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Welcome once again to our discussion of censored regression model or limited dependent
variable model or Tobit model. And in our last class, we completed our discussion on the
theoretical portion of Tobit model. And today, we are going to learn how to basically estimate

Tobit model using a data set and how to interpret the coefficients.

So, before we start, we will just quickly recap the theoretical portion once again, so that our
understanding would be better. So basically we were discussing Tobit model and this is the
latent variable yi star equals to alpha plus beta xi plus ui. yi star is not observable and what
we observe is actually yi and the relationship is yi equals to yi star when yi star greater than

0, and yi equals to 0 when yi star is less than or equal to 0.

So, that means the negative values of yi star, we do not observe, and we put 0 for all negative
as well as 0 values of yi star, and we consider only yi greater than 0 for the uncensored
model. So basically, this was the idea. We have two types of observations, one for which yi
takes the value of 0 and other for which yi takes the value greater than 0. And we also
discussed about the likelihood function combining these two and we said that we cannot

simply throw away those observations for which we have 0 value.



Because then your sample would be a truncated sample and in that truncated sample, your
error term would be following a truncated normal distribution. So OLS cannot be applied

there. So, there you basically require a truncated regression.

The example what we are going to discuss here is labor force participation. Our model is
labor supply is a function of age, education, experience, husbands wage, number of kids. This

is my labor supply function and this labor supply is measured by hours.

But the only problem is, we will observe the labor supply value for those who have actually
participated in the labor market. For those who have not participated we will not observe any
value and we will put 0. So, that is why the limited dependent or censored regression or Tobit
model is used here. And as we discussed, there could be three types of censoring, one is

censoring from below, censoring from top or censoring from below as well as top.

This case what we are going to discuss is only censoring from below. So, that means you
have a minimum censoring at 0 level. So, that means we will observe someone's labor supply
only when it is greater than 0. So, if that is the case, then we will pull left censoring or lower
censoring in this particular case, but there are other cases. Depending on your situation you

have to use either right censoring or censoring from both top and bottom.
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With this, let us now go to our same data set that we were using earlier in the context of Logit
and Probit. But, there is a difference in our objective in the case of linear probability model,
Logit model and Probit model. We are basically interested in estimating the probability of
labor force participation by a married woman given her socio-economic and demographic

factors.

So, given a particular married woman's age, education, number of kids and husbands wage,
we are basically going to predict what is the probability that a married woman will participate
in the labor force. But here in the context of Tobit, we are no more interested in estimating
probability of labor force participation, rather, here our interest is to estimate the
responsiveness of labor supply, that means elasticity of labor supply with respect to these

factors what we have just mentioned.

So, there is some difference in our objective and that is why the modeling is also different.
Tobit is quite different from the other probabilistic models because we are no longer
interested in estimating probability. So, now, we will first estimate the model and the
command is very simple instead of Logit and Probit, we have to just use Tobit that is a

command.

So, this is Tobit and then your dependent variable is hours, then your age, then your
education, then experience and number of kids less than 6 years of age and husbands wage.
Then you have to put the censoring. Since, we are putting censoring from below it is called 1

1. 111is for lower limit.



Look at this. So, this is the output. This is the output where again the estimation procedure as
we have discussed in our previous class that estimation requires again formulating a
likelihood function and what is the likelihood function? Likelihood function if you recall that
is basically a product of two types of observations. One is for yi star greater than 0 and

another is for yi star less than or equal to 0.

So, combining these two we formulated the likelihood function and that likelihood function,
we need to maximize with respect to your parameters which were alpha, beta and sigma
square. And if you do so, then the same likelihood estimation method will give you this type
of output. And here in the context of likelihood estimation you have total 753 number of

observations, but out of which you get 428 uncensored observations. That means what?

That means 400 in terms of a simple diagram I can say that, so this is your censored part, this
is your uncensored part and total number of observations is 753 and here it is 428. So, this
portion you have 428 observations, that is what it means. And then you have got this model.
Now, the next question is how are you going to interpret this coefficient? Are we going to
interpret these coefficients as marginal effects that means can we say that as age increases by

1 unit or 1 year then the labor supply goes down by 58.92 hours?

If we can do so, then we can directly say that these coefficients are actually the marginal
effects. Can we do that? The answer is no. Why this is so, because these coefficients they
look exactly like your OLS estimates. But still we cannot use these coefficients as our
marginal effects. Why this is so? We cannot interpret the coefficients directly as marginal

effect in Tobit model as well.
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Tobit regression

Log Likelihood = -3025.1308
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See here we say that yi star equals to alpha plus beta xi plus ui. So, the beta that we got from
that output is actually from here that means, we can say that del yi star and del xi equals to
beta. So, if you estimate the coefficient that is basically showing for the unit change in xi
what is the change in that latent variable, but latent variable is not observable rather what you

want is yi. That means this is our prime variable of interest.

So, that means, what do you have to do? First let us see what is expectation of yi. Now, this
expectation of yi is basically like this, there are two expectations- expectation of yi when yi is
actually greater than 0 and that you have to multiply with the probability that yi greater than 0
plus expectation of yi given yi equals to 0 multiplied by probability that yi equals to 0.



So, this portion is actually 0, so if you multiply this, this becomes 0. So, that means
expectation of yi given xi you can write equal to actually expectation of yi for yi greater than
0 multiplied by the probability that yi greater than 0. That means, we cannot directly take
those coefficients as marginal effect because this probability yi greater than 0 should also be
there. First of all the married woman should participate in the labor market, then only we can

observe their labor supply and then only we can get those coefficients as marginal effect.

Because of this second component which is also multiplied with this expectation, we cannot
take the coefficients after Tobit estimation as marginal effect. So, please keep in mind, we can
take the coefficients as marginal effect only when we are estimating the model using OLS.
We are using OLS because here the beta hat is coming from that yi star which may or may

not have direct interpretation all the times and which is not observable.

So, that is why delta yi delta xi is basically this, but what do we want is delta expectation of
yi given xi, which is actually this. So, that is why since the probability yi greater than 0 is
also multiplied with this, we cannot take those as direct interpretation of marginal effects. So,
again like the Logit and Probit model we need to put specific command for getting the

marginal effects.
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Now, here in the context of Tobit, marginal effects are of two types. One, if you recall we said
that Tobit model is basically a Tobin's Probit that means, a Probit model is inbuilt in the Tobit
model. So, there are two stages; in the first stage, the individual decides whether to

participate in the labor force or not.

That means, from the first stage we can calculate what is the probability a married woman
will participate in the labor force that is why from Tobit’s model, we can actually estimate the
change in probability in labor force participation for the unit change in any of these
explanatory variable. That is type 1 marginal effect. So, what I am saying the type 1 marginal
effect is change in probability of labor force participation due to change in one of the
explanatory variables. And why we are able to do this? Because Tobit is basically Tobin's

Probit where a Probit is inbuilt.

And the second type of marginal effect, once you decide to participate in the labor force and
we can actually observe, so, this is basically for the censored observations. And then in the
second stage, when you actually participate in the labor force and we can observe your labor
supply from there what you can get is change in labor supply for one unit change in one

explanatory variable.

For example, as education increases by one unit, what is the probability of labor force
participation is one type of marginal effect that we can get. And secondly, for the unit change
in education, what is the change in labor supply amount that means the elasticity. These are

the two types of marginal effects that we can get from the Tobit model.



Now, so this is once you estimate the model, Tobit model; two types of marginal effect as we
said we can get and for that two types of specific command is required and the command is
this mfx compute predict pr. So, the command is little complicated but if you understand the
logic mfx compute means anyway I am interested in computing marginal effect. After that we
are asking Stata to first predict what is the probability that woman participate in the labor

force.

That why I predict pr probability and in the bracket 0 comma dot, it means greater than 0 that
means positive labor supply. So I am asking Stata to first predict what is the probability of
labor force participation and then you can actually calculate a change in probability from that
base point. So, this is the command for estimating first type of marginal effect and if you put
into this is the command, this is the output. So now I can say that for unit change in age,

probability in labor force participation goes down by 0.02 units.
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Now, if I compute the same model using Probit what will happen? So, the command would
be Probit in labor force, then age, education, experience, kidslt6, and huswage. This is your
Probit model and dependent variable of course, here it is hours but in the context of Probit it

is in labor force and then this is the output.

And after estimating these if you put mfx, look at the marginal effect of age. The marginal
effect of age is -0.02 and the marginal effect you got from Tobit is -0.02. That means what I
said what we discussed that, Tobit is basically Tobin's Probit, that means, the output that you
got from the Probit model and the marginal effect is exactly matching with the marginal

effect that we got from that Tobit model as well.

That is why we say that the first stage is like estimating a Probit model, whether the married
woman will participate in the labor force or not, once they participate, then we can actually
observe the positive amount of labor supply and then we can get the elasticity of that amount

of labor supply with respect to any of your explanatory variable.
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2500035 2B B.66 0.000 307831 194176 42.5378
69807 9.0BM1 480 0.000 10.8938 54580 12,2869
WIS 266407 1252 0.000 20.1326 30575 10,6308
id 3911143 46,65 -5.08 0.000 -482.506 -199.682 27716
husiage | -B.IE7B4 512069 199 G047 20,242 -.151468 7.48218
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I will once again estimate the Tobit model. For that I am putting this command. The
advantage of this Stata is that whatever command you are using, it will save here and if you
simply click on that, it will directly take the command, you do not have to type the command

again and again. So, this is the output once again and you have to say that mfx compute.

Now, I am not interested in estimating the change in probability rather change in labor
supply. So, for that you have to say that predict, in the bracket you have to say that instead of
pr you have to mention e, e for elasticity, this is the command. So, I am asking Stata to first

predict that the labor supply amount is greater than 0 and then you estimate the change.

Look at here what Stata is first calculating, expectation of hours given hours greater than 0
and multiplied with the probability. That is exactly what we are discussing in our theoretical

model because estimation is basically, sorry, yeah, look at this, expectation of y given y



greater than 0 and multiplied with the probability. Hence Stata is also first calculating this is
expectation of y given y greater than 0 and then this is the probability. So, that is how you can
get the marginal effect of the Tobit model and you should now directly use the coefficients
from the Tobit model as the marginal effect. So this is basically the Tobit model what we

have discussed.



