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A B S T R A C T 

One of the main challenges for leading manufacturing industries to retain their competitiveness 

is selection of appropriate suppliers. In developing countries like Pakistan, industries need 

reinforcement of the supplier selection decisions using scientific techniques. This study utilizes 

conjoint analysis (CA), a mathematical and statistical modeling based multi-criteria decision 
making (MCDM) methodology, for evaluation of supplier efficiency in a real world 

manufacturing organization. Six attributes are extracted from respective literature with the help 

of expert opinions. The developed mathematical models are solved in respective CA software by 
using actual data. Results reveal that product performance is the most important attribute in 

supplier evaluation for the concerned industry followed by costs, quality, financial stability, 

delivery time and technical ability respectively. The findings are beneficial for both the selected 
manufacturing industry and the market suppliers. 

 

1. Introduction 

One of the challenging issues associated with 

purchasing function of any successfully running 

manufacturing industry is the comparative assessment of 

respective suppliers. Manufacturing industries normally 

spend a large amount of their turnover on purchasing of 

different materials from external suppliers. Supplier 

evaluation consists of a broader spectrum of qualitative 

and quantitative influencing attributes. Therefore it comes 

under the domain of multi-criteria decision making 

(MCDM) problems [1]. 

Many researchers from industry and academia around 

the globe have worked on evaluation of suppliers. While 

selecting an appropriate supplier for the manufacturing 

industries, we have to consider a wide range of criteria on 

top of the costs. Quality supplier may not be able to 

always offer lower costs. There is a possibility that a 

particular supplier is good in one dimension like „costs‟ 

but it is not that much efficient in other dimensions like 

„durability‟ and „delivery time‟ etc. There exists a trade-

off among attributes of different suppliers thus making it 

an MCDM problem which requires some scientific 

evaluations based on authentic methodologies like 

conjoint analysis.  

Conjoint analysis (CA) is an MCDM technique for 

prioritization and evaluation of attributes. This approach 

has been started as a new expansion in mathematics and it 

is used by different researchers for the purpose of 

measuring the experimental data [2]. This approach has 

been utilized by different fields of applications, such as 

distribution, market research, product development and as 

a simulant in purchasing judgments [3]. 

Many experimental studies have been published for 

suppliers‟ selection and evaluation. Dickson identified 

twenty three attributes including quality, cost and delivery 

performance of any supplier. These are extracted from a 

total of twenty three attributes [4]. Some conceptual 

studies proved that managers should not select the 

suppliers only on the bases of lower costs and the factors 

like quality, delivery and performance etc. should never 

be overlooked [5]. For better performance of the products 

and services, innovative policies and management 

techniques should be utilized [6]. 

If a market researcher can explore and prioritize the 

customer preferences, he can inject the product features to 

target different market segments [7]. Talluri, et al. [8] 

presented a chance-constrained DEA approach for 

supplier evaluation. In that method price was input and 

delivery and quality were considered as outputs. Ancarani 

[9] developed a methodology to evaluate supplier 

performance and presented its theoretical implications.  

Latest researchers also emphasize on the seriousness 

of supplier selection and its future impacts on 

manufacturing organizations [10]. 
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The literature review reveals that there are very rare 

applications in developing countries like Pakistan 

particularly in perspective of recent economic crisis.  

Most of the organizations in Pakistan evaluate the 

suppliers on the basis of traditional approaches where the 

emphasis is mainly limited to costs of the supplied items. 

We are unable to find any study reported in available 

literature which applies a scientific approach like conjoint 

analysis for supplier evaluation and selection process in 

manufacturing industries from the defense sector of 

Pakistan. Unlike other MCDM techniques, conjoint 

analysis divides the factors into different levels thus 

providing a deeper insight. The aim of this research is to 

select the most appropriate supplier for a manufacturing 

set-up of Pakistan through conjoint analysis based 

evaluation process. It may also help the market suppliers 

to improve their efficiency according to customer 

demands. 

Next section of this paper presents the theoretical 

background of conjoint analysis and the adopted research 

methodology with respect to selected manufacturing 

industry. Detailed results are presented in Results and 

Discussions section followed by the conclusion section. 

2. Materials and Methods 

This section provides a brief introduction of the 

conjoint analysis followed by the mathematical modeling 

of our particular problem. Afterwards, the discussion on 

selection of attributes is provided and the overall research 

methodology is presented.  

2.1 Conjoint Analysis  

Conjoint analysis is an MCDM approach to calculate 

the trade-offs among preferences. In general, conjoint 

analysis means breaking down the personal evaluations 

within the considered set of factors and levels and 

transforming the findings into distinct elements of utility 

[11]. Word “Conjoint” is used for this technique because 

relative importance of different factors is considered 

jointly. 

Main aim of conjoint analysis is to measure the 

relative importance of the attributes of a product under 

investigation. Consequently, every attribute and factor 

comprises two or more different levels. It‟s very 

important that these levels should be realistic and 

presentation of factors and levels is cleared to respondents 

[12]. CA comprehensively highlights the available 

information about actual values of each level of every 

attribute [13]. Utilities of each level show the relative 

importance of that level. The involvement of different 

levels and importance of different factors are discovered 

by respondent options[14]. CA divides the preferences to 

conclude the value of every factor [13]. Part-worth value 

is calculated for each level of each factor. Maximum part-

worth value is given to the most favorite levels, and 

minimum part-worth value is given to the least favorite 

levels.  

Conjoint analysis approach has been used 

comprehensively in this research to determine the defense 

industry preferences for suppliers. It assumes that 

purchasers do not make the decisions on the basis of one 

attribute, instead they make decisions by evaluating a 

broader spectrum of attributes at the same time. For this 

purpose, they should make trade-off among those 

attributes. 

2.2 Problem Modeling 

In this section the problem is mathematically modeled 

under the domain of conjoint analysis.  

The 𝑊𝑎  value makes the relative impression of the 

supplier evaluation elements comparable with each other. 

Every factor which is used in this research is computed as 

following [15]. 

      𝑊𝑎 =  
max  𝑈𝑎  −min ⁡(𝑈𝑎 )

 𝑎[max  𝑈𝑎  −min  𝑈𝑎  ]
          (1) 

Here, utility of each level of any factor is indicated as 

𝑈𝑎  and relative importance as 𝑊𝑎 . Non-linear function of 

the quantitative factors of part-worth analysis can be 

specified as a conjoint model as, 

           𝐵𝑗 =  𝑍1 (𝑁𝑗1) +  𝑍2 (𝑁𝑗2) + . . . + 𝑍𝑟  (𝑁𝑗𝑟 )          (2) 

where 𝑍𝑡(•) is the component utility function specific to 

the „t‟th attribute and 𝑁𝑗𝑡  is the level for the „j‟th profile 

on the „t‟th attribute. For the calculation of the „t‟th 

attribute, utility function can be modeled as, 

   𝑍𝑡 𝑁𝑗𝑡 =  𝑍𝑡1 𝐸𝑡1  +  𝑍𝑡2 𝐸𝑡2  +  . . +   𝑍𝑡𝑟𝑡  −1
𝐸𝑡𝑟𝑡 −1   (3) 

where 𝑟𝑡  is the number of discrete levels for the 

„t‟thattribute. 𝐸𝑡𝑘  is the dummy variable. 𝑍𝑡𝑘  is the 

component of the part-worth function for the „k‟ th 

discrete level of 𝑁𝑡 . In real 𝑟𝑡1 is compulsory for 

estimation. For example if rt1  = 4 the part-worth model 

will be: 

       𝑍𝑡 𝑁𝑗𝑡  =  𝑍𝑡1 𝐸𝑡1  +  𝑍𝐸𝑡2  +  𝑍𝑡3 𝐸𝑡3           (4) 

In this equation, 𝑍𝑡1, 𝑍𝑡2 ..are estimated using dummy 

variable. For the „t‟th attribute, These are the vector 

model and ideal point model [15]. 

      𝑍𝑡 𝑁𝑗𝑡  =   𝐺𝑡𝑁𝑗𝑡   for the vector model         (5) 

    𝑍𝑡 𝑁𝑗𝑡  =   𝐺𝑡 𝑁𝑗𝑡 − 𝑁𝑜𝑡 
2
 for ideal point model      (6) 

where 𝐺𝑡  is a weight and𝑛𝑡  is the ideal point on the t-th 

attribute.
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   Table 1:    Attributes considered in different studies 

FACTORS [4] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 

Quality Y Y Y Y Y Y Y Y Y y Y y  

Cost Y Y Y Y Y Y Y Y Y y Y  y 

Delivery me Y Y Y  Y Y Y Y y y Y  y 

Experience Y Y      Y      

Part safety              

Lightweight              

Recyclable  Y            

Technical 

ability 
Y Y Y Y Y   Y     y 

Process 

capability 
Y Y            

Design process  Y            

Reduction of 

wastes 
             

Reputation Y Y   Y   Y      

Using clean 

Technology 
 Y            

Demand Y Y     Y    Y   

Greenhouse gas 

Emission 
      Y       

Financial 

stability 
Y Y  Y  Y  Y      

Assortment      Y        

Flexibility Y Y      Y Y     

Easy of 

Communication 
Y Y   Y         

Relationship  Y   Y         

Product 

performance 
Y Y  Y Y       Y  

After 

sale/warranty 
Y Y   Y   Y      

Geographic 

location 
Y Y   Y     Y    

End use  Y  y    Y      

Social factor Y Y  y          

Environmental 

factor 
Y Y            

Logistic costs              

Innovation            Y  

Risk            Y  

Rejection  Y           y 

Information and 

market service 
             

Maintenance Y Y      Y      

Reliable  y      Y      

 

2.3 Selection of Attributes and Levels 

The first and the most critical step of conjoint 

analysis is to identify the attributes and their 

corresponding levels. Many studies by different 

researchers are reported in literature on this issue. An 

extensive literature review and experts survey had been 

conducted to extract the most critical factors for our 

particular problem. The factors used by different 

researchers are summarized in Table 1. 

Here, „Y‟ means that the respective authors used this 

attribute in their research while empty square means that 

attribute was not considered by authors. Based on 

literature review and expert opinions, eight factors were 

initially selected. After detailed discussions with experts 

from the concerned industry, it was decided that we can 

take six most critical factors for our particular case of 

supplier evaluation. These attributes were selected 

according to the case-specific requirements.  These six 

factors include quality, cost, delivery time, technical 

ability, financial stability and product performance.  

The next step of conjoint analysis is assigning 

different levels for evaluation of each factor. There are 

different patterns of these levels in available literature. 

The levels adopted in our study had been recommended 

by most of the authors [28-31]. These levels for all six 

factors are shown in Table 2. 

2.4 Participants and Survey Design 

Purchasing managers of different manufacturing 

industries from defense sector of Pakistan were 

contacted during different phases of this research. 

Fourteen completed questionnaires were obtained from 

managers having a minimum of ten years of experience 

in the field of supply chain. In conjoint analysis, only 

most important factors and their levels are considered as 
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discussed earlier. Purchase mangers were requested to 

rate different choices and alternatives by creating trade-

off among different attributes and levels. Flow chart of 

the research methodology can be seen in Fig. 1. 

Table 2:     Selected attributes and levels 

Attribute Levels 

Quality 

Poor, 

Good, 
Excellent. 

Costs 

5% above target price, 

Approximately at target price, 
5% below target price. 

Delivery Time 

Seldom/few time,  

Most times,  
Always ontime. 

Technical Ability 

Latest technology,  

Moderate technology, 
Old technology. 

Product Performance 

Cost oriented,  

Cost and service oriented,  
Service oriented. 

Financial Stability 

Strong, 

Moderate, 

Weak. 

 

Fig. 1:    Flow chart of the research 

Total number of combinations for six factors and 

their corresponding levels should be 

3×3×3×3×3×3=729. These combinations are too many 

for respondents to rank them efficiently. Therefore 

researchers always recommend reduction in these 

combinations [32]. Number of combinations was thus 

reduced and fractional factorial design was used to 

define the optimum number of sets instead of full 

factorial design. 

The latest version of concerned software for conjoint 

analysis was used to make orthogonal design and thirty 

options were designated for the questionnaire. Thirty 

cards were, therefore, offered in a questionnaire by ID 

numbers. An extracted sample of the card is shown in 

Appendix A. Each card explained a potential supplier 

addressing the six attributes. Respondents were asked to 

rank these cards by choosing different combinations 

according to their preferences. 

3. Results and Discussions 

The developed models are solved in latest version of 

the concerned conjoint analysis software and results are 

presented in this section. The results can be classified 

into three categories; relative importance weights, part-

worth values assigned to different levels of factors and 

ranking of the suppliers with respect to each factor. 

Thirty cards containing different combinations of 

factor levels were offered to the experts as discussed 

earlier.  The respondents were requested to rank them 

from one to thirty in order of preferred choice. A total of 

three hundred and ninety profile ranks (thirteen 

respondents with thirty profiles each) were, therefore, 

used for calculating part-worth value of utility. 

Fig. 2 shows the scores of relative importance of 

each factor. It can be seen that „Product performance‟ 

has achieved the highest value of relative importance 

followed by cost, quality, finance and delivery. The 

least preferred attribute is technical ability, with an 

importance value of 13.5%. 

In order to check if the pairs of variables are inter-

related, statistical correlations were also calculated. 

Both the Pearson and Kendall correlation coefficients 

were found higher than 0.5. This value not only 

validates the findings but also shows that strong 

correlations exist  between the  observed and estimated 

preferences. 

 

Fig. 2:    Summary of relative importance 
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Part-worth utility scores show the impact of each 

factor level on purchasing managers‟ preferences for 

supplier evaluation and selection. Greater scores show 

more positive attitudes for that factor level. Maximum 

part-worth value is given to the most favorite levels, and 

minimum part-worth value is given to the least favorite 

levels. The factors with higher values are considered as 

important factors. 

The computed part-worth utility scores presented in 

Table 3 and plotted graphically in Fig. 3 reveal the 

intricate details of respondent‟s preferences about 

different levels of each factor.  

Table 3:    Utilities and Std error 

Utilities 

Factors Levels 
Utility 

Estimate 

Std. 

Error 

Quality 

Good .649 1.158 

Poor -1.844 1.310 

Excellent 1.195 1.403 

Costs 

5% below target price 2.376 1.150 

5% above target price -3.204 1.415 

Approximately at 

target price 
.828 1.425 

Delivery 

Seldom/few times -1.733 1.150 

Most times .300 1.328 

Almost always 1.433 1.478 

Performance 

Cost-oriented -1.785 1.150 

Cost and service 

oriented 
-.471 1.425 

Service oriented 2.256 1.415 

Technology 

Latest technology 1.181 1.158 

Moderate technology -.182 1.310 

Old technology -.999 1.403 

Finance 

Weak -1.957 1.158 

Strong 2.427 1.308 

Moderate -.470 1.390 

  (constant) 15.901 1.200 

Utility is the preference assigned by experts to any 

level of factors. Unlike other MCDM techniques, 

conjoint analysis divides factors into different levels. 

Utility of any level shows the interest of experts in that 

particular level. Higher and positive values mean that 

experts have given a higher priority to the concerned 

level. Negative value of any level indicates that experts 

show less interest in that level. 

For instance, among defined three levels for quality 

of product the level named „poor‟ have got negative 

value whereas other two levels „excellent‟ and „good‟ 

obtained positive values. Calculated relative importance 

weights are dependent on results of different levels. 

This research has been validated from different 

experts from the top management of another defense 

industry with similar manufacturing setups. Experts 

evaluated methodology, survey design and results on the 

basis of a questionnaire provided to them as shown in 

appendix B. All the experts confirmed that the attributes 

chosen in this study are appropriate for the supplier‟s 

selection. According to eighty percent experts this study 

can be applied practically in engineering and 

management operation organizations. About eighty five 

percent experts declared this research and its findings as 

logical ones. When the computed rankings of six 

attribute were presented to these experts it was found 

that; eighty three percent experts confirmed that 

performance is the most important factor, seventy eight 

percent confirmed that cost is the second one, seventy 

four percent experts confirmed that quality is the third 

most important and seventy five percent experts 

confirmed that technical ability is least important factor 

among the list of six factors. 

This study has been implemented in one of the 

selected manufacturing industries for evaluation of a 

supplier efficiency based on findings of this study. 

Experts were asked to rate this supplier by assigning a 

value from zero to hundred for each of the six factors 

respectively. Expert assigned the values of sixty, sixty 

five, forty five, fifty five, eighty and fifty to 

performance, costs, quality, financial stability, delivery 

time and technology respectively. Using the matrix 

algebra, efficiency of the supplier in terms of rankings 

with respect to each factor has been calculated. Results 

showed that the supplier is 58.11% efficient when we 

consider these six attributes. 

4. Conclusion 

In today‟s competitive environment, manufacturing 

organizations have to pay special attention to the 

identification, selection and evaluation of supplier 

alternatives. Defense organizations in Pakistan normally 

rely on common sense approaches for supplier selection 

and evaluation,  instead   of   utilizing    some   scientific 

methodologies or models in terms of quantifiable 

measures to assess supplier capabilities. 

This study presents an innovative implementation of 

conjoint analysis to rank the influencing attributes and 

evaluate the suppliers. The proposed strategy not only 

covers all aspects of the supplier selection process but 

also returns the quantitative measures which enable us 

to have a comparative evaluation of the suppliers. 

Results show that defense industry experts are much 

sensitive about performance of the supplied items. This 

is because of the sensitive final products manufactured 

by these industries. However, the importance weight 

obtained for costs is only marginally lower than 

performance attribute which reveals that cost is also one  
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Fig. 3:    Utilities of attributes 
 

of the most important factors. Quality of products and 

financial stability of  suppliers are the next factors in 

ranking lists. On contrary, it can be observed from the 

results  that decision makers  are  not  much sensitive 

about technical abilities of the suppliers. This is a 

particular context of a developing country like Pakistan 

which is struggling with economic challenges. Findings 

of this research are much useful not only for different 

manufacturing organizations in Pakistan but also for 

suppliers in terms of evaluating and improving their 

efficiencies according to market demands. However, the 

results are case specific and they should be handled with 

care when applied in other industries. 
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