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Abstract 

In this paper, we try to analyze the current Economic condition of India using Fuzzy Cognitive Maps 

(FCM’s).   The study is based on the Economic survey report prepared by the Ministry of Finance, 

Government of India.  From the report, we extract the core factors which affects the Indian Economy 

and analyze them using FCM’s.  Those factors play a vital role in the Indian Economy are identified 

through the study and the steps that the Government has to take, to improve the Indian Economy are 

discussed.  

Keywords: Fuzzy set; Fuzzy cognitive maps; Factors affecting Indian Economy; Remedial measures; 

Economic survey.   

 

Introduction: 

In this paper, we are going to analyze the present economic condition of India and find solutions to 

improve it.  The study is based on the Economic survey 2013-14 report prepared by the Ministry of 

Finance, Government of India and it was presented to both houses of parliament during the budget 

session 2014-15. The entire report is available in the official website 

http://indiabudget.nic.in/survey.asp and it is open to all.  So, the information we are going to use from 

the Economic survey report is an official and updated one.  Also on the website, it is quoted as follows: 

This document would be useful for policymakers, economists, policy analysts, business practitioners, 

government agencies, students, researchers, the media, and all those interested in the development in 

the Indian economy. 

Problem: 

Several factors were discussed in the report, which affects the economy of India but for our study, we 

are taking only the core factors which play a significant role in the Economy. We list them as follows:  

The factors are: 

1) Agriculture 

2) Education 

http://indiabudget.nic.in/survey.asp
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3) Industrial sector 

4) Service sector 

5) Trade 

6) Human Resource development 

7) Energy, Infrastructure & Communications 

8) Financial sector 

9)  

Note: The above factors were taken for the study after carefully analyzing the report.  Now we try to 

explain the factors briefly. 

F1. Agriculture: Everyone knows India lives in villages and villages live in Agriculture.  The survey says 

more than 85 per cent of Investment in the agriculture is by the private sector (Ch. 8, pg. 142).  Even 

though the Government doesn’t have the direct investment in the agriculture, but it gives subsidies (like 

free power, seeds) to the farmers.  The survey also says Despite being a leading producer and consumer 

of major agricultural commodities, India has not taken on the role of a global price setter (Ch. 8, pg. 

151).  The reason is obvious because the Government doesn’t have the direct investment in the 

Agricultural sector , not only that the Government even don’t have the authority to stabilize the local 

food prices and this leads to higher inflation.  The survey says Food inflation has been much higher than 

non-food inflation (Ch. 1, pg. 15).  Another important thing is, the agriculture depends on monsoon, so if 

the monsoon fails, it will affect the agriculture badly and even if it rains, most parts of India don’t have 

the proper infrastructure facilities to save the rain water and in turn it also affects the agricultural 

output.  So it plays an important role in the Economy and special care has to be taken in this sector by 

the Government.  So we take this as one of the factors to analyze the Economy of India. For more see 

[1], [2]. 

F2. Education: Eventhough Education comes under the Ministry of Human Resource Development, the 

reason we take it as a separate factor is that, it is one of the factors which have a high impact on 

Economy, also it has an impact over most of the other factors listed above.  Most of the developed 

countries in the world have a very good Educational system with a high literacy rate.  Unfortunately, 

India is one of the oldest nations in the world, but the literacy rate till 20th century is not up to the mark.  

Even though India has a lot of literatures and philosophers right from the first century, but it is not 

spread over the nation.  After getting the Independence in 1947, The Government of India taking several 

measures to improve the literacy rate, particularly in the rural areas.  Poverty, untouchability, Caste & 

Cultural differences block the spread of the Education in most parts of the country.  And this affects the 

development in the Technology and in turn it affects the Industrial development.  Still now, most of the 

Automobile, Electronic goods and other important materials are imported by India from the foreign 

countries.  The survey says Technological Innovation is a must for Increasing agricultural productivity 

(Ch. 8, pg. 153) and this is possible only when the Education system improves.  So it is very important to 
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improve the Educational system in India both at the basic level and at the Higher level.  So we take it as 

one of the factors to analyze the Economy of India.   

F3. Industrial Sector: The survey says The latest gross domestic product (GDP) estimates show that 

industry grew by just 1 per cent in 2012-13 and slowed further in 2013-14, posting a modest increase of 

0.4 per cent (Ch. 9, pg. 160).  This is really an alarming fact, the survey also says the key reasons for poor 

performance have been contraction in mining activities and deceleration in manufacturing output (Ch. 9, 

pg. 160).  The survey also indicates the use-based Industrial classification of IIP estimates identifies the 

capital goods segment as a weak performer in the manufacturing sector (Ch. 9, pg. 162).  The main 

reason for that is, we don’t have our own technology and raw materials for manufacturing, and one of 

the main reason for that is, our Education system.  Therefore, it is very important to improve the 

Industrial sector as it plays a vital role in the Indian Economy.  So we take it as one of the factors to 

analyze the Economy of India.    

F4. Service Sector: The main service sectors are Railways & other transportation services, Banking & 

Insurance services, Public Administration and other public services.  The survey says Services constitute a 

major portion of India’s GDP with a 57 per cent share in GDP at factor cost in 2013-14, the growth of 

services-sector GDP has been higher than that of overall GDP during 2001-01 to 2013-14.  Despite 

deceleration, services GDP growth at 6.8 per cent was above the 4.7 per cent overall GDP growth in 

2013-14 (Ch. 10, pg. 175).  It also says India has the second fastest growing services sector with its CAGR 

(Compund Annual Growth Rate) at 9 per cent (Ch 10, pg. 173) and the growth of the services sector is 

closely linked to FDI inflows into this sector (Ch 10, pg. 176).  All the above facts tells the importance of 

Service sector in the Economy of India.  So we take it as one of the factors.      

F5. Trade: Everyone knows Trade (both National and International) plays a vital role in the Economy.  

The 2008 global financial crisis and subsequent slowdown in the world economy has clearly 

demonstrated that tremors originating in one corner of the world can quickly reach other parts, among 

others via the trade channel.  In the last five years, India’s export growth has seen ups and downs, being 

in negative territory twice: in 2009-10 as an aftershock of the 2008 crisis and in 2012-13 as a result of the 

euro zone crisis and global slowdown (Ch. 7, pg. 120).  However, India’s merchandise trade has been 

growing in importance over the years with the share in world exports and imports increasing, though 

gradually, form 0.7 per cent and 0.8 per cent respectively in 2000 to 1.7 per cent and 2.5 per cent 

respectively in 2013 (Ch. 7, pg. 120).  Many labour intensive export sectors performed relatively well in 

2013-14 (Ch. 7, pg. 124).  This shows that the factor Human Resoruce Development has a positive 

impact on Trade.  We also know that both the Agriculture and the Industrial sector also plays a vital role 

in the Trade.  All the above facts tells the importance of Trade in the Nation Economy and we take it as 

one of the factors.   
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F6. Human Resource Development: The survey says, India with a large and young population has a 

great demographic advantage.  The average age of the 1.25 billion strong Indian population will be 29 

years in 2020, even younger than the 37 years of China and the US.  The proportion of working age 

population is likely to increase from approximately 58 per cent in 2001 to more than 64 per cent by 2021, 

adding about 63.5 million new entrants between 2011 and 2016 with a large number of young persons in 

the 20-35 years age group.  This is a great opportunity for India.  Taking advantage of such an 

opportunity is contingent upon progress on the human development front.  India has a long way to go as 

it is still in the medium human development category with countries like China, Egypt, Indonesia, South 

Africa, and even Vietnam having better overall HDI ranking within the same category and Sri Lanka 

moving to the high human development category from medium in the 2012 HDI ranking despite years of 

internal conflicts.  The existing gap in health and education indicators in India as compared to developed 

countries and also many of the developing countries highlights the need for much faster and wider 

spread of basic health and education (Ch. 13, pg. 230).  As a percentagte of GDP, expenditure on 

education has gone up from 2.0 per cent in 2008-09 to 3.3 per cent in 2013-14.  There is need not only to 

increase it further, but also address quality issues (Ch. 13, pg. 244).  Skill development is vital not only for 

taking advantage of the demographic dividend, but also for more inclusive growth (Ch. 13, pg. 246).  

Expenditure on health is just 1.4 per cent of India’s GDP.  A lot more needs to be done to provide quality 

and affordable healthcare for the large Indian population (Ch. 13, pg. 247).  Apart from Education and 

health, factors like Poverty, Rural-Urban Disparity, Unemployment, Women and Child Development, 

Development of Weaker sections have also to be considered in the Human Resoruce Development.  This 

is one of the factors which has an impact over several other factors listed above.  So we take it as one of 

them. 

F7. Energry, Infrastructure & Communications: Infrastructure is must for any type of development.  In 

particular the manufacturing sector is largely dependent on infrastructure.  Time overruns in the 

implementation of projects continue to be one of the main reasons for under-achievement in many of the 

infrastructure sectors (Ch. 11, pg. 192).  Also the potential for energy generation depends upon the 

country’s natural resource endowments and the technology to harness them.  Even though the domestic 

production of energy is projected to increase, import dependence will continue to be high, particularly for 

crude oil where nearly 78 per cent of the demand will have to be met from imports by the end of the 

Twelfth plan (Ch. 11, pg. 193).  In order to meet the ever-growing demand for petroleum products, the 

government has consistently endeavoured to enhance exploration and exploitation of petroleum 

resources, along with developing a concrete and structured distribution and marketing system (Ch. 11, 

pg. 195).  The overall long term demand for coal is closely linked to the performance of the main end use 

sectors, i.e., thermal power, iron and steel, and cement (Ch. 11, pg. 198).  Sharp deceleration in the 

production of natural gas in the past two-three years has further increased the energy sector’s 

dependence on coal (Ch. 11, pg. 199).  As we know, India is one of the vast and highly populated nation 

in the world and communications plays a vital part in the Economy of the country.  The Railways 
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communication system plays a major role on transportation, the broad objective of Indian Railways is to 

develop a strategy to be a part of an effective multi-modal transport system and to ensure an 

environment-friendly and economically efficient transport movement (Ch. 11, pg. 199).  India has one of 

the largest road networks in the world, spread over 48.65 lakh km.  The National Highways (NHs) with a 

total length of 92,851 km, serve as the arterial network of the country.  The development of NHs is the 

responsibility of the Government of India, which has been mandated to upgrade and strengthen a total 

of 54,478 km of NHs, through various phases of the National Highways Development Project (NHDP) (Ch. 

11, pg. 200).  Apart from Roadways and Railways, Aviation and ports also play a major role in the 

communications.  The Telecommunications sector is also makes a major impact in the country’s 

Economy in the recent years.  A series of reform measures by the government, innovations in wireless 

technology, and active participation by the private sector played an important role in the growth of the 

telecom sector in the country (Ch. 11, pg. 204).  All the above facts tells Energy, Infrasturcture and 

Communications sectors play a vital role in the Economy of India.        

F8. Financial Sector: Financial markets form an important part of the Indian economy.  Their 

performance in 2013-14 reflected the slowdown in the real economy with most intermediaries growing 

at a slower rate as compared to previous years.  The Government of India along with relevant market 

regulators took cognizance of these growing challenges including financial inclusion and consumer 

protection and implemented a multitude of policy initiatives to reinvigorate financial markets (Ch. 5, pg. 

87).  A healthy and developing insurance sector is of vital importance to every modern economy.  It 

encourages the savings habit, provides a safety net to rural and urban enterprises and individuals, and 

generates long-term funds for infrastructure development (Ch. 5, pg. 102).  It is also one of the sectors 

has an impact on most of the sectors listed above.  So, any mismanagement in the financial sector will 

affect most of the other factors and inturn it will affect the nation Economy badly.  So the Government 

has to handle this sector in a careful manner because the entire Economy of the country depends on it. 

Mathematical Modeling: 

Now we are going to use the Fuzzy Cognitive Maps (FCM’s) technique to find solution to the problem of 

finding remedial measures to improve the Indian Economy.  Fuzzy cognitive map is a tool to solve a 

complex system having networks.  This technique was first introduced by Bart Kosko [3].  Using fuzzy 

cognitive maps technique, we can create a Fuzzy Relational matrix Rij = (rij), in which each cell entry rij 

represents the impact of one factor on another with fuzzy membership values.  The algorithm of the 

FCM model had been designed to tackle the factors having both positive as well as negative impacts on 

each other.  Now we will see how to create such a matrix in detail. 

Since our aim to find solution to the problem of finding remedial measures to improve the Indian 

Economy, we have to add the term Economy also, in our list of factors (as F9).  Before forming the 

matrix, we have to form fuzzy sets which transforms the linguistic terms in to fuzzy membership values.  
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For example, as we all know that the Agriculture has a very high positive impact on the Economy of our 

country.  In order to represent it mathematically we give the membership values to the linguistic terms.  

The following table shows the linguistic terms we are going to use in our problem and their membership 

values.  

Linguistic term Membership value 

Very High (VH) 90 

High (H) 70 

Medium (M) 50 

Low (L) 30 

Very Low (VL) 10 

Table 1 

In the above table 1, the fuzzy values are represented in 100 point scale because the software (Java 

program applet used in our analysis) takes the values in the interval [0,100] but usually it is represented 

in the interval [0,1].  So now, if we want to represent the fact that the Agriculture has a Very High (VH) 

positive impact on the Economy by simply assigning the membership value 90 in the fuzzy relational 

matrix cell which connects the above two factors.  Suppose if there is a negative impact of one factor on 

the other, we simply put a negative sign before the Membership value.  Now we define the Fuzzy 

relational matrix Rij = (rij) in the following manner with the Linguistic terms and it can be converted in to 

Membership values using the above table (Table 1): 

Impact values 
(in Linguistic 

terms) 
Agriculture Education 

Industrial  
sector 

Service 
sector 

Trade 
Human 

Resource 
Development 

Energy, 
Infrastructure, & 
Communications 

Financial 
sector 

Economy 

Agriculture _ - M - H _ _ M VH 

Education M _ VH - M H H _ VH 

Industrial  
sector 

_ _ _ _ VH - H VH VH 

Service 
sector 

_ _ _ _ M - _ M H 

Trade _ _ H _ _ H _ VH VH 

Human Resource 
Development 

M _ VH _ H _ _ M H 

Energy, 
Infrastructure, & 
Communications 

_ _ VH H VH - _ H VH 

Financial sector M H VH H VH - VH _ VH 

Economy _ _ _ _ - - - - _ 

Table 2 
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With the above Fuzzy relational matrix (table 2), we can start our simulation by entering the impact 

values of the above factors on each other in the Java program applet.  In order to understand how the 

Java applet works, let us explain it with the following web screenshot of the software applet.  

 

Figure 1 

In the above screenshot, we have clearly seen two parts of the applet.  One part in the right hand side 

containing the factors list, and the other part (popup screen) is the factor editor having a number of 

columns.  The first column ‘Name’ contains the name of the factor; the second column ‘Level’ contains 

the initial value of the factor that is the strength of the factor.  In the above applet the factor levels are 

also assigned in the interval [0,100], the higher the value implies the higher the strength of the factor.  

For example in the above applet we gave the level value 90 for the factor Industrial sector(F3) means 

that the Industrial sector is assumed at Very High satisfactory level.  The ‘Causes’ column contains the 

remaining factors, here we select the factor, Trade (F5) and in the next column of the applet ‘Effect on 

factor’ we chose positive, and in the final column ‘Intensity of effect’, we chose 70 because as given in 

the above Fuzzy relational matrix Rij the factor, Trade(F5) has a High positive impact on the factor, 

Industrial sector (F3).  

In the same way we input the initial state (strength) of each factor and the effect on one another using 

the above Fuzzy relational matrix Rij on the Java applet.  Once we enter all the required values, we can 
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run the simulation in two ways in the Java applet: (i) we can run it with a fixed number of iterations (ii) 

we can run the simulation till it converges.  We chose the second option to run our simulation.  The 

advantage on using Fuzzy Cognitive Maps is that even it there is any change in the number of factors or 

in the impact of the factors on one another, that can be easily accomdate in the Fuzzy Relational matrix.  

Another advantage on using FCM’s is that, it is not only tells the output value of the Deciding factor say 

Economy (in our case) but it also tells the output values of all the factors in each and every iteration till it 

converges, so we can understand how the factors are moving and the impact of the factors on one 

another.  Another important thing about the FCM’s method is that, the number of iterations it takes to 

converge.    Usually we conclude the things based on the output values of the factors and not on the 

number of iterations.  But if the number of iterations is significantly very high then we may take the 

decisions accordingly.  Now we will analyze our problem with different set of factor input values.  For 

more see [4], [5]. 

 Factors Agriculture Education Industrial 
sector 

Service 
sector 

Trade Human 
Resrource 

Development 

Energy, 
Infrastructure, & 
Communications 

Financial 
sector 

Economy 

Case 
1 

(05 
Iter.)  

Input 
Value 

90 90 50 70 50 70 50 50 50  
(Final 

value – 
62)                                                                                                                                                                                                                                            

Case 
2 

(06 
Iter.) 

Input 
Value 

70 70 50 90 50 90 50 50 50 
(Final 

value – 
61)   

Case 
3 

(05 
Iter.) 

Input  
Value 

50 50 90 70 90 70 50 50 50 
(Final 

value – 
62)   

Case 
4 

(05 
Iter.) 

Input  
Value 

50 50 70 90 70 90 50 50 50 
(Final 

value – 
60)   

Case 
5 

(05 
Iter.) 

Input  
Value 

50 50 90 50 90 50 70 90 50 
(Final 

value – 
67)   

Case 
6 

(07 
Iter.) 

Input  
Value 

50 50 70 50 70 50 90 90 50 
(Final 

value – 
70)   

Case 
7 

(06 
Iter.) 

Input  
Value 

90 90 50 90 50 90 50 50 50 
(Final 

value – 
65)   

Case 
8 

(06 
Iter.) 

Input  
Value 

50 50 90 50 90 50 90 90 50 
(Final 

value – 
75)   
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Table 3 

In the above table 3, the first column shows the case number along with the number of iterations taken 

till the factors in the system converges to a value (final value) in that particular case.  The Input value 

(Input row) represents the initial strength of each factor in that particular case and then the FCM Java 

applet simulator starts its iteration procedure and after several iterations (depends on the case) it will 

converges to a final output value.   In the above table the input value of the factor Economy (F9) is 

Case 
9 

(02 
Iter.) 

Input  
Value 

70 70 70 70 70 70 70 70 50 
(Final 

value – 
70)   

Case 
10 
(02 

Iter.) 

Input  
Value 

30 30 30 30 30 30 30 30 50 
(Final 

value – 
30)   

Case 
11 
(03 

Iter.) 

Input  
Value 

90 90 90 90 90 90 90 90 50 
(Final 

value – 
90)   

Case 
12 
(03 

Iter.) 

Input  
Value 

10 10 10 10 10 10 10 10 50 
(Final 

value – 
10)   

Case 
13 
(06 

Iter.) 

Input  
Value 

50 90 90 50 90 50 50 90 50 
(Final 

value – 
77)   

Case 
14 
(05 

Iter.) 

Input  
Value 

50 90 90 50 90 90 50 50 50 
(Final 

value – 
69)   

Case 
15 
(06 

Iter.) 

Input  
Value 

50 90 90 50 90 50 90 90 50 
(Final 

value – 
81)   

Case 
16 
(08 

Iter.) 

Input  
Value 

90 50 90 50 90 50 90 90 50 
(Final 

value – 
79)   

Case 
17 
(05 

Iter.) 

Input  
Value 

90 90 90 50 90 50 50 90 50 
(Final 

value – 
80)   

Case 
18 
(05 

Iter.) 

Input  
Value 

50 50 90 90 90 90 50 90 50 
(Final 

value – 
76)   

Case 
19 
(06 

Iter.) 

Input  
Value 

70 70 90 50 90 50 90 90 50 
(Final 

value – 
80)   

Case 
20 
(07 

Iter.) 

Input  
Value 

70 70 90 70 90 70 90 90 50 
(Final 

value – 
83)   
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assumed to take the par value 50 always since the objective of this problem is to find the impact of the 

other factors on the factor Economy (F9).  Now we will discuss the above table values in detail. 

The input values of the factors represents different real life scenarios.  But when we look into the final 

output value of the factor Economy (F9), there is a variation in the value from 60 to 90.  The standard of 

the Economy depends on its output value, if the output value is more then the Economic standard will 

be more.  When we look into the different cases, we see that the output value of the Economy is raising 

if we give Very High importance (Factor input value – 90) to more number of factors.  And in case 11, we 

see the maximum output value of the Economy that is 90.  But this is possible only when we assume the 

satisfactory level all other factors also to be Very High.  But in a real life scenario, concentrating on all 

sectors and giving Very High importance to all the sectors is not possible.  So eventhough case 11 has 

the maximum value i.e., 90 but it is not a feasible one. 

When we look into the cases from 1 to 10, we see that the output value of the factor Economy lies 

between the par and High satisfactory level (i.e., 60-70).  In all these cases, we see atleast two factors 

having Very High level input value (i.e., 90), in particular on case 6, when we give Very High input value 

to the factors F7 and F8, that is Energy, Infrastructure & Communications and Financial sector, we get 

the output value 70 for the factor Economy (F9), this shows that these two factors play an important 

role in the current economic situation of India based on the Economic survey 2013-14, similarly on case 

8, when we give Very High input value to the factors F3 and F5, that is Industrial sector and Trade in 

addition to giving Very High input value to the factors F7 and F8 as in case 6, we get the output value 75 

for the factor Economy, even though there is an improvement in the output value but we have to give 

Very High importance to all the four factors F3, F5, F7 and F8. 

Now we look into the cases from case 15 to case 18, we get some much improved output values for the 

factor Economy ranging from 75-80, but in all these cases, we have to assume Very High input level 

value to atleast five factors.  But interestingly, when we compare the cases 13 and 18, case 13 has a 

much better output value than case 18 eventhough in case 18 five factors having Very High input value 

but in case 13 it is only four.  In both the cases, factors F3, F5 and F8 having Very High input value, but in 

case 18 both the factors F4 and F6 i.e., Service sector and Human Resource Development having Very 

High input value but in case 13, the factor Education (F2) has a Very High input value.  This shows that 

giving Very High importance to the factor Education has a higher impact on Economy than giving Very 

High importance to the factors Service sector and Human Resource Development.  In the same manner 

we can analyze the data under different input conditions.   

Now we compare case 13 with case 19, In both the cases only four factors have been given Very High 

input value but in case 19 Very High input value is given to the factor Energy, Infrastructure & 

Communications (F7) instead of the factor Education (F2) as in case 13, apart from that,  the factors F1 & 
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F2 i.e., Agriculture and Education have been given High input value in case 19, consequently there is a 

improvement in the output value of the factor Economy i.e., 80 in case 19.  So when we look into these 

all 19 cases of study, we may come to the conclusion that the factors F3, F5, F7 & F8 i.e., Industrial 

sector, Trade, Energy,Infrastructure & Communications, and Financial sector play an important role in 

the Economy.  Because the output value of the Economy is better whenever these four factors having 

High importance value than the other four factors F1, F2, F4, & F6 i.e., Agriculture, Education, Service 

sector, and Human Resource Development.  Here, we are not conclude that the factors F1, F2, F4 & F6 

are not important to the Indian Economy, but whatever steps taken by the Government in all these four 

factors should affect the other four main factors F3, F5, F7 & F8.  That is the Economic Development 

plans should be designed in such a manner that any improvement in the factors F1, F2, F4 & F6 should 

also improve the factors F3, F5, F7 & F8 and in turn it will improve the Economy.  And this is reflected in 

case 20, there we give Very High importance to the factors F3, F5, F7 & F8 and High importance to the 

factors F1, F2, F4 & F6 and we get a good output value 83 for the factor Economy. 

This shows that the factors F1, F2, F4 & F6 act as secondary factors to the primary factors F3, F5, F7 & 

F8.  The above conclusion is based on the Economic survey 2013-14, so if there is any significant change 

in the Economy in the Financial year 2014-15, that may change the way we conclude.   

Conclusion: 

By analyzing all the above cases, we conclude that the best way to tackle the Economy based on the 

Economic survey report 2013-14 is that, the Government of India has to concentrate on Industrial sector 

and Trade.  Development plans have to be framed to enrich Energy, Infrastructure & Communications, 

and Financial sector.  At the same time the Government of India has to take steps on improving the 

Agriculture, Education, Service sector, and Human Resource Development in such a way that it will 

improve the factors discussed above.  We have enough resources in our Country but what we have to do 

is, to use them in a proper manner.  This cannot be achieved only by the State and Central Governments 

but it is the duty of every citizen of India.  Finally the factors like Monsoon, Natural disasters (Flood, 

Tsunami and so on) may affect the Economy but these were not taken into account in our Model 

because these type of things cannot be controlled by us and this shows that we have to depend the One 

who above all of us.    
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