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Review Questions for Panel Data Models
Part 1. Basic Models
1. Discuss the difference between independent pooled data and pane! data.
2. Discuss about advantages and disadvantages of panel data models.

3. Suppose that you have pooled data, and consider four different models, where e;
satisfies ideal conditions for all cases.

(eq. 1) yi= o + B Xj + ey
(eq. 2) Yie™ O + BI Xlt + e

(eq.3) Yi= o + Bi Xit + €, where Cov(e, ei) = oy # 0 fori#]j

(eq. 4.1) yp=ou+ B Xit + et Individual FE
(eq. 4.2) yu= o+ + B X + ey Time FE
(eq 4. 3) Yi= O + B Xlt + Uiy where Uy = Oy <+ €t Individual RE

(a) Discuss advantage(s) and disadvantage(s) of each model.
(b) When can we use each of them? When can't we use each of them?

(c) Consider equation (4), which allows for different intercepts for either different
individuals (o) or different time periods (Y:).

(i) Which model and which terms measure individual specific factors of each
individual? Are they assumed to be time invariant? Are these terms considered
as measures for unobserved heterogeneity?

(i1) Which model and which terms measure time trend factors? Are they assumed to
affect all individuals commonly, that is, are they individual invariant? Are these
terms considered as measures for unobserved factors that vary over time?

Part II. Panel Data Estimation

4. There are three main approaches in estimating panel data models. FD, FE, and RE.
All of these methods control for or eliminate the effect of unobserved heterogeneity.

() Discuss how each of these eliminates the effect of unobserved heterogeneity.

(b) Which method allows for including time invariant regressors?

35



() Which methods require the assumption that regressors and the unobserved Zé
heterogeneity are independent?

(d) Which method allows us to estimate the magnitude of individual fixed effect terms
and thus the differences between individuals?

(e) Which method gives the most efficient estimator? Under what condition?

(f) One can consider a between estimator (BE). Under what condition, is it valid? If the
condition were met, what other method would you recommend to use? Why?

{g) How can you decide to choose between (1) FE and pooled OLS (ii) RE and pooled
OLS and (iii) FE and RE?



wagepan. leg

9/14/2004

log: C:\Documents and Settings\jlee\My Document s\EC671\wagepan. log

log type: text

opened on: 13 Sep 2004, 21:07:33

clear

. get memory 40m
{40960k}

set more off

set matsize 350

. use wagepan, cl
*Lgset nr year
iis nr’

tis year

ear

. ®treg lwage educ black hisp exper expersg married union, fe

Fixed-effects (within) regression Number of cbhs = 4360
Group variable (i): nr Number of groups = 545
R-8q: within = 0.1780 Obs per group: min = -]
between = 0.0005 avg = 8.0
overall = 0,0638 max = 8
F{4,3811} = 206,38
corciit_ i, ¥b} = -0.113¢ Brob » F ‘= 0.000C
1lwage | coef, Std. Err t P>t | [95% Conf. Interval)
_____________ o mm e wmmmmm e e mm e m o e ememmmmm—mwacems—mmoesemomooo
educ | (dropped)
black {dropped)
hisp {dropped}
exper | ,1168467 0084197 13.88 0.000 .1003392 .1333542
expersq | ~-.0043009 .DD060S3 -7.11 0.000 -.0054876 -.0031142
1
wagepan, log
married .0453033 . 0183097 2,47 0.013 . 0094056 081201
union .GBZ2OR71 .0192907 4,26 0.000 . 044266 .119%083
_cone | 1.06488 0266607 39.94 0,000 1.012609 1.11715
............. o e mmmmm e m o m o me e ee e ohAsMemnSo—me s
sigma_u ,4000539
gigma_e . 3512556356
rho .5646785  (fraction of variance due to w_i}
F test that all u_i=0: ¥{544, 3811) = 7.98 Prob > F = 0.0000
. regress lwage educ black hisp ewper expersq married union
source | 58 af MS Number of obs = 4360
------------- e R mr e mm e — e -bdur TS F{ 7, 4352} = 142,61
Model | 230.719766 7 32.9599665 Pxob » F .= 0.0000
Residual | 1005.80988 4352 .231114402 R-sguared = 0.1866
------- e R L L L e Adj R-squared = 0.1853
Total | 1236.52964 4359 L 283672779 Root M3E = .48074
lwage | Coef std, Err £ Palt] [95% Conf. Interval)
............. L L T
educ .0993878 0036776 0.000 0902173 .10B85583
black -.1438417 .0235595 0,000 -.1900303 - . 3976531
higp ,015698 .0208112 0.451 -.0251026 . 0564985
exper | 0891791 .010111 0.000 0693563 .1090019
expersq | -.0028487 0007074 ¢.000 -.0042354 -.00146139
marxied | .1076656 0156965 0. 000 .0768925 ,1384387
union .1800726 .0171205 0.000 .1465076 . 2136375
cons -.0347057 0645689 0.591 -.16125938 ,0918824
, xtreg lwage educ black hisp exper expersq married union, re
Random-effects GLS regression Number of obs " 4360
Group variaple {i): nr Number of groups = 545
R-8g: within = 0.1774 Obs per group: min = [:}
between = 0,1837 avyg = 8.0
overall = 0.1B0B max = 8
Random effects u_i ~ Gaussian wald chiz {7} = 943,95
corriu_i, X = 0 {(assumed) Prob > chiz = 0.0000
1wage | Coek ., std, Err. z p>|z| [95% conf. Interval]

9/1a/2004



wagepan. log

educ .1012246 .0089133 11,36 0.000 0837549 L11B6043
black -.1441307  .0476148 -3.03 0.002 -.237454  -.0508073
hisp .0201511 0426011 0.47 D.6386 -.0633456 .1036477
exper .112119% -0082609 13.87 0.000 . 0959285 .1283105
expersq ~-. 0040683 .0005918 -6.88 0.000 -.0052288 -.0029089
maryied .0627951  .0167729% 3.74  0.000 . 0299209 . 0956693
union .1073789 .01733 6.02 0.000 0724327 .142326
_cons -.1074643 1107057 ~0.87  0.332 -.3244435 .1095149
_____________ g ey
sigma_u .32456127
sigma_e .35125535
rho . 46057172 {traction of variance due to wu i)
Xttest0

Breusch and Pagan Lagrangian multiplier test for random effects:
wage(nr,t] = Xb + uinr] + e[nr,t)

‘Estimated results:

2/14/2004

| var sd = gqrt(var)
_________ e
lwage | .2B36728 .5326094
e | .1233803 . .3512553
u | 21053439 ,3245673
Test: var{u) = 0
chi2 (1) = 3216.73
Prob > chiz = 0.0000
. Xthausman
{Warning: xthausman is ne lenger a supported command; uge -hausman-. For instructions, see ‘help hausman.)
ication hest =
---- Coefficients -~---
| Fixed Random
lwage | Effects Effects pifference
_____________ Sy o
exper .116B8467 .112119% 0047272
expersq -.0043005% -.,0040689 -.000232
married . 0453033 . 0627551 ~.0174918
union | .0820871 1073789 -.0252917
3

wagepan, l.og

Test: Ho: difference in coefficients not systematic

chiz2{ 4) = {(b-B}'[5"{-1}]({b-B}, & = {S_fe - S_re}
= 31.45
Probschiz = 0.0000

;axtreg iwage educ black hisp exper expersq married union, fe

Fixed-effects (within) regression Number of obs = 4360
Group variable (i): nr Number of groups = 545
R-8q: within = 0.1780 Obg per group: min = 8
between = 00,0005 avg = 8.0
overall = 0.0638 max = 8
. F(4,3811} = 206,38
corrfu_i, Xb) = -0,1239 Probk » F - 0.0000
‘lwage | coef . std. EBrr. t Bxlt] [95% Conf, Interval)
............. e mAm e M e mm e m e heMmAREmmmmmmmm— e emem—— 4o
educ {dropped}
black {dropped}
hisp (dropped}
exper .1168467 ., 0084197 13.88 0.0c0 ,1003392 .13335642
expersg ~.0043009 .0006053 -7,11 ¢.000 -, 0054876 -.0031142
married 0453033 .0183097 2.47 0.013 .0094056 081201
union .0820871 .31923907 4.26 0.000 044266 .1199083
_cons 1.06468 .0266607 39,94 0. 000 1.012609 1,11715
_____________ e L LT TR TP
sigma_u .4000539
sigma_e ,35125535
rho .5646785  [fraction of variance due to u i)
F test that all u_i=0: F(544, 3811) = 7.98 Prob » F = 0.0000

. est ptore fixed

. Xtreg lwage educ black Hisp exper expersq married union, re

Random-effeckts GLS regression Number of obs = 4360
Group variable (i}: nr ' Number of groups = 545
R-gq: within = 0.1774 Obs per group: min = ]

9/14/2004



wageparn. lcg

between = 0,1837 avyg = 8.0

overall = 0.1808 . max = B

Random effects u_i ~ Gaussian Wald chi2{7) = 943.95

corriv i, X} = 0 {assumed) Prob > chi2 = 0.0000"

lwage | coef std. Err z Ps|z| [95% Conf. Intervall

e S e -

educ .1012246 .0089133 11.36  0.000 L0B37547 .1186943

black -.1441307 .0476148 -3.03  0.002 -.237454  -.0508073

hisp 0201511 .0426011 0.a7 0.636 -.9633456 1036477

exper .1121195 . 00826039 13.57 0.000 0959285 .1283105

expersq -.0040689 .0005918 -6.88 0.000 -.0052288 ~.0029089

married .0627951 .0167729 3.74 0.000 . 0299209 .0956693

union .107378%9 01783 6,02 0.090 . 0724327 .142325

_cons ~.1074643 .1107057 -0.97  0.332 -.3244435 .1095149

_____________ S et
sigma_u .32456727
sigma_e .35125535

rho .46057172 {fraction of variance due to u_i]

hausman fixed

---- Coefficients ----
| {b} {8) {b-B) sqrt (diag{Vv_b-V_B})
I fixed . Difference 8.E,
_____________ T L EE TP
exper .1168467 .1121195 .0047272 .aR16276
expersq -. 0043009 -.0040689 -.000232 0001269
married | . 0453033 . 0627951 ~,0174918 .0073427
union | .0820871 .1073789 -,0282917 .0073636

b = congistent under Ho and Ha; obtained from xtrxeg
B = inconsistent under Ha, efficient under Ho; obtained from xtreg

_Test: Ho: diffeféﬁce in coefficients not systematic
chiz(4) = (b-B)'[{V_b-V_B}"(-1]] (b-B)

= 31.45
Prob>chi2 = 0.0000

wageparn, log
end of do-file

exit, clear

9/14/2004

9/14/2004
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5.4. Use the data in CARD.RAW for this problem.

a. Estimate a log(wage) equation by QLS with educ, exper, exper?, black, south,
smsa, reg661 through reg668, and smsa66 as explanatory variables. Compare your
results with Table 2, Column (2) in Card (1995).

b. Estimate a reduced form equation for educ containing all explanatory variables
from part a and the dummy variable nearcd. Do educ and nearcd have a practically
and statistically significant partial correlation? [See also Table 3, Column (1) in Card
(1995).]

c. Estimate the log(wage) equation by IV, using nearcd as an instrument fot educ.
Compare the 95 percent confidence interval for the retumn to education with that
obtained from part a. [See also Table 3, Column (5) in Card (1995).]

d. Now use nearc? along with nearcd as instruments for educ. First estimate the
seduced form for educ, and comment on whether nearc2 or nearc4 is more strongly
related to educ. How do the 2SLS estimates compare with the earlier estimates?

e. For a subset of the men in the sample, 1Q score is available. Regress ig on nearcd.
Is 1Q score uncorrelated with nearc41

f Now regress iq on nearcd along with smsa66, reg661, reg662, and reg669. Are ig
and nearc4 partially correlated? What do you conclude about the importance of
controlling for the 1966 location and regional dummies in the log(wage) equation
when using nearc4 as an IV for educ?

6.1. a. In Problem 5.4d, test the null hypothesis that educ is exogenous.
b. Test the the si_ng_le overidentifying restriction in this example.
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Homework :
Panel Data Models (I) +3

There is a Stata dataset on my website called panel_hw.dta. This is a dataset examining
voter turnout in 49 US states (Louisiana is omitted because of an unusual election in
1982) plus the District of Columbia over 11 elections. In other words, this dataset is time
series cross section (TSCS) data on 50 units over 11 time periods. The variables in this
dataset are:

year. The year of the election.

stcode: The ICPSR state code number.

state: The state name.

vaprate: The turnout rate as a percentage of the voting age population.

midterm: A dummy variable for midterm election years.

regdead: The number of days before the general election by which an individual needs to
register.

gsp: State per capita income in 1000s of dollars.
There ate also 9 regional dummy variables.

Download this data set from the web site. Turn in your write-ups for these problems as
well as the log files.

1. Regress turnout as a percent of voting age population on the number of days
before the general election by which an individual needs to register, state per
capita income, the dummy variable for midterm elections, and the dummy
variables for West North Central, the South, and the Border states.

regress vaprate gsp midterm regdead WNCentral South Border

Which coefficients are significant? Are there any regional effects of these
regions? Use F-test to determine this.

2. Obviously, we assumed that pooling our TSCS data was valid in Q. 1. Now let us
test this assumption by estimating a fixed-effects model. We must first declare
our data to be panel data. Type

iis stcode

to let Stata know that our units are indicated by stcode, and type



tis year S“ll‘

to let Stata know our time periods are indicated by year. Then run a fixed-effects
model by typing

xtreg vaprate midterm gsp regdead WNCentral South Border, fe
est store fixed

The bottom line of the estimation results give us an F test for pooling—Can we
conclude the 50 unit—specific dummy variables are all equal to zero? Is pooling
appropriate in light of the results of this test? Why do some variables drop out of
our estimation?

Concerned with what happened to some variables in question 2, you decide to try
a random-effects model. Type

xtreg vaprate midterm ¢gsp regdead WNCentral South Border, re

to get a random effects model. Why do these results differ from those in Question
27

Then, type
xttestO

What does this specification test tell you about the appropriateness of the random-
effects model?

Finally, type
Xthausman (old)
hausman fixed . {new)

What does this test tell you? Discuss the tradeoffs between using pooled OLS,
fixed-effects, and random-effects for this model.

Summarize your estimation results in Q.1 — 3 with a few paragraphs.



Homework

Panel Data Models (1I)

The data file, crimed4.dta, contains the follow data set, for the study on the county crime
rates in North Carolina. Cornwell and Trumbell (1994) used data on 90 counties in
North Carolina for the years 1981 through 1987, to estimate an unobserved effects model

of crime.

Obs: 630
1. county
2. year
3. crmrte
4. prbarr
5. prbconv
6. prbpris
7. avgsen
8. polpc
9. density
10. taxpc
11. west
12. central
13, urban
14. pctmin80
15. wcon
16. wtuc
17, wtrd
18. wfir
19. wser
20. wnfg
21. wfed
22. wsta
23. wloc
24, mix

25, pctymle
26. dB2

27. dB83

28. dg4

29, d85s

30. d8e

31. 487

32. lcrmrte
33, lprbarr
34. lprbconv
35. lprbpris
36. lavgsen
37. lpolpe
38, ldensity
39, ltaxpc
40. lwcon
41. lwtuc
42. lwtrd
43, lwfir

county identifier

81 to 87

crimes committed per person
'probability' of arrest
‘probability' of cenviction
'probability' of prison sentenc
avg. sentence, days '
police per capita

people per sq. mile

tax revenue per capita

=1 if in western N.C,

=1 if in central N.C.

=1 if in SMSA

pere. minority, 1980

weekly wage, construction

wkly wge, trns, util, commun
wkly wge, whlesle, retalil trade
wkly wge, fin, ins, real est
wkly wge, service industry

wkly wge, manufacturing

wkly wge, fed employees

wkly wge, state employees

wkly wge, local gov emps
offense mix: face-to-face/other
percent young male

=1 if year == 82
=1 if year == 83
=1 1f year == 84
=] 1f year == 85
=1 if year == 886
=1 if year == 87

log(gcrmrte)
log (prbarr}
log (prbconv)
log (prbpris)
log (avgsen)
log{polpc)
log(density}
log(taxpc)
log (wcon}
log {wtuc)
log (wtrd)
log (wfir)

5%



44, lwser log (wser}

45. lwnmfg log (wmfg)

46, lwfed log (wfed}

47, lwsta log(wsta}

48. lwloc ' log(wloc)

49, lmix log (mix)

50. lpctymle log(pctymle)

51. lpctmin leg(pctmin}

52. clcrmrte lcrmrte - lcrmrte[t-11}
53. clprbarr lprbarr - lprbarr([t-1]
54. clprbcon lprbconv - lprbeconv[t-1]
55. clprbpri lprbpri - lprbpri[t-1}
56. clavgsen lavgsen - lavgsen[t-1]
57. clpolpc lpolpc - lpolpce(t-1]
58. cltaxpc ltaxpc - ltaxpc[t-1]
59, clmix Imix - lmix{t-1]

We want to take logs for most variables when it is desired to do so. Consider a
regression of lermrte on d82-d8&7, lprbarr, Iprbeonv, Iprbpris, lavgsen, Ipolpc, ltaxpce,
pctymle, west, central, urban, petmin80 and Imix.

(a) Use a pooling regression to estimate the above model.

(b) Use a FE model to estimate the above model. Is there evidence of unobserved
heterogeneity? Show your testing hypothesis, and decide on it. Which variables are
omitted from the estimation? Why?

(c) In the FE estimation, carefully interpret each of the coefficients of d82, Iprbarr and
Ipolpe. '

(d) In the FE estimation, is there evidence of the time fixed effects? What is your testing
hypothesis? Test the hypothesis. [You may need to calculate the F-statistic by
yourself.]

(e) Use a RE model to estimate the above model. Is there evidence of unobserved
heterogeneity? (hint: xttest)) Show your testing hypothesis, and decide on it. Are
some variables omitted from the estimation? Why or why not?

(f) Which model is more appropriate, FE or RE? What is your underlying testihg
hypothesis? What implication does the null hypothesis have? Explain intuitively
why the null hypothesis is rejected; provide an example story to explain this.

(g) Using the RE model estimation, determine if there is evidence of the regional effect of
three vartables, west, central, and urban. [ You may need to calculate the F-statistic by
yourself.]



Questions on Lecture 5, Panel Data Models (1) q‘?'

1. On unobserved heterogeneity.
a. Define it.
b. Can we control for unobserved heterogeneity in the independent pooling
OLS regression?
c. Discuss how each of three panel data estimation methods can control for
the effects of unobserved heterogeneity.

2. On time invariant variables
a. Define time invariant variables and illustrate an example of your choice of
your example models.
b. What is the difference between time invariant variables and unobserved
heterogeneity?
c. Define common factors invariant to individuals (cross-section units) and
illustrate an example of your choice of your example models.

3. What is the unbalanced panel? When do we need to care for this?

4. Can we control for time fixed effects in the independent pooling models using the
OLS estimation? Can we control for the effects of time invariant variables in the
independent pooling models using the OLS estimation?

5. Discuss the differences between the system of equations and the panel data
models.

6. On whether a regressor is correlated with unobserved heterogeneity

a. Why is the RE estimator inconsistent if any regressor is correlated with
unobserved heterogeneity? Explain your reasoning.

b. Why is the FE estimator consistent if any regressor is correlated with
unobserved heterogeneity? Explain your reasoning.

¢. Why is the FD estimator consistent if any regressor is correlated with
unobserved heterogeneity? Explain your reasoning.

7. On Choosing the best fitting model

a. Discuss briefly how one can choose the best fitting model among OLS, FE
and RE models. (half page)

b. Why can’t we test for the RE over the ¥D models using usual tests? Why
can’t we test for the FE over the FD models?

¢. Which estimator has a higher variance, FE or RE? WHY?

d. Discuss how one can choose between FE and RE, without having to use
the Hausman test. When is RE preferred? When is FE preferred?

e. What are the limitations of the Hausman test in choosing the FE or RE
estimators?



8. Can we include time dummies in the RE estimation? How about FE and FD?

9. Consider the following data.

,

o

id [t |YalXi|i [Dy [Dy[Dy [DT DT, | Yi | X [YS Xi |PX]PX[PX [OX
111 3 [1 1|1 1 -
1 (215 [4 |11 0

1 1313 3 1111 0

1 4 (6 |5 11 1 0

2 [1 {7 |6 0 1

2 |2 |8 |4 0 0

2 13 |5 |3 0 0

2 14 |3 |7 0 0

3 /1 |7 |8 0 1

3 (219 |3 0 0

3 133 |5 0 0

314 [5 |8 0 10

(2) Fill out the columns of Dy, D, and DT,.

(b) Consider a within transformation of Y;, for the usual FE model. That is, find
Yit" = Y; - ¥;. and fill out the column of Y;" in the table. Also find Yit* and
fill out the column of X;," in the table. :

(¢} Consider a FE model that controls for the time FE in addition to (b) and find
the transformed variable as Y;'= Yy - Y. - Y.,. Then fill out the columns of
Yi". Do the same for X;,*.

(d) Leti=(1, 1, 1, 1Y be a vector of ones and P; = i(i'))'1’. Then find PiX;, where

X denotes {Xi, t =1, 2, 3, 4} of the first cross section unit. Thatis, X;=(1, 4,
3, 5)'. Specifically, what is the dimension of P;iX1? Also, find P;X,, P;Xs, and
PiX, and fill out the last column of the table.
(e) Let P=Iny® P;. Find PX, where X = {Xu}, i=1,..4, and t=1,,.3; thus, X denotes
the third column of the table. Fill out the table.
(f) Let Q =Inr- P. Find QX, where X = {X;}, i=1,..4, and t=1,,.3. Fill out the

table,

(g) Let Y* = QY, and X* = QX. Find the OLS estimator of Y* on X*and show
that it is the FE estimator.
(h) Find the variance of the FE estimator in (g).

10. What is the strictly exogeneity assumption in panel data models?

11. What 1s the feedback effect? Define it.




12. Sketch the algebra of the RE estimator. Be sure to explain how the GLS

procedure is adopted, and show some details of the GLS procedures. Explain
how a quasi-demeaning procedure is adopted in the RE estimator. (half page)

13. Can STATA use an MLE to estimate the RE estimator? What is the command for

this?

14. Refer to the textbooks of your choice and write down the assumptions on each
components of the error term in the RE model.

15. On the Mundlak’s method

€.

Discuss the suggested method of Mundlak when the usual assumption
required for the RE.

How can you test for the validity of the usual RE using the suggested
method of Mundlak? What is the null hypothesis?

What is your suggested solution if the null hypothesis is rejected in (b)?
What is the implication on the usual RE?

What is your suggested solution if the null hypothesis is not rejected in
(b)? What is the implication on the usual RE?

Is the FE estimator still useful if the null is rejected or not?

16. Explain how you can test for strict exogeneity in the FD estimation.

17. On the D-i-D mesthod

a.
b.

What is the D-i-D estimator?

We usually include a dummy variable in the treatment effect models. One
wishes 1o use the FD estimator using it. How can we capture the treatment
effect from the FD model?

If T = 2, should we take the first difference of the dummy variable in the
FD model? Or, is it the case that it does not matter even when we do not
take the FD of the dummy variable? ‘

If T > 2, should we take the first difference of the dummy variable in the
FD model? Or, is it the case that it does not matter even when we do not
take the FD of the dummy variable?

18. What is the BE estimator? What is the required assumption? Why is it less
popular in empirical applications? Iitustrate two reasons.

19. The standard errors can be obtained differently if the usual assumption on the
error term is not satisfied regarding the efficiency issue. Explain how we can
control for each of (i) heteroskedasticity, (ii) autocorrelation, (iii) common factors
affecting all cross sectional units uniformly, (iv) cross-correlation across cross
sectional units, and (v) cross-correlation across clusters.



