
CHAPTER 3

THEORETICAL FRAMEWORK

T he fo llo w in g  is the fram ew ork concern ing the production function, 
labor productivity , hum an capital and techn ical approach to production  
function, in order to seek  the proper m odel and thus estim ate  the role o f  public  
and private capital to  the labor productivity.

3.1 Labor Productivity

3.1.1 The Definition

T he productivity  has m any defin itions. The d efin ition  by International 
Labor O rganization (IL O ) is the ratio o f  the input o f  the various e lem ents o f  
production to  the output derived from that input.

T he fo llo w in g  equation m ay perform  a true picture o f  productivity.

Productivity  =  P hysical Output (3 -1 )
P hysical Input (+  in v isib le  input)

Productivity can be classified into 2 kinds
1. The partial productivity is the ratio o f  output d iv id ed  by each  factor o f  

production. T his m ethod can identify  the va lu e  o f  production in each  
factor o f  production in a period o f  tim e. But, th is m ethod can not 
determ ine the productive e ffic ien cy , w hich  result from  factor 
substitution, and advanced tech n ology . T he form ular is sh ow n  in 
equation (3 -2 ).

2. The marginal productivity is the am ount o f  the last unit o f  output that 
a unit o f  input can produce.
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The Total Factor Productivity (TFP) is c la im ed  as the indirect m ethod to 
calcu late the change o f  real output that is not in itiate by real input. Its 
im plication  is the quality or the e ffec t o f  factor o f  production and the 
im provem ent o f  tech n ology , and the indirect labor productivity .

T he labor by m eans o f  production is the in te llig en ce , k n ow led ge, idea and  
other factors originated by p eo p le  or labor to produced  g o o d s and services. 
H ow ever, n ow adays the issu es o f  in te lligen ce , k n o w led g e, and idea have been  
d iscu ssed  that it should  be d efin ed  as the “H um an C apital” and c la ssified  as a 
factor in production function, w h ich  w ill be d iscu ssed  in  3 .2 .2 .1 .

3.1.2 The Measurement

A verage labor productivity  or partial labor productivity  can be 
calculated  by the fo llo w in g  equation.

Labor Productivity =  Q /L  (3 -2 )
Q =  the value o f  output
L =  the num ber o f  labor; unit, hour o f  w ork

The m easurem ent o f  productivity  can be com p uted  by m any m ethods, 
different by w eigh ted  value.

1. The labor productivity  w h ich  is the ratio b etw een  output and total m an­
hour.

2. The labor productivity that is the ratio b etw een  output and total m an­
hour w eigh ted  by w age.

3. The labor productivity w h ich  is the ratio b etw een  output and the factor 
o f  production w hich  each  factors is then w eig h ted  by unit o f  work. The 
labor w eig h t is the e ffic ie n cy  and quality o f  labor. T he capital w eigh t is 
the s ize  o f  enterprise, m achine, and other kinds o f  capital.

The cost o f  production is a certain am ount o f  “E lem en t o f  production” 
con su m ed  for per unit o f  output, as the fo llo w in g  equation:

C ost o f  production =  p hysica l input /  p hysica l output (3 -3 )
w here, Productivity =  P hysical output /  P h ysica l input (3 -4 )
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3.2 The Theory of Production

3.2.1 The Definition

A  production fu nction  is a sch ed u le  (or table, or m athem atical equation) 
sh ow in g  the m axim um  am ount o f  output that can be produced from any 
sp ec ified  set o f  inputs, g iv en  the ex istin g  tech n ology  or “ States o f  the art” . In 
short, the production function  is a catalog  o f  output p ossib ilities .

B land and W ill(2 0 0 1 ) m ention  that the factor o f  the general production  
is d iv ided  into 3 categories:

1. Labor, the other nam e is “M anpow er”.
2. Capital, A ll the m achinery, equipm ent, m ach in es, to o ls , and plants com e  

under the head o f  capital. C apital is derived from  sa v in g s or, to  be exact 
the sa v in gs o f  stockh old ers or the reserve o f  the com p an y itself. The  
capital equipm ent ratio or the intensity  o f  capital bears d irectly upon the 
lev e l o f  productivity .

3. Natural resource, included  in th is category is landed property, forestry, 
m ineral and w ater resource and such  other natural substance.
There are the “in v is ib le  inputs” in vo lved  in the process o f  the  

production, as the fo llo w in g  aspects,
1. M otivating  Pow er, optim um  is the prim e m over o f  enterprising spirit.
2. K n ow led ge , It is about to  gain m ore e ffica cy  in the em ploym ent o f  

material and tech n o lo gy . E ducation is the m ost important factor to 
accelerate econ om y.

3. T ech n o log y , the application  o f  sc ien tific  and tech n ologica l 
k now ledgem en t in m eetin g  problem s. In fo llo w s that the im provem ent 
on the actual techn ica l k n o w -h o w  such as the m aintenance o f  m achinery  
equipm ent. T he im provem ent o f  tech n o lo gy  cou ld  y ie ld  a higher level o f  
productivity.

and, Cost o f  production =  1/productivity (3-5)

The relation shows the reciprocal between 2 factors: the more

productivity, the less cost o f  production.
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4. O rganization, the organizational structure and e x ce llen t leadership is an
im portant factor.
H ow ever, gen erally , the in v isib le  inputs are con sidered  in the studies o f  

firm  lev e l, because the individual opinion  m ust be applied  in the estim ation. In 
the m acro v iew , it is im p ossib le  to  launch the questionnaires to  every firm in 
the con siderin g  fram e, esp ecia lly , in the k in gd om  p ersp ectiv e . In additional, 
there m ight be other factors to determ ine and in flu en ce th e m acro econ om y  as 
w ell. T he com m on  factors o f  production b ein g  used  are capital and labor. The  
universal references are education, hum an capital, and tech n o lo gy .

T he m ost com m on  production functions are the C ob b -D ou g las and the 
F ix ed -co effic ien ts  (L eon tief) production function. T he first one ex ists w ith  
unitary e lastic ity  o f  substitution the other on e  assu m es a zero elasticity  o f  
substitution.

T he sim plest kind o f  production function is L e o n t ie f  ร form. H e put 
inputs related in the fix ed  proportion to output as in the fo llo w in g  equation.

W here ÛJ =  the input-output co effic ien t for the jti, factor o f
production and is constant for all the tim e points.

Xj  =  the am ount o f  the jth factor
Y =  the lev e l o f  output

T his rigid  description  o f  the productive process o f  an econ om y is on ce  a 
certain lev e l o f  output for the econ om y  as a w h o le , the input requirem ent for 
that lev e l is determ ined by a constant input-output proportion. T his system  
seq u en ce is con vergen t, current production is the source o f  inputs, outputs are 
used  as inputs and they use inputs, and then go  on back  w ards through the 
system  until an infin ite  sequ ence is generated.

T he production function o f  the n eoclassica l theory d oes not depend on  
L eo n tie f production function  excep t in a very special case. T he tw o  factors o f  
production generally  u sed  in the production function is labor and capital. Let US 

d efin e m axim um  output, Q, to be a function o f  the usage o f  the various inputs. 
G enerally , w e  u se the capital variable as the fixed  one b ecau se  the m ore hour
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o f  w ork  can be fast to  do, w h ile  w e  can not im m ed iately  “ d ischarge” a 
b uild ing  or a blast. A s the result, the short-run production function  is

Q =  /  ( t f  , L )  (3 -7 )

In the lon g  run, the inputs can be substituted for on e  another to  m aintain  
the constant lev e l o f  output.

Q =  Q ( K  , L ) (3 -8 )

T he w id e ly  used form s o f  production function  are C ob b-D ouglas  
production function  and C onstant E lasticity  o f  substitution (C E S ) production  
function. T he e lastic ity  o f  substitution  w as first p icked  up by J.R. H ick s(19 6 3), 
m easuring the d egree w h ich  perform s a substitute va lu e  o f  a factor o f  
production w ith  the others.

T he C ob b -D ou glas production m ost frequently em p loyed  in early  
em pirical w ork. D ou g la s w ork in g  in the late 1920s rem arked that the share o f  
total U S  national output g o in g  to  labor had rem ained w ell-n ig h  constant over  
tim e.

A  num ber o f  properties o f  the C ob b-D ouglas production function  
provide a con ven ien t fru itfu lness to econ om ist’s ana lysis. H ow ever, it has 
m any restricts as w e ll as the g oo d  points such as the e la stic ity  o f  substitution is 
constant and a lw ays equal to unity. It is w id ely  assu m ed  in tw o  factor o f  
production L, and K, is as fo llow :

W here
Y  =  a L p' K  Pl (3 -9 )

Y =  T he unit o f  output
L =  T he labor input
K =  T he capital input
a =  T he sca le  o f  operation , or the e ffic ien cy  parameter

p  1 and p2 perform  the sca le  o f  return to sca le . I f  P1+P2 is equal to, greater 
than, or less than unity im plies to the constant, increasing, or decreasing returns
to sca le , resp ectively .
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T he other production function  is C ES production function, it has been  
u tilized  by  the n eo c la ssica l econ om ists as a basis o f  production  function  and 
distribution theory, as fo llow :

Y = บ [ ร  L~p +  (1  -  ร ) K  - r y v l P (3-1C
W here Y =  T he unit o f  output

L =  T he labor input
K =  T he capital input
V =  T he sca le  o f  operation
V =  T he param eter o f  return to sca le

p =  T he elastic ity  o f  substitution  b etw een  labor and 
capital w hich  equals ( V  / a ) - 1

T he param eter บ is know n as the e ffic ien cy  param eter or the sca le  o f  
operartion or the state o f  tech n ology  and p lays the sam e role  as the co ffic ien t A  
in the C ob b -D ou glas production function. T he param eter p,  the substitution  
param eter, is the determ inant o f  the value o f  the constant elastic ity  o f  
substitution.

A ccord in g  to  the objective o f  this study, com pare, analysis and select 
functional form  b etw een  C ob b-D ouglas Production function  and Constant 
E lastic ity  o f  Substitution  Production function, the e la stic ity  o f  substitution is 
required.

The e lastic ity  o f  substitution is the proportionate change in the input 
ratio d iv ided  by the proportionate change in the factor price ratio. N o te  that the 
profit m axim ization  m odel as w e ll as the cost-m axim iza tion  m odel a lso  im plies  
that factors w ill be com bined  so  as to equate the m arginal rate o f  substitution  
w ith  the ratio o f  factor price. For the exam ple, the e la stic ity  o f  substitution  
b etw een  capital and labor can be described as w h en  the price o f  labor rises 
relative to that o f  capital, in order to m aintain the m axim um  attem pt to 
substitute capital for labor and increase the capital/labor ratio.

The elastic ity  o f  substitution can be calcu lated  as the elastic ity  o f  
substitution. It can be m easured by the fo llo w in g  exp ressio n  to  calculate the 
point e lasticity .
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w here

d( X J/ X' )  d j x j x  1)"jp-if
Ü =  T he elastic ity  o f  substitution  
Xj, Xj =  input at i and j th
P Xi, PXj =  price o f  input

(3 -1 1 )

T he larger the a ,  the greater the substitutability b etw een  the inputs. The 
va lu e o f  a  lies b etw een  0 and 00. T he a  =  0  is w here the tw o  inputs m ust be 
used  in a fixed  proportions com p lem en ts to each other; in contrast, the a  =  00 is 
w here the tw o  outputs are perfect substitutes for each other.

For any sp ecifica tion  o f  C ob b -D ou glas production  function, no matter 
a + p = l  or not, the gen eralized  C ob b-D ouglas production function is 
characterized by a constant, unitary elastic ity  o f  su bstitu tion .1

3.2.2 The Augmented Factors of Production

The production function  is norm ally assum ed that there are 2 kinds o f  
factor o f  productions, labor and C apital. H ow ever, there are 2 other important 
factors cla im ed  as parts o f  the production function. T h ese  are hum an capital, 
and techn ical progress.

3.2.2.1 Human Capital

W angudom  (2 0 0 1 :4 ) cited  that hum an capital w a s initially stated by 
A dam  Sm ith in 1937 w h om  studied  about the ab ility  or educational level o f  
w orkers and productivity, w h ile  A lfred  M arshall (1 9 2 2 ) em phasized on the 
labor w as a kind o f  capital as he stated that the m ost valuab le o f  all capital is 
that invested  in hum an b eing . S ch oo lin g  w as d efin ed  as an institution

1 T h e  c a lc u la t e d  v a lu e  o f  th e  in p u t -o u tp u t  r a tio  a n d  th e  m a r g in a l-p r o d u c t  ra tio  w h ic h  
c h a r a c te r iz e d  a  c o n s t a n t ,  u n ita r y  e la s t i c i t y  o f  s u b s t i t u t io n  t o  C o b b - D o u g la s  p r o d u c t io n  
f u n c t io n  o f  3 v a r ia b le s  w h ic h  i s  u s e d  in  th e  s tu d y  is  d e m o n s t a t e d  in  a p p e n d ix  1. T h is  
d is t in g u is h e d  c h a r e c te r  w i l l l  b e  e m p lo y e d  a s  a  t o o l  t o  c h o o s e  C D  a n d  C E S  p r o d u c t io n  
f u n c t io n  in  a  la te r  c h a p te r .
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sp ec ia liz in g  in the production o f  training. B acker sharply em ph asized  that on- 
the-job training and sch o o lin g  w ere  substitutable.

3.2.2.1.1 Human Capital as Input Factors

L u cu s(1 9 8 8 ) introduced hum an capital as an additional factor that 
cou ld  be accum ulated  into S o lo w  m odel and en d og en ized  the w ork ers’ 
d ecision  that they  cou ld  ch o o se  to  a llocate their tim e b etw een  production and 
hum an capital in this period increase over tim e. T he production  function and 
the law  o f  m otion  for the accum ulation  o f  hum an capital are

Y =  K  a ( u H  ) ' -  a (3 -1 2 )
W here, H = B (1  -  น ) H  (3 -1 3 )

W here B> 0 and (1-u) is the portion o f  tim e d evoted  to  accum ulate m ore 
hum an capital. H e con clu d ed  that the output grow th w as driven by the rate o f  
hum an capital accum ulation.

There are m any stud ies attem pt to clarify  and s ig n ify  the role o f  human  
capital as an input factor; for exam ple, H askel, and M artin (19 93 )’ร study w hich  
report that sk illed  labors or educated  persons, used  as the proxy o f  hum an  
capital in their studies, are sign ifican t to output and eco n o m ic  growth.

H ow ever, som e studies verified  that putting d ow n hum an capital as an 
input factor is not s ign ifican t to  output. Such as P r itch ett(1996)’s w ork, used  
p oo l data on average year o f  sch o o lin g  across 4 2  countries and tim e series data 
during 1965 -  1985, ind icates the result sim ilar to  B enhabib  and 
S p ie g e l(1 9 9 4 )’s article: hum an capital is n egatively  related and insign ifican t to  
output grow th.

3.2.2.1.2 Human Capital as the Source of Technology
Progress.

O w n in g  to the argum ent about the in sign ifican ce o f  hum an capital as the 
input factor, the alternative m od el, b elieved  that hum an capital be the source o f  
adaptation and u tilization  tech n o lo gy , is generated. It is so  called  “Catch-up  
tech n o lo gy  approach” .
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N elso n  and P h elp s’(1 9 6 6 ) studies are w ell k now n in this approach. They  
d ev elo p ed  the m odel on the rationale that the hum an capital stock  can affect 
tech n o lo g y  progress through tech n o lo gy  innovation  and tech n o lo g y  adoption.

B enhabib  and S p ieg e l(1 9 9 4 ) fo llo w ed  the research o f  N elso n  and Phelps 
b eca u se  they treated hum an capital as an ordinary input by  average year o f  
sch o o lin g  in the production function  but the grow th o f  hum an capital has an 
in sign ifican t e ffec t to the eco n o m ic  grow th.

H en ce, they  assum ed that the ab ility  o f  n ations to  innovate new  
tech n o lo g ies is m easurabled by a function o f  its d om estic  hum an capital stock. 
T he d om estic  innovation  and catch up is taken into  consideration. T hey  
determ ines the direct a ffect o f  hum an capital to aggregate factor productivity  
through C ob b-D ouglas production function w ith  d o m estic  innovation , catch  
up, and ancillary variables (p olitica l instability and in co m e distribution for 
investm ent rate).

Their m ethod reveals the reason w hy  the country w ith  a very  low  level 
o f  hum an capital has a m uch h igher grow th rate than the leader; it is caused by 
the catch-up effect. T he other countries, w h ich  are c lo ser  to  the leader nation  
than that w ith  very lo w  lev e l o f  hum an capital, m ight h ave the s lo w  econ om ic  
grow th. It is due to  the catch up e ffe c t m aking the d ifferen ce  to  the growth.

In their m od el, hum an capital in flu en ces the grow th o f  total factor 
productivity  through the rate o f  dom estically  produced  technological 
innovation , and the speed  o f  adoption  o f  tech n ology  from  aboard. The human 
capital is an im portant feature in attracting p hysica l capital. But, the result 
perform s that the ancillary variables have a poor relation; h ow ever the human  
capital lev e ls  are h igh ly  correlated w ith  th ese ancillary variable. T he catch up 
m od el is as the fo llo w in g  equation:

Am (O  - A, ( t )  
A, ( ท (3 -14 )

W here, Am(t) =  the tech n olo g ica l level o f  the lead in g  country
w h ich  grow s at the rate o f  gm (H) (T he incom e level 
is used  as a proxy)
T he grow th rate o f  hum an capital as the proxy o fgi (H) =
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innovation  (It m ight be p rox ied  by educated person  
or average year o f.sch o o lin g , and etc .)  

c (H) =  T he lev e l o f  H um an capital

Y uji K ubo and H on g-d all K im  (1 9 9 6 ) exam in ed  the role o f  human  
capital in eco n o m ic  grow th by u sin g  annual data o f  K orea and Japan and 
evaluate the 'tech nologica l d iffusion' e ffec t o f  'im ported tech n ology ' on output 
grow th. T he result sh ow s the that the lev e l o f  hum an capital and import 
tech n o lo g y  p layed  im portant roles in the process o f  eco n o m ic  developm ent. 
A lso , Bernard and C harles (1 9 9 6 ) w ere em p loyed  catch-up  approach to TFP 
function  and found the sim ilar result.

3.2.2.2 Technological Progress

The tech n olo g ica l progress is provided by su ch  tech n o lo g ica l advances, 
research and d evelop m en t to  enhance the quality or quantity o f  the good s and 
serv ices. T he issu e  o f  h ow  to introduce exo g en eou s tech n o lo g ica l progress into 
m od el b eco m es interesting. There are various types o f  tech n olo g ica l approach 
and can be c la ssified  into 5 catagories, 10 c la sses .2

1. Product Augmenting

1.1 Hicks neutrality: T his kind o f  function is gen era lly  used  in m any  
production function. H e b e liev es  that the sam e am ount o f  product 
produced by the less am ount o f  factor o f  production  from  Y t to  Y t+1 
is the result o f  techn ical advancem ent.
Y = A(t)F(K,L) (3 -1 5 )

The better tech n o lo g ica l advancem ent, the less am ount o f  
input in the sam e proportion o f  capital and labor, w h ile  gains the 
sam e am ount o f  output from  point A  to p o in tB . In other w ords, the

2 For further details Ghosh, K. ร. 1991. Econometrics: Theory and application. Prentice Hall, NJ.: 115 and empirical study of M. Beckman and R. Sato. 1969. Production functions and technical progress. American Economic Reviews (59):91-92
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relationship  b etw een  th e m arginal rate o f  substuitution  and the factor  
proportion is unchanged.

1.2 Labor additive:
Y = A (t)L+F (K ,L)  (3 -1 6 )

T he increase in product is here proportional to  the am ount o f
labor used.

1.3 Capital additive:
Y = A (t)K  + F(K,L) (3 -1 7 )

T he increase in product is here proportional to  the am ount o f
capital used.

2. Labor Augmenting

2.1 Harrod neutrality:
Y = F(K, A(t) L) (3 -1 8 )

The tech n o lo gy  is approach w ith  the labor. The relationship
b etw een  the capital-output ratio and the interest rate d oes not 
change.

2.2 Labor combining:
Y = F(K, A(t) K+L) (3 -1 9 )

The augm entation  o f  labor, as m easured in e ffic ien cy  units, is
proportional to  the am ount o f  labor used.

3. Capital Augmenting

3.1 Solow neutrality:
Y =  F(A(t) K,L) (3 -2 0 )

B y contrast to the behave o f  Harrod neutrality, the technical 
change is called  S o lo w  w hen the relationship  betw een  output per 
w orker and the w a g e  rate is invarient.
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3.2 Capital combining;
Y = F(K+A(t)L,L) (3 -2 1 )

T he augm entation o f  capital is proportional to  the am ount o f
labor used.

4. Input Decreasing

4.1 Labor decreasing: T he inverse production function

L = G(K,Y)+C(t)Y (3 -2 2 )

W here C(t) is decreasing w ith  tim e. G (K ,Y ) is the function  o f  
capital and output. T he reduction o f  the labor input is thus proportional 
to  output.

4.2 Capital decreasing

K = H(L,Y)+C(t)Y (3 -2 3 )
Sim ilar to  the Labor D ecreasin g , the reduction o f  capital is 

proportional to  output. H (K , Y ) is the function  o f  labor and output.

5. Factor Augmenting Technical Progress

Y = F[A(t) K,B(t)L] (3 -2 4 )
T he capital-output is seperable function  o f  labor’s share.3

It should  be noted that the neutrality is  d efin ed  in term s o f  relative share. 
W hen the tech n o lo g ica l is not neutral, it is either labor sav in g  or capital saving. 
For exam p le, i f  it is labor savin g , the relative share o f  labor b ecom es low er  
after the tech n o lo gy , other th ings rem aining the sam e. H ence, the H icks

3 Factor-augmenting technical progress can be calculated by a more general way from the invariant 
relationship between the share and the elasticity of factor substitute.
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neutrality m ight b e  labor savin g, cap ital-sav ing  or neutral. It b eh aves the sam e 
as Harrod neutrality and so lo w  neutrality.

T o  reveal the b ias o f  techn ical change in each neutrality, the e lasticity  o f  
substitution  is the k ey . S in ce  the elastic ity  o f  substitution ind icates the degree  
o f  change o f  relative share am ong the inputs, it im plies to  the change in relative  
share w h en  an input change. For instance, i f  the e la stic ity  o f  substitution is 
m ore than on e, the relative share o f  a factor increases. A  H ick s neutral 
invention  is Harrod labor sav in g  w hen  the elastic ity  o f  substitution  is greater 
than unity; the parallel argum ents can be used  for sh o w in g  the relationship  
b etw een  the e la stic ity  o f  substitution  and the nature o f  inventions in H icks, 
Harrod, and S o lo w  fram ew ork.

T he neutrality and bias o f  technical change o f  H ick s, Harrod and S o lo w  
are presented in the b e lo w  table.

Table 4 N eutrality  and b ias o f  techn ical changes

Neutrality Hicks Harrod Solow
H ick s N eutral o  >  1 N eutral L abor-saving C apital-saving

0  =1 N eutral N eutral Neutral
0  <  1 N eutral C apital-saving L abor-saving

Harrod N eutral 0  >  1 C apital-saving N eutral C apital-saving
0  =1 N eutral N eutral Neutral
0  <  1 L abor-saving N eutral L abor-saving

S o lo w  N eutral 0  >  1 L abor-saving L abor-saving N eutral
0  =1 N eutral N eutral Neutral
0  <  1 C apital-saving C apital-saving N eutral

Source: A hm ad (1 9 9 1 :4 7 )
Remark: o  represents the e la stic ity  o f  substitution

T he m od els applied  to estim ate w ill be se lected  according to B eckm an  
and S a to (1 9 6 9 )’ร em pirical result. T he reasons are dem onstrated in section
5 .1 .2  and T ab le 5 in th is study.
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