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Lecture - 34
Random Effect Model in Healthcare

Welcome friends once again to my NPTEL Mooc module on Exploring Health Care Survey
Data. We are in the seventh week of explaining panel survey data. This is the lecture meant

for the random effect model.

In the previous lectures, we explain very clearly understanding the fixed-effect model in
health care. Without explaining further details in the previous lectures, I think it is time for
the random effect model it is based on the distribution of the panel data and usually, there are
different forms of data in cross-sections we have different forms you need to taste whether it
falls under fixed effect model or under random effect and accordingly we take the appropriate

decision.

The random effect model is important because of its drawbacks to the fixed effect model.
One of the drawbacks of the fixed effect model is its value to identify any components of beta

corresponding to the regresses that are time-invariant for a given individual,
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I
Random Effect Model (REM)

U A drawback of the fixed-effect model is its failure to identify any
components of B corresponding to regressors that are time-
invariant for a given individual.

O Assumption

» In the random effect model, the individual-specific effect is a
random variable that is uncorrelated with the explanatory
variables [cov(a;,X;;) = 0] .

Q It is assumed that a; are random factors, independently and
identically distributed over individuals and hence treated as error
term.




so, the beta which is actually also, having issues of time invariance are actually not discussed
correctly, in the earlier model. so, accordingly, we take off the estimation of beta based on the
time component. So, there are assumptions of the random effect model the assumption here is
that the individual-specific effect is a random variable that is of course, uncorrelated with the

explanatory variables.

Hence the covariance of the covariance between alpha I and the X it the explanatory variables
are actually equal to the covariance is equal to 0. so, it is assumed that alpha i are random
factors independently and identically distributed over individuals and hence treated as the

error term of the distribution.
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U RE model handles the constant(i.e. individual effects) for each
cross section not as fixed but as random parameters.

U If we have reason to believe that differences across entities
have some influence on your dependent variable then we
should use random effects.

so, we will also, combine those alpha components in the error term while estimating the

random effect model. That is going to be shown in our slide.

The random effect model handles the constants that are the individual effects for each
cross-section not as the fixed component but rather as a random parameter. If we have reason
to believe the differences across entities have an influence on your dependent variable, then

we should use random effects. Instead of a fixed effect.
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U The RE model can be written as :
oy, Gt BiXaiet BoXaie ¥ et BieXie t @ + &
Symbolically,
a; ~lID(a, %), and
Eit ~ ”D(or 0'%)
Q Thus, random effect model :
Vie=atg+ B1Xuie* BoXoit + vt BiXiie + Vit
Where,
Vie = Qi + €t
Q v;, is composite error term which consists of two components a;, which

is the cross-section or individual specific error component and &;, which
is the combined time series and cross section error component.

The standard model of random effect is presented here that is the dependent variable is with i

Y it is equal to the constant term, with the beta coefficients and its explanatory variables.

And at the end we have two components, that is the alpha i component and the error
component. so, both are we have already said that they are actually independently and
identically distributed. so, alpha is distributed with its mean alpha and standard deviation,
sigma square. And the error term is actually distributed within its mean 0 and standard

variance.

Thus, the random effect model can be actually composed of this error term. Since they are
independently and identically distributed. so, the alpha 1 content and the error term both the
components are actually capsuled with vit, and the rest we are going to estimate. so, vit is in

fact the error term that is presented here.
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U Because of composite error term, random effect model is also
known as error component model (ECM).

U The a; are assumed independent of &, and X;; which are also
independent of each other for all i and t. This assumption is not
necessary in the fixed effect model.

Q Cov(ey, &) = Eleyy, &) =0
» This indicates that individual differences arise from a common

intercept o (same for all cross- section units and overtime) and
a; that varies cross- sectionally but time - invariant.
Q COV(Vitl vis) = E(Vitl Vjs) =0

U REM is estimated by generalised least squares (GLS) when variance
structure is known, and by feasible generalised least squares [FGTSTT

when the variance is unknown.
——

And that consists of two components as alpha i and epsilon it, which is the combined time

series and cross-section error component.

Because of the composite error term, the random effect model is also, known as the error
component model. This is also, known as the error component model. In short, it is called
ECM, alright. And the alpha i are assumed as independent of their term and the X it which
are also, independent of each other. For all i as well as all t component this assumption is not
necessary for the fixed-effect model. so, this is how it is different as compared to the

fixed-effect model.

so, the covariance of alpha it and alpha 1 is equal to alpha i_t, and the covariance of epsilon i
t and the epsilon s the is nothing but equal to 0 and we indicate that the individual difference
arises from a common intercept that is alpha naught is same for all cross-sections,
cross-section units and also, over time. And the alpha varies cross-sectionally, but not by time

or time-invariant.

so0, the covariance after composing both this term error with its time component error with its
cross-section component. so, the covariance of vit and v j s is equal to vi t and v j s should
equal to the expected value. Basically, when we find out the covariance, we take the expected
value of these two are actually equal to 0 or is equal to 0. so, the random effect model is

estimated by a generalized least square technique in sort called GLS.



When variance structure is actually known that is one of the important aspects. When the
distribution is known, then we explain it through the GLS model and by feasible generalized
least square technique as well inside that is called an FGLS when the variance is known to
not know. so, there are two approaches one is when variance is known and when variance is
not known and accordingly GLS or FGLS models are actually used. We are also, going to

show you practical explanations using the given dataset.
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Practical Example Stata

U We can estimate a random effects model using xtreg and the
optionre.
» xtreg HEXP HC3 DALE, , re

Random
Effect option

Note!
Add the robust option to control for heteroscedasticity.

We will first estimate the random effect model using the command xtreg command xtreg with
the options we will give it as re random effect and then we will find out whether that actually

fits or not,

so, we will go to the practical session, alright. Now here is our Stata.
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And we will all so, use the same w h o data, which we already experimented in the previous

lecture.
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[
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[« [
And it is in our screen and we are taking a WHO balance data set as given.
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And accordingly, we specified the way we define it.
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Now we are all so, giving you the details.
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In on our screen. First, we will operate with will set the ID variable and the year variable in
our on our screen and this is already set. The xtreg command has already been identified.

That it is a strongly balanced data and the data is from 93 to 1997.

And now, we will go by the second command. The second command is to attach with xtreg

the way we do and at the end, we will give the option is re naught fe, not fixed effect.
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so, this is our result and now, you can see the model is actually significant and the
implications impact of each of the components is defined and its level of significance are,
also, defined you can easily read between the line. And these are positively linked to the
dependent variable, so, and I am not explaining much I have already explained earlier in our

previous lecture.

Now, another aspect is that you can also, add the robust option to control for the
heteroscedasticity. If there is any, technique wanted to go for to check this heteroscedasticity

better to run with the robust option.
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. xtreg HEXP HC3 DALZ, re

Randcm-effects GLS regression Number of cbs . 165
Group vazizble: ID Number of groups = 3
Differences across units fesa: 0o pex greop:
i within = in =
are uncorrelated with sehin = 0,245 e N
between = 0.4972 avg . 5.0
the regressors
overall = 0.4962 nax * 5 If this number s <
0.05 then mode is
Hald chi2(2) 69.69 ok,
corrful, X) =0 (assured) Prob > chi2 - 0.0000 /
P
Interpretationof the —
coefficientsis tricky
;mcethevinclude both HEXP Coet. Std. Err. ? Pz| [95% Conf. Interval)

the within- entity and
HC 8957 28 6 0. . Rl
between- entity effects. |~y 3| 1358957 2852308 476 0.000  79.99148  191.7999
DALE | 18.06506 6.064045 2,98 0.003  6.179754  29.95038
Itis interpreted as the

cons | -1260.687 3059721 <412 0.000  -1860.381 -660.9924
average effectof HC3 on -

HEXPis 135.89 when signau | 328.77889
HC3 change across time signa e | 42656276
and between countries o | 99306101
by one unit

This is the one we have already derived on your screen and I have already explained this and

(fraction of vaziance due to u i)

similarly all those variables, and interpretations also, we have attached here for your

reference; similar approaches we did it in our previous lecture.

Another aspect is that the difference across units is actually uncorrelated with the regress so,
rs. That is also, important. so, the this is mentioned here on the screen, you can see that this is

assumed to be 0 as per the random effect model,
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FEMor REM?

U Hausman Specification Test

» Compares fixed and random effect models under the null
hypothesis that individual effects are uncorrelated with
. _\
any regressor in the model.

» It uses that “the covariance of an efficient estimator with
its difference from an inefficient estimator is zero”.

» If there is no correlation between regressors and effects,
then FE and RE are both consistent, but FE is inefficient.




so, the rest interpretations are perfectly fine and you can easily do it. Now we are going to
clarify whether our data is going to be interpreted with a fixed-effect model or a random

effect model, or we cannot just take randomly with any of the models.

so, we need to specify with a test called Hausman; Hausman Specification Test. This
compares fix effect and random effect models under the null hypothesis that individual
effects are actually uncorrelated with any regression in the model, so, that is it it’s very
clearly spelled and we already said, they know individual effects are uncorrelated with the
regress so, 1. It uses that the covariance of an efficient estimator with its difference from an

inefficient estimator should be 0.

If there is no correlation between regress so, rs and effects then fixed effect and random effect

are both consistent, but the fixed effect is in fact inefficient.
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» If there is correlation, FE is consistent and RE is
inconsistent.

» Itis a test of the null hypothesis that random effects would
be consistent and efficient against the alternative
hypothesis that random effects would be inconsistent.

» The Hausman statistic has a chi-square distribution with as
many degrees of freedom as there are predictors in the
model.

» |f the p-value is insignificant (i.e., greater than 0.05), this
means it is probably safe to use random effects estimation.

If there is a correlation, then FE is consistent. Therefore, RE is not suggested to be applied. It

is a test of the null hypothesis the random effects would be consistent and efficient against the
alternative hypothesis, that random effects would be inconsistent the Hausman Test has a
specific chi-square distribution with as many degrees of freedom, and as there are predictors

in the model.

If the p-value is insignificant; that means, the assumption is not rejected. If insignificant;

means, if it is greater than 0.5 as per the standard practice of 0.05 this means it is probably



safe to use the random-effects model. so, since the assumption is that coefficients are not

systematically distributed differences in coefficients are not systematic.
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D Com ma ndS : hausnan fixed randon
r Xxtreg HEXP HC3 DALE, fe — Coetticients —
—_ () 8 (b8 sqru(duag(V bV 3))
» estimates store fixed tied  nndn  Difference SE
T yd

v

~ xtreg HEXP HC3 DALE, rc B3| 1 135,498 nese 2.0
/ = mE| 2oy 106 25006 37066
» estimates store random

brained from xtzeq

# hausman fixed random B = inconsiste

—

btained from xtreg
Test: Ho: difference in coefficiencs not systematic
Y

hi2(2) = (b-8)" [IV 5V 3)" (=11 b-H)
21

Thisis > 0.05 (i.e.
Pob>eh2 = 0.306] s—

significant) use
random effects

s0, now it is not rejected. if it is since the assumption is that it is not systematic; that means,

it may follow randomness in the relationship with correlation covariance is going to be 0.

Now, this is not rejecting; that means, it is it in this case in our result also, we can check these
are the command you can easily see I will also, operate with it, we will first go by the xtreg
with fixed effect, then we will estimate and store that fixed effect result. We will store it then

we will go for the random effect model, then also, we will store then we will check Hausman

Test.

this is how it is followed you can have a check it is here. Now we have this first we will run

with once again with a fixed effect with the same data set.
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Then we will we can this is the fixed effect result and we have already interpreted this, and
earlier and you can check you can store this fixed effect result estimate store fixed with the
name fix we have given. Then we will run the random effect model and we also, store it store

with the name random and we have stored it then we have run the Hausman Test.
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Hausman Test is the most suggested instrument to check the difference,



Now, you can see that your hypothesis is that it should not be systematic, the difference in
coefficients is not systematic, so, systematic means it follows a certain order, not systematic

means it is having certain randomness, alright.

Now it is saying that the randomness is this not in fact violate rejected. Because of the p
values, you can see the p-value is of value 0.3061; that means, it is greater than that of 0.05. it
is not rejecting this model is not rejecting the null hypothesis; that means, it says that it is in

fact nonsystematic.

The covariances are expected to be 0 therefore, it is suggested to go for a random effect
model, instead of a fixed effect. Had it been the fact that it is this p-value is significant it is
always suggested to go for your, always suggested to go for a fixed-effect model, alright.
Now we can see here and these are all presented on your screen even though I have clarified

using this screen,
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4 |
REM or CCM ?

U Breusch - Pagan Lagrange multiplier (LM)
» The LM test helps to decide between a random effects and
pooled ols.

» The null hypothesis in the LM test is that variances across
entities is zero. This is, no significant differences across
units (i.e. no panel effect).

so, let us move to another comparison, the constant common model as compared to the

random effect model.

one of the tests that are important in this case which is frequently used by the researcher is
called the Breusch-Pagan Lagrange multiplier, in short, it is called the LM test, LM test helps
to decide between a random effect and a pooled OLS. so, pooled ols which we have already

said for CCM Constant Common Multiplayer or model. In that case, we have a comparison in



this particular segment that is the null hypothesis, in the LM test is that likewise, we did for

the Hausman test here also, certain there are certain null hypotheses.

This suggests that variance across entities is 0. Variances across entities are 0, this is a no
significant differences across units, so, across units, there are no significant differences; that
means, there is no panel effect, alright. That is the assumption if it is violated then

accordingly, we can take the decision.
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O Command
> xtreg HEXP HC3 DALE, re

7 xttestO
Breusch and Pagan lagrangian multiplier test for random effects
HEXP(ID,t]) = Xb + u(ID] + e[ID,t)

Estinated results:
l var sd = sqre(var)

HEXP 507356.1 712.2893

1819.558 42.65628

u 276443.4 525.7789
Here we reject the null
Test: Var(u) = 0 hypothesis and conclude
chibar2(0l) = 325.18
brob o cnibars = 00000 that random effects is
appropriate.

Here is the command like you will you have to go with the xtreg, then random effect then the

e

next text is xttest0. Here this gives you the idea that here the level is significant p-value is
significant, this suggests that we reject the null hypothesis and conclude that random effects

are in fact appropriate.

Based on a likewise assumption it suggests that the variance across entities is 0 and no
significant difference across units, but here you are saying it is rejecting that one, and
accordingly we take the decision. This is what you can also, check it we have kept everything
over here, so, this is the one we have run it on your screen and you can just have a lot, alright

and here is the level of significance and since it is significant.
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so, we suggest that you should go for a random effect model instead of C M 1, alright.
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I 4 400909090900
Testing for Cross- Sectional Dependence

Q Pasaran CD (cross -sectional dependence) test

» Used to test whether the residuals are correlated across
entities.

» Cross- sectional dependence can lead to hbias in tests
results.

» The null hypothesis is that residuals are not correlated.

Then it comes to understanding whether they occur in a cross-sectional dependence. It might
be the case that the cross-sectional units are also, dependent on each other. so, for that
Pasaran CD or cross-sectional dependence test C D in short. This test is used whether the
residuals are actually correlated across entities. The residuals we have are actually expected
to be correlated, then cross-sectional dependence can lead to bias in test results. so, the null

hypothesis suggests, that residuals are not correlated.
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U The command for the test is xtcsd, If not available try installing
it by typing sscinstall xtesd.

U Command:
# sscinstall xtesd
~ xtreg HEXP HC3 DALE, fe

# xtcsd, pesaran abs

Pesaran's test of cross sectional independence = 1.774, Pr = 0.076

Average absolute value of the off-diagonal elements = 0.692

No cross- sectional
dependence

if they are correlated then we have to make the decision accordingly. Like here our, p-value

the probability value for it actually, suggests that it is having a value of 0.0761. Now we can
see that there is no cross-sectional dependence. Because of its level of significance and the
command for this test is xtcsd, alright if not available, then we need to actually install it by

typing ssc install xcsd. so, that you can do it on your own it is on the screen xtcsd.
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you need to install it and we can take the help of this,
ssc install xtcsd ssc, alright.
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it is, verifying not already installed so, now installation is complete. Now you can take the

command and accordingly we can take the decision of running it.
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this is the both of these we are actually running it and we found that this is actually

significant and there is no cross-sectional dependence, alright.
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I 4000909090900
Testing for Serial Correlation

U Serial correlation causes the standard errors of the
coefficients to be smaller than they actually are and higher R-
squared.

U xtserial command available to test serial correlation.
U Install Program

~ search xtserial

# netsj3-2st0039 (or click on st0039)

~ netinstall st0039 .

And now this is done. Then another possible aspect is to also, check the serial correlation,

because of the time component.

so, serial correlation causes the standard errors of the coefficients to be smaller, than they

actually are and a higher R square is possible, we need to check. so, xtserial command is



available to test serial correlation. so, xtserial we need to search this xtserial then net sj 3-2
land its that based on this string value of it and accordingly string since it is the variable

correlation string. so, accordingly, we can do it.
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U Command
r xtserial HEXP HC3

Wooldridge test for autocorrelation in panel data
HO: no first-order autocorrelation
F( L, 32) = 29.524
Prob > F = 0.0000

l There s serial correlation

I am just going to show it over here like this. These are the command,

basically, what I am saying we need to install the program. We need to search for xtserial
then net sj 3 hyphen 2 st 0039, then we need to install that particular st 0039 on our system.

then only it will work.
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now this is being searched and we will xt and next one xt 0039.
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n P iy weioewen

this is to we need to install it.
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[ 1 X

And once it is installed, yes now it is complete we can run that command.

The command is to understand the serial correlation. so, that is basically, ssc install we did it

then xtrag.
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we need to compare this three.
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now we have got the result on your screen you can see that these 3 steps you have to follow
and everything is on your screen. Even we have also, kept all those things systematically
now, xtserial the 2 variable we have taken, and now basically, this is also, called as

Wooldridge test for autocorrelation in panel data, autocorrelation in panel data



And the hypothesis is that there is no first-order autocorrelation and since it is significant;

that means, there is a serial correlation, and a first-order serial correlation exists in the data.
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Testing for Time- Fixed Effects

Q To see if time fixed effects are needed when running a FE model use the
command testparm,

O Null hypothesis is that the dummies for all years are equal to 0.
Q Command :

~ xtreg HEXP HC3 DALE IYEAR , fe

» testparm iYEAR

(1) 1994.YEAR = 0
(2) 1995.YEAR = 0 A
(3) 1996.YEAR = 0
( 4) 1997.YEAR = 0

F( 4, 128) = 1.49 / The prob > F is > 0.05, so we failed
Prob > F = 0.2093 toreject the null, therefore no time

fixed-effects are needed in this

so, now this is the one to see if time-fixed effects are needed when running a, fixed effect
model, we need to use the command testparm. based on that serial correlation we can identify
whether there exists serial correlation or not. The next one is to understand whether it has a
certain time fixed effect or not. the command standard command we take is called testparm.
the null hypothesis in this context is that the dummies for all years are equal to 0, the
dummies that are taken for all the years of the dummy are actually equal to 0. so, the
command is in fact we have taken here as i dot is the dummy. For a year all the year’s

dummies are equal to 0.

so, testparm 1 dot year we have taken and based on that we can see that the probability value
p-value is greater than point 0.05, we will also, see that. so, in this case, we know we fail to
reject the null hypothesis. Therefore, no time fixed effect is needed in this case, you can also,

check it with the data this is presented in our do file as well.

here is the do-file you can draw the do file, to understand the time fixed effect.
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u £ Type here o seach (-

And so, we find that we can see in the result that it is not significant. so, there is no

time-fixed effect, in the model, alright. And time-fixed effects are needed in this case.
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IHDS Dataset Example

U Practical in Stata :

» Dependent Variable - Medical OOPE (Rs.) (C033)

» Independent Variable - annual hhs consumption expenditure
(proxy of income) (COTOTAL) , religion (ID)

Therefore, we can ignore that and it is not necessary to run further.

After saying all those basic or important steps in the random effect model. we have guided

the, with guided with the help of the W H O balanced data example data set. You can al so,



run on your own through the IHDS dataset example data set, we have already uploaded to

your screen.

And that is given with the name practical in Stata. The dependent variable is medical
out-of-pocket expenditure and which is in rupees and the independent variables are given as
annual household consumption expenditure, which is a proxy of income and then religion

etcetera, religion is the ID variable.

You can just check this I am not experimenting we have already given everything on your
folder and for your EG operation, we are keeping this data set for you to understand random

effect health care random effect panel data in health care.
so, these are all here for you we lo forward to your participation in the next class.

Thank you.



