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ABSTRACT

This paper examines a comparison of Least Squares Dummy Variable and a pooled
estimator in a fixed effect model. The aims of the research are: to estimate the
individuals firms parameters by using least squares dummy variables. To estimate
parameter of the pooled observations using ordinary least squares.To estimate the
behavioral relationship between individuals variables and to test for the significance
difference across the groups. The framework was based on a fixed effect model. The
analysis of a panel model was carried out using the Ordinary Least Squares (OLS) and
Least Squares Dummy Variable (LSDV) methods. Various tests were carried out to
determine which of the methods to use when dealing with a panel data. The results of
the analysis showed significant difference across the different groups effect. F is also
significant at 93% level by using either the fixed effect or pooled model in a panel
data. Also, a measure of fit of the model carried out showed that the fixed effect model
significantly explained the variation in the dependent variable while pooling the model
explained a very small proportion of the total variation in the dependent variable. In
the light of the above, it will be appropriate to use a fixed effect least squares dummy
variable rather than pooling the data in the analysis of a panel data.

Keywords: Panel data, Ordinary least squares, Dummy variable, Pooled model, Fixed
effect model,

INTRODUCTION

The term “panel data” refers to data sets where there is data on the same individual over several periods of
time. The main advantage with having panel data as compared to a single cross-section or series of cross-
sections with non overlapping cross-section units is that it allows to test and relax the assumptions that are
implicit in cross-sectional analysis. Most economic data sets usually combine time series with cross sections
data. Availability of data on a large number of individuals, but on each individual only over a very short
period of time, has become increasingly common in a number of different fields in economics. Since only a
few observations are available over time, but a great many observations are available for different
individuals at a point in time, it is exceptionally important to make the efficient use of the data across
individuals to estimate that part of the behavioral relationship containing variables that differ substantially
from one individual to another, in order that the lesser amount of information over time can be used to best
advantage in estimation of the relationship studied.

Aims and objectives of this paper are as follows:

(i) to estimate the individuals firms parameters by using least squares dummy variables;

(11) to estimate parameter of the pooled observations using ordinary least squares,

(iii)  to estimate the behavioral relationship between individuals variables;

(iv)  to test for the significance difference across the groups.

Many recent studies have analyzed panel, or longitudinal data sets; two very famous ones are the National
Longitudinal Survey of Labor Market Experience (NLS) and the Michigan Panel study of Income Dynamics
(PSID). In these data sets very large cross sections, consisting of thousands of micro units, are followed
through time, but the number of periods is often quite small. The PSID, for example, is a study of roughly
6,000 families and 15,000 individuals who have been interviewed periodically from 1968 to the present.
Another group of intensively studied pane! data sets were those from the negative income tax experiments of
the early 1970s in which thousands of families were followed for 8 or13 quarters. Constructing long, evenly
spaced, time series in contexts such as these data are typically used, it is unnecessary. Time effects are often
viewed as “transitions™ or discrete changes of state. They are typically modeled as specific to the period in
which they occur and are not carried across periods within a cross-section unit. Panel data sets are more
oriented toward cross-section analyses; they are wide but typically short. The fundamental advantage 6f 2
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panel data set over a cross section is that it allows the researcher great flexibility differences in behavior
across individuals.

The Model
The basic framework for this discussion is a regression model of the form
Y, =a+fbx, +¢& i=1,..,nand t =1,...,T o 5

"

where , is the value of dependent variable for cross section unit at time t.
v, is the value of the explanatory variable for unit i at time t, and
@, the individual effect is taken to be constant over time t and specific to the individual cross-

sectional unit i.
Equation (1) is a classical regression model. If @, is to be the same across all units, then ordinary least

squares provides consistent and efficient estimates of @ and /. The various cases considered are:

Pooled Regression: If ¢z, contains only a constant term, then ordinary least square provides consistent and
efficient estimates of the common « and the slope vector /.

2 Fixed Effects: If &, is unobserved, but correlated withx,,, the least squares estimator of f is biased
and inconsistent as a consequence of an omitted variable. However, in this instance, the model
Vo= % Bx, +&,. h

Where @, . embodies all the observable effects and specifies an estimable conditional mean. This fixed
effects approach takes a, to be a group-specific constant term in the regression model. It should be noted

that the term “fixed” as used here indicates that the term does not vary over time, not that it is non-
stochastic, which need not be the case.

Random Effects: In the random effects model, the ¢, are treated as random variables, rather than fixed

constants. Thea, ’s are assumed to be independent of the error €, and also mutually independent. This

model is also known as the variance component model. It became popular in econometrics following the
paper by Balestra and Nerlove on the demand for natural gas.
We shall assume that
a,~ IID(O, o*az)
g,~11D(0,0¢?)
and that o, and &, are independent.

For the sake of simplicity we shall use only one explanatory variable. The model is the same as equation (1)
except that a; are random variables

The Pooled Estimator

Our starting point is by considering the simplest estimation method which proceeds by essentially ignoring
the panel structure of the data.

Most times, the data are stacked to form

T
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where y is an nTx1, x is an nTxK and € is an nTx|.
The standard linear model can then be expressed in a more compact form as follows

y=Af+e e (2)
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Stack the data as described above and let the model be given by:

y =Xp+e i 3)

We now assume that 6‘,,~iid(0.0‘2) for all i and t. That is, for a given individual, observations are serially

uncorrelated; and across individuals and time, the errors are homoscedastic.

Estimation of this model is straightforward. The assumptions correspond to the classical linear model.
Efficient estimation proceeds by stacking the data as already shown and using OLS (Ordinary Least
Squares). By assuming each observation is iid, however, we have essentially ignored the panel structure of
the data. Although, this estimation is the easiest, it is often appropriate for reasons that we now pursue.

Fixed Effects
This formulation of the model assumes that differences across unit can be captured in differences in the
constant term.

Simulation Process

Data can be classified into two, they are: Real and Simulated data, “Real” data consist of actual
measurements on some physical phenomenon such as level of activity of an economy or the behavior of real
consumers. The alternative is simulated data, produced by, the analyst with a random number generator,
usually for the purpose of studying the behavior of econometric estimates for which the statistical properties
are unknown or impossible to derive. This study employs simulated data with a random number gensrator.

The exogenous variables were generated by choosing a random variablex, (fori=1,2,...,10and 1= 1,2,

..+ 5) uniformly distributed on the interval [0, ). In the experiments N =10 and T=5. (Where t is the
period, I is the number of individual over period t and n is the number of individuals).

The next step in each repetition was the generation of random variable U,, which is normally distributed
with mean zero and unit variance, The parameter o was taken to have values 1,2...10. For each such value,

p=1

Parameter values
As indicated above, in all experiments reported here T=5 and n = 10. The parameter a was taken to have
values 1,2.3,4,5,6,7,8,9 and 10. Throughout the experiment B was taken to be unity. (Where n is the
number of individual effects and T is the period). For y, s we substitute for the various values of €. a;’s B
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and X;¢ for each cells in the data to form a panel data model.

DATA GENERATION PROCEDURE

As earlier stated, simulated data were used for this research work by the used of computer sofiware. In
generating the data, Microsoft Excel 2003 was used while both Excel and SPSS were used for analysis

Data were generated on the model

)’Il =al+[3x"+€

Random Number Generation
The error term &, was generated to possess a normal distribution with mean zero and unit variance ie. &,

= }\"(O,l). Then we set the number of variables, n to be ten and number of period (T) is five. (Where n is the

number of individuals and T is the periods of time). Setting the random seed and update it seeds by seed,
for this data we set random seed number as 10, 20, 30... 1000. For independent variables x;, it was

generated from a uniform distribution U (0, 1) in the range of 10 to 20. Then we use the same set of variable
x;, for the whole data generated while only the error terms, &, and constant variables a;’s were varied.

METHODOLOGY

The ordinary Least Squares (OLS) method

Among all the various econometric methods that can be used to derive estimates of the parameters of
econometric relationship from data, the ordinary least squares (OLS) or the Classical Least Squares (CLS)
stand on the top of the priority list. The method seeks the minimization of the sum of the squares of the
deviation of the actual observations on a variable from the values that would be obtained based on the
regression equation. The coefficients of the regression are therefore, estimated by minimizing the residual
sum of squares. To complete the specification of the simple model we need some assumptions about the
random variable U. The variable U is a generated random variable, it has zero mean, constant variance, the
value of each Ui are normally distributed, non autocorrelation or serial independence of the U's, the
relationship being studied is identified and there is correct specification of the model.

Using matrix notation, the standard regression may be written as: "

Y=Xp+U

Where Y, X, B and U are defined as

B is a k-element vector-of regression coefficients (parameters) .

U is a vector of n error terms or disturbances.

Y is a vector of n sample observations on the dependent variable.

X is an n x k matrix of observations on k independent (explanatory) variables.

The sum of Squares residual is given as U =Y - Xf5.

The Least Square Dummy Variable or Fixed Effect Model

The model '
y,=a,+px,+U, i=12,..mt=12,.T
Uit ~ IND (0, ¢%)
Define
E’ =1/sz"~'1-l" = l/TZyu
W, =Z =% ) ZI’ -nx’
Z(Xn }., _v, = Z,\',y, - nxy
”"-‘1" = Z J"’ 3 'T - Z—yl‘: = ”5‘;2'
Gitice =G ¥ px, +U
U, =y, =a~px,
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Q= Z(}",,_a, & ﬁ.\'" )Z

( sum of square of error term)

Coefficient of determination, R?
R* is a measure of fit of the model. Two equivalent ways to compute R? are
(n The proportion of the total variation in y that is accounted for by variation in the regressors.

TSS AT .o

(2) The squared correlation between the observed values of y and the predictions produced by estimated
regression equation.

2= "
- [Ee-w[ZE-]]

If X matrix contains a constant term R? is constrained to lie between 0 and 1.
R* will never decrease when another variable is added to a regression equation.

R? 3.5

Testing the significance of the groups effects
The t ratio for ai can be used for a test of the hypothesis that ai equals to zero. This hypothesis about one
specific group, however, is typically not useful for testing in this regression context. If we are interested in
differences across groups, then we can test the hypothesis that the constant terms are all equal with an F test,
Under the null hypothesis of equality, the estimator is pooled least squares. The F ratio used for this test is

: (R2LSDV - R?pooled)/ (n-1)
F(n-1, nT-n-k) = (1-RALSDV)Y/(nT-n-k) , ...(3.6)

Where LSDV indicates the dummy variable model and pooled indicates the pooled or restricted model with
only a single overall constant term. Alternatively, the model may have been estimated with an overall
constant and n-1 dummy variable instead. All other results (i.e. the least squares slopes, $2, R?) will be
unchanged, but rather than estimate o, each dummy variable coefficient will now be an estimate of @, - ol

where group 1™ is the omitted group. The F test that the coefficient on these n-1 dummy variables are zero
identical to one above. It is important to keep in mind, however, that although the statistical results are the
same, the interpretation of the dummy variable coefficients in the two formulations is different.

ANALYSIS AND RESULTS

Pooled estimation output

From the data, which contain 50 observations (for which we run regression on one hundred groups), the
regression statistics on the model as per the table on the appendix shows that F is significant at 95% level
Also considering the coefficient of determination, R? pooled of the model which is generally low meaning
that the model explained a very small proportion of the total variation in the dependent variable. See the
details in the appendix.

3 % o

Testing the significance of the groups effect,
The table on the appendix contains the estimated parameters of individual effects. .
The F statistic for testing the joint significance of the fixed effects is

: (R2ZLSDV - R?’pooled)/ (n-1)
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4’/ F(n-1,nT-n-k) = (1-RALSDV)(nT-n-k) as given in equation ( 3.6)
/
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(0.993364 - 0.570688)/9
F(9,30) = (1-0.993364)/30
212.3146
The same procedure was used for others in the group as shown in the appendix.
The critical value from the F table is 2.21. so the evidence is strongly in favour of a group specific effect in
the data. Thus. on this basis, there appear to be significant difference across the different groups in the
model. On the other hand, the coefficient of determination, R3LSDV of the fixed effect model is high and
this implies that the model significantly explain the variation in the dependent variable.

CONCLUSION

The results of the analysis showed significant difference across the different groups effect. F is also
significant at 95% level by using either the fixed effect or pooled model in a panel data. Also, a measure of
fit of the model carried out showed that the fixed effect model significantly explained the variation in the
dependent variable while pooling the mode! explained a yery small proportion of the total variation in the
dependent variable. In the light of the above, it will be appropriate to use a fixed effect least squares dummy
variable rather than pooling the data in the analysis of a panel data.
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