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1. Introduction 

Human needs for goods and services and the availability of 
resources used in their production limit. On the one hand, 
population growth increases demand and consumption. On the 
other hand, improving living standards increases the range of 
consumption needs on a large scale, while available resources 
are limited [1]. For this reason, in most developing countries, 
improving productivity is considered one of the most 
important factors of development. Iran is no exception to this 
rule, and due to the age composition of the population (young 
population) who are mainly the consumer population, the 
existence of a relatively high unemployment rate, 
underemployment, and hidden unemployment[2], lack of full 
capacity of production units, lack of Appropriate structures in 
most economic sectors and other cases, attention to improving 
productivity and promoting it at all levels as a basis for 
economic development and progress, is considered as an 
inevitable necessity [3-6]. 

According to the Europe Productivity Agency (EPA), 
productivity is the effective use of each factor of production. 
Japan Productivity Center (JPC) defines productivity as the 
maximum use of physical resources, human resources, and 
other factors of production in scientific ways so that 
productivity improvements reduce production costs, expand 
markets, increase employment, and raise living standards for 
all [7, 8] 

One of the important sources of growth, which was in the sense 
of efficiency in the use of factors of production and expressed 
the combined effect of factors, is the growth of Total Factor 
Productivity (TFP). In general, enterprises (clothing production, 
textile production, publishing and printing, food and beverage 
industries, coal production industries, etc.) have a great desire to 
increase their productivity. The focus on productivity began in 
Europe (the late 1940s and early 1950s). This attention was due 
to the special situation of that time. Due to the devastation 
caused by the war in the affected countries, the demand was 
higher than the supply, so at that time, despite full employment, 
supply did not meet demand. Today, it is believed in all 
countries that productivity leads to economic growth and 
improves society's living standards and individuals [9]. 

With the help of modern and industrial methods, one can be 
called at the impact of each of the existing factors on the 
productivity of economic growth of Iranian factories. This 
article discusses the two methods: The Differentiation in 
Differentiation (DID) method and optimal artificial neural 
networks. Also, it will examine the impact of each of the 
existing factors on economic productivity and then compare the 
results based on statistical criteria [10-13]. 

The fundamental question is why it is necessary to measure 
the productivity index. There are several reasons for this 
necessity and can discuss various aspects of it, but in general the 
most important of these reasons can be summarized as follows 
[14]: 

 

ABSTRACT 

 
Economic productivity is one of the most important concepts in economics. Increasing 
economic productivity will boost a society. This study intends to compare the impact of 
different criteria on the economic productivity of Iranian factories with differential methods 
and neural networks. The model estimation results using the difference-in-difference method 
show that exports have a significant positive effect on productivity growth. The model 
estimation results using the neural network method show that export has a significant positive 
effect on productivity growth. The presentation of export development variables in two 
methods of difference in difference and neural networks showed that the level of productivity 
could be increased well according to the predictability of the neural network. 

*Corresponding author: Ehsan Amiri 
*E-mail address: e.e.amiri@gmail.com 
https://doi.org/10.56158/jpte.2022.14.1.01 

 

International Journal of Pioneering Technology 
and Engineering 

http://creativecommons.org/licenses/by-nc/4.0/)
http://creativecommons.org/licenses/by-nc/4.0/)
https://orcid.org/0000-0001-6058-7083
https://orcid.org/0000-0002-0232-4848
https://orcid.org/0000-0002-0872-3970
https://orcid.org/0000-0002-0362-640X


Ehsan A. et al.  
 
 
 

IJPTE Vol, 1, No.1, pp. 01-05, June. 2022 
 
 
 

 
 

2  

1) Evaluate whether the highest return has been achieved 
or not? Every program needs to be evaluated, and it must 
assess that the results of decisions and policies have led to the 
desired results. 

2) Recognize the strengths and weaknesses of the system 
by comparing and making the necessary corrections. 

3) Control activities in the direction of the desired goals 
and apply various controls to improve system performance. 

4) Adopting appropriate methods for effective use of 
resources and optimal use of facilities 

5) Selecting the best method of activity and methods of the 
correct combination of factors of production and optimal 
allocation of economic resources. 

In the second part of this article, the research background 
is presented, and in the third to fifth parts, the models are 
introduced, and at the end, the results of comparing the two 
models are presented. 

2. Related Work 

Better management can help reduce conflict, improve food 
security and increase economic productivity. Climate change 
is currently causing changes in the distribution and abundance 
of many fish stocks that support fisheries, leading to 
overfishing and conflicts resulting from changes in fisheries 
access and distribution of fishery benefits. As usual, if the 
trade continues, these problems are likely to worsen, with 80 
percent of the world's reserves being overfished by the middle 
of the next decade [10-13]. More than 80 percent of the 
world's catch comes from stocks without formal inventory 
valuation, making it difficult to implement strong management 
forms. In addition, climate change introduces new types of 
challenges, such as introducing new species to fisheries. 
Strong political will, capacity building, and collective action 
are essential for developing fisheries management that is 
responsive and adaptable to climate change [15-17] . 

Ohashi et al. (2017) worked on a model for improving 
economic productivity in South Korea. In the introduced 
model, he has used the data of 1980 so far. This model 
introduces an optimal productivity system that has increased 
efficiency among food retailers and supermarkets. The 
introduced model is finally compared with the other three 
models, which shows its efficiency with good efficiency [18]. 

Shahiduzzaman et al. (2014) examined the role of 
investment in information technology (IT) and described 
economic production and productivity in Australia for about 
four decades. The framework used in this paper is a general 
production function, in which IT capital is considered a 
separate input from production along with non-IT capital and 
labor. The experimental results of this study show evidence of 
strong technical progress in the Australian economy in the 
1990s. IT capital has significantly impacted efficiency, labor 
productivity, and technological advances in the 1990s. 
However, in recent years, the share of IT capital in labor 
productivity and productivity has declined. As a result, the 
recycling of IT capital productivity, especially in future IT 
investment, remains a key challenge for Australia [19]. 

Datcher et al. (2012) organizations are increasingly 
becoming small to reduce costs and improve employee 
morale. There are conflicting reports about working outside 
the office on productivity, which directly affects the 
company's bottom line. This study examines the contradictions 
using an empirical approach. Used uniform and individual 
creative tasks were to explain two different work atmospheres. 
This study shows that the effects of a remote environment can 
have positive signs for creative task productivity and negative 

signs for uniform task productivity [20-22]. 
In economic change, employment, the combination of capital 

and technology, and market competitiveness are reflected. And 
exploitation is one of the effective factors in increasing 
productivity [23, 24]. 

In the general sense, productivity means the ratio of inputs to 
data. In other words, productivity means the average production 
per unit of total inputs, so that if the average production 
increases per unit of inputs, it means increasing interest. 
Productivity and vice versa mean reduced productivity. 
Depending on the type of input used in the production process, 
can define various productivity indicators [25]. 

In general, productivity indices are divided into two 
categories: partial productivity indices and total productivity 
indices. In partial productivity indices, the relationship between 
output and input is considered. In total production, the 
relationship between output and total inputs is examined. The 
productivity index is obtained by dividing the value added by a 
certain amount of input. It is necessary to use value-added at the 
fixed price of the base year. The productivity index of all factors 
(labor and capital together) is the output ratio to data. It 
represents the average production per unit of total production 
resources [26].  

With the continued development of China's market economy, 
market competition has become increasingly fierce. In this 
regard, companies will face increasing problems. The financial 
crisis is undoubtedly the most important and biggest problem 
that threatens the survival and development of enterprises and is 
an inevitable problem for all enterprises. The technology of 
artificial neural networks is constantly evolving and improving 
with the advancement of science and technology. It has been 
shown to have significant performance for nonlinear data 
management, which warns of new ideas and technical support 
for corporate financial crises in advance. This article aims to 
investigate the disclosure of accounting information and 
financial crisis before warning based on artificial neural 
networks. Based on the artificial neural network BP learning 
algorithm, an accounting information disclosure test, and a 
previous financial crisis warning model were developed. With 
the help of this model, an accounting disclosure test and pre-
crisis financial warning test were performed with company has a 
sample[27]. 

Due to the intense competition between countries for a larger 
share of world trade in the current situation, they try to provide 
Gross Domestic Product (GDP) growth or value-added sectors 
as easily as possible by improving structures. To increase the 
number of human resources, they try to increase the skill level of 
the employees by implementing specialized short-term training 
programs. Instead of creating new capacities, they try to equip 
the existing capacities with the latest technologies. In this way, 
they produce better quality products and increase their 
competitiveness [27]. 

3. Materials and Methods 

3.1. Differentiation in Differentiation (DID) method 

This method compares the conditions before and after a 
productivity variable. In this case, the changes revealed in the 
variable are due to changes in factors that occurred before and 
after a transformation. However, there are examples of units’ 
subject to change, while other units are also randomly excluded 
and called control groups. The difference rate in both groups' 
income convergence is considered the difference in differences 
(DID). Now, suppose it is assumed that there are two types of 
companies. In that case, the first type of company participates in 
the export program over time, which will be active companies in 
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the export and are recorded as observed reactions. The second 
type of companies outside These is the groups that will be 
inactive companies in exports and are considered potential 
companies. This model has a balanced data set of independent 
and function variables that can define the primary variables. 
These variables are introduced by formulas 2 and 3 [11, 22, 
25]. 

The total productivity growth rate of TFP factors is 
obtained from the following formula: 

TFP=ƞLAPL + ƞKAPK    (1) 
TFP is the productivity growth of total factors of 

production, APL is the growth of labor productivity, APK is 
the growth of capital productivity, ƞK is the production 
elasticity of labor input, ƞK is the production elasticity of 
capital input [11]. 

If the company is active in exports, one; otherwise, it is 
considered zero.       (2) 

If t = b, zero and otherwise         𝑇𝑇1 = 1 𝑅𝑅1 = 1  (3) 

In this case, the amount of participation in the productivity 
program can be calculated with Formula 4 [22]. 

𝐷𝐷it = RiTt     (4) 
The result of defining the initial variables is obtaining two 

groups according to the initial variables and the efficiency of 
participating in the productivity program, which is given in 
formulas 1 to 3. According to these cases, can calculate the 
increase in productivity according to the difference-in-
difference formula (formulas 5 and 6). Calculating the 
difference-in-difference method is different in the two cases of 
unobserved reactions and potential reactions, so it is given as 
two separate formulas [25]. 

A) Observed reactions 
DID=E(𝑦𝑦𝑏𝑏 − 𝑦𝑦𝑎𝑎|𝑅𝑅 = 1) − 𝐸𝐸(𝑦𝑦𝑏𝑏 − 𝑦𝑦𝑎𝑎|𝑅𝑅 = 0) (5) 
B) Potential reactions 
DID=E(𝑦𝑦1𝑏𝑏 − 𝑦𝑦0𝑎𝑎|𝑅𝑅 = 1) − 𝐸𝐸(𝑦𝑦0𝑏𝑏 − 𝑦𝑦0𝑎𝑎|𝑅𝑅 = 0) (6) 
By increasing or decreasing 𝐸𝐸(𝑦𝑦0𝑏𝑏 − 𝑦𝑦0𝑎𝑎|𝑅𝑅 = 1), we can 

write the relation related to state "b": 
DID={E(𝑦𝑦1𝑏𝑏 − 𝑦𝑦0𝑎𝑎|𝑅𝑅 = 1) − 𝐸𝐸(𝑦𝑦0𝑏𝑏 − 𝑦𝑦0𝑎𝑎|𝑅𝑅 = 1)} 
+{E(𝑦𝑦0𝑏𝑏 − 𝑦𝑦0𝑎𝑎|𝑅𝑅 = 1) − 𝐸𝐸(𝑦𝑦0𝑏𝑏 − 𝑦𝑦0𝑎𝑎|𝑅𝑅 = 0)} (7) 
Now imagine a situation in which there is an average of 

the same effect for non-member companies [22]: 
E(y0b − y0a|R = 1) − E(y0b − y0a|R = 0) ⟹ DID =

E((𝑦𝑦1𝑏𝑏 − 𝑦𝑦0𝑏𝑏|𝑅𝑅 = 1)    (8) 
So that DID determine the program's effect for group one 

at time t. In this case, because the parameter assumption is not 
created, DID is defined non-parametrically. In this case, 𝑌𝑌jitis 
a potential reaction (increase in productivity) for a company i 
(one of the two existing companies) at time t, so that j = 0 
indicates non-participation and j = 1 indicates participation in 
exports, so the observation variable Not (𝑌𝑌jit) is [11]. 

𝑌𝑌it = (1 − 𝐷𝐷𝑖𝑖𝑖𝑖)𝑌𝑌0it + 𝐷𝐷𝑖𝑖𝑖𝑖𝑌𝑌1it = (1 − Ri𝑇𝑇t)𝑌𝑌0it + Ri𝑇𝑇t𝑌𝑌1it
      (9) 

To get D, i must be deleted, which can be done to DID and 
formulas 5 and 6 since the DID shows only the program effect 
(export-induced transformation) for group one at time t and 
not for all regions. It can be developed within a linear model 
governed by even parametric conditions. 

3.2. Neural network method 

Neural networks can be called electronic models of the 
human brain's neural structure [28]. The mechanism of 
learning and training of the brain is based on experience. 
Electronic models of natural neural networks are based on the 
same model, and the way such models deal with problems 

differs from the computational methods typically used by 
computer systems. We know that even the simplest animal 
brains can solve problems that, if not to say that modern 
computers are incapable of solving them, at least have problems 
[29]. 

Experts generally believe that new computational models 
based on neural networks are shaping the next leap in the 
industry. Research has shown that the brain stores information 
like patterns. The process of storing information in a pattern and 
analyzing that pattern forms the basis of a new computational 
method. This field of computational knowledge does not use 
traditional programming methods and instead uses large 
networks that are arranged and trained in parallel [3]. 

An artificial neural network is an information processing 
idea inspired by the biological nervous system and processes 
information like the brain. The key element of this idea is the 
new structure of the information processing system. The system 
comprises many highly interconnected processing elements that 
work together to solve a problem. ANNs, like humans, learn by 
example. An ANN is set up to perform specific tasks, such as 
identifying patterns and categorizing information, during a 
learning process. Learning is accompanied by adjustments to the 
synaptic connections between nerves in biological systems [29].  

A type of neural network is based on a computational unit 
called a perceptron. A perceptron takes vectors of inputs with 
real values and calculates a linear combination of these inputs. If 
the threshold value is higher, the perceptron output will be equal 
to 1; otherwise, it will be equal to -1. 

This section introduces and uses a neural network 
Backpropagation. The characteristics obtained from the training 
data are entered into the network and examined in the test 
section. This network has used two hundred input neurons and 
two hidden layers. The job of hidden layer neurons is to process 
information and thus obtain a pattern to increase productivity. 
First, the training data is entered into the network, and then the 
average relative error is calculated using the Backpropagation 
method. The resulting error will affect the network weights, and 
eventually, weights will be obtained that can categorize the 
training samples correctly. Can evaluate test data with the help 
of a complete network. The input of the companies' export data 
network will be such that their economic productivity is 
specified [29]. 

 

 
Fig. 1. Feed-Forward neural network 

3.3. Statistical sources used 

The statistics used in this article are extracted from the 
micro-statistics of the Industries and Mines Organization 
collected in different years. These statistics are collected from 
industrial workshops in a questionnaire every year. This 
questionnaire is organized into 12 pages and 13 sections. This 
information has been collected from 15,000 factories in Iran 
[30]. 
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4. Results and experiments 

In this section, the results of model estimation for the 
production function and the productivity function are 
discussed. The treatment effects model was used to estimate 
the model. The results presented in Table 1 with the z statistic 
indicate that the coefficient of the independent variable is 
significant at the level of ten percent. All obtained coefficients 
have the expected and good sign to accept the results obtained 
for the variables. 

Table 1. Impact of variables using DID 
P-
value 

Computational 
statistics 

modulus Variable 
Name 

0/061 1.19 e -13 2.22 e-13 Export 
0/00 0.0000123 -0.0000357 Unskilled 

labor 
0/00 1.739849 7.625801 Treatment 

Table 1 shows the effect of the desired variables on 
productivity using the DID model. 

The first variable is exported, which positively affects 
company productivity and indicates increased productivity 
with increasing exports. 

The next variable to be discussed is the unskilled labor 
force. As shown, it has a negative effect, which indicates a 
decrease in productivity with an increase in unskilled labor, 
which is quite true and natural because knowledge and 
technology is the most important force in promoting economic 
and industrial development. 

The positivity and significance of variable 3 in Table 1 
prove that exports increase the productivity of exporting 
companies and increase the productivity of other companies, 
proving the effect of learning through exports. 

Table 2. Impact of non-workforce on treatment according to DID data 

P-value Computational 
statistics 

modulus Variable Name 

0.091 0.0000288 -0.0000781 Unskilled labor 

This table shows the effect of the unskilled labor variable 
on treatment. This variable’s significant and negative 
coefficient indicates that increasing it reduces productivity in 
both exporting and non-exporting groups. 

Now we need to estimate by another model to test the third 
hypothesis. The model presented here is an artificial neural 
network with two hidden layers. Neural networks can well 
estimate the required estimates. The estimated network is 
estimated using the MATLAB toolbox. And with the statistic l 
indicates that the coefficient of the independent variable is 
significant. 

Table 3. Impact of variables using neural network 
P-value Computational 

statistics 
modulus Variable Name 

0/003 1.21 e-13 2.22 e-16 Export 
0.000 0.000041 -0.000027 Unskilled labor 
0.000 1.73985 7.62586 Treatment 

The positivity and significance of variable 3 in Table 3 
prove that exports increase the productivity of exporting 
companies and increase the productivity of other companies, 
which proves the effect of learning through exports. 
Table 4. Impact of non-workforce on treatment according to neural 

network data 
P-
value 

Computational 
statistics 

modulus Variable Name 

0.08  0.000028      -0.0000510 Unskilled labor 

 
This table shows the effect of the unskilled labor variable 

on treatment. This variable's significant and negative 
coefficient indicates the effect of exports on productivity with 
positive and significant data of the exporting group. According 

to Table 3, it is clear that the critical level of export values has 
come down, and productivity has increased. 

5. Conclusion 

With the globalization of the economy, knowledge and 
technology are intensifying the demand for talent, physical 
resources, technology transfer, and investment in the world. In 
this regard, not only will high-tech industries be the engine of 
economic mobility, but also these industries will be an important 
comparative advantage for countries to remain in the global 
competition. One of the most important points is to calculate the 
productivity of companies in different periods. Many solutions 
have been proposed to evaluate the level of productivity. This 
article uses two methods of difference in difference and Moore's 
neural network. Using the difference-in-difference method, the 
model estimation results show that exports significantly affect 
productivity growth. The unskilled labor variable has a 
significant negative effect on productivity growth. Using the 
neural network method, the model estimation results show that 
exports significantly affect productivity growth. The unskilled 
labor variable has a significant negative effect on productivity 
growth. Increasing some indicators can help increase 
productivity. According to the research findings, it was found 
that the development of industries and thus increased exports 
will increase productivity in each country. The most important 
item that can help countries develop advanced industries is 
economic innovation to increase the number of exports and, 
consequently, the development of industries. Businesses need to 
be developed with the help of innovations. Innovative firms tend 
to gain more market share, create new products, and use more 
productive resources. Advanced firms depend on high value-
added production and success in foreign markets. 

Declaration of conflicting interests 
The authors declared no conflicts of interest with respect to 

the authorship and/or publication of this article. 
Funding 
The authors received no financial support for the research 

and/or authorship of this article. 

References  

[1] Kazancoglu, Y., Kazancoglu, I., and Sagnak, M., A new holistic 
conceptual framework for green supply chain management 
performance assessment based on circular economy, Journal of 
cleaner production, 195: 1282-1299, 2018. 

[2] Layek, J., Das, A., Mitran, T., Nath, C., Meena, R.S., Yadav, G.S., 
Shivakumar, B., Kumar, S., and Lal, R., Cereal+ legume 
intercropping: An option for improving productivity and sustaining 
soil health, Legumes for soil health and sustainable management, 
Springer. 347-386, 2018. 

[3] DeWitt, T.H., Berry, W.J., Canfield, T.J., Fulford, R.S., Harwell, 
M.C., Hoffman, J.C., Johnston, J.M., Newcomer-Johnson, T.A., 
Ringold, P.L., and Russel, M., The final ecosystem goods and 
services (FEGS) approach: A beneficiarycentric method to support 
ecosystem-based management, Ecosystem-based management, 
ecosystem services and aquatic biodiversity: Theory, tools and 
applications: 127-148, 2020. 

[4] BULUT, F., Murat, L., and Ertugrul, Ç., The effects of incentives on 
renewable energy resources for home users, International Journal of 
Energy Applications and Technologies, 4(2): 94-100, 2017. 

[5] ASNAZ, M.K., A case study: Small scale wind turbine system 
selection and economic viability, International Journal of Energy 
Applications and Technologies, 5(4): 161-167, 2018. 

[6] Şeker, F., Çağrı, A., and AYDINLI, B., Renewable energy politics 
from the perspectives sustainability: Economy, ecology and energy, 
International Journal of Energy Applications and Technologies, 
7(2): 31-41, 2020. 

[7] Boel, B., The European Productivity Agency and Transatlantic 
Relations 1953-1961 (Vol. 4): Museum Tusculanum Press, 2003. 

[8] Bürgi, R., Learning Productivity: The European Productivity 
Agency—An Educational Enterprise, The OECD’s Historical Rise 
in Education, Springer. 17-37, 2019. 



Ehsan A. et al.  
 
 
 

IJPTE Vol, 1, No.1, pp. 01-05, June. 2022 
 
 
 

 

5  

[9] Comin, D., Total factor productivity, Economic growth, Springer. 
260-263, 2010. 

[10] Burstrand, H., Light-gauge steel framing leads the way to an 
increased productivity for residential housing, Journal of 
constructional steel research, 1(46): 183-186, 1998. 

[11] Carolan, J. and Guinn, A., Differentiation: lessons, Educational 
leadership, 64(5): 44-47, 2007. 

[12] Kazemi, A., Shiri, M.E., Sheikhahmadi, A., and Khodamoradi, 
M., A new parallel deep learning algorithm for breast cancer 
classification, International Journal of Nonlinear Analysis and 
Applications, 12(Special Issue): 1269-1282, 2021. 

[13] Amiri, E., Mosallanejad, A., and Sheikhahmadi, A., Copy-Move 
Forgery Detection by an Optimal Keypoint on SIFT (OKSIFT) 
Method, Journal of Computer & Robotics, 14(2): 11-19, 2021. 

[14] Bogoviz, A., Ragulina, Y.V., and Kutukova, E., Ways to improve 
the economic efficiency of investment policy and their economic 
justification, International Journal of Applied Business and 
Economic Research, 15(11): 275-285, 2017. 

[15] Murat, Ş., Ercan, S.Ü., DALKIN, A., and Ayvaz, E., The use of 
supercapacitor in smart metering gateway, International Journal 
of Energy Applications and Technologies, 8(2): 53-59, 2021. 

[16] Mardukhi, F., CFMT: a collaborative filtering approach based on 
the nonnegative matrix factorization technique and trust 
relationships, Journal of Ambient Intelligence and Humanized 
Computing: 1-17, 2021. 

[17] Burden, M. and Fujita, R., Better fisheries management can help 
reduce conflict, improve food security, and increase economic 
productivity in the face of climate change, Marine Policy, 108: 
103610, 2019. 

[18] Ohashi, H. and Toyama, Y., The effects of domestic merger on 
exports: A case study of the 1998 Korean automobile industry, 
Journal of International Economics, 107: 147-164, 2017. 

[19] Shahiduzzaman, M. and Alam, K., Information technology and its 
changing roles to economic growth and productivity in Australia, 
Telecommunications Policy, 38(2): 125-135, 2014. 

[20] Dutcher, E.G., The effects of telecommuting on productivity: An 
experimental examination. The role of dull and creative tasks, 
Journal of Economic Behavior & Organization, 84(1): 355-363, 
2012. 

[21] Dengiz, O., Comparison of different irrigation methods based on 
the parametric evaluation approach, Turkish Journal of 
Agriculture and Forestry, 30(1): 21-29, 2006. 

[22] Zhang, T., Zou, Y., Kisekka, I., Biswas, A., and Cai, H., 
Comparison of different irrigation methods to synergistically 
improve maize’s yield, water productivity and economic benefits 
in an arid irrigation area, Agricultural Water Management, 243: 
106497, 2021. 

[23] Wong, Z., Chen, A., Peng, D., and Kong, Q., Does technology-
seeking OFDI improve the productivity of Chinese firms under 
the COVID-19 pandemic?, Global Finance Journal, 51: 100675, 
2022. 

[24] Nguyen, C.V., Giang, L.T., Tran, A.N., and Do, H.T., Do good 
governance and public administration improve economic growth 
and poverty reduction? The case of Vietnam, International public 
management journal, 24(1): 131-161, 2021. 

[25] Coccia, M., How a good governance of institutions can reduce 
poverty and inequality in society?, Legal-Economic Institutions, 
Entrepreneurship, and Management, Springer. 65-94, 2021. 

[26] North, D.C., Understanding the process of economic change, 
Understanding the Process of Economic Change, Princeton 
university press, 2010. 

[27] Chen, Y. and Zhang, S., Accounting Information Disclosure and 
Financial Crisis Beforehand Warning Based on the Artificial 
Neural Network, Wireless Communications and Mobile 
Computing, 2022, 2022. 

[28] Rigatos, G., Advanced models of neural networks, Nonlinear 
dynamics and stochasticity in biological neurons, Springer, 2013. 

[29] Kwon, B.C., Choi, M.-J., Kim, J.T., Choi, E., Kim, Y.B., Kwon, 
S., Sun, J., and Choo, J., Retainvis: Visual analytics with 
interpretable and interactive recurrent neural networks on 
electronic medical records, IEEE transactions on visualization 
and computer graphics, 25(1): 299-309, 2018. 

[30] Awokuse, T.O., Export-led growth and the Japanese economy: 
evidence from VAR and directed acyclic graphs, Applied 
Economics, 38(5): 593-602, 2006. 

 


	Differentiation in Differentiation Method and Neural Network to Investigate Different Criteria of Economic Productivity
	Ehsan Amiri a*, Saeed Amiri a, Haniyeh Raghibnezhad a, Ahmad Kazemi b
	Article Info

