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ABSTRACT
This paper examines a comparison o f Least Squares Dummy Variable and a pooled 
estimator in a fixed effect model. The aims o f the research are: to estimate the 
individuals firms parameters by using least squares dummy variables. To estimate 
parameter o f the pooled observations using ordinary least squares. To estimate the 
behavioral relationship between individuals variables and to test for the significance 
différence across the groups. The framework was based on a fixed effect model. The 
analysis o f  a panel model was carried ont using the Ordinary Least Squares (OLS) and 
Least Squares Dummy Variable (LSDV) methods. l'arious tests were carried out to 
détermine which o f the methods to use when dealing with a panel data. The results o f 
the analysis showed significant différence 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 offit o f  the model carried out showed that the fixed effect model 
significantly explaiiSed the variation in the dépendent variable while pooling the model 
explained a very small proportion o f the total variation in the dépendent variable. In 
the light o f the above. it will be appropriate to use a fixed effect least squares dummy 
variable rather than pooling the data in the analysis o f 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 vvhere 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 sériés of cross- 
sections with non overlapping cross-section units is that it allows to test and relax the assumptions that are 
implicit in cross-seclional analysis. Most économie data sets usually combine time sériés 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 comrnon in a number of different fields in économies. Since only a 
few observations are available over time, but a grcat 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 o f 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 ofthe relationship studied.
Aims and objectives of this paper are as follows:
(i) to estimate the individuals firms parameters by using least squares dummy variables;
(ii) 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 différence across the groups.'

Many recent studies hâve analyzed panel, or longitudinal data sets; two very famous ones are the National 
Longitudinal Survey of Labor Market Expérience (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 familics and 15,000 individuals who hâve been interviewed periodically from 1968 to the présent. 
Another group o f intensively studied panel data sets were those from the négative income tax experiments of 
the early 1970s in which thousands o f families were followed for 8 or 13 quarters. Constructing long, evenly 
spaced, time sériés in contexts such as these data are typically used, it is unnecessary. Time effects are often 
viewed as “transitions” or discrète changes of State. They are typically modeled as spécifie 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 fondamental advantage ôf a<-• 53
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panel data set over a cross section is that it allows the researcher great flexibility différences in behavior 
across individuals.

The Model
The basic framework for th is discussion is a régression model of the form 

y„ = +/3x„ + £„ i = 1,...,» and / = T

u here y tl is the value of dépendent variable for cross section unit at time t. 

v„ is the value of the explanatory variable for unit i at time t, and

a , the individual effect is taken to be constant over time t and spécifie to the individual cross- 

sectional unit i.
Equation (I) is a classical régression model. If a , is to be the same across ail units, then ordinary least 

squares provides consistent and efficient estimâtes of a  and P . The various cases considered are:

Pooled Régression: If a, contains only a constant term, then ordinary least square provides consistent and 

efficient estimâtes o f the common a  and the slope vector /?.

2 Fixed El'fects: If a , is unobserved, but correlated with x„, the least squares estimator of p  is biased 

and inconsistent as a conséquence of an omitted variable. However, in this instance, the model
y U = a, + px„ + s„.

Where a , , embodies ail the observable effects and spécifiés an estimable conditional mean. This fixed 

effccts approach takes a , to be a group-specific constant terni in the régression 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.

Randoin Effects: lu the random effects model, the a i are treated as random variables, rather than fixed

constants. The a , ’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 followmg the 
paper by Balestra and Nerlove on the demand for natural gas.

We shall assume that
a t ~ IID (o,(ja2)

£„~IID(0,<j £ 2)

and that cr,and £„ are independent.
For the sake of sim plicity we shall use only one explanatory variable. The model is the same as équation (1 ) 
except that cij are random variables

The Pooled Estimator
Our starting point is by considering the simplest estimation method vvhich proceeds by essentially ignoring 
the panel structure of the data.
Most limes, the data are stacked to form
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Ti x , *1
T ; X2

y  = ’ X = £  =

xn S  „

where y is an nTxl, x is an nTxK and e is an nTxl.
The standard linear model can then be expressed in a more compact form as follows

y -  Xp  + e ....{!)

P =

P■ 
P :

Stack the data as described above and let the model be given by:

y = XP + e .....(3)

We now assume that £ll~ i id [ 0 ,a 2 ) for ail 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 hâve essentially ignored the panel structure of 
the data. Although, this estimation is the easiest. it is often appropriate for reasons that we now pursue.

Fixcd Effects
This formulation of the model assumes thaï différences across unit can be captured in différences 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 witli a random number generator. 
usually for the purpose of studying the behavior of econometric estimâtes for which the statistical properties 
are unknown or impossible to dérivé. This study employs simulated data vvith a random number generator 
The exogenous variables were generated by choosing a random variablex„ (for i = 1,2, ...,10 and t = 1.2. 
... , 5) uniformly distributed on the interval [0. I], In the experiments N =10 and T=5. (Where t is f e 
period. I is the number o f individual o\er period t and n is the number of individuals).
The next step in each répétition was the génération of random variable U„, which is normally dis" •; 
with mean zéro and unit variance. The parameter a  was taken to hâve values 1,2... 10. For each such va!..:. 
P=l

Parameter values
As indicated above, in ail experiments reported here T=5 and n = 10. The parameter a was taken ha\e 
values I, 2, 3, 4, 5, 6, 7, 8, 9 and 10. Throughout the experiment p was taken to be unity (Where r is the 
number of individual effects and T is the period). For y■ {'s we substitute for the varions values of éj(, Œj’s, P
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and Xjt for each cells in tlie 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 software In 
generatingthe data, Microsoft Excel 2003 was used while botli Excel and SPSS were used for analysis 
Data were generated on the model

= a, + Px„ + E„

Random Number Génération
The error terni £•„ was generated to possess a normal distribution with mean zéro and unit variance i.e. s„ 

~ .\'(0 ,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 tiine). 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 front a uniform distribution U (0, 1) in the range of 10 to 20. Then we use the sanie set of variable 
x|t for the whole data generated while only the error ternis, and constant variables co's were varied.

METHODOLOGY
The ordinary Lcast Squares (OLS) method
Among ail the various econometric methods thaï can be used to dérivé estimâtes 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 o f the sum of the squares of the 
déviation of the actua! observations on a variable from the values that would be obtained based on the 
régression équation. The coefficients of the régression are therefore, estimated by minimizing the residual 
sum of squares. To complété the spécification of the simple model we necd some assumptions about the 
random variable U. The variable U is a generated random variable, it lias zéro mean, constant variance, the 
value of each Ui are normally distributed, non autocorrélation or serial independence of the U's, the 
relationship being studied is identifïed and there is correct spécification of the model.
Using matrix notation, the standard régression may be written as:
Y = XP + U
Where Y, X, P and U are defined as
P is a k-element vector of régression coefficients (parameters)
U is a vector of n error ternis or disturbances.
Y is a vector of n sample observations on the dépendent 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 - Xp.

The Least Square Dummy Variable or Fixed Effect Model 
The model

y„ = a f + 0x„ + U „  / =  1, 2, ...« ,/  =  1, 2, ...T
Uit ~ IND ( 0, o=)

De fi ne

A  = i / r Z - v J , n •S M V;

W
.X X

II M H 1 *1 i x 2

K , = Z ( j r - “ x ' ) { y „ - y , )  = M J*
-. 1 II

,v . =  Z ( x , - v 0 ! = Z  à - n y 2.

s y .  = 1
u *  =  ) P** ......... ( 3 . 1)
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= X 0 » -  ■ P u )  ( sum of square of error term)

Coefficient of détermination, R2
R2 is a measure of fit of the model. Two équivalent ways to compute R2 are
(I) The proportion of the total variation in y that is accounted for by variation in the regressors.

R2 = I - e ^  
y'A y

“  1 -RSS
TSS

ESS
TSS •■■(3.4) .. •

(2) The squared corrélation between the observed values ofy and the prédictions produced by estimated 
régression équation.

Z ( t, -y )(y „ -y )

,, - .  [ S ' . - n ' t a s - f l 1]]
If X matrix contains a constant terni R2 is constrained to lie between 0 and 1.
R2 vvill never decrease when another variable is added to a régression équation.

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 zéro. This hypothesis about one 
spécifie group, however, is typically not use fui for testing in this régression context. If we are interested in 
différences across groups, then we can test the hypothesis that the constant terms are ail equal with an F test. 
Under the null hypothesis o f equality, the estimator is pooled least squares. The F ratio used for this test is 

fR2L SD V -R ;pooled)/fn-n
F(n-1, nT-n-k) = ( ! - R2LSDV)/(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 hâve been estimated with an overall 
constant and n-l dummy variable instead. Ail other results (i.e. tlie least squares slopes, S2, R2) will be 
unchanged, but rather tlian estimate aj. each dummy variable coefficient vvill now be an estimate of Oj - al

where group ‘‘1” is the omitted group. The F test that the coefficient on these n-l dummy variables are zéro 
identical to one above. It is important to keep in mind, however, that although the statistical results are the 
saine, the interprétation of the dummy variable coefficients in the two formulations is different.

ANALYSIS AND RESULTS 
Pooled estimation output
From the data, vvhich contain 50 observations (for which we run régression on one hundred groups). the 
régression statistics on the model as per the table on the appendix shows that F is significant at 95% leseI 
Also considering the coefficient of détermination, R2 pooled of the model which is generally low meanir-g 
that the model exptained a vers small proportion of the total variation in the dépendent variable See the 
details in the appendix.

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 fîxed effects is 

(R2LSDV - R2pooledVfn-n
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F(n-1, nT-n-k) = ( 1 - R:LSDV)/(nT-n-k) as given in équation ( 3.6)

(0.993364 - 0.57068Sy9 
F(9, 30) = (I - 0.993364)/30

= 212.3146
The sanie procedure was used for others in the group as sliown in tlie appendix.
The critical value froni the F table is 2.21. so the evidence is strongly in favour o f a group spécifie effect in 
the data. Thus. on this basis, there appear to be significant différence across the different groups in the 
model. On the other hand, the coefficient of détermination. R:LSDV of the fixed effect model is liigh and 
this implies that the model significantlv explain the variation in the depiendent variable.

CONCLUSION
The results o f the analysis shoued significant différence 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 
Ht of the model carried ont showed that the fixed effect mode! significantly explained the variation in the 
dépendent variable while pooling the model explained a yery small proportion o f the total variation in the 
dépendent 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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A Com'parison of LeaSt Squares Dummy Variable (LSDV) and thc Pooled Estiniator in Fixcd Effect Modcb
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