SC706:Longitudinal Data Analysis
Instructor: Natasha Sarkisian

Panel Data Analysis: Fixed Effects Models

Fixed effects models asmilarto the first difference model we considd for two wave daté
theyalsofocusonthe change componeand get rid of any stablater-individual differencesln
fact, for two wave dataafixed effects model is the same thingsdsgst differene mode] while
when there are more than two waves, these are considered to be two alternaiieestiyate
amodelfocusing on changealthough fixed effects are used much more often and they perform
much better when the data are unbalanced.

Overall,there ardwo kinds of information in panelata, regardless of the type: the cross
sectional information reflected in the differences between subjects, and tkeetig®or within
subject information reflected in theantges within subjects over tinféixed effects modelas
well as first difference modefecus on withinasubject chang only, but they control for
differencesacrosssubjects.

We will continue using the same data for our example.

.use http://www.sarkisian.net/sc706/hrs_hours.dta

. reshape long r@workhours80 r@poorhealth r@married r@totalpar r@siblog h@childig
r@allparhelptw, i(hhid pn)

> j(wave)

(note: j=123456789)

Data wide -> long
Number of obs. 6591 -> 59319
Number of variables 75 -> 20
j variable (9 values) -> wave
Xij variables:
riwo rkhours80 r2workhours80 ... rOworkhours80 - >rworkhours80
ripoorhealth r2poorhealth ... r9poorhealth - > rpoorhealth
rimarried r2married ... r9married -> rmarried
ritotalpar r2totalpar ... rototalpar -> rtotalpar
risiblog r2siblog . .. r19siblog -> rsiblog
hichildlg h2childlg ... h9childlg -> hchildlg
rlallparhelptw r2allparhelptw ... r9allparhelptw - >rallparhelptw

. xtset hhidpn wave
panel variable: hhidpn (strongly balanced)
time variable: wave, 1to 9
delta: 1 unit

LetGs get rid of thos@emptyo observationgwith no data for a given wave)

. egen miss=rowmiss( rworkhours80 rpoorhealth rmarried rtotalpar rsiblog hchildlg
rallparhelptw)

. tab miss

miss | Freq. Percent Cum.


http://www.sarkisian.net/sc706/hrs_hours.dta

U
30,546 51.49 51.49
15,030 25.34 76.83
1,435 2.42 79.25
143 0.24 79.49
7 0.01 79.50
3 0.01 79.51
7,512 12.66 92.17
4,643 7.83  100.00

~NO O~ WNEFO

+
Total | 59,319  100.00

. drop if miss==
(464 3 observations deleted)

. xtset hhidpn wave
panel variable: hhidpn (unbalanced)
time variable: wave, 1 to 9, but with gaps
delta: 1 unit

Letés describe the data:

. xtdes
hhidpn: 10003020, 10004010, ..., 99564010 n= 65 91
wave: 1,2, ...,9 T= 9
Delta(wave) = 1 unit
Span(wave) =9 periods
(hhidpn*wave uniquely identifies each observation)
Distribution of T_i: min 5% 25% 50% 75% 95% max
1 3 9 9 9 9 9
Freq. Percent Cum.| Pattern
[
5540 84.05 84.05| 111111111
154 2.34 86.39]| 11.......
137 2.08 88.47]| 1......
84 1.27 89.74| 1111.....
81 1.23 90.97| 11111...
73 111 92.08| 11111111.
69 1.05 93.13]| 111......
55 0.83 93.96| 1111111..
49  0.74 94.70| 111111...
349  5.30 100.00 | (other patterns)
[
6591 100.00 | XXXXXXXXX
. xtsum rworkhours80 rpoorhealth rmarried rtotalpar rs iblog hchildlg rallparhelptw
Variable | Mean Std. Dev. Min Max | Observations
_________________ + I
rwork~80 overall | 19.67817 22.46339 0 80 | N = 46661
between | 17.10868 0 80| n= 6587
within | 15.5263 -48.89326 90.78928 | T - bar = 7.0838
I
rpoorh~h overall | 2340638 .4234167 0 1| N= 47141
between | .3401185 0 1| n= 6591
within | .2765936 -.6548251 1.122953 | T - bar =7.15233
I I
rmarried overall | .7463865 .4350836 0 1| N= 47115

between | .3947182 0 1| n= 6591



within | 1958791 -.1425024 1.635275|T - bar = 7.14838

I I
rtotal~r overall | .8884476 .8662165 0 4| N= 46830

between | .6585949 1111111 4] n= 6591
within | .6045806 -2.111552 4.138448 | T - bar =7.10514
I I
rsiblog overall | 1.616775 .6256698 0 3.555348| N = 54595
between | . 6154972 0 3.218876| n= 6588
within | .1870047 -.0368364 3.663518 | T - bar = 8.28704
I I
hchildlg overall | 1.126299 .5481416 0 2.944439 | N = 44219
between | .5389137 0 2.876082| n= 6272
within | .1319155 -.4992974 2.794222 | T - bar = 7.05022
I |
rallpa~w overall | 1.652933 4.103339 0 19.23077| N= 32727
between | 2.651108 0 19.23077| n= 6588
within | 3.228803 -14.14377 18.74695 | T - bar = 4.96767
. for var rpoorhealth rmarried : xttab X

- > xttab rpoorhealth
Overall Between Within

rpoorhe~h | Freq. Percent  Freq. Percent Percent
0| 36107 76.5 9 5995 90.96 82.10

1| 11034 23.41 3285 49.84 50.82
---------- +
Total | 47141 100.00 9280 140.80 71.02

(n =6591)

- > xttab rmarried
Overall Between Within
rmarried | Freq. Percent  Freq. Percent Percent

+
t

0| 11949 25.36 2404 36.47 70.58

1| 35166 74.64 5455 82.76 89.72
---------- +
Total| 47115 100.00 7859 119.24 83 87
(n = 6591)

. for var rpoorhealth rmarried : xttrans X

- > xttrans rpoorhealth
rpoorhealt|  rpoorhealth
h| 0 1| Total
+ B ——
0] 89 .35 10.65| 100.00
1| 2872 71.28] 100.00
+ R
Total| 76.09 23.91| 100.00

- > xttrans rmarried
| rmarried
rmarried | 0 1| Total

+ S —

0| 95.77 4.23| 100.00

1] 349 96.51| 100.00
+ B ——

Total| 26.10 73.90| 100.00

We will focus on predictig hours of help given to parenidote that at this point, before
proceeding to multivariate analyses, you should start with examining your variables for



normality (use histogram, gnorm, and ladgladder, and gladder commanasgyicheck the
relatiorships between your dependent variable and each continuous predititeedoty

(lowess is a good tool for that). When necessary, apgigformatios and proceed with
transformed variables, but be aware of thamee between finding perfect transformations and
having interpetable results.

While it is possible to use ordinary multiple regression techniques on panel datetisyally
not appropriate because of Amlependence of observatiohgteroskedasticity (both across
time and across unitsgnd autocorrelatio.o avoid theproblemsof heteroscedasticity across
units, we estimat@a model that allows for eagtersonto have its own intercejita fixed effects
model:

. xtreg rallparhelptw rworkhours80 rpoorhealth rmarried rtotalpar rsiblog hchildlg
female age minority r aedyrs, fe

note: female omitted because of collinearity

note: age omitted because of collinearity

note: minority omitted because of collinearity

note: raedyrs omitted because of collinearity

Fixed - effects (within) regression Number of obs = 30541
Group variable: hhidpn Number of groups = 6243
R- sq: within =0.0243 Obs per group: min = 1
between = 0.0067 avg = 4.9
overall = 0.0134 max = 9
F(6,24292) = 100.87
corr(u_i, Xb) = -0.1592 Prob > F = 0.0000
rallparhel~w |  Coef. Std.Err. t P>|t| [95% Conf. Interval]
_____________ +
rworkhours80 | -.0 193467 .0014772 -13.10 0.000 -.0222421 -.0164512
rpoorhealth | .0792176 .0798801 0.99 0.321 -.0773524 2357876
rmarried | -.6578103 .1342641 -4.90 0.000 -.9209763 -.3946443
rtotalpar | -.52481 .0384257 -13.66 0.000 -.6001268 -.4494933
rsiblog | -.5767981 .1841559 -3.13 0.002 -.9377549 -.2158412

hchildlg | .3859163 .1720502 2.24 0.025 .0486873 .7231454
female | (omitted)
age | (omitted)
minority | (omitted)
raedyrs | (omitted)
_cons| 3.786918 .3755791 10.08 0.000 3.05076 4.523076
_____________ +
sigma_u | 2.6483618
sigma_e | 3.5375847
rho | .35916136 (fraction of variance due to u_i)

Ftestthatallu_i=0: F(6242,24292)= 2.37 Prob > F = 0.0000

Note that all timenvariant variables were automatically omitted.

Since we have multiple lines of data for each person, we should also adjust standard errors for
clusteringi thatwill take care of nosindependence of observatidn this case, we ajshave

multiple individualsin the saménouseholdso we will adjust for the househq(d there are

multiple levels of clustering, we pick the higher ane)

. Xtreg rallparhelptw rworkhours80 rpoorhealth rmarr ied rtotalpar rsiblog hchildlg , fe
cluster(hhid)
Fixed - effects (within) regression Number of obs = 30546



Group variable: hhidpn Number of groups = 6246

R- sq: within =0.0243 Obs per group: min = 1
between =0 .0067 avg = 4.9
overall = 0.0134 max = 9
F(6,4637) = b51.22
corr(u_i, Xb) = -0.1593 Prob > F = 0.0000
(Std. Err. adjusted for 4638 clusters in hhid)
| Robust
rallparhel~w | Coef. Std.Err. t P>|t| [95% Conf. Interval]
_____________ +
rworkhours80 | -.0193476 .0017652 -10.96 0.000 -.0228081 -.0158871
rpoorhealth | .0790409 .0867095 0.91 0.362 -.090951 .2490328
rmarried | -.657813 .1811515 -3.63 0.000 -1.012956 -.3026699
rtotalpar | -.5247729 .0573825 -9.15 0.000 -.6372698 - 4122759
rsiblog | -.5768106 .2257471 -2.56 0.011 -1.019382 -.1342388

hchildlg | .3856857 .1859452 2.07 0.038 .0211446 .7502268
_cons| 3.786839 .4569993 8.29 0.000 2.890903 4.682775
_____________ + _—
sigma_u | 2.6480962
sigma_e | 3.5374433
rho | .35913361 (fraction of variance due to u_i)

Although thepersonlevelintercepts are not presented in the outputyweald get the same

modelif we rana regular OLS model with a dummy variable for each persdarwill not run in

Stata IC howeverpecaise of too many dummy variablgs/er 6000. Thesendividualspecific
intercepts can also be viewed as part of the decomposed residuals:

Yi= U + % twhereyis the effect operson and & is the residual effect for time

point t within thatperson In a fixed effects model, each pérsorresiduals us assigned a

specific valug i t adixed intercept for eacindividual. Becausgersonlevel intercepts are

essentially separate independent variables in a fixed effects models, these intercepts are allowed
to be correlated with the independent variables in the niedgl, in our output we have

corr(u_i, Xb) = - 0.1593

What ths means is that we do not use our indepetdariables to explaipersonspecific

effectsi they are just set aside and we focus on explaining change over time. One big advantage
of doing this is that we eliminate gersonspecific effects, includinghose that we could not

explicitly model with the variables at hartslo that way, we control for the influence of both
observable and unobservable individlealel factorsandwe can focus explicitly on change over
time. A disadvantage, however, is that the data on €ses8onal variation aravailable bunhot

used in estimatingindeped ent vari ablesd effects.

As a preliminary step to estimating a fixed effects model, it is usually helpful to estifudie a
unconditional model

.xt reg rallparhelptw , fe

Fixed - effects (within) regression Number of obs = 32727

Group variable: hhidpn Number of groups = 6588

R- sg: within =0.0000 Obs per group: min = 1
between =0 .0009 avg = 5.0
overall= . max = 9



F(0,26139) = 0.00
corr(u_i, Xb) = . Prob > F = .

rallparhel~w |  Coef. Std.Err. t P>|t| [95% Conf. Interval]
_____________ + e

_cons| 1.652933 .0199706 82.77 0.000 1.61379 1.692076

_____________ +
sigma_u | 2.6511079
sigma_e | 3.6127964

rho | .3500 0687 (fraction of variance due to u_i)

F testthat all u_i=0:  F(6587, 26139) = 2.44 Prob > F = 0.0000

Its most important function is to provide information about outcome variability at each of the

two levels. Sigmaewill provide information abaot levell (across timgvariability, and

sigma_uwill provide information on leveP (acrosdndividualg variability. So running this

model allows us to decompose the variance in the dependent variable into variance components
- into within-group and betwen-group variancéalthough they are expressed as standard

deviationst o get vari ances, .Wetaddeldoesnetexplainanyghinggr e t h
but it allows us to evaluate whether there is variation in group nfearespersonspecific

means)andhowmu c h of it . Thatdéos why it is always a
starting the analysési t 6s t he nul | model of our regressio

significant variatioracrossndividuals then there is no need fofiaed effectsmodelbecause
individuals are prettynuch the samé hat significance test is the F test below the model.
The proportion of variance due to grelgvel variation in means can be calculated as

r =sigma_a/ (sigma_d + sigma_8&)

It can ke interpreted as the proportiohvariance explained biye unit effects It can also be
interpreted as the average correlation between two randomly dimogepoints that are in the

same unit; therefore, it is also known as idia@ss correlatiortlere, we get
. di 2.6511079"2 / (2.6511079"2 + 3.6127964"2)
.35000689

which is the rho number in theregtable.So $% of the total variance ihours of help to
parentds due topersonspecific effects.

Diagnostics

Predict command after xtreg, fe allows us to get predicted values and residuals. It allows the
following options:

xb xb, fitted values; the default

stdp standard error of the fitted values

ue u_i + e_it, the combined residual

xbu xb + u_i, prediction including effect

u u_i, the fixed - orrandom -error component
e e_it, the overall error component

So to obtain two sets of residuals, level 1 (e) and level 2 (u), we run:
. qui xtreg rallparhelptw rworkhours80 rpoorhealth rmarr ied rtotalpar rsiblog
hchildlg , fe cluster(hhid)

. predict levell, e
(24130 missing values generated)

. predict level2, u
(24130 missing values generated)



We can use these residualctmduct regression diagnostice g., examine normait
. histogram levell

(bin=44, start= - 15.196963, width=.76734705)

. gnorm levell

. histogram level2
(bin=44,  start= - 4.3855634, width=.55776229)

. gnorm level2
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Next, lets look at linearitywe should do this for each continuous predictor

. lowess levell rtotalpar

. lowess level2 rtotalpar



