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Abstract

We estimate and test two alternative functional forms, which have been used in the growth literature,
representing the aggregate production function for a panel of countries: the model of Mankiw, Romer
and Weil (Quarterly Journal of Economics, 1992), and a mincerian formulation of schooling-returns to
skills. Estimation is performed using instrumental-variable techniques, and both functional forms are
confronted using a Box-Cox test, since human capital inputs enter in levels in the mincerian specification

and in logs in the extended neoclassical growth model.

1 Introduction

In this paper we estimate and test two alternative functional forms, that have been used in the growth
literature, representing the aggregate production function for a panel of countries. The first model has a
long tradition in this literature and was proposed by Mankiw Romer and Weil (1992), among others. The
second is a mincerian formulation of schooling-returns to skills, traditionally used in the labor-economics
literature, e.g., Mincer (1974), but recently incorporated into the growth literature as well; see Klenow,
Rodriguez-Clare (1997), Hall and Jones (1999), and Bils and Klenow (2000)!. Islam(1995) recognizes that
human capital is important in the growth process, but claims that the unresolved question is: “in what
exact way”? Since the basic difference between these two competing models is the way in which human

capital affects output — in the mincerian model human capital enters the production function exponentially
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while in the Mankiw, Romer and Weil model it enters the production function in levels — we propose here to
distinguish between them by means of an econometric test based on the Box and Cox(1962) transformation.

Contrary to the bulk of the previous empirical growth literature, we estimate directly the logarithmic
version of the production function, which makes performing a Box-Cox test a direct exercise. Panel-data
estimation is performed using instrumental-variable techniques, after a careful search for appropriate instru-
ments. Also, a variety of specification tests are performed to validate the final choice of model. The data
used in our study are extracted from Summers and Heston (1991, mark 5.6) and Barro and Lee (1996), and
includes 95 countries in different stages of economic development, with observations ranging from 1960 to
1985.

2 Model Specification

The Mankiw, Romer and Weil model (MRW),? has the following specification when constant returns of scale

are not imposed:
Y = Ay K Hiy (L exp (g - 1)), (1)

where Y;;, K, Hy, Ly, and Ay are respectively output, physical capital, human capital, raw labor inputs,
and productivity for country 4 in period ¢, where ¢ = 1,--- /N, and ¢t =1,--- ,T and g is the exogenous
technological progress, which is the same across countries. In per-worker terms, the equation above reduces
to:

Iny;; =InA; +alnk; +oInhy +(a+3+¢—1)InLyy + Bg -t +ny, (2)

where lower-case variables are in per-worker terms, and A;; is decomposed into a time-invariant component
A; and an error component that varies across ¢ and ¢, 7,,.

In the mincerian specification (Mincer (1974)) there is only one type of labor in the economy, which has
skill-level determined by educational attainment. It is assumed that the skill-level of a worker with & years of
schooling is exp (¢h) greater than that of a worker with no education at all, leading to the following function:

Yie = A (exp (hit) Liexp (9 - 1) (3)
In per-worker terms, the equation above reduces to:
Ny =InA; + aInk; + Bohy + (a+ B —1)In Liy + Bg -t + 1y (4)

Econometrically, the basic difference between equations (2) and (4) is whether human capital enters
the (logarithmic version of the) production function in levels or in logs. We therefore estimate a general
regression model:

H B _ 1
INy;e =INA; + A Ink; + 2 ”T + A3 t+AgIn Ly + 0y, (5)

which nests (2) and (4) even when constant returns to scale do not hold.

2Recently revisited by Bernanke and Giirkynak (2001).



3 Econometric Estimation, Testing, and Results

Consider the Box and Cox (1962) transformation for a given regressor:

0
x5 —1

—. (6)

. o _ . o _ . . . .
Since ellng)iue—l = In(x;), and ellmlL{g—l = x4 — 1, for the logarithmic transformation to be valid we must

have # = 0, and for the series x;; to enter the regression in levels we must have § = 1. The hypotheses
that human capital enters the production function in levels or in logs can thus be tested using a Box-Cox
transformation for the human-capital stock by means of a Wald test, with Hy : § = 1 and Hg : § = 0
respectively.

In estimating either (2) or (4) we must take into account that Ink;;, Inh;, and h;; are correlated with
7N, Which requires using instrumental-variable techniques. We propose using the following instruments for
Ink;, Inhg, and hyg, respectively:

1 X
N Inkj_q, (7)
JE{N}
1
~i In hjt,]_, (8)
JE{N}
1
N Rji—1, 9)
JE{N}

ézhe%@ N represents the number of additional countries in the same continent that country i is in, and

N% represents the set of countries in that continent that are not country 4, i.e., (7), (8), and (9) represent,
respectively, rest-of-the-continent average lagged (log of the) capital stock, (log of the) human capital stock,
and level of the human capital stock. Hence, instruments are country specific.

Rest-of-continent instruments such as (7), (8), and (9) are promising, since one could expect a priori that
countries in the same continent are similar in several dimensions and are relatively more integrated, making
instruments correlated with regressors. The fact that country i is excluded from computing rest-of-continent
averages makes the latter more likely to be uncorrelated with country’s ¢ error: n,,, which can be formally
tested for over-identified models; a basic references is Sargan (1958).

With appropriate instruments we estimate (5)3. We assume that the variance of 7,, does not change
across t, although it is allowed to change across ¢. Due to this structure, our estimation method weights
data in each equation by the reciprocals of the standard deviation of country-specific errors, similar to the
procedure in weighted two-stage least squares. The only difference here to weighted two-stage least squares
is that we use equation-specific instruments and not the whole set of instruments. The constant term in each
regression equation uses country-specific dummies, similar to fixed-effect estimation in a completely linear
setup.

Based on the results of Wald tests with Hp : 8 = 1 and Hp : 8 = 0, we could either choose one of the

models (2) or (4), or reject (not reject) both. If one is chosen we then perform estimation of the chosen

3In (5) we also need instruments for In Lit. We have used In Lit_1.



one using the same procedure described above: weighted instrumental-variable technique. Orthogonality
tests between errors and instruments using the procedure in Sargan(1958) is performed. Since we have
country-specific instruments we perform Sargan tests equation-by-equation.

The panel data set used ranges from 1960 to 1985, and combines macroeconomic data for 95 countries in
the mark 5.6 of the Summers and Heston (SH, from now on) data set with human-capital measures extracted
from Barro and Lee (1996). We decided to interpolate human-capital measures to fit annual frequency.* The
time span was restricted from 1960 to 1985. The specific series used are the following: y;; is the ratio of
real GDP (at 1985 international prices) and the number of workers in the labor force, extracted from SH;
k;+ is the physical capital series per worker. The physical capital series is constructed using real investment
data from SH (at 1985 international prices) and the Perpetual Inventory Method;® h;; is Barro and Lee’s
(1996) series of average years of completed education of the labor force, interpolated (in levels) to fit annual

frequency.

3.1 Model Estimation Results

Estimates of parameters in (5) are presented in Table 1 below.
< include Table 1 here>

First, the estimate of 6 is 0.86, closer to unity, favoring the mincerian specification for the production
function. Indeed, Wald test results for # = 1 and 6 = 0 did not reject the mincerian model, although strongly
rejected the MRW model. Hence our final conclusion is in favor of the mincerian model against the MRW
model. This is a relevant result, since a group of authors in the growth literature have recently made the
case for the use of the mincerian form of the production function; see Hall and Jones (1999), Klenow and
Rodriguez-Clare (1997) and Bils and Klenow (1999), among others. Because their argument is entirely based
on microeconomic evidence — e.g., Psacharopoulos (1994) — the evidence presented here using the Box-Cox
transformation confirms the appropriateness of their approach from a formal econometric point of view,
using a macroeconomic model. At the same time, our evidence points toward the rejection of a competing
alternative model also used extensively in the growth literature.

Second, despite the fact that Hall and Jones, Klenow and Rodriguez-Clare, and Bils and Klenow impose
constant returns in production, a formal test rejected this hypothesis, since A4 is statistically significant®. To
check whether or not our model choice depends on ruling out constant returns, we have performed Box-Cox
testing assuming constant returns beforehand. The final choice of model is unaltered: we still do not reject
the mincerian model although we do reject the MRW model.

4 Although this induces measurement error in human capital, the problem is relatively small, since human capital changes
with a highly predictable pattern and the estimation technique used allows for regressors that are measured with error. To
check the robustness of estimation results, we compared those using data with five-year intervals and those using yearly data.
They were very close indeed.

5 As for the initial capital stock, we followed Hall and Jones (1999) among many and approximated it by Ko = Io/ (g1 + 6),
where Ko is the initial capital stock, Ip is the initial investment expenditure, gy is the growth rate of investment, and 6 is the
depreciation rate of the capital stock. The latter was set equal to 9%, but results barely changed when we used different values
for 6.

6See also the evidence agaisnt constant returns in Duffy and Papageorgiou (2000).



In Table 2 we present the estimates of parameters of the mincerian model, i.e., equation (4).
< include Table 2 here>

The reported estimates for a, ¢, 8, and g in Table 2 are close to what could be expected a priori: several
calibrated studies use a capital elasticity & = 1/3 (see Cooley and Prescott (1995)). Estimates in Gollin
(2002) are close to 0.43 for a variety of countries. As discussed above, ¢ can be interpreted as a measure
of the percentage increase in income of an additional year of schooling. Mincerian regressions usually find
B ~ 10% (Mincer (1974)). Moreover, Psacharopolos (1994), who surveys schooling-return evidence using
a large set of countries, finds an average of 6.8% for OECD countries and 10.1% for the world as a whole
— very close to our estimate. An average growth rate of productivity of about 2.2% a year is in line with
the evidence on long-run growth presented by Maddison (1995). Last, we perform a Wald test for In (4;) =
In (4), Vi, when estimating (4). Results overwhelmingly reject these restrictions (a p-value of 0.000), showing
that productivity indeed varies across countries.

Because we want to check the specification of our structural model, we performed a series of Sargan (1958)
tests (equation-by-equation). If we take the significance level to be 5%, from a total of 95 country-regressions,
15 countries rejected the null in this test. This is about 16% of the sample of countries, a relatively low
number. Although in terms of number of countries these rejections are relatively small, since the data for each
country are weighted by the reciprocal of the standard deviation of its error term in computing estimates,
it could happen that including these countries makes a big difference in terms of parameter estimates. To
check if this was a potential problem, we ran mincerian regressions excluding from our sample of countries
those for which we rejected orthogonality at the 5% level in the Sargan test. The results of this exercise
showed overwhelmingly that estimates did not changed very much when these countries were excluded. For
the restricted sample of countries, parameter estimates are the following: b = 0.42, 9 = 0.39, @ = 0.089,
and b = 0.029.

4 Conclusion

In this paper, we examined several features of the production functions used in the growth literature. The
most relevant result is related to the form human capital should enter in the production function. Since
the basic difference between the two most popular models used in the field — the mincerian model and the
Mankiw, Romer and Weil model — is whether human capital affects output exponentially or in levels, we
propose here to distinguish between them by means of an econometric test based on the Box and Cox(1962)
transformation. Contrary to the bulk of the previous empirical growth literature, we estimate directly the
logarithmic version of the production function, which makes performing a Box-Cox test a direct exercise.
The tests conducted here show unequivocally that the mincerian model is more appropriate than the
augmented neoclassical growth model when we consider the way in which the production function should
be written. This is a relevant result, since a group of authors in the growth literature have recently made
the case for the use of the mincerian form of the production function; e.g., Hall and Jones (1999), Klenow,

Rodriguez-Clare (1997) and Bils and Klenow (1999), among others. Because their argument is entirely based



on microeconomic evidence, the results presented here validate their previous choice of production function

from a formal econometric point of view. Moreover, our estimated coefficients are consistent with previous

microeconomic evidence.
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Table 1: Estimates of the Modgels in Box-Cox Form

[
Equation: Iny;; =INA; + A Ink; + X }—L"-fe;l +Az-t+ A InLy + 1y,

Estimated Parameters/(Std. Errors) Box-Cox Wald Test
A1 A2 A3 0 A 0 =1 (p-value) 6 =0 (p-value)
0.4285 0.0537 0.0098 0.8622 -0.1216 0.1657 0.0000

(0.0059)  (0.0102) (0.0004) (0.0994) (0.0193)

Table 2: Estimates of the Mincerian Growth Model ( Log-Level Model)
Equation: Iny;; =InA; + alnk; + Bohy + Bg -t +(a+ G —1)InLy +n,,

Estimated Parameters/(Std. Errors)

a o} g B
0.4306  0.0909  0.0221 0.4501
(0.0059)  (0.0090)  (0.0016) (0.0200)
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