
1 

www.ssijmar.in 

 

 

A STUDY ON THE CUSTOMER PREFERENCES OF AUTOMOBILES 

USING FUZZY LOGIC DECISION MAKING APPROACH AND GRAPH 

THEORY AND MATRIX APPROACH  

Dr. K. Ravichandran
1
 

K. Venkatesh
2
 

Dr. R. Muruganandham
3 

 

 

 

 

 

 

 

 

 

 

 

 

 

_________________________________________________________ 

1Professor and Head in Entrepreneurship Studies, Madurai Kamaraj University,Madurai-625021, Tamilnadu, India 
2Department of Mechanical Engineering, Thiagarajar College of Engineering,Madurai 625 015, Tamilnadu, India 
(Email: tkuvenkates@gmail.com) 
3Assistant Professor in Department of Mechanical Engineering, Thiagarajar College of Engineering, Madurai 625 015, 
Tamilnadu, India 

 
SHIV SHAKTI 

International Journal in Multidisciplinary and Academic Research (SSIJMAR) 

Vol. 1, No. 4, November-December (ISSN 2278 – 5973) 

Abstract: 

This paper has made a scientific approach to identify the key factors that influence the consumers (1) while 

selecting the appropriate four wheelers especially cars by considering the parameters such as mileage, maintenance 

cost, brake failure, comfort and brand which are obscure and imprecise in nature. With regards to the selection of 

four wheelers like cars, the consumers are in dilemma to identify and select an appropriate model. The survey has 

been conducted in an automobile industry by analyzing the customer’s preferences in buying a car. Hence, decision 

making is a challenging and not a facile task. For the above study, this paper has successfully utilized Multi 

Criteria Decision Making (MCDM) tool called Graph Theory and Matrix Approach (GTMA) (3) for a successful 

purchasing decision making by the customer. The parameters were identified by conducting a pilot study and 

questionnaires were distributed to the respondents and thus data have been collected, and the data were 

consolidated for the analysis.  The paper has applied multi criteria decision making tools and presenting the results 

of the findings. GTMA, one of the efficient MCDM tools is properly applied considering some parameters. The 

parameters which we are mentioned above are the highly influencing factors for a customer while buying a car.As 

the customer (11)(12) is facing a dilemma among the desirable alternatives, GTMA seems to be the suitable 

decision making tool for conducting the analysis and study. The data collected from the questionnaire were 

quantified, consolidated and normalized before applying MCDM tool. The parameters were categorized as 

beneficial and non-beneficial variables. For the calculations using GTMA relative weightage has been given 

among for the parameters. Furthermore, this study has also been analyzed using Fuzzy logic (2) decision making 

approach to identify the major influencing factor. The objective of the paper is to identify the customer preference 

brands cum variants among 1200cc vehicles and to find out the maximum influencing factors in customer 

preferences for the above vehicles. 

Keywords: 

Beneficial variables, Customer Preferences, Challenges, non-beneficial variables and Multi Criteria Decision 

Making. 

 
 



2 

www.ssijmar.in 

A STUDY ON THE CUSTOMER PREFERENCES OF AUTOMOBILES USING FUZZY 

LOGIC DECISION MAKING APPROACH AND GRAPH THEORY AND MATRIX 

APPROACH 

Introduction: 

Consumers normally implement preferences when they go for comparing different alternatives 

and choices. Preference based on scientific evaluation is always a reasonable one. Real-life 

marketing primarily revolves around the application of a great deal of common-sense dealing 

with a limited number of factors, in an environment of flawed information and limited resources 

complicated by vagueness. Use of traditional marketing techniques, in these circumstances, is 

inevitably partial and unequal.Now a day the role of marketing has becoming an essential part 

for any product. Marketing plays the pivotal role after establishing target specifications, concept 

generation, and concept selectionthrough concept screening matrix and concept scoring matrix, 

and finally testing of concept selection. Marketing has been comprehensively classified into two 

categories such as product selling and concept selling. The marketing of any product might be 

reached only because of concept selling. The role of the concept selling is to sell the concept to 

the customers after getting their feedbacks through face to face interactions, Electronic mails, 

panel discussions, interaction with extreme users, end users, lead users, written survey and word 

of mouth advertising. Above described methods might be congruous and helpful for concept 

generation too. It will help the marketers to market the product more gullible, notable and 

plausible. 

Marketing communications are the means by which firms attempt to inform, persuade, 

incite, and remind consumers – directly or indirectly - about the brands they sell.Automobile 
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marketing is slightly differing from the others. Marketing aspirants often employ strategic 

models and tools to study about the decisions. An Ansoff Matrix (4) is often used to carry out an 

organization's strategic positioning of their marketing mix. Strategic 

marketing planning tool that links a firm's marketing strategy with its general strategic 

direction and presents four alternative growth strategies as 2X2 matrix. These strategies are 

(1) Market penetration: by pushing existing products in their current market segments, 

(2) Market development: by developing new markets for the existing products, (3) Product 

development: by developing new products for the existing markets and (4) Diversification: by 

developing new products for new markets.A marketing strategy approach (5)is a process that one 

can allow an organization to concentrate about its resources on the inordinate opportunities to 

boost up the sales and achieve a sustainable competitive advantage.Marketers are striving to 

evolve a concept that automobile buyers have to be evoked by the strategy of marketing through 

newspaper advertisements and allowing them for test drive and pageant presentation.The 

automobile marketing strategies are Dealer management and Market Research and Customer 

Relationship management and advertising and branding and support functions such as quality 

and processes. Erstwhile, marketing a product is conspicuous and challenging one.Now a day the 

role of automobile marketing (10) seems to reach the most invaluable heart of the customers by 

selling the concept before the product. 

 

Literature Review: 

Brian Thomas (2002) has mentioned that brand awareness plays an important role in consumer 

preferences. 

http://www.businessdictionary.com/definition/strategic-marketing.html
http://www.businessdictionary.com/definition/strategic-marketing.html
http://www.businessdictionary.com/definition/strategic-marketing.html
http://www.businessdictionary.com/definition/planning.html
http://www.businessdictionary.com/definition/tool.html
http://www.businessdictionary.com/definition/link.html
http://www.businessdictionary.com/definition/marketing-strategy.html
http://www.businessdictionary.com/definition/general.html
http://www.businessdictionary.com/definition/strategic-direction.html
http://www.businessdictionary.com/definition/strategic-direction.html
http://www.businessdictionary.com/definition/strategic-direction.html
http://www.businessdictionary.com/definition/growth-strategy.html
http://www.businessdictionary.com/definition/matrix.html
http://www.businessdictionary.com/definition/strategy.html
http://www.businessdictionary.com/definition/market-penetration.html
http://www.businessdictionary.com/definition/product.html
http://www.businessdictionary.com/definition/current.html
http://www.businessdictionary.com/definition/market-segment.html
http://www.businessdictionary.com/definition/market-development.html
http://www.businessdictionary.com/definition/developer.html
http://www.businessdictionary.com/definition/market.html
http://www.businessdictionary.com/definition/product-development.html
http://www.businessdictionary.com/definition/product-development.html
http://www.businessdictionary.com/definition/product-development.html
http://www.businessdictionary.com/definition/diversification.html
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Mohanty and Bhasker (2005) have proposed a different methodology to the consumers based on 

the decision support tool for the internet shopping. This tool generally comprises of multiple 

number of attributes of the products which are generally conflicting, ambiguous and non-

commensurable in nature. They have mentioned in the following example, the data such as 

mileage, comfort, maintenance cost, re sale value and cost seems to be imprecise in nature. Here 

fuzzy logic has been used to solve the complex issue. 

ArjunChowdhri (2006) has remarked that brand commitment is an important determinant in 

buying behavior for consumers. 

David B. Eastwood et al(1987)have examined the consumer behavior based on the purchase 

regularity, satisfaction, origin and willingness to pay for selected local versus non-Tennessee 

grown fresh produce.  

Ali Nasr Esfahair(2012) has analyzed the psychological factors on consumer’s buying behavior. 

Soren W. Scholzet al(2010) have stimulated and expanded on the substantial discussion on the 

preference measurement for complex attributes products which are imprecise in nature and vague 

to predict which is suitable and where to use which is based on paired comparison-based 

preference measurement. To perceive and predict the decision, preference measurement 

approaches are needed that accommodate large number of attributes without overburdening the 

respondents. This study provides empirical support for the predictive validity and managerial 

usefulness of PCPM in understanding preferences for complex products. 

Rachel Dardis and HoracioSoberon-Ferrer(1994) have investigated the rapport between 

automobile attributes and household characteristics to consumer preferences for cars. The 

analysis was confined to households that purchased new cars in 1986 and employed two-stage 
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probit analysis. Results indicated that the coefficients of five automobile quality attributes were 

statistically significant while the coefficients of most household characteristics were not 

significant. Households were interested in more fuel efficient and heavier cars as well as cars 

with lower depreciation rates and a lower frequency of repair are more likely to buy Japanese 

than non-Japanese cars.  

Gary A. Knight (1984) has compared the consumer preferences for goods made abroad and made 

in the home country by both home country and foreign firms. Indeed he has suggested that the 

country of manufacture and product quality strongly influence consumer decision making in 

globally available product categories.  

Timothy J. Ross(2010) has given the concepts of fuzzification and defuzzification to identify the 

key issues in the perfect way by giving the due weightage to the parameters.  

VenkatoRao R (2007) has demonstrated the details of graph theory and the matrix approach as 

decision making method in the manufacturing environment. The linguistic terms with their 

corresponding crisp scores were given. Instead of assigning arbitrary values for various 

attributes, this fuzzy method reflects the exact linguistic descriptions in terms of crisp scores. 

Hence, it gave better approximation of linguistic descriptions that were widely used. 

Zeenat Ismail et al(2012) have compared a preferred solution between global brand and local 

brand. It was designed to find out the buying behavior patterns. It was suggested that consumer 

might evaluates products based on information uses which were extrinsic and intrinsic. The 

results revealed that most important factors that influence a consumer’s final decision are the 

price and quality of the product. 

Problem Description:  
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Very often, understanding and fulfilling requirements based on customer’s preferences (6)-(9) is 

a challenging task for any sector. Beyond technical aspects, certain human aspects such as 

Ergonomic design and aesthetic design govern the automobile industry to a great extent. This 

paper deals with the consumer preferences which mainly depend on the factors such as 

maintenance cost, mileage, comfort, brake failure and brand image while taking a decision to 

buy a car. The above factors are nebulous and obscure in nature. Selecting the product which is 

suitable to consumer’s desire is not a facile task. The consumer’s requirements are high mileage, 

minimum maintenance cost, zero brake failure, developed and stabilized talkative brand and 

luxury interior. The major influencing factor deciding the consumer preferences must be known. 

 

 

 

 

 

 

 

 

 

 

 

Methodology: 

The methodology of the paper is presented below. 
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Figure 1: Methodology 
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This study is based on the collection of information from primary sources. After conducting pilot 

study for four wheelers, the questionnaires were prepared based on brand image, mileage, 

maintenance, brake failuresand comfort condition. The questionnaires were designed using 

Richter’s five point scale. The questionnaire were distributed to thepeople belong to various 

disciplines such as business people, juveniles and staffsaround Madurai. The following table 

displays the scores for the factors such as brand image, mileage, maintenance, comfort condition 

and brake system of the selected cars.  

Table 1: Data for 1200cc vehicles 

S 

No. 

Cc P/D Made Cars List Brand 

(Max 50) 

Mileage 

(Max 50) 

Maintenance 

(Max 50) 

Comfort 

(Max 50) 

Brake system 

(Max 50) 

1 1200 P Chevrolet Beat 36 38 40 40 41 

2 1200 P Ford Figo 39 38 41 44 40 

3 1200 P Maruti Swift 41 34 33 31 33 

4 1200 P Nissan Micra 35 29 22 27 25 

5 1200 P Skoda Fabia 35 35 38 45 36 

6 1200 D Fiat Grande Punto 36 43 45 47 41 

7 1200 D Maruti Ritz 39 34 39 39 37 

8 1200 D Skoda  Fabia 38 37 35 37 36 

9 1200 D Tata Vista 42 42 32 40 31 

10 1200 D Volkswagen Polo 47 37 36 42 38 

The data collected from the questionnaire were quantified, consolidated and normalized before 

applying MCDM tool. 

Graph Theory and Matrix Approach: 
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A graph G = (V, E) consists of a set of objects V = {v1, v2…} calledvertices or nodes, and 

another set E = {e1, e2…}, of which the elements are called edges, such that each edge ek is 

identified with a pair of vertices. The vertices vi and vjassociated with edge ek are called the end 

vertices of ek. The most common representation of a graph is by means of a diagram, in which 

the vertices are represented by small points or circles, and each edge as a line segment joining its 

end vertices. The application of graph theory was known ten decades ago, when the longstanding 

problem of the Konigsberg bridge was solved by Leonhard Euler in 1736 by means of a graph. 

Since then, graph theory has proved its mettle in various disciplinesof science and technology 

such as physics, chemistry, mathematics, communication science, computer technology, 

electrical engineering, sociology, economics, operations research, linguistics, internet, etc. Graph 

theory has served an important purpose in the modeling of systems, network analysis, functional 

representation, conceptual modeling, diagnosis, etc. Graph theory (2007) is not only effective in 

dealing with the structure (physical or abstract) of the system, explicitly or implicitly, but also 

useful in handling problems of structural relationship. The theory is intimately related to many 

branches of mathematics including group theory, matrix theory, numerical analysis, probability, 

topology, and combinatorics. The advanced theory of graphs and their applications are well 

documented 

Fuzzy Logic Decision Making: 

The concept of fuzzy logic was first coined by LoftiZadeh in 1965. The concept of fuzzy set 

helps us to unravel the quantum of uncertainty associated with events. These events may be well 

defined engineering problems, such as design and development, control system design or 

fabrication of machine tools. The inputs may be time-varying, interactive in nature leading to 



10 

www.ssijmar.in 

multi input, multi output system. Thus each system possesses a degree of uncertainty associated 

with them. There are different faces of uncertainty (2010). They are  

 Inexactness – Inability to measure variables un precise manner. 

 Semantic ambiguity – Property of possessing several distinct, but plausible and reasonable, 

interpretations of a particular state. 

 Visual ambiguity – Refers to or arises due to the position or location or trajectory of an object or 

a system due to the representation of the object or observer position with reference to object. 

 Structural ambiguity – The interconnections and interactions of different components can 

cause a high level of vagueness. 

 Undecidability – This originates from our responsibility of discriminating different systems of 

an event. 

Fuzzy sets 

To overcome these limitations fuzzy sets are used. 

A variable in a fuzzy set will have a minimum value and a maximum value, the two values 

encompassing all values between. The range of values covered by a particular fuzzy set is termed 

as a domain of fuzzy set. 

Fuzzy decision making method: 

Classical decision making involves the notion that the uncertainty in future can be characterized 

probabilistically. If we knew about the states of future with certainty there is no problem. But it 

is not so. In many cases there is a high uncertainty about the states in future. So we make use of 

classical Bayesian decision methods in which we make use of prior probabilities or weightings. 

μ = ∑ Wi μi 
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Where i= 1 to n 

Wi – weightings 

μi – Membership grade for each individual input 

μ – Output membership grade 

Analysis: 

It has been decided to apply the Graph Theory and Matrix Approach (GTMA) (3) to the 

following tables to find out the maximum influencing car in 1200cc vehicles.  

The procedure of Graph Theory and Matrix Approach (VenkatoRao R, 2007) are as follows, 

1. Identify the beneficial and non-beneficial variables 

2. The due weightage has given to each and every factor by considering the table number 4. 

3. The weightage has been awarded based on the factors such as mileage, comfort, brake failure, 

maintenance cost and brand by considering one attribute is very less important than the other, 

one attribute is less important the other, two attributes are equally important, one attribute is 

more important than the other and one attribute is much more important than the other.  

4. Then the values are taken back into the matrix as, 

Brand         Mileage        Maintenance cost       Comfort        Brake failure 

Brand     1            -                           -    -   -  

Mileage    - 1 -  -  - 

Maintenance cost        -            -      1   -  - 

Comfort         -            -    - 1  -  

Brake failure      -            -  -  - 1  
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5. Find the maxima and minima. 

Table 2: Conversion of linguistic terms into fuzzy scores 

Linguistic term Fuzzy number Crisp score 

One attribute is very less 

important than the other 

M1 0.115 

One attribute is less important 

than the other 

M2 0.295 

Two attributes are equally 

important 

M3 0.495 

One attribute is more 

important than the other 

M4 0.695 

One attribute is much more 

important than the other 

M5 0.895 

Instead of assigning arbitrary values for various attributes; this fuzzy method reflects the exact 

linguistic descriptions in terms of crisp scores. Hence, it gives better approximation of linguistic 

descriptions that are being widely used. It may be added here that this method can be used not 

only for assigning values to the attributes, but also helps deciding the relative importance 

between the attributes.  

GTMA Results for 1200cc vehicle: 

The following table gives the ranking of the consumer preferences for 1200cc vehicles. 

Table 3: GTMA scores for 1200cc cars 

S. No. GTMA scores Rank Made Cars List 
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1 3.221 4 Chevrolet Beat 

2 3.462 2 Ford Figo 

3 2.342 9 Maruti Swift 

4 1.502 10 Nissan Micra 

5 2.925 5 Skoda Fabia 

6 3.922 1 Fiat Grande Punto 

7 2.902 6 Maruti Ritz 

8 2.724 8 Skoda  Fabia 

9 2.740 7 Tata Vista 

10 3.281 3 Volkswagen Polo 

From the above table, it is inferred that considering the parameters like brand, mileage, 

maintenance cost, comfort and brake system, and the consumers’ preference is high for fiat 

product called punto which is followed by figo and polo respectively from M/s Ford and M/s 

Volkswagen concern 

Fuzzy scores: 

According to the fuzzy logic decision making (2), goals and constraints are considered.  

In this paper multifarious phases of Fuzzy logic has been used to identify the factors which are 

talkative among the consumers while buying a car. 

The fuzzy values for the brand and the brake system for 1200cc are shown below. 

Table 4: Scores for brand and brake system with 1200cc engine 

VARIANT SCORES FOR BRAND SCORES FOR BRAKE SYSTEM 

Beat 0.766 1.000 
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Figo 0.830 0.976 

Swift 0.872 0.805 

Micra 0.745 0.610 

Fabia 0.745 0.878 

Grande Punto 0.766 1.000 

Ritz 0.830 0.902 

Fabia 0.808 0.878 

Vista 0.894 0.756 

Polo 1.000 0.927 

Fuzzy logic decision making (2005) is applied for the above table to identify the best variant 

considering the parameters brand and brake system and the fuzzy values as shown below. 

Table 5: Fuzzy scores for brand and brake system (1200CC) 

BRAND FUZZY RESULTS 

POLO 0.927 

FIGO 0.830 

RITZ 0.830 

FABIA (D) 0.808 

SWIFT 0.805 

BEAT 0.766 

PUNTO 0.766 

VISTA 0.756 
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FABIA (P) 0.745 

MICRA 0.610 

Referring the above table, it is inferred that polo is the best preferred variant by the consumers 

among the criteria brand and brake system. 

The fuzzy values for the brand and the comfort for 1200cc are shown below. 

Table 6: Scores for brand and comfort with 1200cc engine 

VARIANT SCORES FOR BRAND SCORES FOR COMFORT 

Beat 0.766 0.851 

Figo 0.830 0.936 

Swift 0.872 0.660 

Micra 0.745 0.574 

Fabia 0.745 0.951 

Grande Punto 0.766 1.000 

Ritz 0.830 0.830 

Fabia 0.808 0.787 

Vista 0.894 0.851 

Polo 1.000 0.894 

Fuzzy logic decision making is applied for the above table to identify the best variant 

considering the parameters brand and comfort and the fuzzy values as shown below. 

Table 7: Fuzzy scores for brand and comfort (1200CC) 

BRAND FUZZY SCORES 
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POLO 0.894 

VISTA 0.851 

FIGO 0.830 

RITZ 0.830 

FABIA (D) 0.787 

BEAT 0.766 

PUNTO 0.766 

FABIA 0.745 

SWIFT 0.660 

MICRA 0.574 

Referring the above table, it is inferred that polo is the best preferred variant by the consumers 

among the criteria brand and comfort. 

The fuzzy values for the brand and the mileage for 1200cc are shown below. 

Table 8: Scores for brand and mileage with 1200cc engine 

VARIANT SCORES FOR BRAND SCORES FOR MILEAGE 

Beat 0.766 0.884 

Figo 0.830 0.884 

Swift 0.872 0.791 

Micra 0.745 0.674 

Fabia 0.745 0.814 

Grande Punto 0.766 1.000 



17 

www.ssijmar.in 

Ritz 0.830 0.791 

Fabia 0.808 0.860 

Vista 0.894 0.977 

Polo 1.000 0.860 

Fuzzy logic decision making is applied for the above table to identify the best variant 

considering the parameters brand and mileage and the fuzzy values as shown below. 

Table 9: Fuzzy scores for brand and mileage (1200CC) 

BRAND FUZZY SCORES 

VISTA 0.894 

POLO 0.860 

FIGO 0.830 

FABIA (D) 0.808 

SWIFT 0.791 

RITZ 0.791 

BEAT 0.766 

PUNTO 0.766 

FABIA 0.745 

MICRA 0.674 

Referring the above table, it is inferred that vista is the best preferred variant by the consumers 

among the criteria brand and mileage. 

The fuzzy values for the brand and the maintenance cost for 1200cc are shown below. 

Table 10: Scores for brand and maintenance cost with 1200cc engine 
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VARIANT SCORES FOR BRAND SCORES FOR MAINTENANCE COST 

Beat 0.766 0.888 

Figo 0.830 0.911 

Swift 0.872 0.733 

Micra 0.745 0.488 

Fabia 0.745 0.844 

Grande Punto 0.766 1.000 

Ritz 0.830 0.866 

Fabia 0.808 0.777 

Vista 0.894 0.711 

Polo 1.000 0.800 

 

Fuzzy logic decision making is applied for the above table to identify the best variant 

considering the parameters brand and maintenance cost and the fuzzy values as shown below. 

Table 11: Fuzzy scores for brand and maintenance cost (1200CC) 

BRAND FUZZY SCORES 

FIGO 0.830 

RITZ 0.830 

POLO 0.8 

FABIA (D) 0.777 

BEAT 0.766 
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PUNTO 0.766 

FABIA 0.745 

SWIFT 0.733 

VISTA 0.711 

MICRA 0.488 

Referring the above table, it is inferred that figo is the best preferred variant by the consumers 

among the criteria brand and maintenance cost. 

Similarly, Fuzzy logic decision making approach has been applied and the results as shown 

below. 

Table 12: Fuzzy values (1200CC) 

 BEAT FIGO SWIFT MICRA FABIA (P) PUNTO RITZ FABIA VISTA POLO 

BRAKE 1.000 0.976 0.805 0.610 0.878 1.000 0.902 0.878 0.756 0.927 

MILEAGE 0.884 0.884 0.791 0.674 0.814 1.000 0.791 0.860 0.977 0.860 

MAINTENANCE 0.888 0.911 0.733 0.488 0.844 1.000 0.866 0.777 0.711 0.800 

 

Table 13: Fuzzy results (1200CC) 

FACTORS FUZZY VALUES 

MILEAGE 0.674 (MAX) 

MAINTENANCE 0.488 

BRAKE SYSTEM 0.610 

 

Table 14: Fuzzy findings 
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CC VALUES PARTICULARS 

1200 0.674 MILEAGE 

Summary of Findings: 

The following findings were available after the analysis. 

1. With regard to 1200cc vehicles, customer preference is for Punto from fiat. 

2. Considering brand and brake system, consumer preference polo (1200cc) 

3. Considering brand and comfort, consumer preference polo (1200cc) 

4. Considering brand and mileage, consumer preference vista (1200cc) 

5. Considering brand and maintenance cost, consumer preference Figo and Ritz (1200cc) 

6. Among the 1200cc vehicles, the maximum influencing factor in customer preference is mileage. 

7. Customers always give more importance to mileage and brake system. 

8. When customer intend to buy low cc vehicle, he or she is opting for brakesystem. 

Conclusion: 

It was decided to analyze the customer preferences in automobile for 1200cc vehicles. Survey 

was conducted among the consumers. Multi Criteria Decision Making tool Graph Theory and 

Matrix Approach has been successfully applied to identify the consumer preferences. Fuzzy 

logic decision making tool was also applied to analyze the influencing factor in customer 

preference among the 1200cc vehicles. The scope of the study was confined to only 1200cc four 

wheelers. The study might be extended for 1500cc and 2000cc vehicles too. 
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