
CHAPTER 5

METHODOLOGY OF THE STUDY

This study will explore the labor productivity and the effect of public 
capital and private capital to labor productivity. The partial labor productivity 
is used to evaluate the labor productivity. Although, TFP evaluation is 
occasionally used to determine the growth of labor productivity, it is not aimed 
to evaluate the actual labor productivity.

The best functional form of production function is the key point to 
estimate the effect of public and private capital to labor productivity since it 
will identify the most accurate characteristic to produce each sector. Thus, it 
helps to clarify the exact roles and benefit to the effective policy implication.

In order to seek the best functional form of production function, the 
human capital with catch-up technology and the technical progress are 
augmented to the function in the study. The various functional form is also 
considered. Although, there are many functional forms of production function 
such as the Transcendental Logarithmic Production Function (Translog 
Production Function), and Variable Elasticity of Substitution Funciton (VES 
Production Function). Only 2 types of production function are selected because 
they are universally used, have no cross term between variables, which helps to 
signify the effect of public and private capital to labor productivity clearly. 
Those 2 functional forms are the Cobb-Douglas Production Function, and the 
Constant Elasticity of Substitution Production Function.

There is an empirical study by Kraipomsak (2000) who estimated 
production function by different functions. With the question that whether a 
traditional method with the most effective use of output behavior, the dual 
function production function via cost function, and the production function 
with the inefficient mix of output bring the same result of estimations by using 
Thai’s data. He found that the 3 estimated production functions seem to give 
quite the same result. Then, the assumption that maximize the effectiveness of 
input will be allowed in this research.
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The methodology and procedure of the study will be clearified in this 
chapter.

5.1 The Model

The production function is given below:

Y — F (A (H ), L, K, G ,(L a n d ),D crisi5)  (5-1)

Where, A (H ) ะะะ the state of technical knowledge utilized by 
human capital in the production process 
(describe in the equation (5-2))

L the unit of labor, the amount of employed 
person in each sector ( 1,000 persons)

K = the net private capital stock (Million Baht)
G the net public capital stock (Million Baht)
L a n d — the unit of planted area(only in agricultural 

sector) (Rai)
D c r is is - the dummy of economic crisis in 1997

Due to the difference in production, the estimation will be classified into 
3 sectors: agriculture, industry and service.

“Land” is added variable into the analysis of agricultural sector as an 
argument about its necessity in agricultural sector during the period of low 
technology, and extensive cultivation.

Dcrisis represents the dummy of economic crisis in 1997. Given the prior 
year of 1998 as zero,and the later year as one, the impact of economic crisis 
will express in the estimation.

In order to find the most appropriate production funcition, which 
concerns greatly to the conclusion for the policy implication, the human capital 
as the catch-up approach, and the technical approach is taken into account as in 
section 5.1.1 and 5.1.2.
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5.1.1 Human Capital with the Catch-up Technology

Human capital is considered as the source of technology progress 
through the assumption that the human capital affected the production by 
technology innovation and technical adaptation. The technology innovation 
tends to gradually transfer across the country depending on which country is 
the inventor; then, the human with the ability to adapt carries on the technology 
advance in the produce process. This รณdy uses the catch-up approach as 
Benhabib and Spiegel, Nelson and Phelps and, Bernard and Charles’s studies 
(mentioned in section 3.2.2.3). The equation is similar to Benhabib and 
Spiegel’s (equation (3-14)) but the income of Japan and Thailand is utilized as 
the proxies.

= (5-2)11h

Where g(H )

c ( H )

Y j a p

Y,11

The growth rate of human capital, which is proxied 
by the growth rate of people who graduate upper 
secondary, vocational and technical, teacher 
training, academic and higher technical education 
The level of Human capital, which is the number of 
educated people of g(H )
The income of the leading country, Japan, as the 
proxies of technological change, which is Gross 
Domestic Product at 1988 price 
The income of Thailand, which is Gross 
Domestic Product at 1988 price

The leading country in this study is Japan, due to the major foreign 
direct investment into Thailand with the higher technology.

5.1.2 Technological Progress

In this study, the functional augmenting of Hick, Harrod, and Solow will 
be tested based on assumption that the technology is adopted and used by
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human beings. The objective to test the 3 different methods is due to searching 
for the most appropriate model to get rid of the problem of wrong form in the 
technology progress.

Why only 3 functional forms are chosen from 10 channels'. The reasons 
are:

- the empirical study of M. Beckman and R. Sato(1969), testing the 
various definitions of neutrality in the United States, Japan, and 
Germany, found that each country could be charecterized by different 
types of technical progress.

- Hicks. Harrod and Solow focuses on various aspects of techical 
approach. Hick emphasized on the increase value of the level of output 
at the constant number, Harrod underlined on the technological change 
on labor, and Solow stressed on the technological change on capital.

- As can be seen in the Table 5, the traditional types of Hicks, Harrod, and 
Solow neutrality are at least as good as the unconventional types of 
neutrality.

Table 5 Value of R2 and their ranks in various technical approach of log-linear 
regressions for the United states, Japan and Germany.

Type The Uniited States Japan Germany
R2 Rank R2 Rank R2 Rank

Hicks 0.831 4 0.785 2 0.708 4
Harrod 0.933 2 0.855 1 0.422 7
Solow 0.944 1 0.758 3 0.980 1
Labor-combining 0.897 3 0.021 8 0.770 3
Capital-combining 0.818 5 0.039 7 0.272 9
Labor-decreasing 0.466 8 0.755 4 0.692 5
Capital-decreasing 0.702 7 0.001 9 0.653 6
Labor-additive 0.411 9 0.633 5 0.347 8
Capital-additive 0.779 6 0.473 6 0.950 2
Source: Beckman and Sato(1969:95)

1 All 10 technical approaches is shown in the subject 3.2.2.2, Technological Progress



50

Therefore, Those 3 technical neutralities, Hick, Harrod, and Solow, are 
selected and will be utilized in this study.

To cover the general idea of those 3 technological progresses, Barro and 
Sala-I-Martin (1995: 33) mentioned in his book that:

Hicks indicates that a technological innovation is neutral if the ratio of 
marginal products remains unchanged for a given capital/labor ratio. This 
propery corresponds to a renumbering of the isoquents, so Hicks-neutral 
production function can be (3-15).

Harrod defines an innovation as neutral if the relative input shares 
remain unchanged for a given capital/output ratio. It is so called labor- 
augmenting technological progress because it raises output in the same way as 
an increase in the stock of labor. It can be shown as (3-18).

Finally, Solow defines an innovation as neutral if the relative input share 
remain unchanged for a given labor/output ratio. It is so called capital- 
augmenting because a technological improvement increases production in the 
same way as an increase in the stock of capital and shown in equation (3-20).

5.2 The Methodology

In order to answer the objectives of this study, the methodology might 
be classified into 2 major means: calculate labor productivity by mathematic 
approach, and estimate the effect of public and private capital to the labor 
productivity through production function by the econometric and mathematic 
approach.

5.2.1 Calculation Labor Productivity

To estimate the value of labor productivity of Thailand during 1970- 
2002, the formula of labor productivity as (3-2) is applied. 4 series of data, 
which are agricultural sector, industrial sector, service sector and whole 
economy, are used to calculate. The definition of each variable are obviously 
explained in section 1.4.
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Labor Productivity =
Q =
L

Q/L (3-2)
the value of GDP of each sector at 1988 price 
the amount of employed persons in each sector.

The growth rate of labor productivity is also calculated as the 
instantaneous(at the point of time) rate of growth and compound rate of 
growth. To find out the growth rate, the well-known compound interest 
formula is applied; therefore the the following formula is used to calculate.

LJPit =  L _ p i0 ( l+ r ) ' (5-3)

Where, LJPit =  
L _ p  i0 =

r

labor producitivity of sector / at time t 
The initiate value of the labor productivity in this 
study (i.e.the value of labor producitivity in 1970) 
agricultural sector, industrial sector, service sector 
and whole economy.
the compound (i.e. over time) rate of growth of 
labor productivity.

Taken the natural logarithm of above equation, the following equation is 
written as:

In L P j,= InL Pjf) + t  [ท(1+rJ (5-4)

Now letting
Pi = lnL_Pj0 (5-5)
p2 = ln ( l+ r ) (5-6)

Thus,
In L P  11= P i+  fa t (5-7)

Adding the disturbance term to (5-7) for the reason 
interest formula will not hold exactly, we obtain

that the compound

In L _ p  11= P l+  P 2t + Ul (5-8)
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This characteristic of (5-8) is called semilog model because only one 
variable appears in the logarithmic form. It is so called a log-lin model as the 
regressand is logarithmic. The parameters p  1 and p 2 are linear.

In the (5-8), the slope coefficient measures the constant proportional or 
relative change in Y for a given absolute change in the value of the regressor 
(or /), this is,

p 2 = relative change in labor productivity (5-9)
absolute change in time

Multiplied by 100, p 2 gives the percentage change or the growth rate in 
the labor productivity which is the instantaneous rate of growth or the growth 
at a point of time.

In order to calculate the compound rate of growth, it can be easily found 
by antilog p 2, and then subtract 1 from it and multiply by 100. The yielded 
value is the growth rate over the period of time

Therefore, those estimated figures as well as the percentage increase in 
labor productivity and the GDP and labor share will be calculated and 
analyzed.

5.2.2 Investigation of the Impact of Public and Private Capital to
Labor Productivity

In order to investigate the impact of public capital to labor productivity 
and compare the role between public and private capital, the best fit of 
functional form of production function is the key factor to clearify the precise 
roles of public and private capital and enhance the effective policy implication.

Besides the public capital, private capital and labor, the human capital 
with catch-up technology and the technical progress are augmented to the 
function in the study. Two types of production function, Cobb-Douglas 
Production Function, and Constant Elasticity of Substitution Production 
Function, are chosen because they are universally used and have no cross term 
between independent variables, which facilitates to signify the effect of public 
and private capital to labor productivity clearly.
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The models in Table 6 and Table 7 will be run and tested whether public 
capital and private captital are significant by using three different forms in 
various technical approach of Hicks, Harrod, and Solow augmenting using the 
data of Thailand, classified by sector. Moreover, the Hicks neutrality will be 
added 2 more functional form: Hicks neutrality without A (H ) or the traditional 
style of economic approach, and Hicks neutrality which human capital with 
catch-up technology works as a factor of production.

The dummy variable to capture the unusual fluctuation of crisis during 
1998-1999 will be added in the equations. The number of planted area will also 
be the additional factor to estimate in the agricultural sector.

The following chart describes the procedure of seeking for the fit model. 
The data which are collected will firstly be investigate the time trend and check 
for their stationary property. Then, they are estimated in the various forms and 
test coefficient by the Wald test to find the acceptable technical approach. 
Finally, the test whether the elasticity of substitution equals to one by the Wald 
test is brought to select the type of production function between Cobb-Douglas 
and CES Production Function.

Not only will the above 2 testings about coefficient and elasticity of 
substitution be done, but the major statistics will also be used to determine the 
estimation, which are t-statistic, Adjusted R Square(Adj R2), Akaike 
Information Criterion(AIC), Schwarz Criterion(SC), and the F-statistics. They 
are practiced in order to indicate the best fit model and compare among 
estimations.

The t-statistic is computed by the ratio of an estimated coefficient to its 
standard error, it is used to test the hypothesis that a coefficient is equal to zero. 
This probability computation is also interested as the value that indicate the 
probability of that coefficient with t-statistic.

The Adjusted R-squared statistic measures the goodness of fit of the 
regression. In standard settings, may be interpreted as the fraction of the 
variance of the dependent variable explained by the independent variables. The 
statistic will equal one if the regression fits perfectly, and zero if it fits no better 
than the simple mean of the dependent variable. For poorly fitting models, it 
may be negative.
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The Akaike Information Criterion (AIC), and Schwarz Criterion (SC) 
are used to provide a measure of information that strikes a balance between this 
measure of goodness of fit and parsimonious specification of the model.

The AIC is often used in model selection for non-nested altematives- 
smaller values of the AIC are preferred. Whereas, the s c  is an alternative to the 
AIC that imposes a larger penalty for additional coefficients.

Finally, The F-statistic reported in the regression output is from a test of 
the hypothesis that of the slope coefficients (excluding the constant, or 
intercept) in a regression are zero. The /7-value of the F-statistic is also 
performed, denoted Prob(F-statistic) or the marginal significance level of the F- 
est. If the p-value is less than the significance level, it can decisively reject the 
null hypothesis that all slope coefficients are equal to zero. Note that the F- 
statistic is a joint test so that even if all the t-statistics are insignificant, the F- 
statistic can be highly significant.

Then, divided by labor, the selected equations will show the relation 
between labor productivity and public capital and private capital. The 
coefficients, as well as other statistic values, will identify the value of effect of 
public capital and private capital to the labor productivity. The advantage of fit 
functional form derived from the procedure will benefit the intense analysis 
and policy implication.

To summarize the analytical procedure, the framework are demonstrated 
as the following chart.
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Chart 1: Framework of seeking for the fit production model to estimate

the roles of public and private capital to labor productivity

5a
Analyze whether each data 
series are embodied by the 
time-series problems

Detrended each 
variable/ check 

stationary

1. Estimate Cobb-Douglas 
Production Function in each sector 
and test coefficient by the Wald test

1. Estimate CES Production Function 
in each sector and test coefficient by 

Wald test and the properties of CES
and estimated

sap- -

Choose the best model to analyze the labor productivity through
production function

Hence, there are 10 main models in this study: 5 technical approach and 
2 type of production function. As we categorized the data into 3 sectors, and 
whole economy, 40 production functions are estimated. Thus, the main model
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should be acknowledged in order to perceptionally carry on in the empirical 
chapter.

5.2.2.1 Cobb- Douglas Production Function

Five various technical approach which are Hicks neutrality with human 
capital and catch-up technology as a factor of production, Hicks neutrality 
without A(H), Hicks, Harrod, and Solow augmenting using the data of 
Thailand will be estimated as section 5.2.2.1.1-5.2.2.1.5

5.2.2.1.1 Cobb-Douglas Production Function: Hicks 
Neutrality with Human Capital and Catch-up Technology as a Factor of 
Production.

Since the Hicks technical progress is neutrity, the production function 
with 4 factors of production is performed below. The definitions of variables 
are described in (5-1) and section 1.4.

Y = f\r(t)A (H ),r(t)K ,r(i)G ,rm ](5-10)

y(t) is an efficiency factor, which effect every factors of production. It 
does not alter the price proportion of factor of production. One of its properties 
is as equation (5-11).

dA (H ) _  dK _ dG dL_ _ 0 (5-11)
dt dt = dt = dt

It can be written in the Cobb-Douglas production function as the 
following function.

r = c [K O -4 ( t f ) ]A,“ T ( ' ฬ ' 4 [ r ( ' ) c f [ r t O i f e ,  (5-12)

A (H ),K , G  and L are the factor inputs, c  is the value of y  at time t= 0 , and 
ร, is a genuinely random distribance reflecting such factor as strikes, flood, 
terrorism, and etc.

The technical progress in Hicks definition is
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d  y  *  1 _  „
ir  r  = F

(5-13)
The F  measures the proportionate change in output per time period 

when input levels are held constant. It is therefore the proportionate change in 
output that occurs because of technical progress.

Thus; y  (/ ) = e F' (5-14)

Y = c \  f,A {H )\Pk |e f,k ]Pk |e FlG f  ^ f,i] Pl £1 (5-15)

Where c = constant term2

Transform (5-15)

Y  =  c e  Ft A  ( H  ) p AUH) K  pK G  Po L Pl £1 (5-16)

Adding the dummy variable of economic crisis since 1997 into (5-16) 
and transforming to double log form.

InY - c  + F t + PA(H) 1 nA{H) + pK 1ท/โ + PGInG + PLlnl + tD crisis +e,(5-17)

The crisis dummy is estimated by given the earlier year of 1997 equals 
to 0; otherwise is 1. Thus, this dummy term will signify its value by its 
coefficient. Then, we will find the role of public capital and private capital to 
labor productivity by below equation .

\n(Y/L) = c + F t+ p A(H)\nA(H ) + p K\n K +  p GL n G + (P L - l ) \n L + rDcm„+£,(5-18)

2 To make estimated equations more flexible,the study includes an intercept term in the 
equations; generally, these may reflect other factors not included in the specification. If the 
constant really should not exist the estimation may still lead to a zero or insignificant near 
zero value. However, if this coefficient is quite large, it may imply the obmitted variable o f  
the functional form. In this study, the constant term is quite important especially while 
comparing the overall estimated result o f  equations to select the best equation among the 
technical approaches.
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For the agicultural sector, the number of planted area is added as an 
input factor in the model (5-17) and (5-18).

5.2.2.1.2 Cobb-Douglas Production Function: Hicks 
Neutrality Without A(H)

Similar to others Hicks production function, the following model is
shown.

Y  =  f \ y ( t ) K , y ( t ) G , r ( t ) L ]  (5-19)
y(t) is an efficiency factor works similar to (5-10). The property of Hicks 

neutrality without A (H ) is:

d- ^ - = ^ -  = 4 L  = 0 (5-20)

It can be written in the Cobb-Douglas production function as the 
following function.

Y  = c \ y ( . t ) t c Y ‘b '(O G ]'T (f )£ ] ft «, (5-21)

K, G  and L  are the factor inputs, c is the value of y at time t=0, and £, is 
now a genuinely random distribance.

As the technical progress in Hicks definition is as (5-13). The F  
measures the proportionate change in output per time period when input levels 
are held constant. It is therefore the proportionate change in output that occurs 
because of technical progress. We will gain (5-22)

Y = c \e F,K f ^ F,G f ^ F,L f e t (5-22)
Where c = constant term

Y  = c e  Fl K  P k g  P a  L P l  e , (5-23)
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Adding the dummy variable o f  economic crisis in 1997 and
transforming to log- linear form.

InY = c  -F t +  PK lnAT -I-PG InG + PL InL tD c r i s i s  +£, (5-24)

Then, we will estimate the role of public capital and private capital to 
labor productivity by below equation .

\n (Y /L )= c+ F t+ P ic \n K +  p GL n G + (P L -J )\n L +  tD crisis +£, (5-25)

5.2.2.1.3 Cobb-Douglas Production Function: Hicks
Neutrality

The production function of Hicks technical approach is shown in (5-26)

Y  =  f \ y ( t ) K , r ( t ) G , r ( t ) L \  (5-26)

Similar to (5-10) ,y(t) is an efficiency factor that effects both factors of 
production. It can be written in the Cobb-Douglas production function similar 
to (5-23). The technical progress in Hicks definition is as same as (5-13).

Since the definition of growth rate of technology captures the concept of 
growth and time by catch-up proxy as shown in (5-2); thus, in this รณdy the 
time ( t p  is not required. The growth rate of technology is replaced instead of /  
to define the proportionate change in output per time period.

Thus; A ( H  ) = e F‘ (5-27)

Y = c [ A ( H ) K  Y k [a ( H ) G f ù p ( H )}l ]Pl £1 (5-28)
Where c = constant term

Consequently, the Cobb-Douglas production function in Hick approach 
appears as below.

3 It is not require to be considered as the technical approach moving by time, but each variable 
must be checked whether time trend embodies in the variable.
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Y  = cA  ( H ) l p * +f i a + f i L)K P K G P a L 0L ร, (5-29)

It should be noted that the traditional analysis of most economists is 
given P k +P g +P l =1. The dummy variable of economic crisis in 1997 is added. 
Then, transforming (5-30) it into log- linear form.

ln Y = c + (p K+ p G+ p l) ln A (H )+ p KL n K + p GL n G + p L ln L +  TDcrisis+  £,(5-30)

Then, The following equation shows the role of public capital and 
private capital to labor productivity.

ln (Y /L ) = c + (Pk + P g + P O IhA  (H )+ p Kln K + P c ln G + (p i- l) ln L  + tZ W + ef(5-31)

5.2.2.1.4 Cobb-Douglas Production Function: Harrod
Neutrality

The production function in the Harrod approach is

Y  = f [ K , G , e ( t ) L ]  (5-32)

£ (t) is an efficiency factor in the Harrod approach, depending on time 
and effect only Labor. As £ (t) increases twice, the labor is as same as 2 time 
used. It can be written in the Cobb-Douglas Production Function as

Y  =  c K  pK G  Pc [ ร ( t ) L f L (5-33)

Assume that an efficiency factor constantly increases.

4 ^ * 1 =  h dt  £ (5-34)

Where h is an increase rate of labor efficiency due to technical progress, 
we will gain. Since the definition of growth rate of technology captures the 
concept of growth and time by catch-up proxy; thus, it is substituted by A (H ).
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À ( H )  = e hl (5-35)

Y = c K  Pk g  Po [ A ( H ) L ] Pl £, (5-36)

Y  = cA ( H ) P l K P k G P g L P l ร1 (5-37)

Adding dummy of crisis 1997 and transforming into log linear 
functional form, we will gain:

lnY=c+PicLnK+ PcjLnG+Pi ln(A(H )*L) + rD crisis +  E, (5-38)

Then, the following model will be estimated to find the role of public 
capital and private capital to labor productivity.

lnY/L= c+ pKLnK+ PcLnG + Pi InA (H )+(pL-l)ln L + xD crisis+ £,(5-39)

5.2.2.1.5 Cobb-Douglas Production Function: Solovv
Neutrality

The technical progress of Solow approach points on the effect through 
capital. Since the public capital and private capital are both concerned in this
study; therefore, the functional form is as (5-40)

Y = f [ 8 ( t ) ( K , G ) , L ]  (5-40)

The 0  (t) is an efficiency factor in the Solow approach depends on time 
and effect only capital. It can be written in the Cobb-Douglas production 
function as:

Y  = c [ 6 { t ) K ] PK [ d ( t ) G ] pG L P l (5-41)

Not different to Harrod approach, the assumption that an efficiency 
factor constantly increases is made.
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i l L *
dt

1—  -  m
e (5-42)

Where m  is an increase rate of capital efficiency due to technical 
progress. Because human capital definition covers the concept of growth and 
time by catch-up proxy as shown in equation (5-2), the time (t) is left. The 
technical progress of Solow neutrality is replaced by A (H ). Thus, the following 
equation shows Cobb-Douglas with Solow neutrality in this study is:

Y  =  c [ A ( H  )K[(H ) G  Y g L f ‘  (5-43)

Y = cA ( H  ) ( P k + P g ) K  P k G  Po L P l +£1 (5-44)
Thus,

InT = c + (p K+ p G)\n A (H )+ p Kïn K + p G\n G + p L\n L +  โD crisis+ e, (5-45)

The role of private capital and private capital to labor productivity is 
investigated by the following equation.

\n(Y/L) = c + ( /3 ^ G ) \n A  (H) + p K\ทK + p G\n G + (p L-1 )lnL +  TDcrisis+£1 (5-46)

5.2.2.1.6 The Coefficient Test ะ Choose the Technological 
Progress of Cobb-Douglas Production Function

First of all, it must be remarked that A (H ) embodies in section 5.2.2.1.1-
5.2.2.1.5 can be classified into 2 parts. The first part is to investigate the 
existence as a factor of production in the function. Whereas the second part 
helps to identify the technological progress.

The first part is to test the coefficient of A (H ) or p A(H) of (5-17) whether 
it rejects the null hypothesis of p A(H) equals to zero by the Wald test. If it can 
not reject the null hypothesis, it is possible to be the Hicks neutrality with A (H ) 
as a factor. Then, it will be carried on the result according to the second part. 
The estimations of Hicks without A (H ), which is the traditional style of 
economist’s analysis, will also benefit to indicate its fit comparing to other 
approaches by their yield estimated statistic. Being note that the dummy of 
economic crisis shall not be neglected.
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The Wald test is brought to select the technological approach in each 
sector by taking the test whether p A(H) in equation (5-47) equals to 
P K + P g + P l > Pl and Pk + P g which implies to be the Hicks neutrality, Harrod 
neutrality, and Solow neutrality sequently.

\n Y = c + p A(H)A (H) + p Kln K + p GL n G + p L\n L +  tD c ris is  +£, (5-47)

As the p A(H) is not reject to equal to P K+PG+PL of equation (5-30), it 
implies to the acceptable assumption as the Hicks neutrality. Similarly, if it 
equals to Pi  and Pk + Pc  of (5-39) and (5-45) respectively, it implies to be the 
Harrod and Solow neutrality.

Besides the coefficient test, every equation will be estimated and 
considered each variable and statistic compared to others. In case that each 
sector accepts more than one technological progress, the left equations will be 
taken into deep consideration in each variables and the statistics yielded from 
estimation with the results of CES.

It should be remarked that la n d  will be added as an input factor in the 
estimations of the agricultural sector.

To summarize, the following table shows the estimated hypotheses and 
estimations used in coefficient test.

In Y = c + F t + p A (H y i  ( H )  + p K \ n K + p G L n G + P i \ n L + T D criSiS + £ ,  (5-17)
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T a b le  6  T he h yp oth esis testin g  o f  co e ffic ien t test o f  C ob b -D ou g las Production  
Function  in various tech n olog ica l approaches

T e c h o n o lo g ic a l
A p p ro a ch

T e st
c o e ffic ie n t
o iA (H )o r

p A (H )

T h e  e s tim a tio n

M ain  estim ation: InY=c+Ft+/3A(H)A(H) +/3KlnK+/3GLnG +fiLlnL +zD crisis+£t (5 -1 7 )
H ic k s  n eu tr a lity

Y  =  A(H) F(K ,G ,L) 
w ith  A (H )  a s a 

fa c to r

๒Y = c + F t+ p A(H)A (H) + p K]nK+f]GLnG  
+fi[lnL+zD c r i s i s +et (5 -1 7 )

H ic k s  n eu tr a lity  
W ithout A (H ) 
Y = F (K ,G ,L )

P a (H) = 0 \nY=c+Ft+Pf(\nK+/]GLnG+^i\nL 
+ r D C r i s i s + £ t  (5 -2 4 )

M ain  estim ation: InY = c+ P  a (h A (H )+PA nK +PG^nG+pL\nL +zD criร  jS+£1 (5 -4 8 )
H ic k s  n eu tr a lity  

Y  =  A (H ) F (K ,G ,L)
P a (H )= B k  

+ P g +  Pl
\n Y = c+ (pK+/3G+ p1)  A(H)+/3K\n K + pGLnG  

+ P i\n L + z D c r i s i s + E ,  (5 -3 0 )
H a r ro d  n eu tr a lity
Y  =  F(K,GyA(F[)L)

P a (H )= P l \nY=c+/3 1} ทA (H)+fiKln K + pGLnG +fiLlnL 
+zD crisis+£1 (5 -3 8 )

S o lo w  n eu tr a lity
Y  =  F (A K A (H )G ,L )

P a (H )= B k + P g In Y = c+ (Pk+Pg)  InA (H) + p K\n K + pG\nG  
+j3L\nL+zD crisis+£t (5 -4 5 )

5 .2 .2 .2  C o n sta n t E la st ic ity  o f  S u b stitu tio n  P r o d u c tio n  F u n ctio n

T he C ES Production Function  represents the production  function  with  
an u n sp ecified  constant elastic ity  o f  substitution, the other assum ptions are 
sim ilar to  C ob b -D ou g las Production Function. T he general form  o f  CES  
Production F unction  is as b elow .

Y = บ(รKK - p +  ร0G~p +  (1 -  รK -  ร0 )L ‘°) <p) (5 -4 8 )
W here V  =  Return to sca le  param eter 

บ  =  T he sca le  o f  operation
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P  = The substitution parameter it is the determ inant o f  
the va lu e  o f  the constant e la stic ity  o f  substitution

ร  = T he distribution param eters, th e relative factor
shares in the product 

VW hen, P  = c r - x  (5 -49)
cr The elastic ity  o f  substitution

The results o f  the 3 d ifferen ce technical augm entations w ill be estim ated  
as fo llo w in g  equations.

5 .2 .2 .2 .1  C E S  P r o d u c tio n  F u n ction : H ick s N e u tr a lity  w ith  H u m an  
C a p ita l an d  C a tch -u p  T e ch n o lo g y  as a F a cto r  o f  P r o d u c tio n .

T he production function w ith  catch-up tech n o lo gy  as a factor o f  H icks 
techn ical progress in C ES production function is sh ow n  b e lo w . The defin itions  
o f  variables are exp lained  in (5 -1 ) and section  1.4.

r  = f \ r ( t ) A ( H ) , r ( i ) K , r ( t ) G , r ( t ) L ]  (5 -5 0 )

R eplace A(H) w ith  catch up tech n ology  instead o f  H ick  neutrality Y (if). 
Thus, C ES production function in H ick  neutrality is

Y  =  v (S A(H1A(H)-p + ôkK p + S cG ” +  ( l-S K-ôc)Lrp)  *> (5 -51 )

The dum m y o f  econ om ic crisis in 1997 is includ ed  by denote it as zero  
in the year earlier 1997, otherw ise is one. Thus, the e ffe c t  o f  crisis w ill be 
sh ow n  w hen  w e estim ate the fo llo w in g  estim ation.

Y  =  v (S m 1A(H)-p+ 6KK p+ ôcG-p+ (l-S m S r 3c!)L-p)  -**> e ,a;™“£,(5 -5 2 )

To estim ate the roles o f  public and private capital to the labor 
productivity, the b elo w  m odel is used.

Y/L=v( ÔA(H)A(H)~P +  ôkK p +  ôcG p + (l-ô A(HrôfrSG)L-p)  ̂ ^ - 'e zDcnsis £1 (5-53)
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T o generate the m ost appropriate and p recise  m odel, the direct and 
pow erfu l functional form as linear one should be estim ated  due to  its easin ess, 
and accuracy to  u se as the econ om ics too ls. Furtherm ore, it is the tool for 
co effic ien t test in order to  seek  the fit tech n ologica l progress. The C ES  
functional form  is transform ed into linear by T aylor’s S eries E xpansion.

First o f  all, w e  assu m e the equation in the parentheses o f  the CES  
production function  (5 -5 4 ) as z ip ), w h ich  is:

T aylor’s Series E xpansion , a pow er series and a p olyn om ia l o f  infinite  
degree, is used  to  sim p lify  C E S. M any operations on p o lyn om ia ls are a lso  
legitim ate for T aylor’s series, provided the restricted attention to values i f  X 
w ith in  as appropriate interval. For exam ple, a T aylor series expansion  o f  f(x) 
m ay be differentiated  the series term by term to obtain the Taylor series 
exp ansion  o f  f \ x )  . A n  analogue results hold for antiderivatives. Other
p erm issib le operations that produce T aylor series include m ultip lying a Taylor  
series expansion  by a constant or p ow er o f  X, replacing X by a pow er o f  X or by  
a constant tim es a p ow er o f  X, and adding or subtracting tw o  Taylor series 
exp ansion s. T he use o f  such  operation often  m akes it p ossib le  to find the 
T aylor series o f  a function w ith out directly using the form al defin ition  o f  a 
T aylor series.

The ab ove entire equation is called  the Taylor series expansion  o f f(x) at 
x = 0 . The T aylor series are applied  to calculate the non-linear functional form o f  
C ES at the third p ow er o f  X w here assum e that the later p ow er is only an tiny  
value or approach to zero.

Z(p) =  ôA(H)A(H)-p+ôKK p +  ôgG p +  ( l-ô A(H)-ô,rÔG)L-p (5 -5 4 )

(5 -55 )

f  i p )  =  log Z  i p ) (5 -56 )

(5 -57)
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Z \ p ) Z { p ) - Z \ p ) Z \ p )  
Z (P )2

z \ p )  ( z \ p ) ไ2

Z (/7) น  (À) (5-58)

T he T aylor series is:
H P )  = 1ท  0 )  +  ^ ' < 0 )  +  £ l * ’ ( 0 )  +  ...

.  lo g z  (0) Z ( 0 )  2  Z ( 0 )  1 ,Z (0 )

(5 -5 9 )

(5 -6 0 )

=  -p(ôA(H)logA(H)+ôKlogK+ ÔclogG
+  (1-ÔA(พ ุ- ÔK-ôcHogL) + (p2/2)[(Sm lo g2A(H)
+à i jo g 2 K+ôrJog2 G + (I -d A{Hl-ôK-ôc,)log2L) 
-(ôA(H,togA(H) + tirlogK  + ÔclogG  
+ ( l-S m -ÔK-ôa)logL)2]  (5 -6 1 )

S im p lifiled  the functional form  by taking log  o f  equation  (5 -6 1 )

Thus, log(Y) = c -  v(v/p)logz(p) (5 -6 2 )
W here c =  constant term

log(Y) = c - v  (v/p){-p(ôA(H)logA(H)+ôKlo gK +  ôc logG
+  ( l-ô A(Hr ôK-ôG)logL) + (p2/2)[(ôA(H)log2A (H) +ôiclog2K  
+ ôGlog2G + (l-ô A(Hj-ôK-ôG)lo g 2L )-(  ôA(H)logA(H) + ôKlogK  
+  ÔclogG  +  ( l-ô A(HrôK-ôG)logL )2']} (5 -6 3 )

Transform ing into linear and adding dum m y o f  crisis and error term.
Thus, the m od el is expressed  b elow .

log(Y) =  c +  vvôA(H)logA(H) +  vvôKlogK +  vvôGlogG
+VV (l-S A(HrôK-ÔG)logL) -ü(vp/2) ÔA(H) ( l-ô A(Hj)log2A (H) 
+ V Ô f ( ( I - Ô k ) log2K +  V Ô G ( 1  - Ô q )  log2 g + V ( 1 -ÔA(H)-ÔK-ÔG)  
(ôA(H)+ÔK+ ôG)lo g 2L) + vvpôA(H) ÔK logA (H )*logK  
+ v vpôA(H) ôG logA(H )logG + vvpôA(H) ( 1 - Ô A ( H ) - Ô K - Ô 0 )  

logA(H) *logL+vvpôKôGlogK*logG  
+ vvpôK (l-ô A(H)-ôK-ôG)logK *logL  
+ vvpôG ( 1 - ô A ( H ) - Ô k - Ô q )  logG *logL+ r D c r i s ü + E ,  (5 -6 5 )
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A (H )
s .2 .2 .2 .2  C E S  P r o d u c tio n  F u n ction : H ic k s  N e u tr a lity  w ith o u t

H ick  approach w ithout A (น) is the universal, and traditional style  
u sed  in the econ om ic  study. It characterized by function  (5 -1 9 ). The w orking  
p rocess is as sam e procedure as 5 .2 .2 .1 .1  or 5 .2 .2 .1 .2 . T hus, C ES production  
function  in H ick  neutrality is

Y  = L { ร kK ~ p +  SgG~p +  SlL~ๆ - ' ' , p e1 (5 -6 6 )

The dum m y o f  econ om ic  crisis in 1997 is includ ed  in the fo llo w in g  
equation:

Y  =  บ[รkK  - p + ôg G - p +  8 Lu ๆ - ' ' ,1, e xDcrisis Et (5 -6 7 )

Thus, the roles o f  p u b lic  and private capital to  the labor productivity is 
calculated  by the fo llo w in g  m odel.

Y IL  =  บ[รkK  - p + รg G  - p + 8  lL~ ๆ - ' '" , L~x e 'Dcrisis£1 (5 -6 8 )

For the agricultural sector, the m odel w ill be as fo llo w .

y  =  บ[ร,1 K-<■  + ร CG+  6lV  +  ôu,1111 Land ( 5 . 6 9  )

T he estim ated m odel for agricultural sector is:

Y IL  =  บ[รk K  - p +  ร g G  -p +  ô LL-p + 8 LandLand - ๆ - 1' 7PL~' e rDcrisis (5 -7 0 )

T o generate the m ost appropriate and precise m od el, the CES functional 
form  is calculated  to linear by T aylor’s Series E xpansion. T he w orking process 
is sim ilar to (5 -5 4 )-(5 -6 0 ). First o f  all, w e  assum e the equation in the 
parentheses o f  the C ES production function as zip ), w h ich  is:

Z ip )  =  5 kK~p + 8 g G ~ p  + (1 -  S K -  Ô G ) L P (5-71)

Then, w e  gain.



Z(p) =-p(SKlo gK + ô Glo g G + (l-ô K-ôo)logL)
+ (p2/2 )[(ô Klog2K + ô Glog2G+(l-ÔK-ôG) lo g 2L)
-(ôfJogK  +  ôGlo g G +  (l-ÔK-ÔJlogL)2]  (5 -7 2 )

T aking lo g  o f  equation (5 -6 6 )
lo g ( T ) = c  - ^ l o g Z ( P )  (5 -7 3 )

R ep la ce  z(p) by  equation  in (5 -7 2 ), arrange and add the d um m y o f  crisis.

log(Y) = c +  vvôKlogK +  vvSc logG  + v v ( l-ô A(H)-ôK-ôo)logL  
-v(vp/2)ôK(l-ô rflo g 2K -v(vp /2)ôG( l -d ia log2 G  
-v(vp/2) (1-Sk-Sg)  (àK+àcjlog2] + V V pôKôGlogK *logG  
+ vvp ôK (l-S K-ôG)logK *logL + vvp ôG( l-ô K- ôG)logG *logL
+ T D c r i s i s + E ,  (5 -7 4 )
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5 .2 .2 .2 .3  C E S  P r o d u c tio n  F u n ctio n : H ic k s  N e u tr a lity

H ick  approach in th is section  replaces A(H) as the techn ica l approach; it 
is d efin ed  in production  function  as equation (5 -1 9 ). T he principal process is 
sim ilar to  section  5 .2 .2 .1 .1 . T hus, the C ES Production F un ction  o f  this section  
is as the fo llo w in g  m odel.

Y =cA(H)v [5kK~p +  SgG~p + ÔLÜ PYv,pEt (5 -7 5 )

T he dum m y o f  eco n o m ic  crisis in 1997 is in clu d ed  in the fo llo w in g  
equation:

Y = cA(H )v[รk K ~ p + S CG~P + S LL-p Y v,p e zDcrisiset (5 -7 6 )

Thus, the roles o f  p ub lic  and private capital to  the labor productivity  is 
calcu lated  by the fo llo w in g  m odel.

Y / L =cA {H )v [รkK - ‘p + S gG~p + S LL-p Y v,pL~] e rDcrisise ,( 5 - 7 7 )

For the agricultural sector, the m odel w ill be as fo llo w .
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Y = c A ( H ) v[ ô k K ~ p +  ô ç G ~ p +  ร 1L~p + ร Lam1 Land - p r ' p e rDcrisise 1 (5 -7 8 )

T he estim ated  m od el for labor productivity  o f  agricultural sector is:

Y =cA (H y [SkK~p + ôgG~p + SJ2p + 8  1111111Land’p\ vlpL ' e xDcrisis£1 (5 -7 9 )

T o generate the m ost appropriate and p recise  m o d el, the C ES functional 
form  is altered to  be linear by  T ay lor’s Series E xpansion . T he w ork in g process  
is sim ilar to  (5 -5 4 )-(5 -6 0 ). W e assu m e the equation  in the parentheses o f  the 
C E S P roduction Function  as zip ), w h ich  is:

Z ip )  =  +  SgG~p + < \ - 8 k - S g )l ~P (5 -8 0 )

W orking as sam e p rocess as (5 -5 6 ) to  (5 -6 0 ), w e  w ill  gain:

H p )  =  -p(ôKlogK + S GlogG  + ( l-ô K-ôG)logL
-(p2/2 )[ô K( l-ô K)lo g 2K + ô G( l ô G)lo g 2G  
+ v ( l-ô K-ôG)(ô K+ ô G)lo g 2]-2 S KôGlogK logG  

+2SK( l-ô K-ôG)logK logL + 2S G( l-ô K-ôG)log G log L ]  (5 -8 1 )

T aking log  o f  (5 -7 9 ), the estim ation  is (5 -8 4 )

lo g (T  ) =  c  +  V  log A(H ) -  — lo g  Z ( P )  ( 5 - 8 2 )
p

T he log  Z(P) is changed  into the estim ation  o f  (เ)(p  ) in (5 -8 4 ). The final 
equation  is:

log(Y) = c  +  vlogA(H ) +  vôKlogK +  vôclogG  + v ( l-ô K-ôG)logL  
-(vp/2)ôK( l-ô ^ lo g 2K -(vp/2)ôG( l- ô G) lo g 2G  

- (vp/2) (1 -ôK-ôG)lo g2L + vpôKôGlogK *logG  
+ VpôK(1 -SK-ôG)log K * lo g L + vp ô G(1 -ÔK-SJlogGlogL  
+ r D crisis+E, ( 5 - 8 3 )
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ร.2.2.2.4 C E S  P r o d u c tio n  F u n ctio n : H a r r o d  N eu tra lity

T he C ES o f  Harrod approach is as equation (5 -1 4 ). T herefore, the CES  
production function  w ith  crisis dum m y and error term s is as fo llo w .

Y  =  c[8kK~p +  8CG~P +  8 1 (A (H )L )-p \ v,p e xDcrisis£1 (5 -8 8 )

T he estim ated m odel to answ er the va lu e  o f  ro les o f  public and private 
to  labor productivity  is:

Y /L  =  c{S kK~p +  รgG~p + 8  1 (A(H )L)-p r ' p บ ' e xDcrisis £1 (5 -8 9 )

For agricultural sector, it is (5 -9 0 ).

Y  = 0 &  KT’ +S^G - * H w r  "  £^5-90)

T he estim ated m odel to  answ er the va lu e  o f  roles o f  public and private 
to labor productivity  is:

Y /L = c{ ôkFCp +ÔgG~p + 8  1(A(H)L)~p +ÔLûnJ,an cf]-v/pบ' e xDcrisis£1 (5 -9 1 )

In case  o f  Harrod neutrality, the w orking p rocess is sim ilar to the above  
m athem atic process. C onsidering  w ith  the particular considering  in the 
parentheses o f  CES:

Z ( p )  =  S KK - p +ÔCG~P + 0 - A  - ô a ) ( A ( H ) L y  (5 -9 2 )

S im p lif ie d  the functional fo n n  o f  Harrod neutrality, taking log  o f  
equation (5 -1 0 6 )
T hus, log(T ) = c - - l o g Z ( P )  (5 -9 3 )

p
F in a l ly ,  w e  g a in



72

log(Y) =  c + (1 -ôK-ôç) log  A (H) +  ôKlo gK + ôGlo g G  
+ ( l-ô K-SG)logL -(vp /2 )[ôK(l-ô ^ lo g 2K  
+ ôG( l-ô G) lo g 2G + v (l-S K-ôG)(ôK+ ôG) 
log2A (H )L ]+vpôKôGlogK *logG  

+ vpôK(1 -ôK-So)logK*logA (H )L+vpôG 
(1-ôfc- So)logG *logA(H )L+zD crisis+et (5 -9 4 )

5 .2 .2 .2 .5  C E S  P r o d u c tio n  F u n ctio n : S o lo w  N e u tr a lity

S o lo w  neutrality takes part in the production fon ctio n  as (5 -45 ). H ence, 
the principal m odel is perform ed b elow .

Y = c [ร K(A (H )K )-p +Ôc (A(H )G )-p + 5 l L ๆ -'"  p e zDci* * ร ,(5 -9 5 )

Y  =  c[A (H )(SKK - p +  ô0 G~p ) +  ô  1L p r /p e zDcrisis ร, (5 -9 6 )

T he labor producitiv ity  is evaluated  by  (5 -97 ).

Y / L  = c[A(H)(SkK~p +  รgG -ๆ  +  ô  1บ ๆ -''1 PL ' e zDcrislsร, (5 -9 7 )

T he production fonction  and labor productivity o f  agricultural sector are 
(5 -9 8 ) and (5 -9 9 ).

Y = 4 A (H )(S kK - ‘’ + S 0 G -ๆ  +  รl + S M Lan<T‘ๆ - " ' ’ e 't o “ ! £,(5 -9 8 )

Y / L=c[A (H )(Sj.K~p +SCG ^ )  +SLC f  + 8 LaJ .a n d ‘Y " ,L ' e ’r,cnm (5 -9 9 )

For the S o lo w  neutrality, w orking sim ilar to the above m athem atic  
p rocess. B eg in  w ith  the particular con sid erin g  in the parentheses o f  CES:

Y {p)~  รK(A(H)K)-p +Sc (A(H)G)-p +(1 - S K —SG)(A(H)L)-p (5 -1 0 0)

S im p lifiled  the functional form  o f  S o low  neutrality, taking log  o f  
equation (5 -9 6 ). F inally , w e  gain:
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log(Y) —c + (ôK+ô(j)logA (H) +  ôKlogK + S Glo gG
+ ( l-ô K-ôG)logL -(vp /2 )[ôK( l-ô K)lo g 2A (H )K
+ ôG( l-ô G)lo g 2A (H )G + v(l-ô K-ôG)(ô K+ â G)lo g2LJ
+ v p ô M o g  A (H )K*logA (H )G
+ vpâK(1 -ôK-ôc)logA (H )K *logL +vpôG(1-ÔK- ô0)
logA (H) G  *logL + tD c r i s i s  +£, ( 5 - 1 0 1 )

5 .2 .2 2 .6  T h e  C o e ff ic ie n t te s t  ะ C h o o se  th e  T e ch n o lo g ica l  
P r o g r ess  o f  C E S  P r o d u c tio n  F u n c tio n

T he sim ilar m ethod to the C ob b -D ou g las c o e ffic ie n t test is brought to  
u sed  w ith  C E S. T he co e ffic ien t test by the W ald test is required to  reaffirm  
w ith  the C ob b -D ou g las Production Function. T he test is d ev id ed  into 2 major 
parts: exam in e w hether it is an input factor or a part o f  tech n olo g ica l approach. 
It is p o ssib le  that A (H) is w ork in g  as a factor o f  production. Thus, the 
estim ation  (5 -6 5 ) w ill be estim ated  in order to  test w hether VVÔA(H) A(H) is 
equals to  zero. I f  it d oes not reject the h yp othesis tested  by  the W ald test, it 
m ight im ply to  H ick s neutrality w ith out A(H).

M oreover, the transform ed m odel into linear is used to  test the 
c o e ffic ien t test in order to  se lect the tech n olog ica l neutrality: H icks, Harrod, 
S o lo w  neutrality. It is checked  by the W ald test in each m odel o f  tech n ologica l 
progress. T he transform ed m od el, though y ie ld ed  the trem endous num ber o f  
variable, w ill d irectly  b en efit the co e ffic ien t test particularly for testing  S o low  
m od el w h ich  cannot be seperated each  independent variable in the original 
m odel.

T o exam in e the production function  w hether it is charecterized by H icks  
approach, the term  V o f  equation (5 -8 3 ) is altered to be “A ” co effic ien t and test 
by the h yp oth esis that V o f  lo g A(H) equals to the V in other term. I f  the 
co e ffic ien t d oes not reject the h yp oth esis, or in other w ord s, it equals to V, this 
approach is app licab le to  the production function  o f  that sector.

On the other hand, for the Harrod neutrality, the equation (5 -9 4 ) is run, 
and test the c o e ffic ien t o f  A(H ), (1 - S K - S 0 ) , w hether it equals to
( 1 -  รK -  £0 ) o f  logL . T he rejection  w ill indicate it as an unapplicable functional 
form.
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T he S o lo w  neutrality is a lso  exam ined  by the sim ilar m ethod to Harrod. 
T he d ifferent point is the tested  m od el w h ich  is (5 -1 0 1 ), and the testing  term is 
8ic+ 8 g . “A ” c o e ffic ien t is inserted as the c o e ffic ien t o f  A (H), and then tested  
the availab lity  to  equals to Ôk+  80 . I f  it d oes not reject, thus it m ight be 
acceptab le to S o lo w  neutrality.

It should  be noted, again, that land w ill not be n eg lec ted  to  putting it as 
an input factor in the agricultural sector.

T h ose  p ro cesses o f  c o e ffic ien t test can be sum m arized  as the fo llo w in g
table.

T a b le  7  T he h yp oth esis testing  o f  co e ffic ien t test o f  C ES P roduction Function.

T e c h o n o lo g ic a l
A p p ro a ch

T e st
c o e ff ic ie n t o f

A (H )

T h e  e s tim a tio n

H ick s
n eu tr a lity

With A (H ) as a 
fa c to r

-F (A (H ),K ,G ,L )

พ ร A(H) =  0 
( I f  it d oes not 

reject, it 
im p lies to  

H icks  
neutrality  

w ith out A (H))

log(Y) = c  + พ ร A( แ ) logA (H )+ vvôKlogK +  
vvôGlo g G + v v ( l-ô A(H)-ôicÔG)logL- 
ü(vp/2)ôA(H)( l-ô A(H))lo g 2A (H) + V Ô K  

( 1  -ôK)lo g 2K + üôg(1-Ôq) log2 g  
+ v ( l  - S a (H ) -S k - S g )  (รa  ( H ) + ร k + รg )  log2L) 
+vvpSA(H)SK logA (H) *logK +vvp  
S a (H) S g  logA (H )*logG  +  vvpôA(H)( l-  
S a (H ) -S k - S g ) ^ ° S - ^ ( W  *l°gL

+ vvpôKôGl o g K  *logG + vvpôK 
( l-ô Am-ôK-ôG)logK *logL + vvpôG 

(1-ÔA(H ) -S k - ) logG *logL  + Z W £ >  (5 -65 )
H ick s  

n eu tr a lity  
w ith o u t A (H )

Y  =  A (H ) 
F(K ,G ,L)

log(Y) = c+  vvSKlo g K +  vvSGlogG  + V V  

( l-ô A(H)-ôK-ôG)logL -v(vp /2 )[ôK 
( l-ô K)lo g 2K + ô G(]-ÔG)log2G + (]-ô icô G)

(S K+Sa) log2] +vvpôi(SGlo gK  *logG +vvpôK 
(1 -ôK-ôG)lo gK * log L + vvp ô G(1 -ôK- 
Sc)iogG *logL  +  Daisis+£1 (5 -7 7 )



T e c h o n o lo g ic a l
A p p ro a ch

T e st
c o e ff ic ie n t o f

A (H )

T h e  e s tim a tio n

H ick s
n eu tr a lity

Y  =F (K ,G ,L)

c o e ffic ien t o f  
A(H) = v

log(Y) =c + vlogA(H ) +  vôKlogK +  vô0logG  + v  
(1 -SK-ôo)logL -(vp /2) [ ôk(1 -ô fj log2 K  
+ÔG(l-ô o )lo g 2G +v(I-Ô /c-Sq) 
(ôK+ôo)log2]+ v p ô KSGlogK *logG  
+ vpôK(1 -ôK-ôG)lo g K  *logL+ vpôG 
( l-ô K-ÔG)logG *logL+D crisis+e, (5 -8 6 )

H a rro d
n eu tr a lity

F(K, GyA(H)L)

co e ffic ie n t o f  
A(H) = (1- รK 

- à g)
log(Y )= c  +  ( l-ô K-ôG)logA (H )+  3KlogK +SGlogG  

+ ( l - Ô M lo g L - ( v p /2 ) [ ô K( l-ô ^ lo g 2K  
+SG( l-ô G)lo g 2G + v ( l-ô K-ôG)(ôK+ôG) 
log2A (H )L ]+ vpôKôGlogK *logG
+ VpôK(1 -ÔK-Ô 0)  logK*logA  (H)L+ vpô 0 

(1-ÔK- ร0) logG *logA  (H )L+D crisis+E^5-94)
S o lo w

n eu tr a lity

F(AKyA (H) G,L)

co e ffic ien t o f  
A(H) =  ÔK +

ร G

log(Y) =c + (6K+ ôG)logA (H )+  ôKlogK + ôGlogG  
+ ( l - ô r ô G)logL -(vp /2 )[ôK(l-ô K)lo g 2 
A (H )K + ôg (1 -Ôq) log2 A (H)G+V (1-ôfc-ô 0)  
(ôK+ôo)log2L ]+ vp ô Kô0log  A (H )K*log  
A (H) G + vpSK( l  -SK-S 0) log  A (H)K*logL  

+ vpô0(1 -ÔK- ô0)  log  A (H) G *logL 
Dçrisis+Et (5 -1 0 1)

T he results w ill be con sidered  and analyzed  w ith  the results o f  C D  and 
their estim ated  statistics y ie ld ed . T herefore, the fit m odel w ill be selected  to  
analyze the roles o f  each  com p osition  to  the labor productivity.
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