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I Just Ran Two MillionRegressions By XAVIER X. SALA-I-MARTIN * Following the seminal work of RobertBarro (1991 ), the recent empirical literatureon economic growth has identified a substantialnumber of variables that are partially correlated with the rate of economic growth. The basic methodology consists of running crosssectional regressions of the form (1)
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An initial answer to this question was given by Ross Levine and David Renelt (1992).' They applied Edward Leamer's (1985) extreme-bounds test to identify "robust" empirical relations in the economic growth literature. In short, the extreme-bounds test works as follows. Imagine that there is a pool of N variables that previously have been identified to be related to growth and one is interested in knowing whether variable z is "robust." One would estimate regressions of the form



where y is the vector of rates of economic growth, and x,, ... , x, are vectors of explanatory variables, which vary across researchers and across papers.Each papertypically reports a (possibly nonrandom) sample of the regressions actually run by the researcher.Variables like the initial level of income, the investment rate, various measures of education, some policy indicators, and many other variables have been found to be significantly correlated with growth in regressions like ( 1 ). I have collected around60 variables which have been found to be significant in at least one regression. The problem faced by empirical growth economists is that growth theories are not explicit enough about what variables xj belong in the "true" regression. That is, even if it is known that the "true" model looks like (1), one does not know exactly what particular variables xj should be used. If one starts running regressions combining the various variables, variable xi will soon be found to be significant when the regression includes variables x2 and x3, but it becomes nonsignificant when X4iS included. Since the "true" variables that should be included are not known, one is left with the question: what are the variables that are really correlated with growth?



where y is a vector of variables that always appear in the regressions (in the Levine and Renelt paper, these variables are the initial level of income, the investment rate, the secondary school enrollment rate, and the rate of population growth), z is the variable of interest, and xj E X is a vector of up to three variables taken from the pool X of N variables available. One needs to estimate this regression or model for all the possible M combinations of xj E X. For each model j] one finds an estimate, fzj r and a standard deviation, azj The lower extreme bound is defined to be the lowest value of zj -2ozj, and the upper extreme bound is defined to be the largest value of fzj + 2ozj. The extremebounds test for variable z says that if the lower extreme bound for z is negative and the upper extreme bound is positive, then variable z is not robust. Note that this amounts to saying that if one finds a single regression for which the sign of the coefficient f3zchanges or becomes insignificant, then the variable is not robust. Not surprisingly, Levine and Renelt's conclusion is that very few (or no) vari-
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' The data for this paper were taken from the World Bank Research Department's Web page. 178
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ables are robust. One possible reason for finding few or no robust variables is, of course, that very few variables can be identified to be correlated systematically with growth. Hence, some researchers' reading of the Levine and Renelt paper concluded that nothing can be learned from this empirical growth literature because no variables are robustly correlated with growth. Another explanation, however, is that the test is too strong for any variable to pass it: if the distribution of the estimators of /, has some positive and some negative support, then one is bound to find one regression for which the estimated coefficient changes signs if enough regressions are run. Thus, giving the label of nonrobust to all variables is all but guaranteed. I. MovingAwayfrom ExtremeTests In this paper I want to move away from this "extreme test." In fact, I want to depart from the zero-one labeling of variables as "robust" vs. "nonrobust," and instead, I want to assign some level of confidence to each of the variables. One way to move away from the extreme-bounds test is to look at the entire distribution of the estimators of f,3. In particular, one might be interested in the fraction of the density function lying on each side of zero: if 95 percent of the density function for the estimates of I31lies to the right of zero and only 52 percent of the density function for ,82 lies to the right of zero, one will probably think of variable 1 as being more likely to be correlated with growth than variable 2.2 The immediate problem is that, even though each individual estimate follows a Student-t distribution, the estimates themselves could be scattered around in a strange fashion. Hence, I will operate under two different assumptions.



2 Zero divides the area under the density in two. For



the rest of the paper, and in order to economize on space, the larger of the two areas will be called CDF(O), regardless of whether this is the area above zero or below zero [in other words, regardless of whether this is the CDF(O) or 1 - CDF(O)].



179



A. Case 1: The Distribution of the Estimates of f3 across Models Is Normal In order to compute the cumulative distribution function [CDF(0)], one needs to know the mean and the standard deviation of this distribution. For each of the M models, compute the (integrated) likelihood, Lj, the point estimate ,j, and the standard deviation u,j. With all these numbers one can construct the mean estimate of /, as the weighted average each of the M point estimates, I83z: M
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where the weights, wzj are proportionalto the (integrated) likelihoods (4)
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