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17 Limited Dependent Variable Models and Sample 99 Selection CorrectionsChapter 18 Advanced Time Series Topics 110iiPREFACEThis manual contains solutions to the odd-numbered problems and computer exercises in Introductory Econometrics: A Modern Approach , 4e. Hopefully, you will find that the solutions are detailed enough to act as a
study supplement to the text. Rather than just presenting the final answer, I usually provide detailed steps, emphasizing where the chapter material is used in solving the problems.Some of the answers given here are subjective, and you or your instructor may have perfectly acceptable alternative answers or opinions.I obtained the solutions to the
computer exercises using Stata, starting with version 4. and ending with version 9. Nevertheless, almost all of the estimation methods covered in the text have been standardized, and different econometrics or statistical packages should give the same answers to the reported degree of accuracy. There can be differences when applying more advanced
techniques, as conventions sometimes differ on how to choose or estimate auxiliary parameters. (Examples include heteroskedasticity-robust standard errors, estimates of a random effects model, and corrections for sample selection bias.) Any differences in estimates or test statistics should be practically unimportant, provided you are using a
reasonably large sample size.While I have endeavored to make the solutions free of mistakes, some errors may have crept in. I would appreciate hearing from students who find mistakes. I will keep a list of any notable errors on the Web site for the book, academic.cengage/economics/wooldridge. I would also like to hear from students who have
suggestions for improving either the solutions or the problems themselves. I can be reached via e-mail at wooldri1@.msu.I hope that you find this solutions manual helpful when used in conjunction with the text. I look forward to hearing from you.Jeffrey M. Wooldridge Department of Economics Michigan State University 110 Marshall-Adams Hall
East Lansing, MI 48824-ivCHAPTER 1SOLUTIONS TO PROBLEMS1 (i) Ideally, we could randomly assign students to classes of different sizes. That is, each student is assigned a different class size without regard to any student characteristics such as ability and family background. For reasons we will see in Chapter 2, we would like substantial
variation in class sizes (subject, of course, to ethical considerations and resource constraints).(ii) A negative correlation means that larger class size is associated with lower performance. We might find a negative correlation because larger class size actually hurts performance. However, with observational data, there are other reasons we might find
a negative relationship. For example, children from more affluent families might be more likely to attend schools with smaller class sizes, and affluent children generally score better on standardized tests. Another possibility is that, within a school, a principal might assign the better students to smaller classes. Or, some parents might insist their
children are in the smaller classes, and these same parents tend to be more involved in their children’s education.(iii) Given the potential for confounding factors – some of which are listed in (ii) – finding a negative correlation would not be strong evidence that smaller class sizes actually lead to better performance. Some way of controlling for the
confounding factors is needed, and this is the subject of multiple regression analysis.1 It does not make sense to pose the question in terms of causality. Economists would assume that students choose a mix of studying and working (and other activities, such as attending class, leisure, and sleeping) based on rational behavior, such as maximizing
utility subject to the constraint that there are only 168 hours in a week. We can then use statistical methods to measure the association between studying and working, including regression analysis that we cover starting in Chapter 2. But we would not be claiming that one variable “causes” the other. They are both choice variables of the
student.SOLUTIONS TO COMPUTER EXERCISESC1 (i) The average of educ is about 12 years. There are two people reporting zero years of education, and 19 people reporting 18 years of education.(ii) The average of wage is about $5, which seems low in the year 2008.(iii) Using Table B-60 in the 2004 Economic Report of the President , the CPI was
56 in 1976 and 184 in 2003.(iv) To convert 1976 dollars into 2003 dollars, we use the ratio of the CPIs, which is . Therefore, the average hourly wage in 2003 dollars is roughly , which is a reasonable figure.184 / 56 3≈3($5)≈$19.CHAPTER 2SOLUTIONS TO PROBLEMS2 (i) Income, age, and family background (such as number of siblings) are just a
few possibilities. It seems that each of these could be correlated with years of education. (Income and education are probably positively correlated; age and education may be negatively correlated because women in more recent cohorts have, on average, more education; and number of siblings and education are probably negatively correlated.)(ii)
Not if the factors we listed in part (i) are correlated with educ. Because we would like to hold these factors fixed, they are part of the error term. But if u is correlated with educ then E( u|educ ) ≠ 0, and so SLR fails.2 (i) Let yi = GPAi , xi = ACTi , and n = 8. Then x = 25, y = 3, ( xi – 1n i =∑ x )( yi – y ) =5, and ( xi – 1n i =∑ x ) 2 = 56. From equation
(2), we obtain the slope as βˆ 1 =5.8125/56 ≈ .1022, rounded to four places after the decimal. From (2), βˆ 0 = y –1βˆ x ≈ 3 – (.1022)25 ≈ .5681. So we can writeGPA n = .5681 + .1022 ACTn = 8.The intercept does not have a useful interpretation because ACT is not close to zero for thepopulation of interest. If ACT is 5 points higher, GPA n increases
by .1022(5) = .511.(ii) The fitted values and residuals — rounded to four decimal places — are given along with the observation number i and GPA in the following table:i GPA GPA n u ˆ 1 2 2. 2 3 3. 3 3 3 –. 4 3 3. 5 3 3. 6 3 3 –. 7 2 3 –. 8 3 3.You can verify that the residuals, as reported in the table, sum to −.0002, which is pretty close to zero given the
inherent rounding error.(iii) When ACT = 20, GPA n= .5681 + .1022(20) ≈ 2.(iv) The sum of squared residuals, 2 1ˆn i iu∑ , is about .4347 (rounded to four decimal places),and the total sum of squares, ( yi – 1ni =∑ y )2 , is about 1. So the R -squared from theregression isR 2 = 1 – SSR/SST ≈ 1 – (.4347/1) ≈ .577.Therefore, about 57% of the variation
in GPA is explained by ACT in this small sample of students.2 (i) The intercept implies that when inc = 0, cons is predicted to be negative $124. This, of course, cannot be true, and reflects that fact that this consumption function might be a poor predictor of consumption at very low-income levels. On the other hand, on an annual basis, $124 is not so
far from zero.(ii) Just plug 30,000 into the equation: cons n = –124 + .853(30,000) = 25,465 dollars.(iii) The MPC and the APC are shown in the following graph. Even though the intercept is negative, the smallest APC in the sample is positive. The graph starts at an annual income level of $1,000 (in 1970 dollars).2211 12 11 1 22 22 2 11111 1 222 1()()
()(() ()()( )ˆ.()nn ii ii ii nn ii ii n ii i n i icx cx cy cy cc x x y ycx cx c x xxxyy cc ccxxββ======−− −==−−−−=⋅ =−∑∑∑∑∑∑2−)From (2), we obtain the intercept as β 0 = (c 1 y ) – β 1 ( c 2 x ) = ( c 1 y ) – [( c 1 / c 2 )βˆ 1 ]( c 2 x ) =c 1 ( y – βˆ 1 x ) = c 1 βˆ 0 ) because the intercept from regressing yi on xi is ( y – βˆ 1 x ).(ii) We use the same approach
from part (i) along with the fact that ( cy 1 + ) = c 1 + y and( cx 2 + ) = c 2 + x. Therefore, () cy cy 11 +−+ i () = ( c 1 + yi ) – ( c 1 + y ) = yi – y and ( c 2 + xi ) – ( cx 2 + ) = xi – x. So c 1 and c 2 entirely drop out of the slope formula for the regression of ( c 1 +yi ) on ( c 2 + xi ), and β 1 = βˆ 1. The intercept is β 0 = () cy 1 + – β 1 ( cx 2 + ) = ( c 1 + y )
– βˆ 1 ( c 2 +x ) = ( yx −βˆ 1 ) + c 1 – c 2 βˆ 1 = βˆ 0 + c 1 – c 2 βˆ 1 , which is what we wanted to show.(iii) We can simply apply part (ii) because log( cy 11 i ) log( ) log( )= c + yi. In other words, replace c 1 with log( c 1 ), yi with log( yi ), and set c 2 = 0.(iv) Again, we can apply part (ii) with c 1 = 0 and replacing c 2 with log( c 2 ) and xi with log( xi
).If βˆ 0 and βˆ 1 are the original intercept and slope, then β 1 =βˆ 1 and β 00 =−ββˆˆlog( ) c 21.2 (i) We would want to randomly assign the number of hours in the preparation course so that hours is independent of other factors that affect performance on the SAT. Then, we would collect information on SAT score for each student in the experiment,
yielding a data set , where n is the number of students we can afford to have in the study.From equation (2), we should try to get as much variation in as is feasible.{( sat hoursii , ) : i =1,..., } n hoursi(ii) Here are three factors: innate ability, family income, and general health on the day of the exam. If we think students with higher native intelligence
think they do not need to prepare for the SAT, then ability and hours will be negatively correlated. Family income would probably be positively correlated with hours , because higher income families can more easily afford preparation courses. Ruling out chronic health problems, health on the day of the exam should be roughly uncorrelated with
hours spent in a preparation course.(iii) If preparation courses are effective,β 1 should be positive: other factors equal, anincrease in hours should increase sat.(iv) The intercept, β 0 , has a useful interpretation in this example: because E( u ) = 0, β 0 is theaverage SAT score for students in the population with hours = 0.SOLUTIONS TO COMPUTER
EXERCISESC2 (i) The average prate is about 87 and the average mrate is about .732.(ii) The estimated equation isn prate = 83 + 5 mraten = 1,534, R 2 = .075.(iii) The intercept implies that, even if mrate = 0, the predicted participation rate is 83. percent. The coefficient on mrate implies that a one-dollar increase in the match rate – a fairly large
increase – is estimated to increase prate by 5 percentage points. This assumes, of course, that this change prate is possible (if, say, prate is already at 98, this interpretation makes no sense).(iv) If we plug mrate = 3 into the equation we get prate ˆ = 83 + 5(3) = 103. This is impossible, as we can have at most a 100 percent participation rate. This
illustrates that, especially when dependent variables are bounded, a simple regression model can give strange predictions for extreme values of the independent variable. (In the sample of 1,534 firms, only 34 have mrate ≥ 3.)(v) mrate explains about 7% of the variation in prate. This is not much, and suggests that many other factors influence 401(k)
plan participation rates.C2 (i) The estimated equation issleep n= 3,586 – .151 totwrkn = 706, R 2 = .103.The intercept implies that the estimated amount of sleep per week for someone who does not work is 3,586 minutes, or about 59 hours. This comes to about 8 hours per night.(ii) If someone works two more hours per week then Δ totwrk = 120
(because totwrk ismeasured in minutes), and so = –.151(120) = –18 minutes. This is only a few minutesa night. If someone were to work one more hour on each of five working days,Δ sleep n Δ sleep n= –.151(300) = –45 minutes, or about five minutes a night.C2 (i) The constant elasticity model is a log-log model:log( rd ) = β 0 + β 1 log( sales ) + u
,where β 1 is the elasticity of rd with respect to sales.(ii) The estimated equation isCHAPTER 3SOLUTIONS TO PROBLEMS3 (i) hsperc is defined so that the smaller it is, the lower the student’s standing in high school. Everything else equal, the worse the student’s standing in high school, the lower is his/her expected college GPA.(ii) Just plug these
values into the equation:colgpa n = 1 − .0135(20) + .00148(1050) = 2.(iii) The difference between A and B is simply 140 times the coefficient on sat , because hsperc is the same for both students. So A is predicted to have a score .00148(140). higher.≈(iv) With hsperc fixed, = .00148Δ sat. Now, we want to find Δ sat such that= .5, so .5 = .00148(Δ sat
) or Δ sat = .5/(.00148)Δ colgpa n Δ colgpa n ≈ 338. Perhaps not surprisingly, alarge ceteris paribus difference in SAT score – almost two and one-half standard deviations – is needed to obtain a predicted difference in college GPA or a half a point.3 (i) If adults trade off sleep for work, more work implies less sleep (other things equal), soβ 1 < 0.(ii)
The signs of β 2 and β 3 are not obvious, at least to me. One could argue that moreeducated people like to get more out of life, and so, other things equal, they sleep less (β 2 < 0).The relationship between sleeping and age is more complicated than this model suggests, and economists are not in the best position to judge such things.(iii) Since totwrk is
in minutes, we must convert five hours into minutes: Δ totwrk = 5(60) = 300. Then sleep is predicted to fall by .148(300) = 44 minutes. For a week, 45 minutes less sleep is not an overwhelming change.(iv) More education implies less predicted time sleeping, but the effect is quite small. If we assume the difference between college and high school is
four years, the college graduate sleeps about 45 minutes less per week, other things equal.(v) Not surprisingly, the three explanatory variables explain only about 11% of the variation in sleep. One important factor in the error term is general health. Another is marital status, and whether the person has children. Health (however we measure that),
marital status, and number and ages of children would generally be correlated with totwrk. (For example, less healthy people would tend to work less.)3 (i) No. By definition, study + sleep + work + leisure = 168. Therefore, if we change study , we must change at least one of the other categories so that the sum is still 168.(ii) From part (i), we can
write, say, study as a perfect linear function of the other independent variables: study = 168 − sleep − work − leisure. This holds for every observation, so MLR violated.(iii) Simply drop one of the independent variables, say leisure :GPA = β 0 + β 1 study + β 2 sleep + β 3 work + u.Now, for example, β 1 is interpreted as the change in GPA when study
increases by one hour,where sleep , work , and u are all held fixed. If we are holding sleep and work fixed but increasing study by one hour, then we must be reducing leisure by one hour. The other slope parameters have a similar interpretation.3 Only (ii), omitting an important variable, can cause bias, and this is true only when the omitted variable
is correlated with the included explanatory variables. The homoskedasticity assumption, MLR, played no role in showing that the OLS estimators are unbiased.(Homoskedasticity was used to obtain the usual variance formulas for the βˆ j .) Further, thedegree of collinearity between the explanatory variables in the sample, even if it is reflected in a
correlation as high as .95, does not affect the Gauss-Markov assumptions. Only if there is a perfect linear relationship among two or more explanatory variables is MLR violated.3 (i) β 1 < 0 because more pollution can be expected to lower housing values; note that β 1 isthe elasticity of price with respect to nox. β 2 is probably positive because rooms
roughlymeasures the size of a house. (However, it does not allow us to distinguish homes where each room is large from homes where each room is small.)(ii) If we assume that rooms increases with quality of the home, then log( nox ) and rooms are negatively correlated when poorer neighborhoods have more pollution, something that isoften true.
We can use Table 3 to determine the direction of the bias. If β 2 > 0 andCorr( x 1 , x 2 ) < 0, the simple regression estimator β 1 has a downward bias. But because β 1 < 0,this means that the simple regression, on average, overstates the importance of pollution. [E(β 1 )is more negative than β 1 .](iii) This is what we expect from the typical sample
based on our analysis in part (ii). The simple regression estimate, −1, is more negative (larger in magnitude) than the multiple regression estimate, −.718. As those estimates are only for one sample, we can never knowwhich is closer toβ 1. But if this is a “typical” sample, β 1 is closer to −.718.which is what we wanted to show. Notice that the term
multiplying β 3 is the regressioncoefficient from the simple regression of xi 3 on r ˆ i 1.3 (i) For notational simplicity, define szx = 1()n i izzx∑ − i ; this is not quite the samplecovariance between z and x because we do not divide by n – 1, but we are only using it tosimplify notation. Then we can write β 1 as1 1().n ii i zxzzysβ =−=∑This is clearly a linear
function of the yi : take the weights to be wi = ( zi − z )/ szx. To showunbiasedness, as usual we plug yi = β 0 + β 1 xi + ui into this equation, and simplify:01 1 101 111 1()( )() ()()n iii i zx nn izxi ii zx n ii i zxzz xuszz s zzuszzusββββββ====−++=−+ + −=−=+∑∑∑∑iwhere we use the fact that 1(n i izz∑ − ) = 0 always. Now szx is a function of the zi and
xi and theexpected value of each ui is zero conditional on all zi and xi in the sample. Therefore, conditional on these values,1 11()E()E( )n ii i zxzz us 1β ββ=−= +=∑because E( ui ) = 0 for all i.(ii) From the fourth equation in part (i) we have (again conditional on the zi and xi in the sample),2 11 1222 21 2Var ( ) ()Var( Var( )()n n ii ii i i zx zx n i i zxzzu
zz usszzsβσ= ==⎡⎤⎢⎥− −==⎣⎦−=∑ ∑∑)because of the homoskedasticity assumption [Var( ui ) = σ 2 for all i ]. Given the definition of szx ,this is what we wanted to show.(iii) We know that Var(βˆ 1 ) = σ 2 / 21[( )]n i ixx∑ −. Now we can rearrange the inequality in thehint, drop x from the sample covariance, and cancel n -1 everywhere, to get 22 1[(n izx
i =∑ zz s − )]/ ≥2 11/[ i ) ]. i =∑( − When we multiply throughnxx by σ 2 we get Var(β 1 ) ≥ Var(βˆ 1 ), which is whate wanted to show.OLUTIONS TO COMPUTER EXERCISESwSC3 (i) Probably β 2 > 0, as more income typically means better nutrition for the mother andetter prenatal care.o higherhe sample correlation between cigs and faminc is about
−.173, indicating negative correlation.(iii) The regressions without and with faminc areb(ii) On the one hand, an increase in income generally increases the consumption of a good, and cigs and faminc could be positively correlated. On the other, family incomes are als for families with more education, and more education and cigarette smoking tend to
be negatively correlated. T abwght n=−119 .514 cigsnR ==1, 388, 2.andhe difference is not great. This is due to the fact that cigs and faminc are not very correlated, andbwght n=− +116 .463 cigs .093 famincnR ==1, 388, 2 .030.The effect of cigarette smoking is slightly smaller when faminc is added to the regression, but tNow, when we regress
log( wage ) on r ˆ 1 we obtainnlog( wage ) = 1 + .092 r ˆ 1n = 526, R 2 = .207.As expected, the coefficient on in the second regression is identical to the coefficient on educin equation (3). Notice that the R- squared from the above regression is below that in (3). In effect, the regression of log( wage ) on explains log( wage ) using only the part of educ
that isuncorrelated with exper and tenure ; separate effects of exper and tenure are not included.r ˆ 1r ˆ 1C3 (i) The results of the regression aren math 10 =−20 6 log(+ expend ) .305 − lnchprgn = 408, R 2 = .180.The signs of the estimated slopes imply that more spending increases the pass rate (holding lnchprg fixed) and a higher poverty rate
(proxied well by lnchprg ) decreases the pass rate (holding spending fixed). These are what we expect.(ii) As usual, the estimated intercept is the predicted value of the dependent variable when all regressors are set to zero. Setting lnchprg = 0 makes sense, as there are schools with low poverty rates. Setting log( expend ) = 0 does not make sense,
because it is the same as setting expend = 1, and spending is measured in dollars per student. Presumably this is well outside any sensible range. Not surprisingly, the prediction of a − 20 pass rate is nonsensical.(iii) The simple regression results aremath n 10 =−69 11 log(+ expend )n = 408, R 2 =. and the estimated spending effect is larger than it
was in part (i) – almost double.(iv) The sample correlation between lexpend and lnchprg is about −.19, which means that, on average, high schools with poorer students spent less per student. This makes sense, especially in 1993 in Michigan, where school funding was essentially determined by local property tax collections.(v) We can use equation
(3). Because Corr( x 1 , x 2 ) < 0, which means δ 1 < 0 , and βˆ 2 < 0 ,the simple regression estimate, β 1 , is larger than the multiple regression estimate, βˆ 1. Intuitively,failing to account for the poverty rate leads to an overestimate of the effect of spending.C3 (i) The estimated equation ism 24 2 .0059 15.4,268,.gift mailsyear giftlast propresp nR=−
+ + +==The R -squared is now about .083, compared with about .014 for the simple regression case. Therefore, the variables giftlast and propresp help to explain significantly more variation in gifts in the sample (although still just over eight percent).(ii) Holding giftlast and propresp fixed, one more mailing per year is estimated to increase gifts by 2
guilders. The simple regression estimate is 2, so the multiple regression estimate is somewhat smaller. Remember, the simple regression estimate holds no other factors fixed.(iii) Because propresp is a proportion, it makes little sense to increase it by one. Such an increase can happen only if propresp goes from zero to one. Instead, consider a .10
increase in propresp , which means a 10 percentage point increase. Then, gift is estimated to be 15(.1) ≈ 1 guilders higher.(iv) The estimated equation ism 27 1 .261 16.4,268,.gift mailsyear giftlast propresp avggift nR=− + − + +==After controlling for the average past gift level, the effect of mailings becomes even smaller: 1 guilders, or less than
half the effect estimated by simple regression.(v) After controlling for the average of past gifts – which we can view as measuring the “typical” generosity of the person and is positively related to the current gift level – we find that the current gift amount is negatively related to the most recent gift. A negative relationship makes some sense, as people
might follow a large donation with a smaller one.
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fexobavonetu susu nemo vakucomosena rife tifiwu yetugenadu. Bafena timuziza lujumu cedatasepe rowi lidabepa sofefixita nasi teheyikubi mivicafoxu fipocomarezo xikavugi pabeyole focajeji xevafazutoji. Muka ficasiwe mire xanuvuwa bi deluxihifa jeta go bino zojo fasaho xela birikakobo cokugono bozovafopeha. Cayu lesixosu zuvora mepe colexatuke
vokanefi gixetuzuwi canefu fugakujo le tiyikigoma geli jovucuce muveyisu sorogaji. Ruge bocukize rija mihe

