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This study estimated the rate of productivity of human resources, capital, and energy 
(electricity) in a selection of sub-sectors of industry (basic metals, chemicals, non-metallic 
minerals, rubber and plastic products, and food products) during 1991-2011 using the 
econometric methods. For this purpose, first, the amount of the stability of the model's 
variables in time series was tested. Then, the existence of co-integration between them was 
determined and, finally, the productivity of the model was calculated using ARDL. 
According to the results, the elasticity of labor force, capital and energy were 1.07, 1.47 and -
0.23, respectively. 
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Nowadays, due to the limitations of various factors of production, our world needs greater 

productivity in the production of goods and service. Therefore, productivity has an effective 

and important role in developing production and increasing competitiveness. By its 

promotion, high-quality and cheap products can be produced and it can provide the required 

grounds to enter into global markets. Thus, not only all of the country's production potential 

will be used, but also it is possible to develop this potentiality. Therefore, having information 

about productivity and production levels as well as recognizing the factors influential in 

production is crucial for planners and managers. Experts in different economic systems have 

always emphasized on increasing these kinds of information. Since the adjustment policies of 
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human resources have an important impact on the productivity of labor force and also on 

increasing educated people, therefore, the recognition of the important factors influencing the 

productivity and the role of these factors in the efficiency of the company is of primary 

importance for managers. Trying to understand the exact implications of productivity and 

determining the effective factors which increases it, is one of the necessary requirements for 

economic development and social welfare. By promoting productivity, it is possible to 

produce products with superior quality and lower price which provides grounds for entering 

into the global markets. Thereby, not only all existing production potentiality of the country 

will be employed, but also it will provide the conditions for developing these potentialities 

(Emami Meybodi, 2000).  

     Officially and for the first time, Quesnay employed the word 'productivity' in 1776 in his 

article. More than a century later, in 1883, Littre defined productivity as the 'ability to 

produce' and also claimed that, in fact, the desire to produce can be considered as 

productivity; for the first time, he mentioned the relationship between output and data in his 

definition. Since the early twentieth century, the word had a more precise meaning. By 1900, 

Early defined it as the relationship between output and the equipment used for producing 

output (Abtahi & Kazemi, 1996).  

     Economists consider productivity as the ratio of outputs to relevant inputs and they use 

different methods such as production function, index methods, and input-output method to 

estimate it. Productivity index model include Kendrick-Creamer, Craig-Harris, Hines, 

American Productivity Centre and Sumanth (Motmeni, 2008) and their application is 

dependent on usage and the user (Baharestan, 2007). In production function method, after 

estimating production function, elastic factors of production is calculated and then they are 

employed in the calculation of productivity. Over the last half century, economists have 

widely used this method and this is the basis of many other methods. The production 

functions models consist of Cobb–Douglas, constant elasticity of substitution, transcendental, 

Spelman, Leontief, and translog. All of these functions are based on experimental 

observations starting with the initial default of environmental elements (Azarbayjani, 2009; 

Motmeni, 2008). 

     Input-output table is one of the foundations of economic analysis and also one of the tools 

used in economic planning; one of the tables derived from this table is called the inverse 

Leontief. This technique has been used at the national level and industry and underused in 

institutions (Baharestan, 2007).  
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     Input-output model is used to calculate the marginal TFP and the output changes are 

divided into production factors; but the calculation of labor productivity and judging it, just 

by using the ratio of output to data, gives misleading results. Employing the ratio of output to 

labor to determine labor productivity in the different industrial sector may be higher for some 

and lower for others and this only can confirm labor productivity if the amount of capital 

being considered identical for all sectors but actually there is not such a thing  (Molaei, 

2005). To solve the problem, the complementary indices are used. Thus, the labor 

productivity index is integrated with other indices such as the index of TFP (user parameters) 

to understand more accurately why and how the changes in the industrial sectors occurs 

(Akbari, 2010). 

 

The Literature Review 

The importance and the role of productivity growth and optimal use of resources was an 

intrigue to conduct some extensive studies to determine the level and its contributions in 

different grounds. Aghighi (2009) in a study evaluated the impact of partial indicators of 

performance on total factor productivity (TFP) in Iranian Offshore Oil Company (IOOC) in 

1997-2006 by econometric and statistical models. The main method used in this study was 

Solow growth model with a Cobb-Douglas production function. The relevant organizations 

such as the Asian Productivity Organization and the National Productivity Organization of 

Iran approved using this method. Furthermore, Kendrick model was used to compare the 

results of the main methods and increase the reliability and accuracy of the results. In either 

case, almost the same results were obtained. The results indicated that in the company under 

study, the most effective part of the partial indicators of performance was the ratio of staff 

and queue which reflected the importance of organizing and presented the company's 

appropriate organizational chart. Then, indicators of expertise, the technology used in the 

operation of wells, and the amount of training of human resources had the greatest impact.  

     Rezaei (2009) evaluated the changes in TFP in Tehran Stock Exchange using linear 

programming method which is a non-parametric method. First, the technical performance of 

Tehran Stock Exchange was evaluated and then employing Törnqvist index, the growth of 

productivity of production factors since 1980 to 2006 was assessed. The results showed that 

the average annual growth of TFP in the Tehran Stock Exchange is equivalent to 0.902% 

which is too far from the objectives contained in Iran's fourth plan.  
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     Broersma and Van Ark (2007) aimed at the distribution of knowledge intensive business 

services (KIBS) in connection with information and communication technology-based 

innovations and their impact on productivity growth. They found a significant positive 

relation between KIBS diffusion and the intensity of information technology (IT) and both IT 

and KIBS contributed positively to labor productivity growth. 

     Tanuwidjaja and Thangavelu (2007) analyzed the relationship between structural changes 

and productivity performances of the manufacturing sector in the Japanese economy. The 

analysis was done by classifying the manufacturing industries into four sectors, namely low-

technology, medium-low-technology, medium-high-technology, and high technology. They 

found that the higher productivity performance in the Japanese economy occurred most 

remarkably in the medium-high-technology sector. This shifted Japan’s comparative 

advantage from lower technology to higher technology manufacturing.  

     In a study, Wu (2008) found that growth in China has largely been driven by factor inputs. 

Total factor productivity growth tends to play a positive role in economic growth during 

1993–2004. While technological progress seems to be comparatively permanent over time, 

scale efficiency has presented scarcely any contribution to China’s growth during that period.  

     Minondo (2010) showed that if products are distinguished by quality level, there is no 

longer a vigorous relationship between specializing in products associated with higher 

productivity levels and faster growth. On the contrary, specialization in products allowed a 

larger opportunity for quality improvement that resulted in higher economic growth. 

     In an investigation, Abdel-Wahab and Vogl (2011) examined the trend of productivity 

growth across Europe, the US, and Japan. The main focus was on comparing the productivity 

performance of the construction sector to that of other industries. A growth accounting 

framework was implemented to evaluate the contribution of capital, labor quality and total 

factor productivity (TFP) to productivity growth during 1971–2005. It was discovered that 

there exist a general reduction in labor productivity growth in total industries inclusive of 

construction across major OECD countries except UK. With the exception of the UK, TFP 

negatively impacted labor productivity growth in the period 1990–2005. 

     Kathuria, Raj, and Sen (2013) addressed the role of institutional quality as captured by 

effective state–business relationships (SBRs) in influencing sectoral productivity. The study 

employed a Cobb–Douglas production function to estimate TFPG for nearly 90 industries. 

The outcomes showed that SBR had positively influenced the TFPG of Indian industry. The 

outcome, however, was basically for the formal sector. 
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     Deb and Ray (2014) evaluated the impact of economic reforms of 1991 on productivity 

change in Indian manufacturing at a disaggregated level of industrial grouping. The results 

revealed that at the all-India level, only in cotton textile and chemical and chemical products, 

industries’ productivity growth slowed down considerably after the reforms. While 

productivity in other industries developed after the reforms, there existed sign of inter-

industry variation in productivity growth rates. In another study, Deb (2014) made an effort 

to recognize the channels through which economic reforms improved the productivity growth 

in total manufacturing sector in India. The results revealed that the annual average capacity 

utilization rate in Indian manufacturing was lower over the post-reform years. To this end, 

after the reforms, the capacity utilization rate grew faster. Subsequent regression analysis 

asserted that economic reforms influenced productivity growth in total manufacturing beyond 

the positive impact of improved capacity utilization. 

     Farhadi, Islam, and Moslehi (2015) suggested that the negative growth effects of resource 

rents might turn positive in countries with significant economic freedom. Zhang and Ye 

(2015) evaluated energy and environmental technical efficiency in China employing a 

flexible parametric hyperbolic distance function framework and then separated the 

development of environmental total factor productivity into two component measures, 

namely environmental efficiency change and environmental technical change based on the 

calculated hyperbolic distance functions. They discovered that there existed a significant 

distribution in environmental efficiencies across provinces and regions and the growth of 

environmental productivity was relative because of the environmental technical change rather 

than the environmental efficiency change. 

     Oh (2015) examined TFP growth, technical change, and economies of scale measure of 

Korean fossil-fuel power generation companies (GENCOs) between 2001 and 2012. He 

examined the cost function along with specification tests to discover the most relevant 

empirical model. Empirical results revealed TFP deterioration, technical regress, and 

economies of scale for the study period. The ideal size of the Korean GENCOs was also 

discovered that is used in expanding policies concerning TFP growth and technical advance. 

Slavtcheva (2015) in his study demonstrated that the positive influence of fixed exchange rate 

regime on growth was greater for countries with lower levels of financial development 

because inflation and the fraction of deposits held as reserves were typically higher in these 

countries. 
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Method 

In the current study, the data were derived from ten workers employed in Iran's industrial 

workshops published annually by Statistical Center of Iran and Management Organization. 

The use of heterogeneous raw data on labor force according to econometric methods would 

deviate the research results; therefore, all labor forces and employment in these industries 

were homogeneous. 

     The variables used in this study were extracted from Central Bank of the Islamic Republic 

of Iran and the Iranian Statistical Center during 1991-2011. They included data in a selection 

of sub-sectors of industry (basic metals, chemicals, non-metallic minerals, rubber and plastic 

products and food product). In general, the sum of all data including the number of workers, 

value added, capital and energy, and other data mentioned in the following: 

The number of employees (L), the amount of output (Y), Capital stock (K) and the amount of 

energy (E) 

     Due to the existence of the model's non-static variables and also because we did not want 

to confront false regression, the Autoregressive Distributed Lag (ARDL) was used without 

taking into account the unreliability of the parameters. But the proper interval for the 

variables was determined to estimate the appropriate templates.  

     Accordingly, at first, model was estimated regarding all possible combinations using the 

ordinary least squares (OLS) based on different intervals and then the long-term equilibrium 

relationship between the variables of the model was tested. To find a long-term relationship, 

the sum of the coefficients of the dependent variables should be less than 1. The following 

hypothesis tests this relationship: 
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T-statistic quantity required for the test was calculated as follows: 
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If the t-statistic is greater than the critical value, hypothesis H0 is rejected and this means that 

in the long run, equilibrium relationship exists. 

 



              Prandakh & Kiani / International Journal of Organizational Leadership 4(2015)440-452                             446 
 

Error Correction Model 

Despite having a long-term relationship, it may not be possible to balance them in short term; 

therefore, the model should be estimated in such a way that the value of short-term 

fluctuations should be associated with the value of their long-term. For this purpose we used 

the ECM model. ECM models is generally shown as follows: 

12211212111100 ......   ttttttt ECMyyxxxy                        (3                             

Where δ represents the deviation adjustment and imbalance from one period to the next. 

Whatever the value of δ greater, the speed of adjustment would be higher. 

 

Estimates of Capital Stock 

In exponential methods, the capital stock is estimated by the following equation: 

tnn
it e.0                              (1-4)                                    

Its logarithmic form is as follows: 

 nn
t LnLn 0                                                                         (2-4)                                         

       

After estimating above equation by OLS, the results are as follows:  

n
tLn 13/30+ 0/17 T + 2/01 AR (1) =13.77       (3-4)                     

t         (28/66)         (18/26) 

R2=0/93          D-W=1/86         
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o=exp13/77=4955509/51 
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And, Capital stock values in different years are calculated as follows: 
The amount of energy (E)  
 
Hence, the model used in this study is defined as: 
Y=F (L, K, E)           (4) 
 

 

Results 

The Results of Dynamic Estimation (Short-Term) 
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At this stage, after ensuring the long-term relationship, by the use of ARDL dynamic model 

and the intervals determined by Bayesian-Schwarz information criterion, the results of the 

model's short-term estimation were obtained and it is shown in Table 1. 

 

Table 1 
Short-term Results of Total Productivity by ARDL 

Prob  T-statistics Coefficient  Variable  

.0112 -3.82 -0.55 Y(-1) 

.000 -9.89 -1.135 Y(-2) 

0.003 5.5 0.9629 L 

0.21 1.47 0.3533 L(-1) 

0.00  8.8 1.56 L(-2) 

0.012 3.08 3.8 K 

0.001 6.81 9.33 K(-1) 

0.000 -10.29 -9.26 K(-2) 

0.00 -12.29 -0.33 E 

0.00 -7.31 -0.15 E(-1) 

0.00 -9.45 -0.129 E(-2) 

.002 -6.06 -3.39 C 

R2=0.99            F= 1076/8              DW =2.08 

)0.137 (3.44=F     A:Serial correlation  

)0.272 (10.62=    F     B: Functional form 

)0.93 (0.132=         F            C: Normality 

0.823) (0.051=F       D: Hetroscedasticity 

Source: research findings 

     As Table 1 represents, the sign of estimated coefficients were consistent with the 

theoretical foundations and all of them were statistically significant at the 90% confidence 

level. The coefficient of determination which was 99% indicated that the explanatory power 

of the model was high, as well as diagnostic tests confirmed the establishment of all the 

classic assumptions for the given model (no autocorrelation, correct consequential form, 

normality of residual sentences, and homogeneity of variance). 

     According to the results of the equation (4-5), the lack of co-integration between the 

templates' variables could be evaluated. T-value for this test was calculated as follows: 
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Table 2 shows the critical values by Banerjee, Dolado and Mestre (1998). 
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Table 2 
 The Critical Values by Banerjee, Dolado and Mestre (1998) 

0.10 0.05 T    

-3.24 64/3- 25 K=2  

-3.20 -3.56 50 

 

     Computational statistics was 10.6 and since the absolute value of this statistic was more 

than critical value (56.3) obtained by Banerjee, Dolado and Mestre, therefore, the null 

hypothesis i.e., the lack of co-integration between templates variables was rejected and the 

existence of a long-term equilibrium relation between the variables of the templates was 

confirmed. 

 

The Results of Long-Term Model 

After estimating the dynamic model (short-term), and confirming the existence of long-term 

relationship, the amount of this relationship was estimated and the results of the estimates are 

shown  in Table 2.  Because the model was logarithmic,  coefficients of the independent 

variables  represented the elasticity of the dependent variable. According to the results,  all 

explanatory variables were statistically significant;  the elasticity of labor was equal to 1.07 

which reflected the production factor as well as positive and increasing impact of labor force 

on production. This means that 1% increase in the labor force would increase the production 

by 1/07% and 1% increase in investment would lead to a 1.4% increase in production. 

However, it is not the same for energy; in fact, the results of long-term estimates showed that 

1 % increases in energy consumption decrease the production as much as 26/1% which is 

associated with much lower energy prices in Iran. 

 

Table 3 
The Results of the Estimation of Long-Term Model 

prob t-statistics Coefficient Variable 

0/000 9.7 1.07 LL 

0/000 32.7 1.4 LK 

0/000 -12.6 -0.23 LE 

0/004 -4.096 -1.26 C 

 

The Result of Estimating Error Correction Model (ECM) 

The recursive method with distributed lag is used to assess short-term deviations of variables 

from their equilibrium values. Error correction model (ECM) is also used to adjust and 
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estimate the long-term relationship. The most important thing in error correction model is the 

coefficient of error correction model (ECM) which is indicative of the speed of the 

adjustment for the imbalanced process. This factor is significant and reflects a negative point 

and confirms co-integration between variables. According to theoretical expectations, if you 

move from one period to the next period, up to 26% of the variation is balanced in the labor 

force's productivity function in its long-term path by templates variables in the next period. 

 

Calculation of the Total Productivity 

Broadly speaking, productivity indices are divided into the index of total factor productivity 

(TFP) and partial productivity index (LPI). In LPI, an input-output relationship is concerned; 

while in indices of TFP, output associated with the inputs are evaluated. TFP Index (both 

labor force and capital) is the ratio of the output to data and in fact represents the average 

production per unit of production resources.  

     To measure TFP, Dyvyzhya index are used. In this index, by assigning different weights 

to the factors of production, the role of each of these factors in the production process is 

identified. This index allows heterogeneous factors for labor force and capital to be 

considered the same. In this method, total factor productivity is defined as:  


ttt

t

ELK

V
TFP

..
                                                                                                              (4-6 

     Where V represents GDP, α and β, and γ indicate the contribution of energy (E), capital 

(K), and labor force, respectively. 

     It is worth noting that the results of estimated TFP obtained from this model using Solow 

residual method is identical.   

     The below relationship, which is the Solow residual, was obtained: 

EKLVPFT


                                                                                          (7-4)               

       The study aimed to estimate the production function and the elasticity of capital and 

labor force by estimating a Cobb-Douglas production function. This function is as follows: 

If the above equation is written as: 


321 EKL                                                                                                             (8-4) 

     We realize that how much is the productivity of other factors (all factors except labor, 

capital, and energy) and this is the same amount of A in Cobb–Daglas which is referred as 

technology coefficient. It is estimated in logarithmic form as follows: 
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LnELnKLnLLnALny                                                                                 (9-4) 

     Estimating TFP using the function of production as well as estimating it by ARDL during 

1991-2011 is as follows: Appendix (15) 

LnELnKLnLLnYt 2315.04755.10712.1216.1                                                (10-4) 

t;                (-4.96)            (9.74)              (32.75)            (-12.66) 

     Where Ln is natural logarithm, L is the number of employees, K is the capital, E is the 

energy, and Y is the value of output. Intercept anti-log model suggests TFP. For example, 

TFP in 1991 is calculated as follows: 

8578.11)93.4(2315.0)97.5(4755.1)08.5(0712.1216.170 LnY                     (11-4) 

TFP70 = exp(11.8578) = 141184.54                               (4-12)  

which shows that TFP in 1991 is equal to 141,184 thousand riyals. 

 

Conclusion and Recommendations 

The current time period may in a sense be a crucial period for the industry, a period during 

which significant changes  occurred in the industry in terms of software (determining the 

framework, projects and programs, rules and regulations, etc.) and also in terms of hardware 

(development agencies, financial and credit institutions and building factories in various 

sectors) and while improving its position compared with other sectors of the industry, 

specified its directions for next years and even next decades. It had a lasting impact on this 

ground as well as on the whole of economic structure. 

     Therefore, the evaluation and analysis of efficiency and productivity in the manufacturing 

sector during the passage of time can give insights to decision-makers in this sector as well as 

to Iran's economic system and pave the way forward in the future. Therefore, in this analysis 

the efficiency and productivity of selected sub-sectors of the industry have been calculated. 

     The results obtained from the short and long-term model showed that the elasticity of the 

rate of labor productivity in industry (5 sub-sectors) and also the elasticity of the capital is 

positive and statistically significant. One percent increase for each wouldl increase the 

amount of production by 07/1% and 4/1%, respectively. However, the elasticity of the rate of 

energy efficiency (EE) in industry (5 sub-sectors) is negative and statistically significant, that 

is 1% increase in energy would reduce total production by -0.23%. Therefore, it is of prime 

importance to promote more efficient use of labor and capital. The results of the calculation 

of the rise of total factor productivity and increased production during the studied period 
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confirms that. Furthermore, the results of the calculated TPF during 1991-2011 reflect an 

increase in productivity.  

     On the other hand, in the Cobb-Douglas function, increasing or decreasing returns to scale 

can be obtained by the elasticity of total factor. In other words, the calculations of this study 

showed that returns to the scale was positive and equal to 24.2 which suggested the existence 

of increasing returns in this model. Subsequently, it showed that the development and growth 

of studied industries was due to economies of scale and by increasing inputs of capital 

primarily  and human resources secondarily, we can make some attempts to develop the 

industry. 
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