SERIES
PAPER
DISCUSSION

IZA DP No. 9157

Why Do South Korean Firms Produce So Much More
Output per Worker than Ghanaian Ones?
Simon Baptist
Francis Teal

June 2015

Forschungsinstitut
zur Zukunft der Arbeit
Institute for the Study
of Labor

Why Do South Korean Firms Produce
So Much More Output per Worker than
Ghanaian Ones?
Simon Baptist
Economist Intelligence Unit, Singapore

Francis Teal
CSAE, University of Oxford
and IZA

Discussion Paper No. 9157
June 2015

IZA
P.O. Box 7240
53072 Bonn
Germany
Phone: +49-228-3894-0
Fax: +49-228-3894-180
E-mail: iza@iza.org

Any opinions expressed here are those of the author(s) and not those of IZA. Research published in
this series may include views on policy, but the institute itself takes no institutional policy positions.
The IZA research network is committed to the IZA Guiding Principles of Research Integrity.
The Institute for the Study of Labor (IZA) in Bonn is a local and virtual international research center
and a place of communication between science, politics and business. IZA is an independent nonprofit
organization supported by Deutsche Post Foundation. The center is associated with the University of
Bonn and offers a stimulating research environment through its international network, workshops and
conferences, data service, project support, research visits and doctoral program. IZA engages in (i)
original and internationally competitive research in all fields of labor economics, (ii) development of
policy concepts, and (iii) dissemination of research results and concepts to the interested public.
IZA Discussion Papers often represent preliminary work and are circulated to encourage discussion.
Citation of such a paper should account for its provisional character. A revised version may be
available directly from the author.

IZA Discussion Paper No. 9157
June 2015

ABSTRACT
Why Do South Korean Firms Produce So Much More
Output per Worker than Ghanaian Ones? *
Macro analysis of the sources of income differences has produced very different results as to
the importance of education. In this paper we investigate the roles of education and
technology in explaining differences in firm level productivity across Ghana and South Korea.
The labour productivity differentials across these firms exceed those implied by macro
analysis. Median value-added per employee is over thirty times higher in South Korean than
in Ghanaian manufacturing firms. We show that if we allow for a non-linear effect of
education on output the whole of the average productivity differences across the countries
can be explained. We discuss the policy implications that flow from this finding.
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Introduction

In a widely cited paper Hall and Jones (1999) asked why some countries produce so much more
output per worker than others. Their answer was that total factor productivity (TFP) could differ
by a factor of nearly eight times across poor and rich countries and they attribute this to differences
in institutions and government policy. Human capital played a relatively minor role. Using the same
data the question was also posed by Caselli and Coleman (2006) and their answer was that
differences could be explained by efficiency in the use of skilled labour. Rich countries got far
more from their skills than poor ones. As both were exercises in calibration of a macro model we
are left to argue about the plausibility of the assumptions that underlie the two exercises.
The importance of TFP as a determinant of output has also been influential in firm based studies.
For example, the extensive work carried out by the World Bank on firm surveys has been used to
argue that the investment climate, by which is meant a range of factors affecting the TFP of firms,
“matters enormously and the relative impact of the various investment climate variables indicates
where reform efforts should be directed”, abstract from Escribano and Guasch (2005). The
literature on firm formation and growth has also focused on the role of TFP with the probability of
survival being a function of (possibly initially unknown) TFP. Aggregate productivity within the
sector can grow by a process of selection if the firms with relatively high TFP are those which
survive, Söderbom, Teal and Harding (2006) provide an analysis of survival of manufacturing firms
in Africa. Both macro and micro data appear to have in common that much of the differences in
outputs we observe cannot be explained by observable inputs, including human capital.
To link the macro with the micro analysis we ideally need to be comparing firms of a similar type
across countries. Studies doing this have mainly been confined to developed countries, Bailey and
Solow (2001) provide a review. Studies using comparative data across developing countries have
focused more on factors affecting productivity as, for example, in the role of exports (Bigsten et at
2004, Aw and Hwang 1995, Clerides at al 1998). There has been much less work directly
comparing the productivity of firms across poor countries. Such differences are indeed likely to be
small relative to those that result from comparing poor with rich countries.
In this paper we propose to compare the productivity of firms in a relatively poor country, Ghana,
with a relatively rich one, South Korea. More specifically we wish to answer the question set out
above with the macro data: are the underlying differences in productivity the result of TFP (the
finding of Hall and Jones (1999)) or can the differences be explained by the efficiency with which
skilled labour is used (the finding of Caselli and Coleman (2006))?
Such a comparison is clearly difficult. How outputs and inputs are to be valued and to be made
comparable across firms within a country is an important empirical issue in assessing whether
returns to scale or market power is being identified. The problem of comparing firms across
countries offers even greater empirical challenges. However it needs to be noted that the challenges
of using macro data are greater. In this paper we begin in the next section by presenting a direct
comparison of firm-level productivity across Ghanaian and South Korean firms. The productivity
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differences at the firm level substantially exceed those derived from macro data for the whole
economy. In the sections that follow we investigate the sources of this difference.
In section 3 we present the value-added production function from Hall and Jones (1999) that we
will initially use to assess the roles of TFP and education in explaining productivity differences
across the firms in the two countries. Issues of functional form, dynamics and the endogeneity of
input choice, including education, are addressed in section 4. As the effect of education on
productivity is central to our analysis in section 5 we carry out a range of robustness checks now
focused on the effects of education on the total factor productivity differences derived from the
production functions estimated in section 4. The implied earnings function from the specification
is set out in section 6 so that the Mincerian return to education from using firm level data can be
compared with that derived from labour market data. A final section concludes.
2

Productivity in Ghanaian and South Korean Firms

In Table 1 we present the comparison of our firm level data for Ghana and South Korea with the
macro data for those two countries from Hall and Jones (1999). At the macro level labour
productivity differs by a factor of seven and TFP by a factor of three. At the micro level the
differences in labour productivity are very much larger. If we use the value-added measure, which
is the most comparable with the macro data, median productivity differs by a factor of over thirty
times. For output per employee median productivity differs by a factor of twenty. South Korea has
nearly 50 times the median level of capital per employee as Ghana. Median firm size, measured by
number of employees, is 22 in Ghana and 84 in South Korea.
The picture painted by the data is of very low productivity, small firms at the mid-point of the
distribution for Ghana compared with very much higher productivity, larger plants in South Korea.
The measures of human capital are not directly comparable between the macro and micro data as
in the macro data the measure is imputed using an assumed Mincerian return to education while in
the micro data it is simply the average number of years of education of the workers in the firm. In
the macro data South Korea has 64 per cent more human capital while in the micro data the
differential is less than half of that at 27 per cent, which is partly due to workers in Ghanaian
manufacturing firms having above average levels of education. Thus our micro data suggest an
even bigger challenge for any view that human capital matters for productivity differences.
In making outputs and inputs comparable both across firms within a country and across countries
we proceed so that, as with the macro data, we can measure all output and input in constant price
purchasing power parity prices. We do this in three stages. Firstly the variables are constructed so
that the definitions are consistent across countries. Secondly, we deflate the values of outputs and
inputs by firm specific domestic prices so as to render them comparable within the country. Finally,
they are converted to international prices by means of the purchasing power parity price indices
available from the PENN World Table (Heston et al 2001). The measure of labour input used in
the regressions below is weekly hours worked. For Ghana we use the firm-level data on
employment and average hours worked. In South Korea we do not have firm-level data on hours
worked, and so we use the subsector (ISIC 2-digit) averages from the ILO. The result is a series of
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constant price values of value-added and its components and a measure of labour inputs which
provide data on comparative productivity across the manufacturing sectors of South Korea and
Ghana.1 Table 1 has already presented the key results of these calculations.
In Figure 1 we show labour productivity and capital per labour hours, where the top part of the
figure uses value-added and the bottom part output in the measure of labour productivity. Both
measures of productivity show the same pattern with a very clear shift up in the underlying
productivity of Korean relative to Ghanaian firms, once we condition on capital per labour hour.
The fitted line shown in the figure is the OLS regression line which confirms that the difference in
capital per labour hour is associated with a substantial dispersion of labour productivity. As the
measures of labour productivity are in logs the figure implies this shift up in the underlying
productivity of Korean firms is very large, once differences in capital intensity are allowed for, of
the order of 10 to 20 times. We will be more precise in the next section.
Critical for our question is whether this difference in productivity can be explained by differences
in the use of human capital across the firms. For both Ghana and South Korea we have a common
measure which is the average number of years of education of workers in the firm. For Ghana we
have some time variation in this measure. The firm level human capital measure for Ghana is
obtained from labour market surveys carried out at the same time as the firm surveys. These surveys
contain information on the years of education by occupation of the worker and we have aggregated
up the individual level data to a firm basis using the occupational structure of the firm. The
proportion of the workforce that has completed various levels of education is used for South Korea
and, from this, we impute an implied average by assuming that workers finish the level of reported
education. This measure, however, has no time variation. To ensure comparability across the two
countries we do not use the very little time variation which is available for the Ghana data so the
measure used in the regressions is the average across the years. In the next section we turn to the
specification of the production function we propose to use in the analysis.
3

The sources of productivity differences in value-added

We begin our investigation of how these very large productivity differences can be explained with
the same production function as that used by Hall and Jones (1999).
(1)
𝑉𝑖𝑡 = 𝐾𝑖𝑡𝛼 (𝐴𝑖𝑡 𝐻𝑖ℎ )(1−𝛼) 𝑒 𝑢𝑖𝑡
where Vit is a value-added measure of output, K it is a measure of physical capital, Ait is a labour
augmenting measure of total factor productivity, H it is the amount of human capital augmented
labour used in production, uit is the error term. The equation imposes constant returns to scale and,
given the Cobb-Douglas form of the production function, the share of capital in value-added is 𝛼.
In the empirical analysis of the next section the assumption of constant returns to scale will be
tested.

1

More details of the calculations are given in the Appendix.
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Hall and Jones (1999) link human capital to years of education by the following functional form:
(2)
𝐻𝑖𝑡 = 𝑒 𝜙(𝐸𝑖) 𝐿𝑖𝑡
where Ei is the number of years of education of workers in the labour force and 𝐿𝑖𝑡 is a measure of
labour hours. In empirical work the function  is usually written in a form non-linear in the
variables as:
(3)
𝜙(𝐸𝑖 ) = 𝛿0 + 𝛿1 𝐸𝑖 + 𝛿2 𝐸𝑖2 + 𝑣𝑖𝑡
The implied value-added production function is:
(4)
𝐿𝑛𝑉𝑖𝑡 = 𝛼𝐿𝑛𝐾𝑖𝑡 + (1 − 𝛼)𝐿𝑛𝐴𝑖𝑡 + (1 − 𝛼)𝜙(𝐸𝑖 ) + (1 − 𝛼)𝐿𝑛𝐿𝑖𝑡 + 𝑢𝑖𝑡
which can be re-arranged in per capita terms as:
(5)
𝑉𝑖𝑡
𝐾𝑖𝑡
𝐿𝑛
= 𝛼𝐿𝑛
+ (1 − 𝛼)𝐿𝑛𝐴𝑖𝑡 + (1 − 𝛼)𝜙(𝐸𝑖 ) + 𝑢𝑖𝑡
𝐿𝑖𝑡
𝐿𝑖𝑡
This specification ensures that human capital acts as a shifter of the production function in the same
way as TFP captured in Ait . Two assumptions have been made in specifying the function 𝜙(𝐸𝑖 ) in
the macro analysis. The first is that the returns to human capital are concave, so that with higher
levels of human capital the return falls, and the second is the assumption that the Mincerian returns
to education are the same across countries. These assumptions ensure that as human capital expands
the return falls so the net effect on underlying productivity of any increase in supply is mitigated.
From the definition in equation (2) we have
𝑤𝐻 𝐻𝑖𝑡 = 𝑤𝐻 𝑒 ϕ(𝐸𝑖)𝐿𝑖𝑡 = 𝑤𝐿(𝑖𝑡) 𝐿𝑖𝑡
where in the second equality we move from an invariant price for human capital (𝑤𝐻 ) to the
observable price of labour (𝑤𝐿 ) and we can write
𝑙𝑜𝑔 𝑤𝐿(𝑖𝑡) = 𝑙𝑜𝑔 𝑤𝐻 + 𝜙(𝐸𝑖 )
In our empirical work above the function 𝜙 has been written in a form non-linear in the variables
as:
(6)
𝜙(𝐸𝑖𝑡 ) = 𝛿0 + 𝛿1 𝐸𝑖 + 𝛿2 𝐸𝑖2
So our implied Mincerian earnings function specified allowing for non-linearity in the returns to
education is:
(7)
𝑙𝑜𝑔𝑤𝐿 (𝑖𝑡) = 𝛿0 + 𝛿1 𝐸𝑖 + 𝛿2 𝐸𝑖2
and the most general form of the value-added production function is:
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(8)
𝐿𝑛

𝑉𝑖𝑡
𝐾𝑖𝑡
= 𝛼𝐿𝑛
+ (1 − 𝛼)𝐿𝑛𝐴𝑖𝑡 + (1 − 𝛼)(𝛿0 + 𝛿1 𝐸𝑖 + 𝛿2 𝐸𝑖2 ) + 𝑢𝑖𝑡
𝐿𝑖𝑡
𝐿𝑖𝑡

In Table 2 we present the results of this value-added production function using OLS to establish,
in terms simply of descriptive statistics, how allowing a free specification of our human capital
measure, which relaxes the concavity assumption, affects the measure of the productivity
differential between Ghanaian and South Korean firms. In Table 2 Column (1) we reproduce what
we already know from Table 1 that the productivity differences in labour productivity defined by
value-added are extremely large. In the sample used in the regression a factor of over 40 times
(e3.75). If we look across the columns of Table 2 we see that a control for physical capital reduces
the differential by more than half to 13 times (e2.58) while a control for non-linear returns on human
capital has a modest effect reducing the differential to roughly 11 times (e2.38). However in Column
(4) we show that, if we allow for differential returns on human capital across the two countries, the
dummy for Korea’s differential productivity, which in the context of this equation is the differential
for those firms employing labour with no education, has a negative point estimate and is wholly
insignificant. While for Ghana the returns to education are convex those for South Korea are
concave.
In the sections that follow we will investigate how far this result survives once we allow for issues
with functional form, dynamics and the endogeneity of the inputs.
4

Functional Form and Endogeneity in the Production Function

The value-added production function presented in Table 2 abstracts from a large number of
identification and estimation issues that have been prominent in the analysis of production functions
with micro data. In order to show how we will attempt to address those issues we begin with a more
general model than the one presented above. We use small letters to denote logs and write our
production function as:
𝑣𝑖𝑡 = 𝛽1 𝑘𝑖𝑡 + 𝛽2 𝑙𝑖𝑡 + 𝛽𝑒 𝐸𝑖 + 𝜇𝑖𝑡 + 𝜖𝑖𝑡
We are now explicit as to the form of the error term in the equation and constant returns to scale is
not imposed. In this specification it is assumed that 𝜇𝑖𝑡 is observed by the firm but not by the
econometrician while 𝜖𝑖𝑡 is an error term unobserved by both firm and econometrician. In their
review of methods which have been developed to estimate this equation Ackerberg el al (2006)
contrast the more structural approach of Olley and Pakes (1996) and Levinsohn and Petrin (2003)
with that which uses the methods of dynamic panel which have evolved into the difference and
system GMM estimators of Arellano and Bond (1991), Arellano and Bover (1995) and Blundell
and Bond (1998, 2000). The dynamic panel methods set out a general model of the form:
(9)
𝑣𝑖𝑡 = 𝛽1 𝑘𝑖𝑡 + 𝛽2 𝑙𝑖𝑡 + 𝛽𝑒 𝐸𝑖 + 𝑐𝑖 + 𝑤𝑖𝑡 + 𝜖𝑖𝑡
𝑤𝑖𝑡 = 𝜌𝑤𝑖,𝑡−1 + 𝜉𝑖𝑡
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The assumption that underlies the estimation is that both 𝜖𝑖𝑡 and 𝜉𝑖𝑡 can be assumed uncorrelated
with the inputs. As Ackerberg et al (2006) point out this is an economic assumption as well as an
econometric one. It assumes, as is also done in the more structural approach, that the time varying,
but unobserved by the econometrician, determinants of productivity can be represented by this first
order autoregressive process. The economic meaning of this is that once we condition on 𝑤𝑖,𝑡−1 the
remaining ‘innovation’, 𝜉𝑖𝑡 , is news to the firm to which it cannot react. We can now transform the
equation into a form which can be estimated by either difference or system GMM.
(10)
𝑣𝑖𝑡 − 𝜌𝑣𝑖,𝑡−1 = 𝛽1 𝑘𝑖𝑡 − 𝛽1 𝜌𝑘𝑖,𝑡−1 + 𝛽2 𝑙𝑖𝑡 − 𝛽2 𝜌𝑙𝑖,𝑡−1 + (1 − 𝜌)𝐸𝑖 + (1 − 𝜌)𝑐𝑖 + 𝜉𝑖𝑡 + 𝜖𝑖𝑡
Where we now have an error term, 𝜉𝑖𝑡 + 𝜖𝑖𝑡 , which is uncorrelated with the inputs. We can allow
for any possible correlation between the time invariant unobservable, (1 − 𝜌)𝑐𝑖 , by differencing.
The differenced GMM estimator then proceeds to use lagged levels as instruments for the
differences. The system GMM estimator then combines this instrumented difference equation with
an estimate of the levels equation where lagged differences are used as instruments.
The potential problems with these two estimators have been extensively discussed, Roodman
(2005, 2009). Lagged levels may be poor instruments of differences and the validity of the
differences as instruments for levels depends on the deviations from the steady state level not being
correlated with the fixed effects. When we have no time variation in our education measure the
effect can only be identified in the system GMM estimator so in this context the conditions for this
estimator to provide consistent estimates is particularly important. Tests for instrument validity can
be weak if there are ‘too many’ instruments, Roodman (2009), with the problem that how many is
‘too many’ is not easy to determine.
In the more structural approach of Olley and Pakes (1996) and Levinsohn and Petrin (2003) the
procedure is to be more explicit as to the behavioural assumptions that underlie the decision making
process in the firms and model 𝜇𝑖𝑡 . Olley and Pakes (1996) derive a model of 𝜇𝑖𝑡 as a function of
investment flows and Levinsohn and Petrin (2003) as a function of intermediate inputs. Ackerberg
et al (2006) propose an extension to these methods and provide a discussion of the assumptions
underlying these estimators.
The endogeneity issue that is seen across all these methods as crucial is that there are unobserved
determinants of firm output observed by the firm, but unobserved by the econometrician, and that
these factors are correlated with what we do observe. Identification using these methods hinges on
having panel data. Bond and Söderbom (2005) consider whether identification is possible with only
cross-section data. They observe that identification without panel data hinges on why inputs vary
across firms and their own investigation focuses on the possible role of adjustment costs within the
context of cross-section data. As we have panel data we will use the system GMM estimator but
present general dynamic models consistent with the specification suggested by the Olley and Pakes
(1996) approach.

7

A functional form issue which has featured in the literature has been the use of gross-output or
value-added specifications, Basu and Fernald (1995). We investigate a gross output specification
as it is both more general than the value-added specification used above and can be used to derive
an implied value-added function. Further, as Levinsohn and Petrin (2003) use intermediate inputs
as a determinant of the unobservable component of productivity it seems desirable to investigate a
gross output specification. We therefore compare a gross output specification with that using valueadded and test whether important information is lost when a value-added specification is used.
(11)
𝑜𝑖𝑡 = 𝛽1 𝑘𝑖𝑡 + 𝛽2 𝑙𝑖𝑡 + 𝛽3 𝑖𝑖𝑡 + 𝛽4 𝑚𝑖𝑡 + 𝛽𝑒 𝐸𝑖 + 𝑐𝑖 + 𝑤𝑖𝑡 + 𝜖𝑖𝑡
𝑤𝑖𝑡 = 𝜌𝑤𝑖,𝑡−1 + 𝜉𝑖𝑡
We now have output, 𝑜𝑖𝑡 , intermediate inputs, 𝑖𝑖𝑡 and raw material inputs, 𝑚𝑖𝑡 . A similar
transformation to that considered above provides us with the specification we propose to estimate.
(12)
𝑜𝑖𝑡 − 𝜌𝑜𝑖,𝑡−1 = 𝛽1 𝑘𝑖𝑡 − 𝛽1 𝜌𝑘𝑖,𝑡−1 + 𝛽2 𝑙𝑖𝑡 − 𝛽2 𝜌𝑙𝑖,𝑡−1 + 𝛽3 𝑖𝑖𝑡 − 𝛽4 𝜌𝑖𝑖,𝑡−1 + 𝛽5 𝑚𝑖𝑡 + 𝛽6 𝜌𝑚𝑖,𝑡−1
+ (1 − 𝜌)𝐸𝑖 + (1 − 𝜌)𝑐𝑖 + 𝜉𝑖𝑡 + 𝜖𝑖𝑡
This can be converted to a value-added specification under certain assumptions.
(13)
𝑣𝑖𝑡 = 𝑜𝑖𝑡 − 𝑖𝑚𝑖𝑡
where we have combined intermediate inputs and raw materials for exposition purposes. If we are
willing to assume that shares are constant then we can write:
(14)
𝑣𝑖𝑡 = 𝑜𝑖𝑡 − 𝑠𝑖𝑚 𝑜𝑖𝑡 = (1 − 𝑠𝑖𝑚 )𝑜𝑖𝑡
Then value added and output will grow at the same rate and we can move from the gross output to
the value-added specification by writing for the static specification:
(15)
𝑜𝑖𝑡 = 𝛽1 𝑘𝑖𝑡 + 𝛽2 𝑙𝑖𝑡 + 𝛽3 𝑜𝑖𝑡 + 𝛽4 𝑜𝑖𝑡 + 𝛽𝑒 𝐸𝑖 + 𝑐𝑖 + 𝜖𝑖𝑡
We can then obtain the implicit value-added parameters by using:
(16)
𝑣𝑖𝑡 = (𝛽1 𝑘𝑖𝑡 + 𝛽2 𝑙𝑖𝑡 + 𝛽𝑒 𝐸𝑖 + 𝑐𝑖 + 𝜖𝑖𝑡 )/(1 − 𝛽3 − 𝛽4 )
Such an approach can be compared with directly estimating the value added specification:
(17)
𝑣𝑖𝑡 = 𝛽1′ 𝑘𝑖𝑡 + 𝛽2′ 𝑙𝑖𝑡 + 𝛽𝑒′ 𝐸𝑖
Finally we note that the parameters from the implicit Mincerian earnings function implied by this
production function can be obtained from:
(18)
𝛽𝑒′ = (1 − 𝛽1′ )(𝛿0 + 𝛿1 𝐸𝑖 )
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using the algebra set out in (8) above.
We now proceed to estimate both the static and dynamic form of the gross output production
function for Ghana and South Korea. Tables 3 and 4 present the general dynamic and static
specifications for Ghana and Tables 5 and 6 those for South Korea. Column (1) shows the OLS
estimates and Column (2) the fixed effect. In the remaining columns of the tables we show the
results of using a system GMM estimator. In Column (3) education is treated as exogenous
endogenous. In Columns (4) and (5) attention is confined to identifying a linear impact of education
and in Column (4) is treated as endogenous and in Column (5) as exogenous.
As well as tests for constant returns to scale and tests for the validity of the instruments Tables 3
and 5 show the implied long run estimates from the dynamic specification which can be compared
with the results in the static specification of Table 4 and 6. Considering first the results for the
dynamic specification, Tables 3 and 5. In a short panel separately identifying both dynamics and
fixed effects can be problematic and that appears particularly to be the case for our Korean data
where the implied long run coefficient from the dynamic specification are very imprecisely
estimated compared with the static specification of Table 6. The panel dimension of the Ghana data
is longer and here it has proved possible to produce significant long run coefficients from the
dynamic specification in Table 3 which are broadly consistent with those for the static specification.
This is important as the autocorrelation tests imply the possibility of first order autocorrelation in
the levels equation as in equation (8) above. In the case of South Korea we cannot identify a
dynamic production function but the tests indicate no first order autocorrelation in the differences
implying that a moving average process may be present in the levels, making the instruments in the
GMM estimation valid.
As Tables 4 and 6 Columns (3) - (5) show it is possible to identify the capital and other inputs for
the gross output static production function for both Ghana and Korea using the system GMM
estimator. Constant returns to scale are not rejected for both countries and the technology clearly
differs across the two with raw material inputs far more important in the Ghana technology than is
the case for Korea. In comparing columns (1) and (2) for both countries the fixed effects estimates
are virtually identical, implying the time invariant unobservables are not correlated with the
observables. It needs to be noted that this result imposes constant returns to scale which is rejected
for the fixed effects estimators in Column (2). The Hansen test for the validity of the instruments
is not rejected for any of the system GMM estimators for both countries.
Of central interest is the possibility of bias in the education parameters and the results here differ
across the two countries. In Table 4 there is clear evidence for Ghana of a convex relationship for
education when education is treated as exogenous, Column (1) and (3). In Column (4) education is
treated as endogenous which produces a similar pattern but the parameters are no longer significant.
This is open to two very different interpretations. One is that endogeneity is not an issue the other
is that the instruments are not valid, we turn to the second possibility in the next section. It is also
possible that the true underlying return is linear but if linearity is imposed, and we allow education
to be endogenous, the result is a point estimate that is negative and wholly insignificant (not
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reported). In view of this inability to identify a linear effect allowing for the possibly endogeneity
of education we report in column (5) the results assuming education is exogenous where the point
estimate is 0.2 and significant at the 10 per cent level. We turn below to further tests for the
endogeneity of education..
In Table 6 we show results for South Korea. When education is treated as exogenous in Table 6,
columns (1) and (3), there is a concave pattern to the returns to education but the quadratic term is
not significant. In Columns (4) and (5) we show a linear specification where in Column (4)
education is treated as endogenous and in Column (5) as exogenous. As with the non-linear
specification for Ghana the result of allowing education to be endogenous is a point estimate
virtually identical to that obtained when education is treated as exogenous although less precisely
estimated (see Columns (4) and (5)).
5.

Robustness tests for the endogeneity of education

Central to our analysis is the wish to identify the sources of productivity differences across the two
countries and assess if the differing impact of education across the two countries identified above
can be given a causal interpretation. It is reasonable to doubt if the system GMM estimator used in
the previous section has succeeded in showing that education can be treated as exogenous. As recent
work on instruments has stressed the validity of the instrument is critical for being able to draw
conclusions as to how robust are the results. One problem with the system GMM estimator is that
it is hard to assess how much the instruments do shift the education variable, a concern accentuated
by the fact that the parameter is identified through the levels equation as there is no time variation
in the data we use. In this section we provide some robustness checks on the results of the last
section.
We exploit the finding above that the parameter estimates on other inputs are not affected
significantly by the inclusion of education. We thus obtain a measure of total factor productivity
(TFP) as the residual from a regression excluding education so enabling us to focus on the potential
endogeneity of education. So we model that measure of TFP as a function of education
(19)
𝑡𝑓𝑝𝑖𝑡 = 𝛼0 + 𝛼1 𝐸𝑖 + 𝛼2 𝐸𝑖2 + 𝑣𝑖𝑡
We will use two approaches to assess the possible importance of endogeneity bias in our results.
One is a standard instrumental variable approach where we instrument both the linear and quadratic
terms along lines suggested by Wooldridge (2010) and the second is a control function as outlined
in Wooldridge (2007). For instruments we exploit the fact that the firm’s current level of demand
for educated labour is determined by past investment in capital and material inputs. As is argued
by Angrist and Pischke (2009, pp 215-216) it is important to establish that separate instruments
drive the two terms we wish to identify so we report the Angrist and Pischke F statistic. The control
function approach avoids this problem but comes at the cost of requiring stronger assumptions.
If we denote our instrument set as 𝒛𝑖𝑡 then the exogeneity assumption we need for our standard IV
estimator is 𝐸(𝒛′𝑖𝑡 𝑣𝑖𝑡 ) = 0. This assumption that the instruments are uncorrelated with the errors in
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our equation of interest is necessary for the IV estimator to be consistent. However it is not unbiased
and the size of the bias depends on how good are our instruments. Recent research has emphasised
the importance of tests for the strengths of the instruments and for assessing the size of the potential
bias from using IV relative to that from the OLS, in summary we need to be sure the cure is not
worse than the disease. How good are our instruments depends on the first stage regression which
for education is:
(20)
𝐸𝑖 = 𝜋0 + 𝒛𝑖𝑡 𝝅1 + 𝜀𝑖𝑡
The problem for our model is twofold. First to identify the quadratic term in education we need
instruments that shift 𝐸𝑖2 separately from the linear term and secondly that for both the instruments
are ‘sufficiently’ powerful. In principle the first of these requirements can be met by using 𝒛2𝑖𝑡 and
interaction terms as suggested by Wooldridge (2007). As we will see for these instruments there is
a problem in identifying both the linear and non-linear terms.
An alternative is to use a control function approach which requires both an extension of the above
model and an assumption as to how 𝑣𝑖𝑡 and 𝜖𝑖𝑡 are related. The extension required is that we write
the model as:
(21)
𝐸(𝑣𝑖𝑡 |𝒛𝑖𝑡 ) = 0
Under this mean independent assumption, which is stronger than the zero correlation assumption
above, we can use 𝒛2𝑖𝑡 as an instrument for 𝐸𝑖2 . So the IVs would be (𝒛𝑖𝑡 , 𝒛2𝑖𝑡 ) for (𝐸𝑖 , 𝐸𝑖2 ).
Assumptions which allow the residual from the reduced form for education to act as a control are:
(22)
𝐸(𝑣𝑖𝑡 |𝑧𝑖𝑡 , 𝐸𝑖 ) = 𝐸(𝑣𝑖𝑡 |𝜖𝑖𝑡 ) = 𝜌1 𝜖𝑖𝑡
The first of these equalities would hold if (𝑣𝑖𝑡 , 𝑢𝑖𝑡 ) is independent of 𝒛𝑖𝑡 which is clearly a strong
assumption. The second equality imposes linearity which is also a restrictive assumption. With
these assumptions we have that
(23)
𝐸(𝑡𝑓𝑝𝑖𝑡 |𝒛𝑖𝑡, , 𝐸𝑖 ) = 𝛼0 + 𝛼1 𝐸𝑖 + 𝛼2 𝐸𝑖2 + 𝜌1 𝜖𝑖𝑡
A control function approach is immediate by replacing 𝜖𝑖𝑡 by 𝜖̂𝑖𝑡 . The advantage of this approach
is that we do not need to instrument both the linear and the quadratic term in education. The
disadvantage, clearly, is the strong assumptions entailed in (22). The results of both approaches are
reported for Ghana in Table 7 and for South Korea in Table 8. For Ghana preliminary tests showed
that modelling dynamics was important but this was not the case for Korea, possibly reflecting the
different lengths of the panels.
In Table 7 columns (1) and (2) we confirm that we can reproduce the results from the general
specification shown in Table 4 for Ghana. In columns (3) – (4) we report the results for the results
of estimating the equation using a two-step GMM estimator for both the quadratic specification
11

(Column (3)) and the linear (Column (4)). In Column (5) we show the results of the control function
approach.
On the basis of the control function specification reported in Column (5) there is no evidence for
the endogeneity of education. The two-step GMM estimator reported in Table 7 Column (3)
generates a significantly higher degree of convexity than the OLS results reported in Column (2),
although it will be noted that the Angrist and Pischke statistics — reported as AP — give grounds
for doubts as to whether the instruments have separately identified both the linear and quadratic
effect. The results for a specification linear in education reported in Column (4) produce virtually
identical results to those in Table 3 Column (5). In summary, what evidence we have from the
instrumenting procedures used in Table 7 is that OLS understates both the average return to
education and its degree of convexity.
In Table 8 we carry out a similar exercise for South Korea. In Columns (1) and (2) we again confirm
that using TFP gives the same results as the general specification shown in Table 6. In Column (3)
we show the two-step GMM estimates and in Column (4) we show the control function for the nonlinear specification. As with Ghana we find no evidence from the control function that education
is endogenous. The point estimate from the two-step GMM estimator in Column (3) at 0.16 is much
higher than the OLS result in Column (2) of 0.09 but much less precisely identified which is exactly
what we would anticipate if indeed education is exogenous.
We now return to the importance of allowing for non-linearity, particularly in the case of Ghana.
In Figure 2 we take the predicted value of labour productivity for Ghana (from Table 4, Column
(3)) and for South Korea (Table 6, Column (3)) and graph these predicted values against education.
We report a regression which shows how the impact of education affects these predicted values of
labour productivity in Table 9. That regression confirms what is apparent from Figure 2; namely,
that the whole of the differences in underlying productivity can be explained by the different pattern
of education on productivity. Indeed, for Ghana over the whole range from zero to fifteen years of
education there is no evidence that education raises output despite a clear positive average effect.
6.

The implied earnings function

Measures of the firm level effect of education on productivity are rare relative to the returns to
education using labour market data. In this section we investigate the implied earnings function
from our productivity measures and compare the results with those obtained, quite independently,
from labour market data. To do this we need to move from the production function to the wages
implicit in the interpretation of the underlying model given above. In Table 10 we report the implied
parameters of the earnings function derived above in equation (7).
𝑙𝑜𝑔𝑤𝐿 (𝑖𝑡) = 𝛿0 + 𝛿1 𝐸𝑖 + 𝛿2 𝐸𝑖2
The linear specification gives an average Mincerian return to education for South Korea of 0.29
per cent, some 70 per cent higher than that for Ghana of 0.17 per cent. As we have already seen,
focusing on the average is very misleading - particularly for Ghana. That however is what much of
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the research on the return to human capital has done when labour market data has been used. We
now consider how these implied return of human capital wages in Table 10 compare with evidence
from labour market surveys.
In surveys which date back to the 1970s George Psacharopoulos has presented comparative
estimates of the returns to education across countries, Psacharopoulos, (1981, 1985, 1994) and
Psacharopoulos and Patrinos (2002, 2004). The argument throughout these surveys has been the
same and is well summarised by the abstract to Psacharopoulos (1994) ‘the rate of return patterns
established in earlier reviews are upheld: namely, that primary education continues to be the
number one investment priority in developing countries; the returns decline by the level of
schooling and the country’s per capita income’. While Psacharopoulos’ interpretation of the
evidence has been contested, Bennell (1996, 1998), it has been very influential and his data
underlies the estimates of human capital in both Hall and Jones (1999) and Caselli and Coleman
(2006) and version 8 of the PENN World Tables, Feenstra (et al) (2015). The pattern of returns
in our data is clearly the opposite to that claimed by Psacharopoulos. One of Bennell’s objections
to the argument advanced by Psacharopoulos is that the data on which his overviews are based is
very unreliable. Indeed many of the estimates date from the time before there was either firm or
household level surveys to use. However in the case of both Ghana and South Korea the estimates
cited in the most recent survey, Psacharopoulos and Patrinos (2004, Table A2), are both based on
labour market data, Jones (2001) and Ryoo et al (1993).
In the case of Ghana we have three sources of labour market data. The first is based on household
surveys, (see GSS (2000, 2007)), the second is based on workers in manufacturing firms (see
(http://www.csae.ox.ac.uk/datasets/ghana-rped/Ghmain.html) and the third is based on a panel
labour force survey (http://www.csae.ox.ac.uk/datasets/Ghana-Tanz-UHPS/default.html). The first
of these sources is used by Glewwe (1996) who draws from the second year of the Ghana Living
Standards Survey (GLSS), which covered 3200 households from all regions of Ghana from
October, 1988 to August, 1989. The focus of the Glewwe paper is the possibility of bias in the
estimates for education due to the failure to account for ability and differences in school quality.
However he does report an OLS estimate of the Mincerian return to education of 0.085 (Table 2
page 275) which he argues overstates the causal return to education. Jones (2001) uses the early
rounds of the manufacturing labour force survey that was conducted in Ghana from 1992 until
2003. While the Glewwe data is based on a household sample, that used by Jones (2001) is based
on workers in manufacturing firms. In spite of the different population from which the sample is
drawn the point estimate is virtually identical at 0.071 (Table 2 page 71). Both Glewwe and Jones
chose a linear specification. The third source is used in Falco et al (2011) where the specification
chosen allows for non-linearity and the results imply a clearly convex patterns of Mincerian returns
to education.
This convexity for sub-Sahara Africa (SSA) has been noted in previous work. In a study for SSA,
Appleton et al (1996) show that for all the countries they survey returns increase with the level of
education. Convexity also characterises much of the more recent data surveyed by Schultz (2004).
Bigsten et al (2000), using the labour force data from firms across a range of African countries,
which include Ghana, show that the returns are highly non-linear and convex. Söderbom and Teal
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(2004) provide more detailed analysis of the Ghana data. Söderbom et al (2006) show convexity
in the returns for both Kenya and Tanzania again using labour force data from manufacturing firms.
A similar pattern has been found for India, Kingdon and Unni (2001) and Duraisamy (2002).
For our purposes we need to compare the return in Ghana with those for South Korea. We have
access to less data for South Korea but the study by Ryoo et al (1993), used by Psacharopoulos and
Patrinos (2004), provides a time series for the returns to education over the period 1974 to 1988
and implicitly allows an assessment of the shape of the earnings function. Ryoo et al (1993, Table
1) shows a steady rise in the Mincerian return to education as the level rises, the same pattern as
that observed for Ghana, but with very much higher returns. Returns to both men and women, with
middle school or higher, have returns between 6 and 20 per cent, although there is some indication
they were falling over the period. We have not been able to find how this pattern for the 1980s
compares with that for the 1990s, the period to which our data refers. There is a study covering this
period, Kwack (et al) (2007), but it adopts a linear specification so cannot throw light on whether
the earlier pattern of returns rising with the level has changed.
This survey of the returns to education available from the labour market literature confirms the
importance of allowing for non-linearities in the return to education. In fact all the empirical
literature we have surveyed for Ghana and South Korea using labour force data show a convex
earnings function. Given the extent of the convexity apparent in the Ghana data it is clear that the
average tells one very little of the marginal value at any point. The average Mincerian returns
reported by Glewwe (1996) and Jones (2001) of 7 per cent are lower than our point estimates in
Table 10 but, given the imprecision of our estimate, not significantly different. Figure 2 shows that
over the whole range we have plotted the returns to South Korea are concave. However in the data
we only observe average years of education of the workforce from 8 to 16 years and, over this range
not only is linearity not seriously misleading but the average is lower than over the whole range
where we have extrapolated beyond the observed data. In summary over the range from 8 to 16 the
returns are not significantly different from the upper part of the range reported in Ryoo et al (1993).
In summary this survey of rates of return from the labour force data is wholly consistent with our
findings from the firm level data of very much higher returns in South Korea than in Ghana, a
finding which is also inconsistent with the argument of Psacharopoulos that returns are higher in
poorer countries.
7

Conclusions

This paper set out to investigate why output per worker is so much higher for firms in South Korea
than for firms in Ghana. Two firm level datasets were constructed where care was taken to ensure
consistent variable definitions and appropriate deflators. Production was modeled using both a
value-added and a gross-output production function where we allowed for the input coefficients
and the Mincerian returns to education to differ across countries. Endogeneity was controlled using
a variety of methods, including through the use of the system GMM estimator for all the inputs
including education.
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Our results for education can provide an insight into the differences raised in the introduction
between the results of Hall and Jones (1999) and those of Caselli and Coleman (2006) which rely
on calibration rather than estimation. The results are consistent with the findings of Caselli and
Coleman (2006) that differences in output can be explained by differences in the efficiency with
which human capital is used across poor and rich countries. In particular our findings suggest that
not only do the returns on human capital differ dramatically across the two countries but so does
the shape of the earnings function.
Before considering the implications of these results for policy we need to note their limitations.
The advantage of the use of macro data is that it provides an overview of outcomes. Thus the
generality of the (opposing) conclusions drawn by Hall and Jones (1999) and Caselli and Coleman
(2006). Our results are specific to two countries and we have no reason to think they generalise.
Thus our finding is that, in our two countries over this period, there are very substantial differences
in the efficiency with which human capital is used. That accords with the Caselli and Coleman
(2006) result. However it says nothing about the possible relative importance of TFP and the
efficiency of education in other countries or indeed in other sectors.
Having noted the limitations we also note that our results fit well into wider patterns noted in micro
data. The result that returns to education in Ghana are highly convex has been found in a wide range
of studies using labour force data two sources of which, the GLSS surveys and the panel labour
force data, have been collected quite independently of the data that underlies our results. Further
the implied convex earning function which was derived in section 6 above is a result that has been
observed in nearly all studies of earnings functions in poor countries. We do observe concavity in
the implied earning function for South Korea. However all the Korean firms have average
educational levels between 8 and 16 years of education where the return are close to being linear
so little weight should be put on our ability with firm data to identify the returns at lower levels of
education.
Two important policy questions flow from this general finding of convexity in SSA and our
particular finding that, in the case of manufacturing firms in Ghana and South Korea, the efficiency
with which human capital as measured by education is used differs dramatically across the two
countries. The first is the implication noted by Heckman et al (2009) that low levels of education
will have an option value as to progress to the higher level requires the earlier stage. Thus students
will wish to acquire primary education not for its immediate value but for the value of the option
of being able to progress through the educational system. As progress through the system is
constrained the implications are stark. Most of those educated will have levels of education with
no returns. The second is how misleading it is to cite averages when non-linearities are an important
feature of the data. This is most readily seen from Figure 2 over the range of education from 5 to
15 years there is no increase in output for Ghana while output increases by more than four times in
South Korea.
None of which addresses what the data suggests is the most important question. Why is education
so much more effective at producing output in South Korea than it is in Ghana? That indeed is the
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implicit question that arises from the findings of Caselli and Coleman (2006) that the efficiency of
the use of education is much higher in richer than poorer countries.
Several possible explanations suggest themselves for our result. The first and most obvious is that
the quality of education differs across the countries. In results not reported we confined attention
simply to textile and garments and reproduced similar results to those reported for the whole of the
manufacturing sector. That suggests some caution with the quality of education explanation. This
is a sector in which skills, at least in garments, is low and the fact that education is so much more
productive in South Korea makes it unlikely that quality can be so different. A second possibility
is that human and physical capital are being combined in fundamentally different ways in the two
countries which our simple Cobb-Douglas specification does not capture. It seems clear that the
nearly fifty fold difference in capital per labour hour in the median South Korean firm relative to
the Ghanaian reflects a radical change in the type of capital being installed. If that capital is such
as to make education much more productive then we need a much more sophisticated modelling of
capital than is possible with our data. To take a simple example. A machine operator in South Korea
operating a robot to produce garments may have much the same education in years as a machine
operate in Ghana operating an electrical sewing machine. Even allowing for the substantial
differences in capital it seems more than possible that one can be five times as productive as the
other conditioning on that capital. A third possibility is that the quality of the management is the
key difference. Recent micro work looking at issues in firm management, surveyed in Bloom et al
(2014), certainly provides some evidence that management may explain low productivity within
firms. Although it would need to explain how management was linked to the uses made of educated
labour.
Clearly these explanations are speculative and are not mutually exclusive. What they all have in
common is the implication that assessing the return to education without a consideration of its
quality, the factors with which it is being combined and the quality of the management in the firm
may mislead as to the potential value of that education. In one sense we have made progress in
showing that it is not, in this instance, an unknown factor termed TFP which explains differences
in outcomes. However in showing that it is the efficiency with which education impacts on
productivity pushes the analysis only one step forward. We need to know why and we do not know
the answer to that question.
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Table 1

Summary Statistics for Productivity in Firms in Ghana and
South Korea
Ghana

South Korea
Median

Mean

Median

Mean

Firm size
(Number of Employees)

73
(156.4)

22

122
(125.6)

84

Hours Worked per Week

46.1
(8.8)

45

46.4
(1.6)

46.2

Value-added per Employee

7.7
(16.9)

3.4

190.5
(294.5)

116.6

Output per Employee

20.2
(34.8)

9.8

288.5
(350.2)

192.8

Capital per Employee

7.4
(28.5)

1.3

114.3
(207.1)

61.2

Capital to Output

0.512
(1.4)

0.105

0.508
(0.9)

0.316

Years of Education

10.0
(1.9)

10.0

12.7
(1.2)

12.7

Number of observations

1774

907

Labour Productivity

0.052

0.380

Capital to Output

0.567

0.880

Human Capital per Worker

0.464

0.761

Firm level data

Macro data

Total Factor Productivity
0.198
0.568
Note: The monetary values for the firm data are all expressed in ‘000 1996 PPP$. Standard deviations are
in parentheses. The macro data are from Hall and Jones (1999) and are benchmarked with reference to the
US.
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Table 2
Pooled OLS Regressions
Dependent Variable Ln (Value-added per labour hour)
(1)

(2)

(3)

(4)

0.31***
(0.025)

0.28***
(0.028)

0.27***
(0.029)

Education (in years)

-0.45***
(0.087)

-0.60***
(0.133)

Education (in years)2 (a)

2.57***
(0.425)

3.5***
(0.749)

2.38***
(0.128)

-3.74
(2.405)

Ln (Capital per labour hour)

Korea dummy

3.75***
(0.109)

2.58***
(0.131)

Education*Korea Dummy

1.09***
(0.403)

Education2*Korea Dummy

-4.82***

(1.72)
Constant

-2.80***
(0.112)

-3.86***
(0.126)

-1.97***
(0.447)

-1.32**
(0.602)

Observations

2,681

2,681

2,681

2,681

R-squared

0.67

0.75

0.75

0.76

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
(a) The Education squared variable is divided by 100 in this and the following tables to enhance the
readability of the parameter values.
Note: Time dummies are included in all regressions in this and the following tables but not reported.
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Table 3 The Dynamic Output Production Function for Ghana: OLS, FE and System GMM
Dependent variable: Ln(Output per labour hour)
(1)
(2)
(3)
(4)
(5)
SystemSystemSystemGMM
GMM
GMM
OLS
FE
Exogenous
Endogenous
Exogenous
education
education
education
Ln (Output per
labour hour)i,t-1

0.61***
(0.031)

0.33***
(0.031)

0.57***
(0.070)

0.55***
(0.066)

0.57***
(0.070)

Ln (Capital per
labour hour)it

0.06***
(0.015)

0.05***
(0.015)

0.03
(0.034)

0.04
(0.034)

0.04
(0.034)

Ln (Capital per
labour hour)I,t-1

-0.05***
(0.014)

-0.04***
(0.013)

-0.02
(0.029)

-0.03
(0.029)

-0.02
(0.030)

Ln (Indirect costs
per labour hour)it

0.16***
(0.028)

0.12***
(0.019)

0.11**
(0.054)

0.09**
(0.040)

0.11**
(0.055)

Ln (Indirect costs
per labour hour)I,t-1

-0.09***
(0.021)

-0.04***
(0.012)

-0.06
(0.044)

-0.03
(0.032)

-0.06
(0.045)

Ln (Material costs
per labour hour)it

0.61***
(0.040)

0.66***
(0.025)

0.66***
(0.040)

0.69***
(0.038)

0.66***
(0.040)

Ln (Material costs
per labour hour)i,t-1

-0.34***
(0.039)

-0.18***
(0.025)

-0.34***
(0.060)

-0.34***
(0.055)

-0.35***
(0.056)
0.02**
(0.009)

Education (in years)i

-0.04*
(0.021)

-0.03
(0.030)

-0.14
(0.096)

Education (in years)2i

0.25**
(0.118)

0.28
(0.179)

0.83
(0.516)

Constant

0.82***
(0.144)

1.25***
(0.100)

0.71***
(0.237)

1.23***
(0.469)

0.48***
(0.163)

1,598
0.94

1,598
0.84
239

1,598

1,598

1,598

239
0.00
0.0654
0.557
0.315

239
0.00
0.0457
0.369
0.416

239
0.00
0.0655
0.466
0.313

Observations
R-squared
Number of firms
AR1
AR2
Sargan P
Hansen P
CRS (P value of F
test)

0.04

0.13

0.85

0.57

0.91

0.03*
(0.02)
0.18***
(0.03)
0.68***
(0.04)

0.004
(0.017)
0.11***
(0.023)
0.72***
(0.026)

0.027
(0.038)
0.121
(0.050)**
0.753
(0.059)***

0.023
(0.040)
0.121
(0.040)***
0.786
(0.052)***

0.033
(0.038)
0 .128
(0.048)**
0.753
(0.061)***

Long run parameters
Capital
Indirect costs
Material costs

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Table 4 The Static Output Production Function for Ghana: OLS, FE and System GMM
Dependent variable: Ln(Output per labour hour)
(1)
(2)
(3)
(4)
(5)
SystemSystemSystemGMM
GMM
GMM
OLS
FE
Exogenous
Endogenous
Exogenous
education
education
education
Ln (Capital per
labour hour)it

0.03***
(0.012)

0.03*
(0.014)

0.04
(0.024)

0.06**
(0.028)

0.05**
(0.023)

Ln (Indirect costs
per labour hour)it

0.18***
(0.018)

0.15***
(0.019)

0.15***
(0.032)

0.13***
(0.029)

0.15***
(0.032)

Ln (Material costs
per labour hour)it

0.65***
(0.024)

0.64***
(0.026)

0.67***
(0.048)

0.67***
(0.045)

0.65***
(0.051)

Education (in years)i

-0.09**
(0.039)

-0.12**
(0.056)

-0.07
(0.241)

0.02*
(0.023)

Education (in years)2i

0.62***
(0.222)

0.81**
(0.330)

0.37
(1.236)

Constant

2.12***
(0.217)

1.94***
(0.097)

2.17***
(0.389)

2.10*
(1.165)

1.58***
(0.217)

1,880
0.91

1,880
0.80
254

1,880

1,880

1,880

254
0.00
0.00
0.00
0.651

254
0.00
0.00
0.00
0.561

254
0.00
0.00
0.00
0.702

0.0091

0.7835

0.6273

0.6202

Observations
R-squared
Number of firms
AR1
AR2
Sargan P
Hansen P
CRS (P value of F
test)

0.0793

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Table 5 The Dynamic Output Production Function for South Korea: OLS, FE and System GMM
Dependent variable: Ln(Output per labour hour)
(1)
(2)
(3)
(4)
(5)
SystemSystemSystemGMM
GMM
GMM
OLS
FE
Exogenous
Endogenous
Exogenous
education
education
education
Ln (Output per
labour hour)i,t-1

0.93***
(0.030)

-0.11
(0.152)

0.88***
(0.191)

0.87***
(0.186)

0.95***
(0.212)

Ln (Capital per
labour hour)it

0.10**
(0.042)

0.10
(0.069)

0.07
(0.069)

0.07
(0.076)

0.08
(0.068)

Ln (Capital per
labour hour)I,t-1

-0.09**
(0.041)

-0.03
(0.055)

-0.14***
(0.042)

-0.14***
(0.042)

-0.13***
(0.040)

Ln (Indirect costs
labour hour)it

0.20***
(0.033)

0.25***
(0.049)

0.22***
(0.045)

0.22***
(0.045)

0.22***
(0.045)

Ln (Indirect costs
labour hour)I,t-1

-0.18***
(0.035)

0.04
(0.059)

-0.15*
(0.076)

-0.15*
(0.075)

-0.17**
(0.077)

Ln (Material costs
labour hour)it

0.25***
(0.044)

0.23***
(0.058)

0.27***
(0.073)

0.27***
(0.077)

0.25***
(0.073)

Ln (Material costs
labour hour)I,t-1

-0.22***
(0.044)

0.10
(0.108)

-0.21**
(0.097)

-0.20**
(0.098)

-0.23**
(0.103)

Education (in years)i

0.16

0.25

0.03

0.01

(0.110)
-0.61
(0.431)

(0.164)
-0.94
(0.611)

(0.124)

(0.023)

Education (in years)2i
Constant
Observations
R-squared
Number of firm
Sargan P
Hansen P
CRS (P value of F
test)

-0.81
(0.698)

5.48***
(1.180)

-0.80
(0.941)

0.63
(1.37)

0.49
(0.747)

560
0.90

560
0.58
320

560

560

560

320
0.00866
0.142

320
0.005
0.104

320
0.0319
0.532

0.8930

0.0008

0.7350

0.6021

0.6160

0.250
(0.217)
0.214
(0.177)
0.459***
(0.167)

0.066
(0.086)
0.260***
(0.087)
0.299
(0.101)

-0.558
(1.256)
0.582
(1.117)
0.530
(0.911)

-0.461
(1.004)
0.521
(0.917)
0.493
(0.820)

-0.465
(1.058)
0.532
(0.973)
0.508
(0.837)

Long run parameters
Capital
Indirect costs
Material costs

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Table 6 The Static Output Production Function for South Korea: OLS, FE and System GMM
Dependent variable: Ln(Output per labour hour)
(1)
(2)
(3)
(4)
(5)
VARIABLES
SystemSystemSystemGMM
GMM
GMM
OLS
FE
Exogenous
Endogenous
Exogenous
education
education
education
Ln (Capital per
labour hour)it

0.11***
(0.028)

0.08*
(0.044)

0.13
(0.080)

0.12
(0.094)

0.13
(0.084)

Ln (Indirect costs per
labour hour)it

0.22***
(0.030)

0.20***
(0.035)

0.14**
(0.068)

0.15**
(0.065)

0.14**
(0.069)

Ln (Material costs per
labour hour)it

0.25***
(0.037)

0.25***
(0.044)

0.38***
(0.098)

0.38***
(0.099)

0.39***
(0.099)

Education (in years)i

0.47*
(0.253)

0.48**
(0.239)

0.12
(0.227)

0.10***
(0.026)

Education (in years)2i

-1.41
(1.035)

-1.49
(0.974)

Constant

1.14
(1.571)

5.39***
(0.413)

0.76
(1.600)

2.86
(2.427)

3.07***
(0.636)

918
0.58

918
0.56
357

918

918

918

357
0.410

357
0.404

357
0.413

0.00319
0.740

0.000411
0.447

0.00112
0.658

0.1707

0.2144

0.1511

Observations
R-squared
Number of firm
AR1
AR2
Sargan P
Hansen p
CRS (P value of F
test)

0.3159

0.0000

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Table 7 TFP and Education in Ghana: Dependent Variable Total Factor Productivity (TFP)
(1)
(2)
(3)
(4)
(5)
VARIABLES
OLS
Control
OLS Static
GMM 2 step GMM 2 step
Dynamic
Function
TFPi,t-1

0.60***
(0.032)

0.54***
(0.058)

0.53***
(0.058)
0.02**
(0.010)

Education (in years)i

-0.11***
(0.034)

-0.05***
(0.018)

-0.34**
(0.142)

Education (in years)2i

0.69***
(0.198)

0.36***
(0.110)

1.82***
(0.707)

0.75***
(0.206)

Control for education
Constant

-0.12***
(0.042)

-0.00
(0.024)
0.36**
(0.141)

0.16**
(0.076)

1.54**
(0.693)

-0.23**
(0.099)

0.37
(0.260)

1,880
0.02

1,598
0.35

1,342
0.33

1,342
0.39

1,360
0.03

-0.14**
(0.044)

-0.74*
(0.303)

0.05**
(0.021)

0.89***
(0.261)

3.93***
(1.50)
87.40
(0.00)

76.38
(0.00)

AP Adjusted F (P
value) for Education (b)

0.69
(0.56)

200.56
(0.00)

First stage F (P value)
for Education2

104.68
(0.00)

AP Adjusted F (P
value) for Education2

0.72
(0.54)

First stage F for TFPi,t-1

48.57
(0.00)

76.38
(0.00)

AP Adjusted F (P
value) for TFPi,t-1 (b)

75.69
(0.00)

109.09
(0.00)

0.8920

0.9860

Observations
R-squared
Long run parameters
Education (in years)i
Education (in years)2i
First stage F (P value)
for Education

Hansen J statistic P
Instruments used

Lagged 2 Ln
(capital per
labour hour)
and its
quadratic
First
difference of
lagged tfp
Lagged 2 Ln
(capital
interacted with
material per
labour hour)
and its
quadratic)

Lagged 2 Ln
(capital per
labour hour)
and its
quadratic
First
difference of
lagged tfp

Lagged 2 Ln
(capital per
labour hour)
and its
quadratic

Robust standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1
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VARIABLES

Table 8 TFP and Education in South Korea
Dependent Variable: Total Factor Productivity (TFP)
(1)
(2)
(3)
OLS Static
OLS Static
GMM 2 step (a)
Non-Linear
Linear

Education (in years)i

0.46*
(0.237)

Education (in years)2i

-1.45
(0.961)

0.09***
(0.022)

0.16*
(0.096)

Observations
R-squared

0.57*
(0.342)

0.01
(0.078)
-3.47**
(1.454)

-1.19***
(0.272)

-2.08*
(1.216)

-4.12*
(2.246)

918
0.05

918
0.04

241
0.004

241
0.04

First stage F (P value)
or Education

9.30
(0.00)

Hansen J statistic
P value

0.1462

Instruments

Control Function

-1.90
(1.353)

Control for education
Constant

(4)

Lagged 2 Ln
(capital per labour
hour) and its
quadratic
Lagged 2 Ln
(materials per
labour hour) and
its quadratic

Lagged 2 Ln
(capital per labour
hour) and its
quadratic

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Table 9

Predicted Ln (Output per Labour Hour)
(1)

(2)

(3)

3.07***
(0.081)

2.40***
(0.107)

-5.17**
(2.263)

Education

-0.68***
(0.127)

-1.14***
(0.216)

Education2

4.23***
(0.609)

6.91***
(1.177)

Korea Dummy

Education*
Korea Dummy

1.57***
(0.395)

Education2*
Korea Dummy

-7.85***
(1.782)

Constant
Observations
R-squared

5.33***
(0.073)

7.73***
(0.683)

9.54***
(0.992)

2,798
0.64

2,798
0.68

2,798
0.70

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
Note: See Figure 2 for the basis of this regression.

Table 10

The Implied Earnings function with education treated as an exogenous variable

𝑙𝑜𝑔𝑤𝐿 (𝑖𝑡) = 𝛿0 + 𝛿1 𝐸𝑖 + 𝛿2 𝐸𝑖2
VARIABLES

Education (in years)i

(1)
Ghana NonLinear
-.801**
(0.25)

(2)

(3)

(4)

Ghana Linear

Korea Non-Linear

Korea Linear

0.17*
(0.085)

1.354*
(0.788)

0.29***
(0.078)

Education (in
5.41***
-4.25
years)2i
(1.38)
(3.10)
Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
Column (1) is taken from Table 4 Column (3)
Column (2) is taken from Table 4 Column (5)
Column (3) is taken from Table 6 Column (3)
Column (4) is taken from Table 6 Column (5)
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Data Appendix
The data used are a balanced panel of 863 South Korean manufacturing firms observed for 3 years
and an unbalanced panel of 312 Ghanaian manufacturing firms observed for 12 years. The
Ghanaian data was collected in a series of interviews with firm management and cover the period
1991-2002. Along with the survey questionnaire, this data is publicly available from the Centre for
the Study of African Economics at the University of Oxford. The data set (including definitions
and variable construction) is that used in Soderbom and Teal (2004) with the addition of the more
recent survey rounds. The data used to estimate the production function are the value of physical
capital stocks, number of employee-hours (number of employees multiplied by average weekly
hours), expenditure on materials and other inputs (mostly electricity, other energy and rented land,
buildings and equipment) and average firm worker years of education. There are also price indexes
for output and material inputs used to convert the variables into real 1991 domestic currency prices.
Gross output is measured as total sales, adjusted by changes in inventories.
The South Korean data were collected in face-to-face interviews covering 1996-1998, and are
described in Hallward-Driemeier (2001). The data and the survey questionnaire are publicly
available from the World Bank. Output is calculated as sales plus the change in inventories, with
other production variables being value of physical capital stock, number of employees and
expenditure on materials, electricity, other energy and rented land, equipment and buildings. These
final three inputs are aggregated into a single factor so as to be comparable with the Ghanaian data.
Again, there are firm-level price indexes for output and material inputs used to convert the data
into real 1996 domestic currency. Where these price indexes were not available the sectoral
averages were used. The variables in the South Korean dataset were transformed into ratios and
truncated before they were made publicly available, and the recovery of the levels of the variables
from these transformations will have introduced some additional measurement error into the data.
Firms with more than 500 employees or within the top 5% for asset value were truncated and so
these have been dropped from the sample. This means that the South Korean sample contains more
small firms than the true firm population which, if anything, should reduce any apparent differences
with the smaller Ghanaian firms. Average hours worked by sector were obtained from the ILO and
used in the construction of the employee-hour variable.
For both Ghana and South Korea we have firm level price deflators for output and some of the
inputs. We have used the primary data from the surveys to obtain measures of outputs and inputs
classified as raw material inputs and “other inputs” which are primarily indirect costs (electricity,
other energy and rent). We have firm level deflators for both output and raw material inputs but not
for indirect costs. We proceeded by deflating output and raw material prices by these firm-level
deflators and then converting these values to PPP numbers by using the PPP deflator for the base
year.2 For indirect costs, where no appropriate firm-level deflator was available, we have used the
PPP consumption deflator for each year. These deflators render the data comparable over time
within the country and, as they are firm based, ensure that the variables measure changes in real

2

In cases where these firm level price indices were not reported they were assumed to be equal to the average
of firms in the same manufacturing sub-sector.
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quantities (at least for output and raw materials) and not higher revenues or lower costs associated
with market power.
In order to establish how much of this labour productivity differential can be explained by factor
intensity we also need to impute a value to the capital stock for each firm in each country. For the
South Korean firms, we take the firm-level reported value of the nominal capital stock for each
year and deflate it using the annual PPP investment deflator. For the Ghanaian firms, as we have a
longer panel available and due to concerns about capital valuation in this less developed market,
we aggregate the deflated value of the investment series and assume a depreciation rate rather than
using the reported values of the capital stock.
PPP deflators from PWT 6.1 were used to convert the real domestic quantities in each country into
international quantities. The PPP investment deflator was used for the capital stock, the
consumption deflator for indirect and material inputs, and the GDP deflator for output.
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Figure 1 Productivity Differences Between South Korean and Ghanaian Firms
(Value-added , output and capital per worker are expressed in 1996$PPP)
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Figure 2

The Impact of Education on Productivity
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