure (A) below shows one example in which the mean of the residuals
is positive.
(b) Suppose we regress Y on X and discover that our residuals violate the assumption that
the error is unrelated with the regressor. Draw a scatter plot with xi on the horizontal
axis and yi − yˆi on the vertical axis that depicts this situation.
There are many correct ways of answering this question. The key is that there
must be a pattern in the how the mean value of your residuals varies as the
value of x changes. In other words, the plot of the residuals should produce a
discernible shape other than a horizontal line or random cloud. One example
of such a pattern is given in figure (B) below.
(c) Suppose we regress Y on X and discover that our residuals violate the assumption that
the error has constant variance (in other words, σε2 depends on the value of xi ). Draw a
scatter plot with xi on the horizontal axis and yi − yˆi on the vertical axis that depicts
this situation.
There are many scatter plots you could show. The key is that the vertical
spread in the residuals should be changing in a clear way as the value of x
changes. Figure (C) below shows one example of this in which the variance of
the residuals is getting smaller as x gets larger.
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(A)

y(i)-yhat(i)

X

(B)

y(i)-yhat(i)

X

y(i)-yhat(i)
(C)

X
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2. (18 points) The table below shows the first several rows of observations for a dataset contain income and personal characteristics for a random sample of Davis residents. The total
sample size is 1000 observations. The variable GENDER can take on the values ’MALE’
or ’FEMALE’. The variable RACE can take on the values ’WHITE’, ’BLACK’, ’ASIAN’,
or ’OTHER’. The variable EDU measures years of education. The variable INC measures
annual income in dollars.
OBSERVATION
1
2
3
4
5
6

GENDER
MALE
MALE
FEMALE
MALE
FEMALE
FEMALE

RACE
WHITE
BLACK
ASIAN
WHITE
WHITE
WHITE

EDU
12
12
14
16
12
16

INC
45000
47000
39000
48000
52000
33000

Suppose you overhear someone make the following statement: White residents in Davis earn
$5,000 more a year on average than non-white residents of Davis. You decide to test this
statement by running a bivariate regression using the data described above.
(a) What, if any, data transformations would you need to do before running your regression?
If you do need to use a data transformation, how would you do it in Excel?
To answer the question, we would need to regress income on a variable capturing
race. Notice that the statement refers to income in dollar terms, not percentages,
so we would not need to transform our income variable. We cannot use the race
variable in its current form since it is a categorical variable with no natural
numerical interpretation. We would need to create a dummy variable for race
that would equal one if race were white and equal to zero for all other values
of race. We could do this in Excel by sorting the data by race, creating a new
column for our race dummy variable and entering one as a value in this new
column for all individuals with a race of white and zero as a value in this new
column for all other individuals.
(b) What is the regression equation you would use? Explain in words how you would interpret the values of the intercept and the slope coefficient in this equation.
We would regress annual income on our newly constructed dummy variable for
race (we’ll call this variable W HIT E):
IN C = β1 + β2 W HIT E
The intercept, β1 would be interpreted as the average annual income for someone
who is not white. The slope coefficient, β2 would be interpreted as the expected
difference in annual income between someone who is white and someone who is
not white.
(c) Write the null and alternative hypotheses you use to test the statement given in the
beginning of the problem. Your hypotheses should be written in terms of the parameters
of your regression equation in part (b).
We would need to use a one-tailed test. In this situation, we would most likely
want to place the burden of proof on the claim about white residents earning
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more than other residents. This means we should make the claim our alternative
hypothesis and use an upper one-tailed test:
Ho : β2 ≤ 5000
Ha : β2 > 5000
(d) Assume you did the data transformations (if any were necessary) from part (a) and ran
the regression you specified in part (b). Desribe the steps you would take to test the set
of hypotheses given in part (c). Be certain to include your decision rule for rejecting the
null hypothesis. Be as specific as possible.
After running the regression, Excel will give tell us the estimated slope coefficient (b2 ) and the standard error of this slope coefficient (sb2 ). Given these
numbers, we would first need to calculate our test statistic:
t∗ =

b2 − 5000
sb2

Once we plug in the values of b2 and sb2 , we would then need to calculate the
p-value associated with this test statistic. This p-value will depend on the value
we got for t∗ in the previous step, the degrees of freedom (n − 2, which is 998
for our dataset), and the number of tails for our test (one in this case). To get
the p-value in Excel, we would use the TDIST() function:
p = T DIST (t∗ , 998, 1) if t∗ ≥ 0
p = 1 − T DIST (−t∗ , 998, 1) if t∗ < 0
Given our value for p, we would reject the null hypothesis if p is less than our
chosen significance level or fail to reject the null hypothesis if p is greater than
our chosen significance level.
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3. (10 points) For each situation below, write down a regression equation that would satisfy
our assumption of a linear relationship between the dependent variable and the independent
variable(s).
(a) We are interested in the effect of ocean temperature (T ) on the population of fish (F ).
The population of fish decreases by a constant percentage everytime the ocean temperature increases by one degree.
ln(F ) = β1 + β2 T
If the population decreases by a constant percentage with every one unit increase in temperature, the is an exponential growth relationship between fish
population and temperature. To get a linear relationship, we need to take the
log of population.
(b) We are interested in the effect of age (A) on the number of visits to the doctor (V ) a
person makes in a year. Trips to the doctor per year start out high at very young ages,
then decrease as age increases up to early adulthood at which point they start increasing
again.
V = β1 + β2 A + β3 A2
The problem describes a relationship between age and doctor visits that would
be a u-shaped curve. To model this sort of curve, we would need to use a
polynomial in age. In this case, we would expect to get a negative estimate for
β2 and a positive estimate for β3 .
(c) We are interested in figuring out how the number of burritos purchases (B) is influenced
by the price of a burrito (P ). We want to estimate the elasticity of demand which is the
percent change in quantity associated with a one percent increase in price.
ln(B) = β1 + β2 ln(P )
We are focusing on percent changes in both the number of burritos and the
price. Therefore, we need to use logs for both variables. In the equation above,
the coefficient β2 tells us the elasticity of demand.

