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Lecture — 56
Panel Data Modelling (Contd.)

Hello, everybody. This is Rudra Pradhan here. Welcome to Engineering Econometrics.
Today, we will continue with you know Panel Data Models and in the last lecture we
have already highlighted the fixed effect model, the random effect model the estimation
procedures of both random effect model and fixed effect model and get to know the

difference between fixed effect model and random effect model.

And, we also discussed: what are the ways you can actually make a choice to use random
effect models or fixed effect model sometimes we may use actually both the models
simultaneously. But, ultimately in this lecture we like to check how the estimation
process and how the panel data models can be used to bring some kind of you know
difference corresponding to time series modelling you know modelling and the kind of

you know cross sectional modelling.

So, in order to justify the importance of the panel data you know models for any kind of
you know engineering you know problems. So, let us take an you know take an example

and here the example is like this.

(Refer Slide Time: 01:36)

Example 1

To analyze a cost function of an industry, it was observed cos
and outputs from 4 companies over a ten-year perlod %

The cost function is estimated using FEM approach
Cip= oty Wy yaWay + y,Wye + BQ; + En . \q

C, : total cost of a company i at time t ;
Q,: total output of a company i at time @9_
W = 1; for a company i; i =2, 3 L® @

= 0; other
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So, let it is a industry problems and generally the industrial problem is like that most of
the instances it is the game between input and output relationship and everytimes we are
we are actually dealing with you know operations that is mostly operational problems
and here we are keen to know the cost aspects. So, that means, you know how output can
be optimised with respect to minimum cost. So, that means, every times we should have
a more and more output within a less and less cost that is what the kind of you know

requirement.

So, now what is happening since we are using actually both cross sectional units and
time series units you know that too in a panel data setup, so, if you look into the real life
problems you will find you know when there are you know many firms. And, you know
that is what the cross sectional type of you know situation and then how these forms are
behaving you know uniformly or differently you know with respect to different time

frame.

By default the immediate problems which you can actually highlight is that you know for
you know means technically it may be two different ways. The first one is a you know
for a particular time periods how the cross sectional units are you know you know they
behave are they performing uniformly or they are you know you know they behave
differently for a particular time periods. So, we like to check whether they their

behaviour is same or you know different.

Again, with a particular time you know cross sectional units we like to check whether the
particular you know cross sectional units say industry or a particular firm is maintaining
kind of you know stability or you know sustainability; that means, they maintain a
similar kind of you know status. So, either they maintain a similar kind of you know
status or they may have a different kind of you know status; that means, there is ups and

downs. So, far as a production is concerned cost is concerned like that.

So, that means, these are the types of you know problems if you understand the situation
is like this then you know the immediate choice is to use panel data model because here
we have a plenty of you know cross sectional elements and plenty of you know time
series element and keeping time component constant and if you allow cross sectional you

know variations then there is a kind of you know implications. Again keeping you know



cross sectional unit constant and allow time element will vary again there is a different

implications.

So, now, we like to bring that because we have already discussed all these you know
concept in the form of you know fixed effect models and random effect model. So, now,
we like to bring into the reality, how is that and how they can differentiate and what are
the best outcomes which you can actually bring here to analyse the situation. To analyse
this particular structures let us start with you know a cost and output for you know for
this particular you know you know structures what we can like to do we will we will

have a problems.

So, the problem is a problem is like this. We have we have actually a cost function of an
industry it was observed that you know cost and outputs from different companies of a
10 different you know time you know time periods technically. So, here if it is 4 different
companies means I equal to 4 and 10 different time periods means t equal to 10. So, that
means, if you go by actually you know analysing or to understand the situation the
situation will be it is game between C and Q. So, simple the function will be C equal to
alpha plus beta Q, ok. So, alpha is the intersect beta is the coefficient that too represent

the output with respect to cost.

So, now the game is actually with respect to i and t that is the sample frame work
through which you can understand the reality and we can use this particular structure for
the estimation now you know if you start with let us say I equal to 1 2 3 and 4 then time
will be vary 10 10 10 10. So, that means, we have a 10 different outputs all together like
this and again if you apply t equal to 1 1, 2, up to 10 then every case we have a four
different sample points of course, the sample size is very low, but still with two you

know variables we can we can actually estimate the kind of you know process.

Of course, for you know having more and more i and more and more t the problem will
be more and more interesting. So, that means, technically if you allow t will start with 1,
2, up to 10 separately then; that means, technically we have a 10 different outputs, and
every output will represent the a functional relationship between cost and an output. So,
that means, technically we like to know in that case you know if you allow you know t

constant then you know i will vary. So, that means, the clear cut indication is that you



know for a particular you know time period how these forms are actually you know

bringing the cost and output relationship.

So, again if you go to you know another side where 1 will be you know remain fixed; that
means, when 1 equal to 1, then we have a one output then when i equal to 2 we have
another output. So, in that case so, we like to check actually how you know time
variations will bring the cost and output difference. So, this is how the theoretical
understanding about this problem. So, now, what we will like to do, so, to differentiate

this particular structures let us start with a simple model like this.

(Refer Slide Time: 08:06)

Example 1

To analyze a cost function of an industry, it was observed costs
and outputs from 4 companies over a ten-year period.

The cost function is esti atfd/lsin FEM approach:
Cojaty Wat \%\’%*@ & o e “}

Yy {
G tolalm/\ﬁt&gLTuvr{panng'ﬁrn’et/
Qy: total output of a company i at time t

W = 1; for a company j: 1=2,3 4
=0; other
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So, this model is actually this model is like this C 1 t equal to you know beta Q i t. So,
that is how the pool data used and to represent the panel then you have to bring the panel
features. So, now, what is happening here; so, we start with a first you know connecting
to connecting to cross sectional units so; that means, since we have 1 equal to 4. So, that
means, we are using three different domains ok. So, this is for company 2, this is for

company 3, this is for company 4.

Now, we have i equal to 4; so, that means, when we put you know i equal to 2 so, that
times this will be active and the these two will be inactive. So, when i equal to 3 then this
will be active then these two will be inactive when 1 equal to 4 this will be active and this
two will be inactive. So, now, when all this three will be inactive then by default the

particular impart will go to the i equal to 1 that is the form one.



So, now obviously, so, we like to check you know how cost will be differentiate you
know you know among these four forms. So, far as you know output is concerned so,
now, theoretically what we can do. So, theoretically the observation is that we asked it
typically you know for forms that you know they will be go for you know uniform
productions. Let us say Q equal to one thousand numbers or something like that and then

we like to check what is the cost difference.

Then finally, after checking the cost difference with you know same level of production,
then there are two possibilities either the cost you know cost for these you know one
thousand output will be remain same or cost will be different for you know different
forms if they are same then you know a econometrics will not you know give better kind
of you know explanation. But, if they are different then this particular model or this
particular you know structure can give better kind of you know interpretation in order to

know what is exactly happening and what is the reality.

(Refer Slide Time: 10:20)

] Example 1: Comments A Ny A

For company 3, if @; = 1000, then, C; = (C, +

For company 4, if Q, = 1000, then, C, = (C, +(16.171) C’fl/
ok -'T}.: RY
How to interpret the intercept? (@) 5
If the output is increased by 1 unit, then, the cost will inc r companies 1,2, 3 or 4,

Which company is the most cost efficient?

ot?
55
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So, let us see the model outcome. So, now, having the structures so, we can go to the
model outcome. So, now, the model outcome will be like this see here. So, means this is
this is actually with the help of you know data you have to just estimate the model then

ultimately after the estimation. So, we will have here alpha alpha component.
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Example 1

To analyze a cost function of an industry, it was observed costs
and outputs from 4 companies over a ten-year period.

“F

The cost fup€tion is estimatedsing FEM approach:

Ci=aq+(
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Q;: total outp
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Then dummy, first dummy, second dummy and third dummy. So, these are all these three
are you know actually dummy. So, it will behave either you know 1 and 0. So, it will be
1 then others will be differ 0, this is 1 then others will be 0 like this. So, ultimately so, the
impact will be actually restricted with respect to 1 and 0. So, ultimately the final impact
will be multiplied by the coefficient with respect to 1 or with respect to 0. So, when we
like to allow this active then this will be 1 then by default others will be 0. So, this is

what the kind of you know structure.

So, now what will we do here so, we will we will check the outcome. So, now, this is
what the estimated outcome and in this estimated outcomes. So, we have actually a alpha
coefficients then the first dummy coefficient, second dummy coefficient, third dummy
coefficient and by default W 2 will be moving for actually 1 0 then this will be moving
with 1 0 this will be also moving with 1 0. So, that means, W 3 and W 4 ultimately. So,
now, what is happening here. So, we have actually i equal to 1 2 3 and 4. So, but we have

taken actually three dummies. So, that too for company 2, company 3 and company 4.

So, now, what is happening we like to check a particular level of output let us say Q
equal to 1000, right. So, now, we like to check what is the cost coefficient cost
components for you know 10000 for company 1 that will be represented by C 1 then cost

coefficient for the company 2 represented by C 2 then C 3 and then C 4, right.



So, now what is happening since this is the dummy coefficients for you know company
2, this is dummy coefficient for company 3 and this is dummy coefficient for company 4
then by default we assume that this is equal to 0 then by default the coefficient the
particular you know impact will be restricted to 2.32 plus 16.17 plus 1.112 Q. So, that is
how the impact. So, that means, if all are in actually 0 then for C 1 the cost coefficient
will be C it equal to 2.32 plus 1.12 Q Q i t. So, that is what the actually cost functions,
ok.

So, now for company 2 so, then this will be a this will be a you know net addition with
respect to net addition of you know 10.11. So, that means, technically so, it will be it will
be here C it equal to so, C C 1 plus 10 plus 1 1. So, similarly in the case of you know C
3 it will be C 1 plus 2.39 and then for C 4 it will be C 1 plus 16.17. So, that is what the
difference. So, that means, this is the best model which represent the cost structure of the
first company that too a uniform output and again for company 2 the cost structure will
be C 1 plus 10.11 and then for company 3 C 1 plus 2.39 and C 4 C 1 plus you know
16.17. So, that is the cost difference.

Now, to simplify this one; so, for company 1 put Q equal to 1000 then if you put Q equal
to 1000 here and you simplify then the total cost will be a will be this much that that too
let us say 1121.32 and that is the cost you know having for company 1 to produce 1000
output. So, now, for coming to company 2 to produce the same level of output 1000, the
cost component will be C 1 plus 10.11, that is what we have already obtained. So, now,
so, 1121.32 plus 10.11 that is the cost component for company 2 to produce the same
level of output 1000 and again for company 3 the net addition will be 2.385 and for
company 4 the net addition will be 16.17.

So, now so far as a efficiency is concerned since we are allowing the companies to
produce the same level of output. So, now, for a particular company or a particular form
can be declared as efficient where the cost factor will be substantially low. So, that
means, technically in this case company 1 is declared as you know most efficient
compared to company 2, company 3 and company 4 and that is how the beauty of this

kind of you know panel data model.

So, that means, you know you know using the panel data you bring the kind of you know

estimated output now through these estimated output and bringing the kind of you know



panel component that too cross sectional dummies and the time dummies you can
actually analyse differently and then bring the problem in a more attractive way to

highlight the some of the critical issues of the you know engineering problems.

(Refer Slide Time: 16:26)

Example 2

Relationship between R&D Budget and Number of
Products patented.

There are several companies that spent a lot of many for
Research and Development (R&D) expecting that new
more efficient innovation / technique invented. To
investigate whether there a positive relation between the
budget of R&D and patents invented, it was observed 45
companies over 7 years in the US.
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So, likewise we can have actually different kind of you know structure to you know
analyse through panel data model. And, we can consider you know means we can you
know discuss the same kind of you know structure through second examples that too
relationship between R and D expenditure and number of you know patents. So, there are
several companies that spend you know you know more revenue towards you know R
and D R and D activities and then you know they are expecting you know more and

more innovations.

So, obviously, we are expecting the R and D activities and you know innovations are
positively related, then again it is kind of you know similar problems. We can have a
situation like that you know as you know companies to put you know similar kind of you
know expenditure and check what is the you know outcomes that is the innovations and
we like to check whether you know a particular form is more innovative a compared to
the other forms so far as you know uniform expenditure is concerned. Like the like the
previous case where you know we are checking the cost difference with respect to same

level of output here we like to analyse a having same level of you know R and D



expenditure what is the level of you know innovation with different you know

companies.

So, that means, these are the classic examples where you know panel data can be used to
you know analyse the problems and come with you know excellent kind of you know
implication through which you can generalize the structure and can get more inference
and which is not exactly possible in the case of you know either cross sectional units and
you know time series. Even it can be possible through cross sectional unit and time series
unit the kind of you know findings and the kind of you know outlook is a completely

different if you analyse the same problem through panel data modelling.

Because we are actually pooling the data and getting the reality; that means, we are
bringing in a kind you know competitive situation then you are comparing. Otherwise
you know you have a just individually comparing without any kind of you know kind of
you know competitiveness or if the kind of you know competition. So, a panel data by
default will bring such kind of you know environment which can bring the beauty as per

the requirement of some of the engineering problems.

(Refer Slide Time: 18:52)
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Example 2

P: number of inventions patented (in log)
RND: budget of R&D, 5 years ago (in log)

The model offered:
Py = Bo*+ By RND, 5 + & ; i: company; t: time

Using 315 observation (45 companies over 7 years):
Pi=1438  +0.845RND;5
t: (14.01) (24.17) R?=0.65

! NPTEL ONLINE

IITKHARAGPUR CERTIFICATION COURSES

So, now corresponding to this you know problems. So, we have actually models. So,
because patent is the kind of you know components here RND, if you fix this one is the
constant then how they behave each other and you know differentiate each other same

way. So, here the estimated model is like this. So, now, you can fix a particular



component and then you can examine the situation and then the model outcome is like

this.

(Refer Slide Time: 19:20)
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Example 2: Observations
1.The estimated model indicates that there is a positive

relation between budget of R&D and number of
inventions patented.

2.0n average, for every 1% increased in R&D, number
of inventions patented will increase by 0.845%.
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And, so, that means, technically the estimated model indicates that you know there is a
positive relationship between budget you know R and D budget and number of you know
patents that is what you know our main target and the secondary target is to know
whether there is a kind of you know difference which form can be declared as you know
more efficient here the interpretation will be with same level of R and D expenditure
who is bringing more you know innovation to the system that that can be declared as you
know more efficient compared to the previous one where giving same level of output to

which form is having you know less cost.

So, you know if these are you know these are the problems then by default you can use
panel data model and then you can analyse in a more attractive way as per the particular
you know engineering requirement. So, on an average for every 1 percent increase in R

and D number of patents will increase by 0 point you know; that means, 80 the this is.
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Example 2

To analyze more on this relationship, the following is the
estimated equation from regressing the average budget of
R&D on the average invention (over a seven-year period):

The estimated equation:
P= 1370 + 0.871 RND,

(5.53) (10.28)
R?=0.71
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This is what the a kind of you know structure.

(Refer Slide Time: 20:26)
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Example 2: Observations

1.There is a positive relationship between spending on R&D and invention
patented.

2.For every 1% increased in R&D spending, number of inventions patented
increase 0.87%.

3.However, this model can not distinguished the variations among number of
inventions patented across individual that not caused by spending on R&D.

4 Need to develop a m6del that can be used in analyzing number of
inventions that are not caused by R&D spending across individual company.
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So, now what is happening actually we have actually the kind of you know model output
which is which is actually satisfying as per the particular you know you know
requirement, but on the top of that we are actually bringing different kind of you know
inference which can you know produce much better results and much better inference

compared to you know simply cross sectional modelling and the time series modelling.
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Example 2: Observations

P =By By RND; 5 + 2Wy v + €
Estimated Equation:

P, =0.195 RND,;5
t (235,  R=0937

Since there are 45 different intercepts, it is not written
explicitly. However, based on both F and t tests, al
parameters are both jointly and individually significant.
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So, ultimately so, now, in the second observation you know models again you can bring

actually dummy impact and then we try to check which form is more efficient compared

to previous one.

So, likewise you know you can use both you know a fixed effect models and random

effect models and then bring the situations where we can actually in a position to analyse

which form is more efficient so far as you know R and D expenditure is concerned and

the output innovation is concerned, ok.

(Refer Slide Time: 21:31)
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Example 2: Observations

For comparison, REM is also estimated and the
estimated model is:

P, =2.299 + 0519 RND, 5

t (12.13) (8.78)
R2=0.91
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So, ultimately the it is same model can be used to random effect model then by default
intercept term will not be there, but ultimately the model outcome will be adjusted
through the error component. Of course, the effectiveness of the model will be depends
upon the significance of the parameter and the R square value which is actually coming

here very high.

(Refer Slide Time: 21:55)
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Example 2: Observations

From 4 different approaches we have tried, each gives different result
and thus different interpretation. Since the data we used is panel data,
we should use either FEM or REM.

The choice can be guided by the objective of the analysis. If we really
want to know the impact of other than R&D spending to the number of
inventions patented across companies, FEM could be used.

However, Hausman Speciﬁcation Test can be used to investigate
whether the residuals are not correlated with the regressors as
required in REM.
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And, now what will we what will we do here from four different approaches that we
have tried here is gives different results and different kind of you know interpretation.
Since the data we use is actually panel data we should use either you know fixed effect
model or you know random effect model. Now, what is happening here the choice can be
guided by the objective of this analysis. If we really want to know the impact of you
know other than R and D is spending to the number of you know innovation that too

patents so, fixed effect model can be used.

Moreover, the Hausman test can be used to investigate whether the residuals are not
correlated with regressors and means as long as you know you like to check you know
the use of fixed effect model and random effect model. These are all called as you know
means two things; one is the technical requirements the other one is actually the problem
requirements. If the problem requirement is you know kind of you know comparative
analysis then it is better to bring the fixed effect model. If the problem requirement is not

the comparative analysis if it is only to check whether there is a strong association



between you know dependent variable and independent variable then random effect
models may be a better choice. So, that is how the a big deal between fixed effect model

and random effect model.

(Refer Slide Time: 23:20)
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Example 2: Observations

For this example, based on Hausman Test, requirement that the
residuals are not correlated with regressor can not be fulfilled.

So, for this example, FEM is more appropriate. Therefore, the
analysis and model interpretation should be based on FEM.
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Example 3

To analyze the cost function from an automobile
industry, it was observed costs and outputs from 4
companies (let say: Toyota, Honda, Suzuki, and Kia)
over a ten-year period. The cost function is
represented by (using FEM approach):
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So, likewise we have actually a different kind of you know approaches. So, I can bring
another examples you know where actually we have four different you know five

different companies and where ten different time periods like the past examples. Again



we like to check the cost difference you know so far as you know output and you know

cost is concerned.

(Refer Slide Time: 23:43)
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Example 3

Cii= a+y, Wy +y;Way + v, Wy + BQy + €

C, : total cost of a company i at ime t
Qy: total output a company i at time t
W, =1, for a company i; i = 2 (Honda), 3
(Suzuki), 4 (Kia)
= 0; other (Toyota)
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And, same way you can bring actually a three dummies and when these three dummies
are will be actually 0, then the impact will go to the first company. And, the second
company means the first company by default will be the best model and the impact of
second company where you know first dummy will be come into the picture and second
company the second dummy will come into the picture means third company will be
with respect to second dummy and then finally, fourth company with respect you know

third dummy.

Because, we use ultimately three dummies that too the representative of you know
company 2 company 3 and company 4. So, when company 2 company 3 company 4 will
be inactive then the impact will go to the intercept and the kind of you know independent
variable coefficients only. So, ultimately that is the best model. So, now, the first dummy
if you introduce then that will be the impact of the second company and then second
dummy will be impact of the third company and you know third variable third dummy
impact will go to the company 4. So, likewise we have a different kind of you know

examples.
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Example 3

The estimated cost function (all parameters
significant at a= 5%):

Cy = 16,171 -2,385 W, 2,315 Wyt

10,110 W, + 1,119 Q,
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And this is how the kind of you know structure.

(Refer Slide Time: 25:01)
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Example 3
(i\Which companies is the most cost-efficient? Why?

(il)For Suzuki, for example, what is the cost of
producing 1000 units? Explain

(ili)For Toyota, for example, what is the cost of
producing 1000 units? Explain

(iv) Which companies is the least cost-efficient? Why?
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And, ultimately like the previous case we can fix actually output constant and then check
the difference which company is more effective compared to you know same level of

output, ok.
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Example 3

. Estimation using OLS

P,=1438  +0.845RND,s
t (14.01) (24.17)

R?=0.65
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So, that means, technically we have discussed you know various kind of you know

examples.

(Refer Slide Time: 25:18)
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Example 3

[V. Estimation with REM

P, =2.299 + 0.519 RND, 5
t (12.13) (8.78)

R?=0.91
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Through which you can justify that you know panel data model or panel data modelling
is actually good choice compared to cross sectional modelling and time series modelling
because it will bring much better inference and some the outlook is actually much you
know broader compared to the you know simple cross sectional modelling and you know

time series modelling.



So, ultimately till now we have discussed the pool data models and in the panel data
model that too fixed effect concept random effect concept and then we have another

concept called as you know GMM concept.

(Refer Slide Time: 25:57)

Generalised Method of Moments (GMM)

* Why GMM?
Nonlinear estimation
Structural estimation
Robust estimation

* Models estimated using GMM

+ Rational expectations models
+ Non-Gaussian distributed models
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So, GMM basically generalized method of moments. Now, the question is why GMM, if
we have a pool data then we have actually fixed effect model and we have a random
effect model, but GMM is a different kind of you know approach which is actually more

advanced compared to pool data fixed effect and random effect.

And, we have actually three important you know structure through which you can justify
that the requirement of you know GMM and that will be high class model and it is you
know much kind of you know efficiencies compared to you know means more better you
know models or you know better efficient model compared to fixed effect model and
random effect because some kind of you know endogeneity issue which you can address
through GMM and here if you could if you ask why GMM then straight answer is a with

respect to three scenarios.

So, first is the non-linear estimation then structural second one is the structural
estimation then the robust robustness you know estimation. And, the models of estimated
using GMMs can be of you know a rational expectations models or can be non-Gaussian

distributed models, right.
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The Method of Moments

* Simple moment conditions

Population Sample

Eel=0 - $)£=0

cov[X,6]=0 > Y X =0
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So, basically it starts with you know simple moment conditions population versus
samples and this is what actually mean of the error terms and covariance of the error
terms and the independent variables. And, by default sample mean we which we can

derive by taking the you know total sample size.

So, we are expecting that you know mean of the sample will be also equal to 0, and also
the covariance between these two also equal to 0. So, that is actually the requirement of

the you know regression modelling.

(Refer Slide Time: 27:55)
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The Method of Moments

* OLS as a MM estimator )
y=XB+e¢,s0that 6= y-Xp

* Moment conditiuns:?‘
Ele]=0=4Y (- X.)=0
E[X'¢]=0=X'(y- XB)=0

* MM estimator

X'y-X'X=0= p=(X'X)"X'y
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So, ultimately if you go by you know GMM so, OLS as a you know methods of moment
estimator. So, simple y equal to X beta plus error terms so, that you know the we can
obtain the error component. Then moment condition will follow like this and the mm
estimator will be beta head equal to X transpose X inverse by X transpose y that is the

same structure.

(Refer Slide Time: 28:20)
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Generalised MM

+ We generally follow the number of instruments is equal to
the number of coefficients that we want to estimate.

+ What happens if the number of instruments is greater
than the number of coefficients?

+ [ssentially, the number of equations is greater than the

number of coefficients you want to estimate: model is
over-identified.
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But, the you know the kind of you know adjustment will be is slightly different. So, now
if you generalize the kind of you know method. So, we generally follow the condition
where the number of instrument is equal to number of coefficient that we like to actually
a process it. But, what is happening in some cases number of instruments is greater than

to number of coefficient which is actually again this simultaneous equation system.

So, essentially the number of equations you know is greater than to number of coefficient
then the model will be declared as actually over identified models. But, when number of
you know equation equal to number of coefficient that is called as you know exactly
identified and the simultaneous equation structure is very effective and in that case we
may not have any problem, but when there is a question of you know over identified

model then the GMM structure is very you know practically is very useful.



(Refer Slide Time: 29:15)
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With more constraints than equations

* Solution is to minimise the conditions so that the
coefficients are able to approximate the moment condition,
that is pick coefficients such that the orthogonality

condition is satisfied.
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So, what is happening in the over identified case. So, the solution is to minimise the
conditions. So, that the coefficients are able to approximate the moment condition and
that is a pick coefficients such that the orthogonality condition can be satisfied, that is

what is the kind of you know requirement.

(Refer Slide Time: 29:36)
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Moment conditions in estimation

* Model may be nonlinear
- Euler equations often imply models in levels not logs of
variables.

- Both ad hoc and structural models may be nonlinear in
parameters of interest.

+ Models may have unknown disturbance structure
- Rational expectations )

- May not be interested in related parameters
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And, models may be non-linear, but some Euler equations often you know imply models
in levels not logs of the variables; that means, some kind of you know adjustment you

have to do you know when the situation is actually over identified. And, I am not



bringing actually too much mathematics here because the particular method is a too
much critical and very complex compared to fixed effect models and random effect
model. But, it is actually means the bigger advantage of this model is you know bringing
the dynamics to the system and again addressing the kind of you know endogeneity

component.

(Refer Slide Time: 30:18)
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Implementation

The implementation is generally done in a ‘two-step procedures”;

First, any symmetric positive definite matrix yields consistent
estimates of the parameters. Thus exploit this. Using ‘any’
symmetric positive definite matrix, back up estimates for the
parameters in the model.

Second, using these parameters construct the weightin% matrix
W and from that we can undertake the minimisation problem,
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So, now the you know there the so far the implementation is concerned it is actually two
step procedure. In the first steps any a symmetric positive definite matrix which yield
consistent estimates of the parameters and second using these parameter construct the
weighting matrix you know and then from that we can undertake the minimization
problem. So, that is the technical you know means technical procedure you have to

follow how to get the estimated outputs from the GMM.



(Refer Slide Time: 30:52)

[ R BRI R & EEA

Advantages of GMM

* GMM a natural way to estimate many engineering
econometrics models
- It does notimpose restrictions on the distribution of errors
- Allows for heteroskedasticity of unknown form

~ Estimates the parameters even when models cannot be solved
analytically

' NPTEL ONLINE

IIT KHARAGPUR CERTIFICATION COURSES

Ultimately you know our you know problem kind of you know understanding and the
kind of you know problem discussion ultimately depends upon the model outcome
whether the outcomes are coming through fixed effect models or random effect models
or a GMM. Of course, we have to use the models and the structure the model as per the
specific objectives and the kind of you know requirements. If there is no specific
objective and the kind of you know requirements ultimately the game will be ending

with you know the impact of you know independent variable to dependent variable.

But, in between there are couple of side objectives which can actually explore and that
too you know with the help of original panel data modelling starting with you know
fixed effect models, random effect models and the kind of you know GMM. So, of
course, it is actually kind of you know a complex models, but it has actually lots of you
know advantage to solve actually a some of the you know engineering problems. And,
the advantage of GMM is actually it does not impose restriction on the distribution of
errors which is actually there in the case of you know fixed effect models and random
effect model. And, it allow you know for heteroskedasticity of unknown form and then
finally, estimate the parameters even when models cannot be solved analytically; that
means, you know through the adjustment the over identified condition can be

materialized. So, that is the actually big deal and big advantage of you know GMM.



So, to this you know you know end so, what we are you know actually summarizing that
you know panel data is a kind of you know structure which can actually bring you know
different kind of you know situations and different kind of you know kind of you know
structure through which you can generalize the problem in a more attractive way and we
can actually bring some of the issues or you know inference which is not actually

possible through a simple cross sectional modelling and time series modelling.

That is why in the same problems it is possible it is better to analyse through panel data
modelling and of course, it exclusives will be depends upon you know what is the kind
of you know objectives ultimate objectives then you have to make a choice which kind
of you know models you finally, use and whatever may be the kind of you know choice
whether it is a fixed effect model or random effect model or you know GMM ultimately
all these models are very reliable and very good for you know you know solving some of
the big problems that too when the data structure is having both you know time series
type and you know cross sectional type. And, we are interested to pool the data to
analyse the situation as per the particular you know requirement with this we will stop

here.

Thank you very much. Have a nice day.



