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Abstract 
In this study an aggregate production function is estimated to study the effect 

of education on industrial economic growth in Turkey by pooling data across 
Turkey's 67 provinces over the census years 1980, 1985 and 1990. The 
educational attainment of the employed workers in industry is found to have a 
positive and significant effect on industrial output for the period 1980-1990. The 
marginal effect of average educational attainment is investigated and a threshold 
effect of éducation starting between four to five years of average educational 
attainment is found for the industrial sector. The interdependence between 
education and technology, and education and physical capital is also looked at 
yielding inconclusive results. 

1. Introduction 

Although there are numerous micro-level studies that link higher education 
levels with greater labor productivity, the macroeconomic effect of education 
on output growth has not been as well documented. Growth-accounting studies 
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form a significant portion of the empirical research on the sources of economic 
growth. The earlier growth accounts typically included only two factors as 
inputs into the aggregate production function: physical capital and labor. What 
was left over or unexplained by each input's contribution was attributed to 
technological progress: the advance of knowledge. The two inputs were treated 
as homogeneous and the possible effect of changes in the qualities of each input 
were ignored. Later studies began introducing human capital (the knowledge 
and skills embodied in individuals) explicitly as an input into the aggregate 
production function. The human capital variable which serves as a measure of 
the quality of the work force is often proxied by the average educational 
attainment of the work force. 

Human capital which describes the 
individuals is an important source of 
accumulation (the acquisition of knowledge and skills that improves the ability 
of individuals to solve problems and to think critically) is believed to promote 
higher growth by improving labor productivity. A better educated labor force 
will be more productive on the job by requiring less supervision and possessing 
greater initiative in handling job-related problems. 

Education of women is also thought to affect the growth of the economy 
because it plays an important role in determining the fertility rate. More 
educated women choose to have fewer children and to place greater emphasis 
on educating their children than less educated women. For example, more 
educated women have greater job opportunities which raises the opportunity 
cost of having children. The consequence of a lower fertility rate for a nation 
is to decrease the growth rate of the population. If output grows at a rate which 
is greater than the population growth rate, then per capita output will rise 
indicating an increase in the standard of living in that nation. Another way that 
education influences economic growth is by increasing the qualifications of 
individuals and allowing them to get better jobs with higher pay; thus, education 
can raise income and generate demand for goods which will increase production 
and output. 

However, Lau et al. (1993) believe that there may be a 'macroeconomic 
effect of education' that is not just an aggregate of the microeconomic effects 
based on individual decisions. They have found evidence for a 'threshold' level 
of average national education beyond which average education will have a 
positive effect on output. In this macroeconomic sense the benefits of attaining 
higher average education levels are similar to the spillover benefits of network 
systems (such as the telephone system, the internet system and other 
communication systems). For example, more subscribers to such systems will 

knowledge and skills embodied in 
economic growth. Human capital 
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increase the gains for existing subscribers since these systems are dependent on 
the interactions between participants. Similarly, it is believed that interactions 
between workers will be more effective (more productive) if higher educational 
attainment is spread more evenly across the pool of workers. This means that 
a larger pool of moderately educated workers will have a greater influence on 
economic growth than an elite group of highly educated workers that is smaller 
in number. 

The formal education system is the principal institutional mechanism for 
developing human capital; it not only promotes literacy and basic skills but also 
shapes the attitudes and aspirations of its pupils. There are also more informal 
means of accumulating human capital such as on-the-job training and learning-
by-experience but the formal education system is believed to have the greatest 
contribution in promoting wide-spread development of knowledge and skills 
(Bowman, 1987). Although not a perfect measure of the human capital 
embodied in individuals, formal education, nonetheless, serves as a proxy for 
human capital in many growth studies that try to determine the effect of human 
capital on growth. 

Growth accounting which rests on the neoclassical theory of growth is the 
framework used to determine the effect of education on output growth in this 
study. Neoclassical theory treats technology as an exogenous source of growth. 
The determinants of the growth of the labor force and the growth of capital are 
also assumed to be exogenous so that the effects of each input can be added up. 
The approach by Lau, Jamison, Liu and Rivkin (LJLR, 1993) is taken as the 
starting point to examine the effect of education on economic growth in Turkey. 
This paper is divided into five parts. After the introductory section, section 2 
reviews the methodology used. The third section describes the data. The fourth 
section outlines the assumptions of the model and presents the estimation 
results. The final section summarizes the conclusions. 

2. Methodology 

In the estimation of production functions, using panel data has the 
advantage of separating the economies of scale effect from that of technological 
progress. Lau, Jamison, Liu and Rivkin (LJLR, 1993) provide one approach to 
estimating aggregate production functions from pooled time-series and cross-
section data. Their approach is based on a modification of the meta-production 
function concept to include time-varying, individual-specific effects. The meta-
production function concept was first introduced by Hayami and Ruttan (1969, 
1970) and is explained in section 2.1. Lau and various associates (1989, 1991, 
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1993) have modified the meta-production function approach to account for 
country-, state-, or province-specific effects depending on the cross-sectional 
unit being investigated. In section 2.2, the premise for this modification and the 
methodology are explained in detail. An alternative way of dealing with 
individual-specific effects is to use the error component regression model. 
There are two main versions of this model: the fixed effects model and the 
random effects model. The difference between these two models lies in the 
assumptions that each makes about the individual- and time- specific error 
components. Section 2.3 reviews the methodology of the error component 
regression model. 

2.1. The meta-production function concept 

Cross-country or cross-regional studies on growth that use a production 
function as part of their analysis make the assumption of a common aggregate 
production function across their cross-sectional units. Aggregation over 
countries, sectors and regions in this way has been criticized on the ground that 
there is wide variation in production technology across firms at any given time 
and that this will also be true at the regional or country level (see Nelson, 1968). 
For example, producers in developing countries do not have the same access to 
new technology as developed countries have. In response to this criticism, 
Hayami and Ruttan (1970) have justified the approach of estimating a common 
aggregate production function by introducing the concept of a 'meta-production 
function'. They agree with the view that producers across countries and within 
countries are not on the same micro-production function. However, they believe 
that producers may be thought of as being on the same 4meta-production 
function' which describes the full range of technological alternatives available 
or that are 'potentially discoverable'. In general, a production function is a 
technical relationship that links output to the inputs used in its production, as 
shown below: 

Yl=f(K„,Llt,EDll, t) i=\,...,n (2.1) 

where Y is the output level and K, L, and ED are the inputs corresponding to 
physical capital, the labor force, and the education or human capital variable 
respectively. The subscript i denotes the number of cross-sections (for example, 
the number of countries, states, provinces and so on); the subscript t represents 
the time index which is assumed to be rate of technological advance. The meta-
production, therefore, describes the long-run period in which not only the 
capital and labor constraints are relaxed but the tehnological constraint is 
relaxed as well. The set of all technological possibilities described by the meta-
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production is the same for each producer regardless of whether each producer 
has equal opportunity or knowledge to make full use of the available 
technological alternatives. 

2.2. The modified meta-production function with province-specific effects 

Lau and various colleagues have modified the meta-production approach 
by introducing effects that are specific to the cross-section used in the study. 
Lau et al (1993) have applied this approach to the states of Brazil. The major 
assumptions of the model are the following: 

First, all provinces are assumed to have the same underlying production 
function (the meta-production function) but each province may be operating on 
a different part of this common production function depending on its specific 
circumstance.This implies that each province has access to the same 
technological possibilities as all other provinces, but that its particular 
endowment of physical (land, labor) and human resources (education) forces it 
to operate on a different part of the meta-production function. Secondly, there 
are efficiency differences across provinces which may be captured by province-
specific "augmentation factors". In the most general form, the modified meta-
production function may be written as: 

where the quantities of outputs and inputs are the 'standardized' or 'efficiency-
equivalent' quantities of inputs and outputs across provinces. This 
standardization is accomplished by introducing time-varying, province- and 
commodity-specific augmentation factors that allow the unobservable 
efficiency-equivalent variables to be written in terms of their observable or 
measured values as shown below, 

where the A/s are the augmentation factors. For output, capital and labor the 
measured data is converted into their efficiency-equivalent counterpart through 
the multiplication of augmentation factors. For example, one may think of one 
unit of capital in province A as being equal to two units of capital in province 
B, and so on. The education data, on the other hand, is converted through the 
addition of such augmentation factors; in this case, one year of formal schooling 

Y*=AK*, L*, ED*, t) / = 1,... ,n (2.2) 

V - Aio(t)YU 

K* = AiK(t)K, 
L* = AiL(X)Lu 

(2.3) 

ED* = EDU + AiE(t) i=l , . . . ,n 
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in one province may be equivalent to 1+2 years of formal schooling in another 
province. These augmentation factors are time-varying, and in the 
implementation of the model, Lau et al. (1993) assume a particular form for 
these augmentation factors with respect to time. For output, capital and labor, 
they are assumed to grow exponentially over time whereas the augmentation 
factor for education is assumed to grow linearly over time such that: 

= V 

V > = AiKe 

AiL(t) = AjLe ^ (2 4) 

AiE(t) = AiE + ciEt 

where the c- s are the rates of growth of the augmentation factors. They may 
also be interpreted as the rate of improvement in efficiency of output, capital, 
labor and education with respect to a standard province. To give the model 
more structure, a Cobb-Douglas functional form is assumed so that the 
production function may be written as: 

r, = cv*V,r0 OV C V ^ V ^ ' ^ ' V s ) 
Taking logs and collecting the A- s and the c- s, the above equation is simplified 
to: 

InYit = ln70 + InAi(* + aK\nKu + a[\nLit + aEEDn + ci{)* t 
where IIL4i0* = -lnAi{) + aK\nAiK + aflnAif + a,AiK (2.6) 

and ci0* = -ci0 + aKciK + aLciL + atcm 

InAi0* and c* are province-specific constant terms that are unobservable. The 
first- and second-differences of equation (2.6) are taken in order to eliminate 
these two terms. Taking first-differences gets rid of the constant term lnAi0*: 

InV, - lnY^ = l11^//-1 / ) ( l 1 1 ^ ^ ^ ^ / v - / / s / - ( 2 . 7 ) 

Taking second-differences eliminates c/0* and yields equation the following 
equation: 
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(ln^ - InYM) - (InYM - InYu_2) = aK[(\nK„ - InK^ - (lnX^-ln^)] 
+ «,[(lni, - InL,.;) - (InK^-lnK^)] 
+ a,{{EDirEDM) - (ED^-ED,^)} (2.8) 

To estimate the parameters aK , aL, and aE in equation (2.8), at least three 
observations across time are required. 

2.3. The error component regression model and province-specific effects 

The error component regression model provides an alternative to taking 
first- and second-differences to control for these province-specific effects. The 
basic model may be summarized as follows: 

In the one-way error component model, the error term can be decomposed 
into two parts: the individual-specific error term |i,* and the usual disturbance 
term vir The individual-specific effects vary across individuals but are assumed 
to be time-invariant.2 In the two-way error component model, there are time-
specific effects captured in the term X* in addition to the individual-specific 
effects. These time-specific effects are assumed to be invariant across cross-
sectional units. 

The estimation procedures for the error component model differ depending 
on whether one chooses to interprete the individual-specific effects (and 
likewise the time-specific effects) as fixed or random. If one assumes that these 
effects are fixed, then each fi,* is treated as a separate parameter to be estimated. 
In that case, there are n individual-specific intercept terms that have to be 
estimated along with the common intercept term in the model. Inference, in this 
case, is limited to the cross-sectional units in the study. However, if these 
effects are thought to be random (i.e., the sample of individuals is drawn at 
random from a large population), then one may think of each jij* as a random 
addition to or subtraction from the common constant term a . Therefore, the 
individual-specific effects \i* may be thought of as random individual-specific 

or 
uit = //·*+ A* + vu (one-way error compenent specification) 

(2.9) 

it 

In the preceding section, the assumption was that these effects did in fact vary over time 
at the rate of growth of cr 
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disturbances that can be merged with the common disturbance term vit.3 

The estimation of the fixed effects model can be done in two ways: one may 
include a dummy variable for each of the cross-sectional units in the model and 
run a Least Squares Dummy Variable (LSDV) regression on this model, or one 
may use the 'within' estimator that averages the time observations for each 
individual and subtracts it from the original observation. Below, the one-way 
fixed effects within regression model is written in terms of the /th individual at 
time t, 

(Y„-Y,)= P, (Xu,-Xu) + ··· + P , ( X k i , - X , ) + (",,- v,.) (2.10) 

where k is the number of regressors in the model. The within estimator wipes 
out the individual-specific effects from the model and is practical for dealing 
with a very large number of cross-sections especially if these are in the 
thousands. However, if the number of cross-sections is relatively small, then 
the LSDV estimator may be used to estimate the fixed effects directly. 

In the random effects model, a in equation (2.9) is the population mean 
intercept and ji/ is the random disturbance that accounts for provincial 
heterogeneity. It is assumed that the JLI,·* are uncorrelated with each other and 
with the overall disturbance term vjr Then, the common constant term has an 
expected value a and a variance o2. The elements of the nT*nT variance-
covariance matrix are summarized below as:. 

cov(uiPu/lt) = o 2 + o2 for / =7 , t = s 
= o2 for i=j,t*s 
= 0 otherwise 

Therefore, in the random effects model, there is serial correlation over time 
between the disturbances of the same individual. In this case, generalized least 
squares (GLS) is the appropriate estimator; it will yield unbiased estimates as 
long as there is no correlation between the individual-specific disturbance terms 
and the regressors in the model. The GLS estimator is pl:GLS = (X' Q"'X)X' Q_1Y 
and is obtained by applying OLS to the following equation: 

(Y„ - m = (1-6)« + (X„ - ftJQ'P + v, (2.11) 
where 0 = 1 - (o^ / a,). If the variance components o 2 and o 2 are unknown, 
then estimated generalized least squares (EGLS) is used. 

In some discussions, the two terms 'random effects' and 'error components' arc used 
synonymously while the fixed ciTccts model is treated as a separate model (also referred 
to as the analysis of covariancc model). 
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3. The data 
The focus of this study had to be narrowed to the industrial sector because 

of the inadequacy of the capital stock proxy in describing the 'capital stock' of 
the full economy for each province. Industrial production includes output 
produced in the mining-and-quarrying, manufacturing, electricity-gas-water, 
and construction sectors. The data set consists of four variables (output, 
physical capital, labor and human capital) for 67 provinces over three points in 
time (the 1980, 1985 and 1990 census years). The sources and definitions of 
each variable are explained in separate sections below. 

Industrial output: 

For 1980 and 1985, the current-priced industrial Gross Provincial Product 
(GPP) of each province were taken from Ozotiin (1988). The 1990 current-
priced industrial GPP were obtained from the^State Institute of Statistics (SIS). 
Although estimates of real GPP were included in both the Ozotiin study (base 
1979) and the more recent study by the SIS (base 1987), the methodology used 
is inconsistent across these two studies and the data from each could not be 
combined to form a series. Instead, Ozotiin's methodology was used to calculate 
1987-based GPP series for the three periods 1980, 1985 and 1990. This 
consisted of calculating sectoral (industrial for the purpose of this study) 
implicit deflators for each year and dividing each sector with its corresponding 
deflator. 

Capital: 

The capital stock is defined as the value of the existing supply of physical 
goods that are used in the production process at a given point in time and 
includes such things as buildings, machinery, equipment and inventory. Since 
it is a difficult variable to measure, not only provincially but at the national 
level, industrial electricity consumption is used as a proxy for the capital stock-
the same proxy that Lau et al (1993) have chosen for Brazil. Industrial 
electricity consumption excludes commercial, residential and service sector 
electricity consumption. As mentioned in their article, this proxy has the 
advantage of being a 'flow' and, therefore, an approximation of the rate of 
utilization of capital. The provincial electricity consumption data was obtained 
from the publications of TEK (Turkish Electricity Authority). However, 
industrial electricity consumption proves to be an inadequate proxy for the rate 
of utilization of capital especially when looking at the total capital stock of each 
province. For some provinces and some sectors of the economy, particularly 
agriculture, electricity consumption is very low and, in some cases, zero. This 
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implies that the rate of utilization of physical capital for those provinces and for 
those sectors is zero or close to zero; this is implausible given, for example, that 
for some of those provinces in which agricultural electricity consumption is 
zero, the agricultural value-added (in real terms) makes up a significant portion 
of those provinces' gross provincial products. Because of this problem, the 
focus of this study had to be narrowed to the industrial sector. 

Labor: 

In this study, the labor force is defined as the economically active 
population twelve years of age and older; this includes the employed labor force 
and unemployed job seekers. Again, since the 'rate of utilization' of the labor 
force is important in production, 'employed labor' is used rather than the full 
labor force. The data for each province is taken from the 1980, 1985 and 1990 
population censuses published by the SIS. 

Human capital (education): 

There are several ways of calculating the human capital variable, each 
having its particular set of advantages and disadvantages.4 In this study, the 
average years of formal education completed by the employed population has 
been chosen as the proxy for human capital. Unfortunately, the census 
information only includes the level of formal education completed by each 
employed worker; it omits information about the actual number of years of 
formal education received by non-graduates at each level who may be drop-outs 
or whose education may be in progress. Therefore, the measured average years 
of education variable may underestimate of the actual value. The average years 
of formal education received is estimated from the following formula 
(Psacharopoulos and Arriagada, 1986), 

average years of schooling = E YRjHS; 

where j represents the level of schooling, YRj is the number of years of 
schooling corresponding to each level, and HSf is the portion of the labor force 
that has achieved the level of schooling represented by j . Table 1 shows the 
categories of schooling and the years of formal education associated with each 
category. The first category 'no formal education' is approximated by the 
number of illiterate persons in the labor force. Those who have had 'some 
formal education' are assumed to have completed, on average, the first two 

4 See Nehru et al. (1993) for a comprehensive discussion of the sources and methodology 
of the various proxies for the human capital stock. 
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Table 1 
Schooling Levels and the Number of Years of Completed Formal 

Education Associated with Each Level 

j = Level of Schooling YRj 

No Formal Education 0 
Some Formal Education 2 
Primary School 5 
Junior High School 8 
High School 11 
Higher Education 15 

years of primary school. The number of persons in this category are taken from 
the Titerate without diploma' classification used in the censuses. 

Time: 
A trend term is included in the undifferenced model as a proxy for 

technological advance. There are five-year intervals between time periods. The 
time variable takes on the values 0, 1, and 2 for the years 1980, 1985, and 1990 
respectively. 

4. Estimation results 
4.1. Estimation results for the LJLR model 

In this section, the results for the first-differenced model are presented.5 In 
section 2, it was assumed that the rate of technical progress -given by the term 
ci(*- differed across provinces. Second-differencing equation (2.6) eliminated 
this unobservable or unmeasured term. In the first differenced version of the 
model, the unobservable provincial-specific rate of technical progress remains, 
and so, it is assumed to be the same (c*) for all provinces. A stochastic 

Although three observations across time were available for each variable, the second-
differenced model yielded poor results. The signs of the raw labor and human capital 
variables were opposite of their cxpcctcd direction. The adjusted R2 was negative and 
none of the regressors were significant; moreover, the F statistic indicated that the model 
was not significant overall. The sccond-diffcrcnced regression model appeared to have 
no explanatory power. 
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disturbance term eit is introduced into equation (2.7) and the following 
assumptions are made: 

1. E(e,) = 0 ; 
2. Var-Cov(e,7) = a 2 \ n T ; the stochastic error terms are homoskedastic, and 

are uncorrelated across provinces. Nevertheless, all regression results are based 
on heteroskedasticity-consistent estimators.6 

The assumption of no autocorrelation in the first-differenced model implies 
that any stochastic shock will have permanent effects, shifting the production 
function permanently until a new disturbance occurs. This assumption is 
believed to be a reasonable one since the interval between time periods is five 
years; the effect of a shock occurring, for example, in 1980 will likely to have 
abated by 1985. 

3. The capital, labor and average education variables are assumed to be 
uncorrelated with the disturbance terms. The unobservable augmentation factors 
Aj which contain province-specific characteristics have been differenced out of 
the meta-production function. As a result, the stochastic disturbance terms are 
less likely to contain province-specific elements that may be correlated with the 
inputs. 

4. The inputs are exogenous; although they affect output, they are assumed 
to be unaffected by changes in the level of output. This assumption may not 
hold if the 'employed labor force' variable is correlated with the level of 
production. For example, a slowdown of the economy (due to falling demand) 
will reduce production and may lead to increased unemployment and a fall in 
the stock of 'employed labor'. However, the endogeneity problem may also 
exist when the full labor force is used (during an economic slowdown, 
frustrated job-seekers may decide to drop out of the labor force because they 
cannot find jobs). Another source of endogeneity that may be more serious is 
the possibility of inter-provincial migration; workers and their families may 
migrate to richer provinces in search of better economic conditions and greater 
job opportunities. Over the years (and in the period in of our study 1980-1990) 
the economically prosperous cities in Turkey have seen an influx of workers 
and their families from the Southeastern Anatolia and Eastern Anatolia regions, 
the poorest regions of Turkey. More recently, with the completion of certain 

Heteroskcdasticity-consistent estimates of the OLS variancc-covariancc matrix arc used 
whenever hctcroskedasticity is suspected but its exact form is unknown. When this is 
the case the data cannot be tranformcd in order to eliminate the suspected 
hctcroskedasticity. See White (1980). 


