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Abstract:

The study focused on the effects of technological progress and productivity on economic growth in United Arab Emirates 
(UAE) between 1970 and 2010.  Empirical statistical tests were conducted after running regressions and deriving relevant 
econometric models.  The study came up with four findings.  Firstly, growth in technological progress resulted in economic 
growth, employment generation and capital accumulation. 

Second, increase in capital productivity gave rise to reduction in economic growth because more productive capital  could 
have  resulted in more idle capacity; thus causing depletion of output through reduction in capital employed in production. 
Third, increase in labor productivity gave rise to reduction in economic growth because more labor  productivity  might have 
caused workers to enjoy more leisure instead of working more; thus causing depletion of output through reduction in labor 
used in production.

Lastly, technical progress in UAE was labor deepening, stimulated exports, but had a negative influence on imports.  
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Objectives of the Study
The study aimed at estimating the following:
(a)	 The effects of technological progress, growth in capital 

stock and growth in labor stock on economic growth in 
United Arab Emirates (UAE).

(b)	 The effects of growth in labor productivity and capital 
productivity on economic growth in the UAE.

(c)	 The effects of technical progress, labor productivity and 
capital productivity on input growth in the UAE.

(d)	 Whether technical progress in the UAE was capital or 
labor deepening.

(e)	 Determining the influence of technological progress and 
labor productivity on aggregate exports and import levels 
of UAE.

Literature Review
Schiller (2006) contends that for economic growth in the US to 
continue, average productivity per worker must be increased 
further.  Moreover, Schiller (2006) argues that between 
1978 and 1984 growth in productivity slowed dramatically 
and prevented GDP growth. To Schiller (2006) growth in 
productivity gives rise to economic growth (Schiller, 2006: 
pp. 359-340).

The argument Schiller (2006) is advancing is contrary to the 
ideas that this study is putting forward that growth in labor 
productivity causes (a) decline in economic growth, (ii) 
reduction in capital accumulation and (iii) unemployment, 
the reason being that growth in productivity prompts labor 
to trade off leisure for work and that when productivity of a 
worker grows he would accomplish his regular (daily) tasks 
within a shorter period of time and spends the rest of the time 
he has spared to do his own work or enjoy leisure.  Otherwise, 
increase in productivity would result in faster depletion of 
output in terms of raw materials which ought to be paid for if 
production is to continue.

Like Schiller (2006), Gomez-Salvador et al. (2006) contends 

that “productivity gains are a key factor driving long-run 
growth”.  This study refutes the claim by Gomez-Salvador 
et al. (2006), but supports their argument that slowdown in 
labor productivity growth appear to be strongly related to 
employment growth particularly in US and EURO area.  

Gomez-Salvador et al. (2006) adds that productivity growth 
is a primary source of growth in real output per capita.  In fact, 
in their empirical analyses they found that from 1950 to 2005 
US and EURO area there was an inverse labor productivity 
and economic growth (Gomez-Salvador, 2006: pp. 1-133).  
Hence, there is need to empirically test whether growth in 
productivity causes capital accumulation, employment and 
economic growth.  

Theoretical Framework
The theoretical models 1 and 2 below were developed from 
the Cobb-Douglas production function given by		

Where  Y is output (GDP), A is level of technology, K is 

capital stock, L is labor stock,     is coefficient on level of 
technology, and   and   are parameters of returns to scale.  
Manipulating the Cobb-Douglas production function given 
above provides the Equations 1 and 2 given below.

The production function given was rewritten as given below

					      

implying growth in level of technology, capital accumulation 
and employment result in economic growth.

Technical Progress Creates Employment but Labor 
Productivity Growth Lead to Unemployment
The mathematical Equation 2 below implies that productivity 
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We take the economy to be operating under decreasing 
returns to scale i.e. 10   because the economy is 
operating within the feasible region of production.   

The parameters  ,, are all positive.  Similarly, the 
variables KLpAL ,,, are all positive, but their growth 
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We take the economy to be operating under decreasing 
returns to scale i.e. 10   because the economy is 
operating within the feasible region of production.   

The parameters  ,, are all positive.  Similarly, the 
variables KLpAL ,,, are all positive, but their growth 

λ



Skyline Business Journal, Volume VIII-Issue 1-2012-2013

growth                 causes growth in unemployment (i.e. 
reduction in employment), whereas both technical                                      
progress                        and capital accumulation                      result 
in labor employment growth             .

We take the economy to be operating under decreasing 
returns to scale i.e.                        because the economy is 
operating within the feasible region of production.  

The parameters             are all positive.  Similarly, the 
variables                            are all positive, but their growth 
rates may be either positive or negative.  Increase in capital 
productivity may result in unemployment because a rise in 
productivity may cause laborers to substitute leisure for work.

Technology refers to knowledge required to produce the goods 
and services and as a result increase in technical progress 
cause labor to be more skillful and innovative and able to 
perform many tasks well within a given period.  Capital stock 
refers to goods used to produce other goods implying that 
increase in capital stock provides labor with more tools to 
work with to produce more goods and services.

Technical Progress Creates Economic Growth Whereas 
Productivity Growth Results in Decline in Capital 
Accumulation
As depicted by Equation 3, increase in technical progress 
(i.e. applied knowledge to produces capital goods) results 
in more capital accumulation.  Whereas, growth in capital 
productivity  brings about reduction in capital accumulation 
because it may lead to faster depletion of the existing capital 
in order to acquire more raw materials required to produce 
more capital.  

Raising the level of labor to produce more capital goods 
brings about faster accumulation of capital.  It is labor that 
produces capital.  Therefore, the more labor is engaged in 
the production of capital goods the faster is the capital 
accumulation.

where                          a phenomenon of constant returns to 
scale.

Technical Progress Creates Employment, Whereas Both 
Capital and Productivity Growth Result in Unemployment
To capture both the influence of both capital and capital 
productivity on unemployment we take labor supply to be a 
function of technical progress, labor productivity and capital 
productivity as given by	

Manipulation of the above function provides a linear equation 
given by
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up with four findings.  Firstly, growth in technological 
progress resulted in economic growth, employment 
generation and capital accumulation.  

Second, increase in capital productivity gave rise to 
reduction in economic growth because more productive 
capital  could have  resulted in more idle capacity; thus 
causing depletion of output through reduction in capital 
employed in production.  

Third, increase in labor productivity gave rise to reduction 
in economic growth because more labor  productivity  
might have caused workers to enjoy more leisure instead of 
working more; thus causing depletion of output through 
reduction in labor used in production. 

Lastly, technical progress in UAE was labor deepening, 
stimulated exports, but had a negative influence on 
imports.   

OBJECTIVES OF THE STUDYT 
The study aimed at estimating the following: 

(a) The effects of technological progress, growth in 
capital stock and growth in labor stock on 
economic growth in United Arab Emirates (UAE). 

(b) The effects of growth in labor productivity and 
capital productivity on economic growth in the 
UAE. 

(c) The effects of technical progress, labor 
productivity and capital productivity on input 
growth in the UAE. 

(d) Whether technical progress in the UAE was 
capital or labor deepening. 

(e) Determining the influence of technological 
progress and labor productivity on aggregate 
exports and import levels of UAE. 

LITERATURE REVIEW 
Schiller (2006) contends that for economic growth in the 
US to continue, average productivity per worker must be 
increased further.  Moreover, Schiller (2006) argues that 
between 1978 and 1984 growth in productivity slowed 
dramatically and prevented GDP growth. To Schiller 
(2006) growth in productivity gives rise to economic 
growth (Schiller, 2006: pp. 359-340). 

The argument Schiller (2006) is advancing is contrary to 
the ideas that this study is putting forward that growth in 
labor productivity causes (a) decline in economic growth, 
(ii) reduction in capital accumulation and (iii) 
unemployment, the reason being that growth in 
productivity prompts labor to trade off leisure for work and 
that when productivity of a worker grows he would 

accomplish his regular (daily) tasks within a shorter period 
of time and spends the rest of the time he has spared to do 
his own work or enjoy leisure.  Otherwise, increase in 
productivity would result in faster depletion of output in 
terms of raw materials which ought to be paid for if 
production is to continue. 

Like Schiller (2006), Gomez-Salvador et al. (2006) 
contends that “productivity gains are a key factor driving 
long-run growth”.  This study refutes the claim by Gomez-
Salvador et al. (2006), but supports their argument that 
slowdown in labor productivity growth appear to be 
strongly related to employment growth particularly in US 
and EURO area.   

Gomez-Salvador et al. (2006) adds that productivity 
growth is a primary source of growth in real output per 
capita.  In fact, in their empirical analyses they found that 
from 1950 to 2005 US and EURO area there was an 
inverse labor productivity and economic growth (Gomez-
Salvador, 2006: pp. 1-133).  Hence, there is need to 
empirically test whether growth in productivity causes 
capital accumulation, employment and economic growth.   

THEORETICAL FRAMEWORK 
The theoretical models 1 and 2 below were developed from 
the Cobb-Douglas production function given by 
   LKAY   

Where Y is output (GDP), A is level of technology, K is 
capital stock, L is labor stock,  is coefficient on level of 
technology, and  and  are parameters of returns to 
scale.  Manipulating the Cobb-Douglas production function 
given above provides the Equations 1 and 2 given below. 

The production function given was rewritten as given 
below 
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implying growth in level of technology, capital 
accumulation and employment result in economic growth. 

Technical Progress Creates Employment but Labor 
Productivity Growth Lead to Unemployment 
The mathematical Equation 2 below implies that 
productivity growth LpdLp / causes growth in 
unemployment (i.e. reduction in employment), whereas 
both technical progress AdA / and capital accumulation 
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We take the economy to be operating under decreasing 
returns to scale i.e. 10   because the economy is 
operating within the feasible region of production.   

The parameters  ,, are all positive.  Similarly, the 
variables KLpAL ,,, are all positive, but their growth 
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rates may be either positive or negative.  Increase in capital 
productivity may result in unemployment because a rise in 
productivity may cause laborers to substitute leisure for 
work. 

Technology refers to knowledge required to produce the 
goods and services and as a result increase in technical 
progress cause labor to be more skillful and innovative and 
able to perform many tasks well within a given period.  
Capital stock refers to goods used to produce other goods 
implying that increase in capital stock provides labor with 
more tools to work with to produce more goods and 
services. 

Technical Progress Creates Economic Growth Whereas 
Productivity Growth Results in Decline in Capital 
Accumulation 
As depicted by Equation 3, increase in technical progress 
(i.e. applied knowledge to produces capital goods) results 
in more capital accumulation.  Whereas, growth in capital 
productivity KpdKp / brings about reduction in capital 
accumulation because it may lead to faster depletion of the 
existing capital in order to acquire more raw materials 
required to produce more capital.   

Raising the level of labor to produce more capital goods 
brings about faster accumulation of capital.  It is labor that 
produces capital.  Therefore, the more labor is engaged in 
the production of capital goods the faster is the capital 
accumulation. 
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where 1,0   a phenomenon of constant returns to 
scale. 

Technical Progress Creates Employment, Whereas 
Both Capital and Productivity Growth Result in 
Unemployment 
To capture both the influence of both capital and capital 
productivity on unemployment we take labor supply to be a 
function of technical progress, labor productivity and 
capital productivity as given by   

 KpLpAfL ,,  

Manipulation of the above function provides a linear 
equation given by 
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Where the coefficients represent the respective elasticity of  
labor supply. 

Technological Progress Promotes Capital 
Accumulation Whereas Both Capital and Productivity 
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To capture both the influence of both capital and capital 
productivity on capital accumulation we take capital stock 
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where the respective coefficients represent a given 
elasticity of capital stock. 

Technical Progress Causes Economic Growth, 
Whereas Capital and Labor Productivity Growth Result 
in Reduction in Economic Growth 
Expansion in applied knowledge to produce goods and 
services (i.e. technical progress) give rise to economic 
growth, whereas increase in productivity results in faster 
depletion of output and trade off of leisure for work 
resulting in reduction in economic growth YdY / . 
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Expressing Theory of Labor Productivity 
If some given mount of labor can take a amount of hours to 
produce Q units of output in a day then their labor 
productivity equals aQ / units of output per hour. 
Similarly, if the same amount of labor is employed for b 
hours to produce Q units of output per day then its daily 
output equals bQ / .  If ab  then the labor becomes more 
productive when its productivity is bQ / than when its 
productivity is aQ / .   

Implying that laborers will save ba  hours for their 

leisure when labor productivity has increased by 
a
Q

b
Q
 .  

Thus labor productivity )(
a
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b
QLp   becomes a 

function of leisure Z and is given by 
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The labor growth and labor productivity growth 
relationship derived from the theory of excess capacity (i.e. 
leisure) is in agreement with the same relationship that can 
be derived from the definition of labor stock in terms of 
output and labor productivity.   
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Whereas Both Capital and Productivity Growth Result in 
Reduction in Capital Accumulation
To capture both the influence of both capital and capital 
productivity on capital accumulation we take capital stock 
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work. 
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required to produce more capital.   
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produces capital.  Therefore, the more labor is engaged in 
the production of capital goods the faster is the capital 
accumulation. 














L
dL

K
dK

A
dA

K
dK

P

P 
1

1
……..………. (3) 

where 1,0   a phenomenon of constant returns to 
scale. 

Technical Progress Creates Employment, Whereas 
Both Capital and Productivity Growth Result in 
Unemployment 
To capture both the influence of both capital and capital 
productivity on unemployment we take labor supply to be a 
function of technical progress, labor productivity and 
capital productivity as given by   

 KpLpAfL ,,  

Manipulation of the above function provides a linear 
equation given by 

Kp
dKp

L
Kp

Kp
L

Lp
dLp

L
Lp

LP
L

A
dA

L
A

A
L

L
dL 









 ..

……………………………………………………….…. 
(4) 

Where the coefficients represent the respective elasticity of  
labor supply. 

Technological Progress Promotes Capital 
Accumulation Whereas Both Capital and Productivity 
Growth Result in Reduction in Capital Accumulation 
To capture both the influence of both capital and capital 
productivity on capital accumulation we take capital stock 

to be a function of technical progress, labor productivity 
and capital productivity as given by  

 KpLpAfK ,,  or  

Kp
dKp

K
Kp

Kp
K

Lp
dLp

K
Lp

Lp
K

A
dA

K
A

A
K

K
dK ... 














……………………………………………….…………. 
(5) 

where the respective coefficients represent a given 
elasticity of capital stock. 

Technical Progress Causes Economic Growth, 
Whereas Capital and Labor Productivity Growth Result 
in Reduction in Economic Growth 
Expansion in applied knowledge to produce goods and 
services (i.e. technical progress) give rise to economic 
growth, whereas increase in productivity results in faster 
depletion of output and trade off of leisure for work 
resulting in reduction in economic growth YdY / . 

  







 1/

Lp
Lp

Kp
Kp

A
dA

Y
dY

……... (6) 

Expressing Theory of Labor Productivity 
If some given mount of labor can take a amount of hours to 
produce Q units of output in a day then their labor 
productivity equals aQ / units of output per hour. 
Similarly, if the same amount of labor is employed for b 
hours to produce Q units of output per day then its daily 
output equals bQ / .  If ab  then the labor becomes more 
productive when its productivity is bQ / than when its 
productivity is aQ / .   

Implying that laborers will save ba  hours for their 

leisure when labor productivity has increased by 
a
Q

b
Q
 .  

Thus labor productivity )(
a
Q

b
QLp   becomes a 

function of leisure Z and is given by 

)()( LpfbaZ  or 













 


ab

baQfZ .  

Therefore, if daily amount of hours of work L plus daily 
hours of leisure Z equals H hours, then labor function 
becomes )(LpZHZHL  . 

Or
Lp
Lp

Lp
Lp

L
Lp

Lp
Z

L
L 
















 . .   

The labor growth and labor productivity growth 
relationship derived from the theory of excess capacity (i.e. 
leisure) is in agreement with the same relationship that can 
be derived from the definition of labor stock in terms of 
output and labor productivity.   

2 

 

rates may be either positive or negative.  Increase in capital 
productivity may result in unemployment because a rise in 
productivity may cause laborers to substitute leisure for 
work. 

Technology refers to knowledge required to produce the 
goods and services and as a result increase in technical 
progress cause labor to be more skillful and innovative and 
able to perform many tasks well within a given period.  
Capital stock refers to goods used to produce other goods 
implying that increase in capital stock provides labor with 
more tools to work with to produce more goods and 
services. 

Technical Progress Creates Economic Growth Whereas 
Productivity Growth Results in Decline in Capital 
Accumulation 
As depicted by Equation 3, increase in technical progress 
(i.e. applied knowledge to produces capital goods) results 
in more capital accumulation.  Whereas, growth in capital 
productivity KpdKp / brings about reduction in capital 
accumulation because it may lead to faster depletion of the 
existing capital in order to acquire more raw materials 
required to produce more capital.   

Raising the level of labor to produce more capital goods 
brings about faster accumulation of capital.  It is labor that 
produces capital.  Therefore, the more labor is engaged in 
the production of capital goods the faster is the capital 
accumulation. 














L
dL

K
dK

A
dA

K
dK

P

P 
1

1
……..………. (3) 

where 1,0   a phenomenon of constant returns to 
scale. 

Technical Progress Creates Employment, Whereas 
Both Capital and Productivity Growth Result in 
Unemployment 
To capture both the influence of both capital and capital 
productivity on unemployment we take labor supply to be a 
function of technical progress, labor productivity and 
capital productivity as given by   

 KpLpAfL ,,  

Manipulation of the above function provides a linear 
equation given by 

Kp
dKp

L
Kp

Kp
L

Lp
dLp

L
Lp

LP
L

A
dA

L
A

A
L

L
dL 









 ..

……………………………………………………….…. 
(4) 

Where the coefficients represent the respective elasticity of  
labor supply. 

Technological Progress Promotes Capital 
Accumulation Whereas Both Capital and Productivity 
Growth Result in Reduction in Capital Accumulation 
To capture both the influence of both capital and capital 
productivity on capital accumulation we take capital stock 

to be a function of technical progress, labor productivity 
and capital productivity as given by  

 KpLpAfK ,,  or  

Kp
dKp

K
Kp

Kp
K

Lp
dLp

K
Lp

Lp
K

A
dA

K
A

A
K

K
dK ... 














……………………………………………….…………. 
(5) 

where the respective coefficients represent a given 
elasticity of capital stock. 

Technical Progress Causes Economic Growth, 
Whereas Capital and Labor Productivity Growth Result 
in Reduction in Economic Growth 
Expansion in applied knowledge to produce goods and 
services (i.e. technical progress) give rise to economic 
growth, whereas increase in productivity results in faster 
depletion of output and trade off of leisure for work 
resulting in reduction in economic growth YdY / . 

  







 1/

Lp
Lp

Kp
Kp

A
dA

Y
dY

……... (6) 

Expressing Theory of Labor Productivity 
If some given mount of labor can take a amount of hours to 
produce Q units of output in a day then their labor 
productivity equals aQ / units of output per hour. 
Similarly, if the same amount of labor is employed for b 
hours to produce Q units of output per day then its daily 
output equals bQ / .  If ab  then the labor becomes more 
productive when its productivity is bQ / than when its 
productivity is aQ / .   

Implying that laborers will save ba  hours for their 

leisure when labor productivity has increased by 
a
Q

b
Q
 .  

Thus labor productivity )(
a
Q

b
QLp   becomes a 

function of leisure Z and is given by 

)()( LpfbaZ  or 













 


ab

baQfZ .  

Therefore, if daily amount of hours of work L plus daily 
hours of leisure Z equals H hours, then labor function 
becomes )(LpZHZHL  . 

Or
Lp
Lp

Lp
Lp

L
Lp

Lp
Z

L
L 
















 . .   

The labor growth and labor productivity growth 
relationship derived from the theory of excess capacity (i.e. 
leisure) is in agreement with the same relationship that can 
be derived from the definition of labor stock in terms of 
output and labor productivity.   

2 

 

rates may be either positive or negative.  Increase in capital 
productivity may result in unemployment because a rise in 
productivity may cause laborers to substitute leisure for 
work. 

Technology refers to knowledge required to produce the 
goods and services and as a result increase in technical 
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in more capital accumulation.  Whereas, growth in capital 
productivity KpdKp / brings about reduction in capital 
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required to produce more capital.   
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productivity may result in unemployment because a rise in 
productivity may cause laborers to substitute leisure for 
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goods and services and as a result increase in technical 
progress cause labor to be more skillful and innovative and 
able to perform many tasks well within a given period.  
Capital stock refers to goods used to produce other goods 
implying that increase in capital stock provides labor with 
more tools to work with to produce more goods and 
services. 
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Accumulation 
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productivity KpdKp / brings about reduction in capital 
accumulation because it may lead to faster depletion of the 
existing capital in order to acquire more raw materials 
required to produce more capital.   

Raising the level of labor to produce more capital goods 
brings about faster accumulation of capital.  It is labor that 
produces capital.  Therefore, the more labor is engaged in 
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rates may be either positive or negative.  Increase in capital 
productivity may result in unemployment because a rise in 
productivity may cause laborers to substitute leisure for 
work. 

Technology refers to knowledge required to produce the 
goods and services and as a result increase in technical 
progress cause labor to be more skillful and innovative and 
able to perform many tasks well within a given period.  
Capital stock refers to goods used to produce other goods 
implying that increase in capital stock provides labor with 
more tools to work with to produce more goods and 
services. 

Technical Progress Creates Economic Growth Whereas 
Productivity Growth Results in Decline in Capital 
Accumulation 
As depicted by Equation 3, increase in technical progress 
(i.e. applied knowledge to produces capital goods) results 
in more capital accumulation.  Whereas, growth in capital 
productivity KpdKp / brings about reduction in capital 
accumulation because it may lead to faster depletion of the 
existing capital in order to acquire more raw materials 
required to produce more capital.   
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where 1,0   a phenomenon of constant returns to 
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where the respective coefficients represent a given 
elasticity of capital stock. 

Technical Progress Causes Economic Growth, 
Whereas Capital and Labor Productivity Growth Result 
in Reduction in Economic Growth 
Expansion in applied knowledge to produce goods and 
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growth, whereas increase in productivity results in faster 
depletion of output and trade off of leisure for work 
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productivity may result in unemployment because a rise in 
productivity may cause laborers to substitute leisure for 
work. 

Technology refers to knowledge required to produce the 
goods and services and as a result increase in technical 
progress cause labor to be more skillful and innovative and 
able to perform many tasks well within a given period.  
Capital stock refers to goods used to produce other goods 
implying that increase in capital stock provides labor with 
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productivity KpdKp / brings about reduction in capital 
accumulation because it may lead to faster depletion of the 
existing capital in order to acquire more raw materials 
required to produce more capital.   

Raising the level of labor to produce more capital goods 
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where 1,0   a phenomenon of constant returns to 
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where the respective coefficients represent a given 
elasticity of capital stock. 

Technical Progress Causes Economic Growth, 
Whereas Capital and Labor Productivity Growth Result 
in Reduction in Economic Growth 
Expansion in applied knowledge to produce goods and 
services (i.e. technical progress) give rise to economic 
growth, whereas increase in productivity results in faster 
depletion of output and trade off of leisure for work 
resulting in reduction in economic growth YdY / . 
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Expressing Theory of Labor Productivity 
If some given mount of labor can take a amount of hours to 
produce Q units of output in a day then their labor 
productivity equals aQ / units of output per hour. 
Similarly, if the same amount of labor is employed for b 
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or growth in capital stock is growth in output less growth in 
capital productivity i.e.

Substituting capital productivity growth for capital growth 
in the Cobb-Douglas production function enables us to 
determine the potential influence of capital productivity on 
economic growth.

Methodology
Econometric Models
Econometric models were developed in accordance with the 
five theoretical models given above.

Growth in technology level, capital accumulation and 
employment result in economic growth.

Labor productivity growth leads to unemployment, whereas 
both growth in technological progress and capital stock cause 
increase in labor supply as portrayed by Model (8).

Where                                                          and       is the 
disturbance term.  

Capital productivity growth results in decline in capital 
accumulation, whereas both growth in labor stock and 
technical progress result in capital accumulation as given by 
model (9).

Where                                                   and      is the disturbance 
term.  

Both capital and productivity growth result in unemployment, 
whereas technical progress leads to increase in employment.  
See model (10).

Where                                                   and       is the disturbance 
term.  

Both capital and productivity growth result in reduction in 
capital accumulation, whereas technical progress leads to 
increase in capital accumulation.  See model (11).

Where                                                  and       is the disturbance 
term. 

The labor growth and labor productivity growth relationship 
derived from the theory of excess capacity (i.e. leisure) is 
in agreement with the same relationship that can be derived 
from the definition of labor stock in terms of output and labor 
productivity.  

Here we define labor as output per unit of labor productivity 

i.e.                 or growth in labor stock is 

growth in output less growth in labor productivity i.e.

Substituting labor productivity growth for labor growth in the 
Cobb-Douglas production function enables us to determine 
the potential influence of labor productivity on economic 
growth.

Expressing Theory of Capital Productivity
Suppose that a firm operating at full capacity can produce  
units of output in a day by employing          units of capital, 
then daily capital productivity of the firm equals               units 
of output per unit of capital.  If the capital productivity 
increased to           units of output per unit of capital per day, 
then the same amount of output could be produced by          in 
a day.  Such a production process generates excess capacity 
(i.e. idle capital stock) amounting to              units daily and 
capital productivity goes up by

As a result the idle capacity                           becomes a function 
of capital productivity as given by .                         Total 
capital stock (i.e. full capacity assumed to be constant) equals 
idle capital stock          plus active capital stock         and is 
expressed by

By differentiating the active capital stock function with 
respect to time we get:

Hence, increase in capital productivity results in depletion of 
the active capital stock.  The capital growth and productivity 
growth relationship derived from the theory of excess 
capacity is in agreement with the same relationship that can 
be derived from the definition of capital stock in terms of 
output and capital productivity.  Here we define capital as 
output per unit of capital productivity i.e.   
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Hence, increase in capital productivity results in depletion 
of the active capital stock.  The capital growth and 
productivity growth relationship derived from the theory of 
excess capacity is in agreement with the same relationship 
that can be derived from the definition of capital stock in 
terms of output and capital productivity.  Here we define 
capital as output per unit of capital productivity i.e. 
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Hence, increase in capital productivity results in depletion 
of the active capital stock.  The capital growth and 
productivity growth relationship derived from the theory of 
excess capacity is in agreement with the same relationship 
that can be derived from the definition of capital stock in 
terms of output and capital productivity.  Here we define 
capital as output per unit of capital productivity i.e. 
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Substituting capital productivity growth for capital growth 
in the Cobb-Douglas production function enables us to 
determine the potential influence of capital productivity on 
economic growth.  

METHODOLOGY 

Econometric Models 
Econometric models were developed in accordance with 
the five theoretical models given above. 

Growth in technology level, capital accumulation and 
employment result in economic growth. 
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Labor productivity growth leads to unemployment, 
whereas both growth in technological progress and capital 
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Where a and b are constants. 
Subtracting Equation (15) from Equation (14) is equivalent 
to differencing Equation 13 as given below. 
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Thus subtracting Equation 17 from Equation 16 provides

Proof: After differencing we have the following equations

We take the growth rate of the variable in the question to be 
constant in the long run (i.e. along it long run path).

is constant as given above in Equation 16.
Finally, differentiating Equation 18 with respect to time 
provides

Furthermore, differentiating Equation (13) with respect to  	          	
       provides

Differencing Equation (23) once gives

Differentiating Equation (13) with respect to time provides

Differencing Equation (19) and equating it Equation (18) 
gives

Both capital and labor productivity growth, result in reduction 
in economic growth, whereas technical progress leads to 
increase in economic growth.  See model (12) given below.

where                                                    and     is the disturbance 
term.

Taking Logarithm or Differencing as a Solution to 
Heteroscedasticity
The problem of heteroscedaticity is that variance of the 
random variable       is not constant.  Symbolically this 
problem of heteroscedasticity can be expressed as:
                          is not constant,

Where the subscript implies that individual variances may be 
different at any time t. 

If the          is not constant and its value depends on the value 
of the dependent variable         then 
 

where                              (Koutsoyainnis 2001, pp. 181-182).
Alternatively, if there is heteroscedasticity we can 
symbolically write it as

                                      is not constant 

(Gujarati 2003:  p. 283).

Taking logarithm is one obvious solution to solving the 
problem of heteroscedasticity. Differencing is also one of the 
ways of solving the heteroscedasticity problem.
Proof: Let the variance of      be written as

Differencing Equation (1) requires two sets of expressions 
as follows:

Where     and     are constants.
Subtracting Equation (15) from Equation (14) is equivalent to 
differencing Equation 13 as given below.
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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term. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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problem of heteroscedasticity. Differencing is also one of 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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term. 
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).()()(
1

1
1

2
1

22
1

2
 


 ttnuttu YfYfuu

n
  

Thus ).(
1

1][ 2
1

22
1

2 uuE
n

E ntutu 


   

Or 2
1

22
1

2 ][)1( uuntutuEn    ………..… (16) 

Also ).(
2

1][ 2
2

22
2

2
1 uuE

n
E ntutu 


    

Or 2
2

22
2

2
1 ][)2( uuntutuEn    ..…….. (17) 

Thus subtracting Equation 17 from Equation 16 provides  
2
1

2
2

2
1

2 ][ uuututE     ……....................…. (18) 

Equation 16 implies that )( 2
1

2
 unutE  is constant. 

 ][][ 2
2

2
1

2
1

2
  utunutut EE  is constant.  

Proof: After differencing we have the following equations 
)ˆ(ˆ

1
2

1
2

  tttutut YbaYba …… …..….. (19) 

)ˆ(ˆ
21

2
2

2
1   ttutut YbaYba ….….... .. (20) 

Implying that 
)ˆˆ( 1

2
1

2
  ttutut YYb …………………….….. (21) 

)ˆˆ( 21
2

2
2

1   ttutut YYb …………….…....... (22) 
We take the growth rate of the variable in the question to 
be constant in the long run (i.e. along it long run path). 

.1
)ˆˆ(

ˆˆ(

21

)1
2

21

2
1

2



















tt

tt

utut

utut

YYb
YYb




 

Or .2
2

2
1

2
1

2
  utunutut   

Or ][][ 2
2

2
1

2
1

2
  utunutut EE   

is constant as given above in Equation 16. 
Finally, differentiating Equation 18 with respect to time 
provides 

.022 12  uu  Or .2
2

2
1   utun   

Furthermore, differentiating Equation (13) with respect to 
2
ut provides 

).(211
1

t

n

t
t Yfu

n
 



 

Or 



n

t
tu

n 1

21 …………………………….…… (23) 

Differencing Equation (23) once gives 

.
1

2)(
1

20
11

1 









n

t
t

n

t
n u

n
uu

n
 

Or 0
1




n

t
tu ……………………….………... (24) 

Differentiating Equation (13) with respect to time provides 

)(22
1

t

n

t
tut Yfu

n
 



  

Or 



n

t
tut u

n 1

1 ………………………….….. (25) 

4 

 

Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
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term.  
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reduction in economic growth, whereas technical progress 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 

t
t

t

t

t

Kp
dKp

Lp
dLp

At
dAt

Yt
dYt   321 …….... 

(12) 

where 01  , 02  , 03   and  is the disturbance 
term. 

Taking Logarithm or Differencing as a Solution to 
Heteroscedasticity 
The problem of heteroscedaticity is that variance of the 
random variable tu is not constant.  Symbolically this 
problem of heteroscedasticity can be expressed as: 

2)( uttuVar  is not constant, 
Where the subscript implies that individual variances may 
be different at any time .t  
If the 2

ut is not constant and its value depends on the value 

of the dependent variable tY  then  

),(2
tut Yf  

where nt ,....,3,2,1   (Koutsoyainnis 2001, pp. 181-
182). 
Alternatively, if there is heteroscedasticity we can 
symbolically write it as 

2

1

22 1)( ut

n

t
tt u

n
uE 



  is not constant  

(Gujarati 2003:  p. 283). 
 
Taking logarithm is one obvious solution to solving the 
problem of heteroscedasticity. Differencing is also one of 
the ways of solving the heteroscedasticity problem. 
Proof: Let the variance of tu be written as 

tt

n

t
tut YbaYfu

n
ˆ)(1

1

22  


 ……………… (13) 

Differencing Equation (1) requires two sets of expressions 
as follows: 

 tt

n

t
tut YbaYfu

n
ˆ)(

1
1

2

22 


 


 ……….…. (14) 

11

1

1

22
1

ˆ)(
1

1





 


  tt

n

t
tut YbaYfu

n
 ……. (15) 

Where a and b are constants. 
Subtracting Equation (15) from Equation (14) is equivalent 
to differencing Equation 13 as given below. 

).()()(
1

1
1

2
1

22
1

2
 


 ttnuttu YfYfuu

n
  

Thus ).(
1

1][ 2
1

22
1

2 uuE
n

E ntutu 


   

Or 2
1

22
1

2 ][)1( uuntutuEn    ………..… (16) 

Also ).(
2

1][ 2
2

22
2

2
1 uuE

n
E ntutu 


    

Or 2
2

22
2

2
1 ][)2( uuntutuEn    ..…….. (17) 

Thus subtracting Equation 17 from Equation 16 provides  
2
1

2
2

2
1

2 ][ uuututE     ……....................…. (18) 

Equation 16 implies that )( 2
1

2
 unutE  is constant. 

 ][][ 2
2

2
1

2
1

2
  utunutut EE  is constant.  

Proof: After differencing we have the following equations 
)ˆ(ˆ

1
2

1
2

  tttutut YbaYba …… …..….. (19) 

)ˆ(ˆ
21

2
2

2
1   ttutut YbaYba ….….... .. (20) 

Implying that 
)ˆˆ( 1

2
1

2
  ttutut YYb …………………….….. (21) 

)ˆˆ( 21
2

2
2

1   ttutut YYb …………….…....... (22) 
We take the growth rate of the variable in the question to 
be constant in the long run (i.e. along it long run path). 

.1
)ˆˆ(

ˆˆ(

21

)1
2

21

2
1

2



















tt

tt

utut

utut

YYb
YYb




 

Or .2
2

2
1

2
1

2
  utunutut   

Or ][][ 2
2

2
1

2
1

2
  utunutut EE   

is constant as given above in Equation 16. 
Finally, differentiating Equation 18 with respect to time 
provides 

.022 12  uu  Or .2
2

2
1   utun   

Furthermore, differentiating Equation (13) with respect to 
2
ut provides 

).(211
1

t

n

t
t Yfu

n
 



 

Or 



n

t
tu

n 1

21 …………………………….…… (23) 

Differencing Equation (23) once gives 

.
1

2)(
1

20
11

1 









n

t
t

n

t
n u

n
uu

n
 

Or 0
1




n

t
tu ……………………….………... (24) 

Differentiating Equation (13) with respect to time provides 

)(22
1

t

n

t
tut Yfu

n
 



  

Or 



n

t
tut u

n 1

1 ………………………….….. (25) 

4 

 

Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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given below. 

t
t

t

t

t

Kp
dKp

Lp
dLp

At
dAt

Yt
dYt   321 …….... 

(12) 

where 01  , 02  , 03   and  is the disturbance 
term. 

Taking Logarithm or Differencing as a Solution to 
Heteroscedasticity 
The problem of heteroscedaticity is that variance of the 
random variable tu is not constant.  Symbolically this 
problem of heteroscedasticity can be expressed as: 

2)( uttuVar  is not constant, 
Where the subscript implies that individual variances may 
be different at any time .t  
If the 2

ut is not constant and its value depends on the value 

of the dependent variable tY  then  

),(2
tut Yf  

where nt ,....,3,2,1   (Koutsoyainnis 2001, pp. 181-
182). 
Alternatively, if there is heteroscedasticity we can 
symbolically write it as 

2

1

22 1)( ut

n

t
tt u

n
uE 



  is not constant  

(Gujarati 2003:  p. 283). 
 
Taking logarithm is one obvious solution to solving the 
problem of heteroscedasticity. Differencing is also one of 
the ways of solving the heteroscedasticity problem. 
Proof: Let the variance of tu be written as 

tt

n

t
tut YbaYfu

n
ˆ)(1

1

22  


 ……………… (13) 

Differencing Equation (1) requires two sets of expressions 
as follows: 

 tt

n

t
tut YbaYfu

n
ˆ)(

1
1

2

22 


 


 ……….…. (14) 

11

1

1

22
1

ˆ)(
1

1





 


  tt

n

t
tut YbaYfu

n
 ……. (15) 

Where a and b are constants. 
Subtracting Equation (15) from Equation (14) is equivalent 
to differencing Equation 13 as given below. 

).()()(
1

1
1

2
1

22
1

2
 


 ttnuttu YfYfuu

n
  

Thus ).(
1

1][ 2
1

22
1

2 uuE
n

E ntutu 


   

Or 2
1

22
1

2 ][)1( uuntutuEn    ………..… (16) 

Also ).(
2

1][ 2
2

22
2

2
1 uuE

n
E ntutu 


    

Or 2
2

22
2

2
1 ][)2( uuntutuEn    ..…….. (17) 

Thus subtracting Equation 17 from Equation 16 provides  
2
1

2
2

2
1

2 ][ uuututE     ……....................…. (18) 

Equation 16 implies that )( 2
1

2
 unutE  is constant. 

 ][][ 2
2

2
1

2
1

2
  utunutut EE  is constant.  

Proof: After differencing we have the following equations 
)ˆ(ˆ

1
2

1
2

  tttutut YbaYba …… …..….. (19) 

)ˆ(ˆ
21

2
2

2
1   ttutut YbaYba ….….... .. (20) 

Implying that 
)ˆˆ( 1

2
1

2
  ttutut YYb …………………….….. (21) 

)ˆˆ( 21
2

2
2

1   ttutut YYb …………….…....... (22) 
We take the growth rate of the variable in the question to 
be constant in the long run (i.e. along it long run path). 

.1
)ˆˆ(

ˆˆ(

21

)1
2

21

2
1

2



















tt

tt

utut

utut

YYb
YYb




 

Or .2
2

2
1

2
1

2
  utunutut   

Or ][][ 2
2

2
1

2
1

2
  utunutut EE   

is constant as given above in Equation 16. 
Finally, differentiating Equation 18 with respect to time 
provides 

.022 12  uu  Or .2
2

2
1   utun   

Furthermore, differentiating Equation (13) with respect to 
2
ut provides 

).(211
1

t

n

t
t Yfu

n
 



 

Or 



n

t
tu

n 1

21 …………………………….…… (23) 

Differencing Equation (23) once gives 

.
1

2)(
1

20
11

1 









n

t
t

n

t
n u

n
uu

n
 

Or 0
1




n

t
tu ……………………….………... (24) 

Differentiating Equation (13) with respect to time provides 

)(22
1

t

n

t
tut Yfu

n
 



  

Or 



n

t
tut u

n 1

1 ………………………….….. (25) 

4 
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given below. 

t
t

t

t

t

Kp
dKp

Lp
dLp

At
dAt

Yt
dYt   321 …….... 

(12) 

where 01  , 02  , 03   and  is the disturbance 
term. 

Taking Logarithm or Differencing as a Solution to 
Heteroscedasticity 
The problem of heteroscedaticity is that variance of the 
random variable tu is not constant.  Symbolically this 
problem of heteroscedasticity can be expressed as: 

2)( uttuVar  is not constant, 
Where the subscript implies that individual variances may 
be different at any time .t  
If the 2

ut is not constant and its value depends on the value 

of the dependent variable tY  then  

),(2
tut Yf  

where nt ,....,3,2,1   (Koutsoyainnis 2001, pp. 181-
182). 
Alternatively, if there is heteroscedasticity we can 
symbolically write it as 

2

1

22 1)( ut

n

t
tt u

n
uE 



  is not constant  

(Gujarati 2003:  p. 283). 
 
Taking logarithm is one obvious solution to solving the 
problem of heteroscedasticity. Differencing is also one of 
the ways of solving the heteroscedasticity problem. 
Proof: Let the variance of tu be written as 

tt

n

t
tut YbaYfu

n
ˆ)(1

1

22  


 ……………… (13) 

Differencing Equation (1) requires two sets of expressions 
as follows: 

 tt

n

t
tut YbaYfu

n
ˆ)(

1
1

2

22 


 


 ……….…. (14) 

11

1

1

22
1

ˆ)(
1

1





 


  tt

n

t
tut YbaYfu

n
 ……. (15) 

Where a and b are constants. 
Subtracting Equation (15) from Equation (14) is equivalent 
to differencing Equation 13 as given below. 

).()()(
1

1
1

2
1

22
1

2
 


 ttnuttu YfYfuu

n
  

Thus ).(
1

1][ 2
1

22
1

2 uuE
n

E ntutu 


   

Or 2
1

22
1

2 ][)1( uuntutuEn    ………..… (16) 

Also ).(
2

1][ 2
2

22
2

2
1 uuE

n
E ntutu 


    

Or 2
2

22
2

2
1 ][)2( uuntutuEn    ..…….. (17) 

Thus subtracting Equation 17 from Equation 16 provides  
2
1

2
2

2
1

2 ][ uuututE     ……....................…. (18) 

Equation 16 implies that )( 2
1

2
 unutE  is constant. 

 ][][ 2
2

2
1

2
1

2
  utunutut EE  is constant.  

Proof: After differencing we have the following equations 
)ˆ(ˆ

1
2

1
2

  tttutut YbaYba …… …..….. (19) 

)ˆ(ˆ
21

2
2

2
1   ttutut YbaYba ….….... .. (20) 

Implying that 
)ˆˆ( 1

2
1

2
  ttutut YYb …………………….….. (21) 

)ˆˆ( 21
2

2
2

1   ttutut YYb …………….…....... (22) 
We take the growth rate of the variable in the question to 
be constant in the long run (i.e. along it long run path). 

.1
)ˆˆ(

ˆˆ(

21

)1
2

21

2
1

2



















tt

tt

utut

utut

YYb
YYb




 

Or .2
2

2
1

2
1

2
  utunutut   

Or ][][ 2
2

2
1

2
1

2
  utunutut EE   

is constant as given above in Equation 16. 
Finally, differentiating Equation 18 with respect to time 
provides 

.022 12  uu  Or .2
2

2
1   utun   

Furthermore, differentiating Equation (13) with respect to 
2
ut provides 

).(211
1

t

n

t
t Yfu

n
 



 

Or 



n

t
tu

n 1

21 …………………………….…… (23) 

Differencing Equation (23) once gives 

.
1

2)(
1

20
11

1 









n

t
t

n

t
n u

n
uu

n
 

Or 0
1




n

t
tu ……………………….………... (24) 

Differentiating Equation (13) with respect to time provides 

)(22
1

t

n

t
tut Yfu

n
 



  

Or 



n

t
tut u

n 1

1 ………………………….….. (25) 

4 
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term.  
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leads to increase in economic growth.  See model (12) 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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where 01  , 02  , 03   and  is the disturbance 
term. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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where 01  , 02  , 03   and  is the disturbance 
term. 
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Taking logarithm is one obvious solution to solving the 
problem of heteroscedasticity. Differencing is also one of 
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Where a and b are constants. 
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to differencing Equation 13 as given below. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 
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where 01  , 02  , 03   and  is the disturbance 
term. 
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the ways of solving the heteroscedasticity problem. 
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Where a and b are constants. 
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Here we define labor as output per unit of labor 

productivity i.e. 
Lp
QL   or growth in labor stock is 

growth in output less growth in labor productivity i.e.

Lp
dLp

Q
dQ

L
dL

 .   

Substituting labor productivity growth for labor growth in 
the Cobb-Douglas production function enables us to 
determine the potential influence of labor productivity on 
economic growth. 

Expressing Theory of Capital Productivity 
Suppose that a firm operating at full capacity can produce 
Q units of output in a day by employing 2K units of 
capital, then daily capital productivity of the firm equals 

2/ KQ units of output per unit of capital.  If the capital 
productivity increased to KQ / units of output per unit of 
capital per day, then the same amount of output could be 
produced by bQ / in a day.  Such a production process 
generates excess capacity (i.e. idle capital stock) amounting 
to KK 2 units daily and capital productivity goes up by 

 
K
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K
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
2

. 

As a result the idle capacity KKK  21 becomes a 

function of capital productivity as given by )(11 KpKK  .  
Total capital stock (i.e. full capacity assumed to be 
constant) equals idle capital stock 1K  plus active capital 

stock K and is expressed by KKK  12 . 

Or )(1212 kPKKKKK  .  

By differentiating the active capital stock function with 
respect to time we get: 
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Hence, increase in capital productivity results in depletion 
of the active capital stock.  The capital growth and 
productivity growth relationship derived from the theory of 
excess capacity is in agreement with the same relationship 
that can be derived from the definition of capital stock in 
terms of output and capital productivity.  Here we define 
capital as output per unit of capital productivity i.e. 

Kp
QK   or growth in capital stock is growth in output 

less growth in capital productivity i.e.
Kp

dKp
Q
dQ

K
dK

 .  

Substituting capital productivity growth for capital growth 
in the Cobb-Douglas production function enables us to 
determine the potential influence of capital productivity on 
economic growth.  

METHODOLOGY 

Econometric Models 
Econometric models were developed in accordance with 
the five theoretical models given above. 

Growth in technology level, capital accumulation and 
employment result in economic growth. 

t
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t

Lt
dLt

Kp
dKp

At
dAt

Yt
dYt   321 …….…. (7) 

Labor productivity growth leads to unemployment, 
whereas both growth in technological progress and capital 
stock cause increase in labor supply as portrayed by Model 
(8). 
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dLp

At
dAt

Lt
dLt   321 ………. (8) 

Where 01  , 02  , 03   and  is the 
disturbance term.   

Capital productivity growth results in decline in capital 
accumulation, whereas both growth in labor stock and 
technical progress result in capital accumulation as given 
by model (9). 
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dKp

At
dAt

Kt
dKt   321 ……….. (9) 

Where 01  , 02  , 03   and  is the disturbance 
term.   

Both capital and productivity growth result in 
unemployment, whereas technical progress leads to 
increase in employment.  See model (10). 
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dLp

At
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Lt
dLt   321 ……. (10) 

Where 01  , 02  , 03   and  is the 
disturbance term.   

Both capital and productivity growth result in reduction in 
capital accumulation, whereas technical progress leads to 
increase in capital accumulation.  See model (11). 
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Differencing Equation (19) and equating it Equation (18) 
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Therefore, we can deduce from Equations (16) and (18) 
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(Mood at el.1986: pp. 229-230; Kmenta 1971: pp. 137-139)  

Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2

tu   

In the KB test the squared residuals are regressed on the 
squared estimated values of the regressand. In the KB test 
the original model is usually specified as 

.ˆ......33221 tktkttt uXXXY    

After estimating the model tû is got and the estimate 

becomes .)ˆ(ˆ 2
10

2
tt vYu    

Where tŶ are estimated values of tY in form of the original 

model. The null hypothesis is that .02   
When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 
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Where 01  , 02  , 03   and  is the disturbance 
term.  

Both capital and labor productivity growth, result in 
reduction in economic growth, whereas technical progress 
leads to increase in economic growth.  See model (12) 
given below. 

t
t

t

t

t

Kp
dKp

Lp
dLp

At
dAt

Yt
dYt   321 …….... 

(12) 

where 01  , 02  , 03   and  is the disturbance 
term. 

Taking Logarithm or Differencing as a Solution to 
Heteroscedasticity 
The problem of heteroscedaticity is that variance of the 
random variable tu is not constant.  Symbolically this 
problem of heteroscedasticity can be expressed as: 

2)( uttuVar  is not constant, 
Where the subscript implies that individual variances may 
be different at any time .t  
If the 2

ut is not constant and its value depends on the value 

of the dependent variable tY  then  

),(2
tut Yf  

where nt ,....,3,2,1   (Koutsoyainnis 2001, pp. 181-
182). 
Alternatively, if there is heteroscedasticity we can 
symbolically write it as 
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(Gujarati 2003:  p. 283). 
 
Taking logarithm is one obvious solution to solving the 
problem of heteroscedasticity. Differencing is also one of 
the ways of solving the heteroscedasticity problem. 
Proof: Let the variance of tu be written as 
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Differencing Equation (1) requires two sets of expressions 
as follows: 
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Where a and b are constants. 
Subtracting Equation (15) from Equation (14) is equivalent 
to differencing Equation 13 as given below. 
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Thus subtracting Equation 17 from Equation 16 provides  
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Proof: After differencing we have the following equations 
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We take the growth rate of the variable in the question to 
be constant in the long run (i.e. along it long run path). 
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is constant as given above in Equation 16. 
Finally, differentiating Equation 18 with respect to time 
provides 
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ure of the proportion of variations in the independent variable 
explained by the regression line, showed that the independ-
ent variables together could explain over 93 percent of the 
variations in the dependent variable.  In all the five regression 
results with 37 degrees of freedom the computed Durbin-
Watson   statistic                 was    greater    than    the    table                                                                                           	
                                     at 5 percent level of significance, 
confirming that there was no serial correlation (i.e. autocor-
relation) problem.

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions were 
homoscedastic (i.e. having constant variance). The KB test 
for heteroscedasticity is based on squared residuals i.e.  

In the KB test the squared residuals are regressed on the 
squared estimated values of the regressand. In the KB test the 
original model is usually specified as

After estimating the model  is got and the estimate becomes

Where    , are estimated values of    in form of the original 
model. The null hypothesis is that 

When the null hypothesis is accepted we conclude that there 
is no heteroscedasticity.  Otherwise, when the null hypothesis 
is rejected we conclude that there is presence of heterosceda-
ticity in a model. The null hypothesis is tested by employing 
the usual       test or      test.  If the model is double log then 
the residuals are regressed on  

One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally distrib-
uted (Gujarati 2003, p. 415). Finally the advantage of dif-
ferencing, taking logarithms or using growth rates caused all 
the models used in making the empirical analyses to become 
homoscedastic.

Empirical Findings And Discussions
Due to serial correlation the returns to scale on capital was 
estimated by regressing   on  as provided by results in Table 
1 where  was disposable income and  was aggregate level of 
exports.  

were got by regressing d(Y/E) on  and  as provided in Table 2.  

(Mood at el.1986: pp. 229-230; Kmenta 1971: pp. 137-139) 
Hence, differencing a time series before running a egression 
causes the unstable variance of the error term to become con-
stant.  Thus, since differencing and taking logarithms are em-
ployed in the analyses, the heteroscedasticty was not found to 
be a problem in the analyses of the study. 

Tests of Hypotheses
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained the 
regression models given below.  In all the regression results          
the                                                                                                          The  
                   is the probability of obtaining a value of    test 
statistic as much as or grater than the computed    value.  In 
other words the                        is the lowest significance at 
which the null hypothesis can be rejected.  Therefore with 
a  	                             the null hypothesis can be rejected 
with absolute confidence.

Also for 36 degrees of freedom at  0.001 level of significance 
the     value were all greater in absolute terms than all the 
computed      values obtained.  Hence, under the null hypoth-
esis that a given coefficient value was zero we, rejected the 
null hypothesis.

All the computed      values were greater than the critical 	       
value and they followed      distribution with 3 and 36 degrees 
of freedom in the numerator and denominator respectively.  
(Note that there are 37 observations and three explanatory 
variables).  From the table we found that in all regressions 
cases the        value was significant at 1 percent level of sig-
nificance.

Therefore, form all the regressions results we rejected the null 
hypotheses that in each case the three independent variables 
jointly had no effect on the dependent variable.  Also, in each 
of the five regression results, the                          of obtaining 
the respective       value as much as or greater than the one 
from a given result was almost zero i.e.                         leading 
to the rejection of the hypothesis that together the three vari-
ables had no effect on the independent variable. 

In each of the fifteen results given below, the coefficient of 
multiple determination,       and adjusted      (i.e.      ) a meas-
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Differencing Equation (19) and equating it Equation (18) 
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(Mood at el.1986: pp. 229-230; Kmenta 1971: pp. 137-139)  

Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2

tu   

In the KB test the squared residuals are regressed on the 
squared estimated values of the regressand. In the KB test 
the original model is usually specified as 

.ˆ......33221 tktkttt uXXXY    

After estimating the model tû is got and the estimate 

becomes .)ˆ(ˆ 2
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2
tt vYu    

Where tŶ are estimated values of tY in form of the original 

model. The null hypothesis is that .02   
When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 
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(Mood at el.1986: pp. 229-230; Kmenta 1971: pp. 137-139)  

Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2
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When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 
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null hypothesis can be rejected with absolute confidence. 
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than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 
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multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
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to test whether the models used in making conclusions 
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Where tŶ are estimated values of tY in form of the original 

model. The null hypothesis is that .02   
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hypothesis is rejected we conclude that there is presence of 
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by employing the usual t  test or F test.  If the model is 
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One advantage of the KB test is that it is applicable even if 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
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hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
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When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
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to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
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of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
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multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2
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When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 
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null hypothesis that a given coefficient value was zero we, 
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almost zero i.e. 000000.0  leading to the rejection of the 
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measure of the proportion of variations in the independent 
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percent of the variations in the dependent variable.  In all 
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the table 60.1..  UdWD at 5 percent level of 
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by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 

5 

 

Differencing Equation (19) and equating it Equation (18) 
gives 

0
1

1
1

1 


 


n

t
tuun u

n
 …….…….….. (26) 

Implying that .1uun    Or .22
1 unu    

Therefore, we can deduce from Equations (16) and (18) 
that 
 22

2
2
1 .... unuu    is constant. 

Moreover, from Equations 16 and 17 we find that if 

nuuu ,....,, 21 is a random sample from density 

)( tYf where nt ,.....,2,1 then 








n

i
i uu

n
S

1

22 )(
1

1
for 1. n ………. (27) 

Could be defined by the sample variance 
22

1
22 )()()( utut EESE    …….…. (28) 

Where 2
u is the population variance. 

Implying that 
0)()( 222

1
2   uuutut EE  …..… (29) 

Also 0)()( 2
2

2
1   utut EE  ………...… (30) 

 0.....)() 22
2

2
1  unuu E  ….…. (31)  

(Mood at el.1986: pp. 229-230; Kmenta 1971: pp. 137-139)  
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become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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Using data from UAE from 1970 to 2010 consisting of 40 
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of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 
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to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2

tu   

In the KB test the squared residuals are regressed on the 
squared estimated values of the regressand. In the KB test 
the original model is usually specified as 

.ˆ......33221 tktkttt uXXXY    

After estimating the model tû is got and the estimate 
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One advantage of the KB test is that it is applicable even if 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF
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of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 
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to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
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One advantage of the KB test is that it is applicable even if 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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than the computed t value.  In other words the valuep   
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be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 
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null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 
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hypothesis that together the three variables had no effect on 
the independent variable.  
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measure of the proportion of variations in the independent 
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computed Durbin-Watson statistic ..WD was greater than 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2
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hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 
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null hypothesis that a given coefficient value was zero we, 
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measure of the proportion of variations in the independent 
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significance, confirming that there was no serial correlation 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF
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of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 
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to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
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One advantage of the KB test is that it is applicable even if 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF
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of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 
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to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
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by employing the usual t  test or F test.  If the model is 
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One advantage of the KB test is that it is applicable even if 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
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the five regression results with 37 degrees of freedom the 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2
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In the KB test the squared residuals are regressed on the 
squared estimated values of the regressand. In the KB test 
the original model is usually specified as 
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Where tŶ are estimated values of tY in form of the original 

model. The null hypothesis is that .02   
When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 
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null hypothesis that a given coefficient value was zero we, 
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the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
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becomes .)ˆ(ˆ 2
10

2
tt vYu    
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logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 
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to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
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by employing the usual t  test or F test.  If the model is 
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One advantage of the KB test is that it is applicable even if 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
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than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
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null hypotheses that in each case the three independent 
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much as or greater than the one from a given result was 
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hypothesis that together the three variables had no effect on 
the independent variable.  
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multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
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egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
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statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
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the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
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double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
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null hypothesis that a given coefficient value was zero we, 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
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of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 
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level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 
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One advantage of the KB test is that it is applicable even if 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 
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than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
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respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 
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much as or greater than the one from a given result was 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2
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When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  
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than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
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statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
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hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
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When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
analyses to become homoscedastic. 

5 

 

Differencing Equation (19) and equating it Equation (18) 
gives 

0
1

1
1

1 


 


n

t
tuun u

n
 …….…….….. (26) 

Implying that .1uun    Or .22
1 unu    

Therefore, we can deduce from Equations (16) and (18) 
that 
 22

2
2
1 .... unuu    is constant. 

Moreover, from Equations 16 and 17 we find that if 

nuuu ,....,, 21 is a random sample from density 

)( tYf where nt ,.....,2,1 then 








n

i
i uu

n
S

1

22 )(
1

1
for 1. n ………. (27) 

Could be defined by the sample variance 
22

1
22 )()()( utut EESE    …….…. (28) 

Where 2
u is the population variance. 

Implying that 
0)()( 222

1
2   uuutut EE  …..… (29) 

Also 0)()( 2
2

2
1   utut EE  ………...… (30) 

 0.....)() 22
2

2
1  unuu E  ….…. (31)  

(Mood at el.1986: pp. 229-230; Kmenta 1971: pp. 137-139)  

Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
i.e. .ˆ2

tu   

In the KB test the squared residuals are regressed on the 
squared estimated values of the regressand. In the KB test 
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When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 

double log then the residuals are regressed on .)ˆ(log 2Y   
One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
null hypotheses that in each case the three independent 
variables jointly had no effect on the dependent variable.  
Also, in each of the five regression results, the

statisticp  of obtaining the respective F value as 
much as or greater than the one from a given result was 
almost zero i.e. 000000.0  leading to the rejection of the 
hypothesis that together the three variables had no effect on 
the independent variable.  

In each of the fifteen results given below, the coefficient of 
multiple determination, 2R and adjusted 2R (i.e. 2R ) a 
measure of the proportion of variations in the independent 
variable explained by the regression line, showed that the 
independent variables together could explain over 93 
percent of the variations in the dependent variable.  In all 
the five regression results with 37 degrees of freedom the 
computed Durbin-Watson statistic ..WD was greater than 
the table 60.1..  UdWD at 5 percent level of 
significance, confirming that there was no serial correlation 
(i.e. autocorrelation) problem. 

Koenker–Bassett (KB) test for Heteroscedasticity was used 
to test whether the models used in making conclusions 
were homoscedastic (i.e. having constant variance). The 
KB test for heteroscedasticity is based on squared residuals 
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When the null hypothesis is accepted we conclude that 
there is no heteroscedasticity.  Otherwise, when the null 
hypothesis is rejected we conclude that there is presence of 
heteroscedaticity in a model. The null hypothesis is tested 
by employing the usual t  test or F test.  If the model is 
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One advantage of the KB test is that it is applicable even if 
the error term in the original model is not normally 
distributed (Gujarati 2003, p. 415). Finally the advantage of 
differencing, taking logarithms or using growth rates 
caused all the models used in making the empirical 
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EMPIRICAL FINDINGS AND DISCUSSIONS 
Due to serial correlation the returns to scale on capital was 
estimated by regressing )/( EYdd  on )/( EKd as 

provided by results in Table 1 where Yd was disposable 
income and E was aggregate level of exports.   

were got by regressing d(Y/E) on )/( EKd and )/( ELd
as provided in Table 2.   

 
Returns to scale on capital was found to be 0.142902.  
Implying that returns to scale on labor was (1-0.142902) = 
0.857098.   

This model was constructed on assumption that disposable 
income was a function of capital and labor only.  Thus the 
model derived was given by 

 

.857098.0142902.0 LKYd    The capital stock series K used 
was derived from the annual series of investments levels I  
using the expression .1 ttt IKK    

Having derived both the capital and labor stock series the 
coefficients on both labor and capital and  respectively, 
the parameters were employed in deriving the series for 
level of technology )/( 438835.0076456.0 LKYA  in 
accordance with the celebrated Cobb-Douglas production 
function. 

In Table 3 we deduced that one unit change in the level of 
technology was found to have caused output to change by 
384876 units. Whereas one unit change in capital or labor 
could have caused output to change by 0.071505 units or 
0.556511respectively within the given period. 

 
From Table 4 we concluded that in one way or the other 
one percent increase in technical progress could have 
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Hence, differencing a time series before running a 
egression causes the unstable variance of the error term to 
become constant.  Thus, since differencing and taking 
logarithms are employed in the analyses, the 
heteroscedasticty was not found to be a problem in the 
analyses of the study.  

Tests of Hypotheses 
Using data from UAE from 1970 to 2010 consisting of 40 
to 41 observations after adjusting endpoints we obtained 
the regression models given below.  In all the regression 
results the ,000000.0 StatisticF

.0000.0 valuep  The valuep   is the probability 
of obtaining a value of t   test statistic as much as or grater 
than the computed t value.  In other words the valuep   
is the lowest significance at which the null hypothesis can 
be rejected.  Therefore with a 0000.0 valuep the 
null hypothesis can be rejected with absolute confidence. 

Also for 36 degrees of freedom at 001.0 level of 
significance the t value were all greater in absolute terms 
than all the computed t values obtained.  Hence, under the 
null hypothesis that a given coefficient value was zero we, 
rejected the null hypothesis. 

All the computed F values were greater than the critical
F value and they followed F distribution with 3 and 36 
degrees of freedom in the numerator and denominator 
respectively.  (Note that there are 37 observations and three 
explanatory variables).  From the table we found that in all 

regressions cases the F value was significant at 1 percent 
level of significance. 

Therefore, form all the regressions results we rejected the 
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Due to serial correlation the returns to scale on capital was 
estimated by regressing )/( EYdd  on )/( EKd as 

provided by results in Table 1 where Yd was disposable 
income and E was aggregate level of exports.   

were got by regressing d(Y/E) on )/( EKd and )/( ELd
as provided in Table 2.   

 
Returns to scale on capital was found to be 0.142902.  
Implying that returns to scale on labor was (1-0.142902) = 
0.857098.   

This model was constructed on assumption that disposable 
income was a function of capital and labor only.  Thus the 
model derived was given by 

 

.857098.0142902.0 LKYd    The capital stock series K used 
was derived from the annual series of investments levels I  
using the expression .1 ttt IKK    

Having derived both the capital and labor stock series the 
coefficients on both labor and capital and  respectively, 
the parameters were employed in deriving the series for 
level of technology )/( 438835.0076456.0 LKYA  in 
accordance with the celebrated Cobb-Douglas production 
function. 

In Table 3 we deduced that one unit change in the level of 
technology was found to have caused output to change by 
384876 units. Whereas one unit change in capital or labor 
could have caused output to change by 0.071505 units or 
0.556511respectively within the given period. 
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From Table 4 we concluded that in one way or the other one 
percent increase in technical progress could have caused ag-
gregate output to grow by 1.954890 percent, capital produc-
tivity to fall by 0.214294 and labor productivity to go down 
by 0.694072 percent within the 1971 to 2010 period.

According to results in Table 5, the study found out that 
one percent growth in technological could have stimulated 
growth in capital accumulation by 1.657559 percent whereas 
growth in capital productivity could have reduced both capi-
tal accumulation and employment growth by 0.953122 and 
0.586167 respectively.  

Likewise, according to the findings revealed in Table 8, it 
appears as if the same amount by which technical progress 
promoted labor growth was the same amount by which labor 
productivity growth reduced capital growth, since one percent 
increase in technical progress was accompanied by 1.782006 
percent rise in economic growth whereas one percent growth 
in labor productivity was accompanied by 1.782006 percent 
decline in labor stock.  
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technology was found to have caused output to change by 
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From Table 4 we concluded that in one way or the other 
one percent increase in technical progress could have 

6 

 
EMPIRICAL FINDINGS AND DISCUSSIONS 
Due to serial correlation the returns to scale on capital was 
estimated by regressing )/( EYdd  on )/( EKd as 

provided by results in Table 1 where Yd was disposable 
income and E was aggregate level of exports.   

were got by regressing d(Y/E) on )/( EKd and )/( ELd
as provided in Table 2.   

 
Returns to scale on capital was found to be 0.142902.  
Implying that returns to scale on labor was (1-0.142902) = 
0.857098.   

This model was constructed on assumption that disposable 
income was a function of capital and labor only.  Thus the 
model derived was given by 

 

.857098.0142902.0 LKYd    The capital stock series K used 
was derived from the annual series of investments levels I  
using the expression .1 ttt IKK    

Having derived both the capital and labor stock series the 
coefficients on both labor and capital and  respectively, 
the parameters were employed in deriving the series for 
level of technology )/( 438835.0076456.0 LKYA  in 
accordance with the celebrated Cobb-Douglas production 
function. 

In Table 3 we deduced that one unit change in the level of 
technology was found to have caused output to change by 
384876 units. Whereas one unit change in capital or labor 
could have caused output to change by 0.071505 units or 
0.556511respectively within the given period. 

 
From Table 4 we concluded that in one way or the other 
one percent increase in technical progress could have 

6 

 
EMPIRICAL FINDINGS AND DISCUSSIONS 
Due to serial correlation the returns to scale on capital was 
estimated by regressing )/( EYdd  on )/( EKd as 

provided by results in Table 1 where Yd was disposable 
income and E was aggregate level of exports.   

were got by regressing d(Y/E) on )/( EKd and )/( ELd
as provided in Table 2.   

 
Returns to scale on capital was found to be 0.142902.  
Implying that returns to scale on labor was (1-0.142902) = 
0.857098.   

This model was constructed on assumption that disposable 
income was a function of capital and labor only.  Thus the 
model derived was given by 

 

.857098.0142902.0 LKYd    The capital stock series K used 
was derived from the annual series of investments levels I  
using the expression .1 ttt IKK    

Having derived both the capital and labor stock series the 
coefficients on both labor and capital and  respectively, 
the parameters were employed in deriving the series for 
level of technology )/( 438835.0076456.0 LKYA  in 
accordance with the celebrated Cobb-Douglas production 
function. 

In Table 3 we deduced that one unit change in the level of 
technology was found to have caused output to change by 
384876 units. Whereas one unit change in capital or labor 
could have caused output to change by 0.071505 units or 
0.556511respectively within the given period. 

 
From Table 4 we concluded that in one way or the other 
one percent increase in technical progress could have 



Skyline Business Journal, Volume VIII-Issue 1-2012-2013

From Tables 5 and 6 we discovered that technical progress 
contributed significantly to capital accumulation (i.e. growth 
in capital stock in the UAE within the 1972 to 2010 period i.e. 
1 percent increase in level of technology could have caused 
capital stock to grow by 1.66 percent.  

Similarly, from Tables 7 and 8 we found that technological 
advancement contributed greatly towards employment gen-
eration (i.e. increase in labor stock) in UAE within the afore-
mentioned period i.e. 1 percent growth in level of technology 
could have caused labor stock to grow by 2.06 percent.  Tech-
nological progress appears to result in either capital accumu-
lation or employment generation because technical progress 
leads to dramatic increase in economic growth and part of 
the earnings derived from output sold could be used in hiring 
more labor or purchase of more capital goods.  

The rate at which capital productivity was deleting capital 
stock was found to be equal to the level of technological 
progress.  Similarly, the rate at which labor productivity was 
deleting labor stock was found to be equal to the level of tech-
nological progress.  
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The result could mean that increase in productivity is always 
accompanied by productivity since productivity comes about 
due to use of new and more efficient techniques of produc-
tion.

According to Table 11 technical progress in the UAE was 
found to be labor deepening because marginal product of la-
bor was found to have risen faster than that of capital.  Mar-
ginal product of labor rose by 0.854521 per annum whereas 
that of capital rose by 0.029972 per annum.

As depicted by Table 12, 13 and 14 both employment growth 
and technical progress were found to be promoting export 
growth. 

Whereas from results in Table 13 we could deduce that labor 
productivity growth was causing decline in export growth.

From results in Tables 14 and 15 we could deduce that ex-
port and import growth were reinforcing each other.  Imports 
might have increased exports via increase in imported raw 
and increase in production of more goods for exports.  Also 
increase in exports could have increased the capacity of the 
UAE to imports more goods and services within the given 
period. 
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However, as depicted by results in Table 15 technological 
progress was found to be an important factor in reduction 
of imports growth.  That could have been the case because 
technical progress might have made the UAE to produce 
more goods both for her home consumption and exports. 

Conclusion 
Theoretical models developed were empirically tested after 
transforming them into the relevant econometric models. 
The macroeconomic data on UAE collected from the 
United Nations Statistics were used in conducting the 
relevant hypothesis tests and empirical analyses. The study 
found that in United Arab Emirates (UAE) between 1970 
and 2010 the following happened:  

(1) Growth in technological progress resulted in economic 
growth.  

(2) Increase in either capital productivity or labor 
productivity gave rise to reduction in economic growth.   
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However, as depicted by results in Table 15 technological 
progress was found to be an important factor in reduction of 
imports growth.  That could have been the case because tech-
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Conclusion
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Nations Statistics were used in conducting the relevant hy-
pothesis tests and empirical analyses. The study found that 
in United Arab Emirates (UAE) between 1970 and 2010 the 
following happened: 

(1) Growth in technological progress resulted in economic 
growth. 

(2) Increase in either capital productivity or labor productiv-
ity gave rise to reduction in economic growth.  

Either capital or labor productivity could have caused reduc-
tion in economic growth because labor productivity growth 
might have caused workers to enjoy more leisure instead of 
working more or growth in capital productivity could have 
made capital more efficient and resulted in more idle capac-
ity; thus causing depletion of output through reduction in the 
amount of capital or labor used in production. 

(3) Within the feasible region of production either capital 
productivity or labor productivity had a negative influence 
on growth.  

(4) In the short-run and within the infeasible region of pro-
duction either capital productivity or labor productivity had 
positive influence on economic growth.  

(5) Growth in either labor or capital productivity could have 
influenced economic growth through the growth in either 
capital or labor. 

(6) Technical progress in UAE was labor deepening within 
the given because rise in the marginal product of labor was 
found to be greater than that of marginal product of capital. 

(7) Technological progress in the UAE stimulated export 
growth, whereas it had a negative influence on imports.  
Growth in exports and exports reinforced one another, prob-
ably because, increase in imported raw materials stimulate 
more production of export goods, while earnings from ex-
ports can be used to more raw materials for production of 
goods for exports.
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