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Objectives


1 Functional form misspecification: Effect of assuming incorrect
 functional form


2 misspecification tests


(a) Preliminary analysis


(b) Ramsey’s regression equation specification error test (RESET)


(c) Rainbow test


(d) Lagrange multiplier test


(e) Wald test


(f) Likelihood ratio test



(4)
Functional form misspecification


Adopting an incorrect functional form is another source of
 misspecification.


For example, if we estimate a linear model


Yi =β1+β2x2i+β3x3i+ui (15)
 But the true model is a log-linear type


ln(Yi) =b1+b2ln(x2i) +b3ln(x3i) +ui (16)
Then estimation of (15) instead of (16) can create misspecification
because (15) specifies the relationship between absolute level of
dependent and explanatory variable, where as (16) specifies the
relationship in terms of changes.



(5)
Functional form misspecification


In this context one can think of another type of misspecification in
 which the stochastic disturbance term is brought into the regression
 equation in an incorrect way.


Let the correct specified regression equation be


Yi =f(xi)i (17)
 wherei follows a lognormal distribution with mean zero and variance
 σ2, i.e.,ln(i)∼N(0, σ2)


Now for lognormal distribution it can be shown that


E(i) =eσ2/2 & var(i) =eσ2(eσ2 −1) (18)



(6)
Functional form misspecification


Now suppose instead of (17) we assume and estimate


Yi =f(xi) +∗i (19)
 Then ∗i =Yi −f(xi). Under correct specification


∗i = f(xi)i−f(xi)


∗i = f(xi)[i−1] (20)
 Consequently


E(∗i) = E[f(xi)(i −1)] =f(xi){E(i)−1}


Or, E(∗i) = f(xi)[eσ2/2−1]


And using the relationship (2) we get


var(∗i) =f2(xi)var(i) =f2(xi)[eσ2(eσ2 −1)]



(7)
Functional form misspecification:



Implication


This implies that the error term of the estimated relation (19) ∗i
 does not satisfy the assumptions of zero mean and homoscedasticity.


To take some example, let the correct specification be


Yi =γxii (21)


i is lognormal.


This implies ln(i) satisfying all the assumptions of the classical
 normal regression model.


Suppose that instead of (21) we postulate


Yi =γxi +∗i (22)



(8)
Functional form misspecification:



Implication


Application of OLS to (22) Yields
 ˆ


γ =


PYixi


Pxi2 = γP(xii)xi
 Pxi2


Or, ˆγ = γP
 xi2i


Pxi2


∴E(ˆγ) = E
 γP


xi2i


Pxi2
 


Or,E(ˆγ) = γ


Pxi2{x12E(1) +x22E(2) +· · ·+xn2E(n)}


= γ


Pxi2{x12eσ2/2+x22eσ2/2+· · ·+xn2eσ2/n}


= γeσ2/2Pxi2


Pxi2 =γeσ2/2
ThusE(ˆγ)6=γ



(9)
Functional form misspecification:



Implication


In other words ˆγ will be biased. Note only that, ˆγ will also be
 inconsistent.


Consider ˆγ= γ


Pxi2i


Pxi2 = γ


Pxi2i/n
 Pxi2/n


∴plimˆγ=γplim(P


xi2i/n)
 plim(P


xi2/n) =γEσ2/2)6=γ
 This shows ˆγ will be inconsistent.


Thus misspecification about the disturbance term of the equation will
lead to biased as well as inconsistent estimate of the parameter.



(10)
Misspecification Tests


Misspecification generally occurs when


1 We imit a relevant variable


2 We include irrelevant variable


3 We use an incorrect functional form


In most circumstances we do not know what the true model is.


How can we determine, therefore whether the model we estimate is
correctly specified?



(11)
Preliminary Analysis


Normally selected variables used for explaining the relation are based
 on economic theory.


Observe sign and significance of the coefficients.


What happens when an additional variable is added or deleted?


See whether adjusted R2 increases when more variable added
 If Adj-R2 increases then there is a possibility that meaningful
 variables are omitted.


Also look at the pattern of the residuals, if there is a noticeable
pattern then it is possible that the model has been misspecified.



(12)
Ramsey’s Regression Equation specification Error test(RESET)


This test is a more formal test of misspecification. It uses proxy
 variables.


RESET test uses proxies based on the predicted value of Y.
 Example: suppose we estimate the following model


Yi =b1+b2x2i+vi


and want to test for misspecification.


The RESET test uses the predicted values
 Yˆi = ˆb1+ ˆb2x2i


and creates various of ˆYi.



(13)
Ramsey’s Regression Equation specification Error test(RESET)


Adding these powers to the original model, we then estimate a new
 model


Yi =b1+b2x2i +b3Yˆi2+b4Yˆi3+b5Yˆi4+ui


Therefore, to carry our RESET test first Regress Y on the known
 explanatory variable(s) X:


Yi =b1+b2x2i+vi


and obtain the predicted values ˆYi


In the next step we regress Y on x and power of Yi


Hence carry out the regression,


Yi =b1+b2x2i +b3Yˆi2+b4Yˆi3+b5Yˆi4+ui



(14)
Ramsey’s Regression Equation specification Error test(RESET)


Thus we can think


Yi =b1+b2x2i+v2


as the restricted model, the coefficients ofYi and its power are restricted to
 zero.


Where as the model


Yi=b1+b2x2i+b3Yˆi2+b4Yˆi3+b5Yˆi4+ui


can be taken as an unrestricted model, the coefficients on ˆYi and its power
 are not restricted to zero.


Null hypothesis for the test
 H0:b3=b4=b5= 0


⇒No omitted variable forY =b1+b2x2i


H1: there are omitted variables inY =b1+b2x



(15)
Ramsey’s Regression Equation specification Error test(RESET)


If the null hypothesis is rejected then there is evidence of an omitted
 variable.


Perform an F-test on the significance of the additional variables
 F = RSSr −RSSu/r


RSSu/n−k


where RSSr and RSSu are the residual sum of square for the
 restricted and the unrestricted model andr is the number of
 restriction.


If additional variables are significant evidence of misspecification.


For a more general case suppose we have the specification
Y =x1b1+x2b2+e



(16)
Ramsey’s Regression Equation specification Error test(RESET)


Where x1 isn×k nonstochatic matrix and observable, but x2 is
 unobservable.


The hypothesis to be tested isH0:b2 = 0.


Since x2 is unobservablex2b2 has to be replaced by Zc whereZ is
 n×p set of observable, nonstochastic test variable,c is the
 coefficient of the corresponding vector of coefficients.


This result inY =x1b1+Zc+e under H0 :b2 = 0⇒E(ˆc) = 0.


Thus , the above test procedure can be carried out with the help of ˆc
Note: RESET is easy to apply, but can not tell us the reasons for
misspecification(ie, omitted variable or functional form)
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Rainbow test


A some what different approach to the problem of the testing the
 hypothesis that no relevant explanatory variables have been omitted
 from the regression equation is done by utts who developed the so
 called Rainbow test.


Let us start with the specification


Y =x1b1+x2b2+e


x1 is n×k nonstochastic and observable & x2 is unobservable
 The hypothesis to be tested isH0:b2 = 0


The test is based on comparing two estimates of the variance of the
regression disturbance, both of which are unbiased under H0 and
biased under H1.



(18)
Rainbow test


Test procedure involves two least square, first one based on all the
 observations; second one based on only middle half of observation.


The idea of the test is that: if null hypothesis is true, both the
 estimated line will fit the data equally well


If alternative hypothesis is true, then estimated regression based on
 the middle half of the observations will tend to fit the data


considerably better than the line based on all the observations.


let SSE=Error summ of sqaure based on all observation.


SSED=Error sum of square based on middle m=n/2 observations.


Under H0 :E(SSE/n−k) =E(SSED/m−k) =σe2
Under H1 :E(SSE/n−k)>E(SSED/m−k)> σe2



(19)
Rainbow test


SSE can be viewed as restricted sum of square because all the
 observations are forced to fit a straight line.


SSED can be viewed as unrestricted sum of square, because only a
 part of the observations are forced to fit a straight line.


Test statistic: F = [SSE−SSED]/n−m


SSED/m−k ∼Fn−m,m−k


It can be shown that the Rainbow test is a member of RESET family
 of the tests with the variableZ, as discussed while explaining


RESET,included to represent the missing variable being represented
 by a set of dummy variables corresponding to each of the


observations not included in the middle part.



(20)
Lagrange Multiplier test


Estimate the restricted form of the model and compute residualei.
 Regressei on the all regressions.


Quantify nR2, where n= number of observation.


NR2∼χ2m;m= number of restriction.


IfnR2 exceeds critical value, reject the restricted model.



(21)
Wald test and Likelihood Ratio test


The wald test starts with the alternative (the unrestricted model) and
 ask whether the null (restricted model) should be preferred.


The likelihood ratio test is a direct comparison of two hypothesis



(22)
Thank You
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