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ABSTRACT 

 The performance of an organization has as its primary factor, the management of the 

entire supply chain. Only when all the links of the supply chain are strengthened, will the 

performance of the supply chain improve. The performance of one particular link of the 

supply chain tends to impact all other links in the supply chain. Thereby, they also affect the 

functional performance of the organization. The overall objective of the project is to 

strengthen the supply chain links. In the starting phase of the project, a literature survey was 

done to find out all the factors that impact supply chain performance. The overall objective is 

split into sub-objectives with the view to strengthening the supplier-manufacturer link of the 

supply chain. 

  
Key words: Canonical Correlation Analysis, Supply Chain Games, Supply Chain 

Performance, Supply Chain Visibility 

 

 

INTRODUCTION 

 The performance of an organization has as its primary factor, the management of the 

entire supply chain. Only when all the links of the supply chain are strengthened, will the 

performance of the supply chain improve. The performance of one particular link of the 

supply chain tends to impact all other links of the supply chain. Thereby, they also affect the 

functional areas in the organization. 

 

 Crisis within each link brings negative effects to the whole chain. Moreover, the 

increased complexity of global supply chains has led to longer lead times, more pipelines, 

and the result is a lack of visibility across the supply chain. This in turn has led to an increase 

in supply chain management costs.  

  

 In order to move toward a more connected and visible and end-end supply chain, 

companies should extend visibility within and beyond their enterprise, utilize business 

intelligence for decision making, and work towards building an efficient supply chain where 

all links are strengthened. 

 

MATERIALS AND METHODS 

 

Canonical Correlation Analysis using STATISTICA 

SCOPE OF THE PROJECT 

 The scope of this project lies in assessing the supply chain performance of a focal 

organization (manufacturer) in a supply chain and in finding ways to enhance the Supply 

Chain (SC) performance that in turn results in improved levels of customer service. An 

improvement in the level of customer service results in better customer retention (Fig 1).  



International Journal of Advanced Scientific and Technical Research           Issue 3 volume 2, March-April 2013          

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

 Page 216 
 

Moreover, when all the supply chain players are made aware of how a small 

miscommunication of information in a single supply chain link creates a magnified flow of 

false information across all other links; accuracy of information is improved. This could be 

done by creating supply chain awareness among players. The focal organization where the 

project has been taken up provides supply chain awareness on a quarterly basis using 

management tools and presentations. An attempt is made herewith, to provide awareness 

using a gaming methodology. 

 

 
Fig 1: Theoretical Graph: Relationship between manufacturer-supplier link and customer 

retention 

OBJECTIVE OF THE PROJECT 

 The company in which the project work is being done is a manufacturer and an after-

market service provider of custom-engineered pumps. Some of the products manufactured by 

the company include pumps, valves, seals and automation to public and private sector 

industries worldwide. The company’s primary product is ‘pumps’. These pumps are 

manufactured to suit a wide variety of applications, be it industrial, domestic and agricultural. 

The company has hundreds of suppliers worldwide. This project was carried out in the 

castings department of industrial pumps division. The castings department has 20 suppliers in 

all, all of which are foundries.  

 

 The overall objective of the project is to strengthen the supplier-manufacturer link of 

the supply chain. The sub-objectives which will work toward attainment of the main 

objective are:  

 

 To find the variables affecting the SC performance 

 To optimize the variables affecting the SC performance 

 To create SC awareness using a SC Game 

 

 With a view to finding the variables affecting the SC performance, a literature survey 

was done, wherein frameworks provided by various authors was analyzed and scrutinized for 

relevance to the industry in which the project is being done.  

 

LITERATURE REVIEW 

 Ainapur, Singh
1
, et al., present a methodology for identification of the KPIs from 

supply chain metrics and to identify gaps between supply chain partners using TOC approach 

which will help in supply chain performance enhancement. The results indicate that there is a 

positive bearing on the supply chain performance with the TOC approach combined with 



International Journal of Advanced Scientific and Technical Research           Issue 3 volume 2, March-April 2013          

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

 Page 217 
 

AHP and Goal Programming. Sanchez and Perez
2
 explore the relationship between SC 

flexibility and SC performance.  

  

 Jin Dong
3
, et al., quote simulation and optimization techniques as a platform for 

achieving supply chain transformation. Dong suggests the use of IBM’S SmartSCOR as a 

tool for enhaning supply chain performance.  

 

 Liu and Wang
4
 provide a method wherein an organization can choose its suppliers 

based on collaborative management. They also provide methods to survive supply chain 

crisis that tends to decrease the efficiency of the overall supply chain.  

 

 Tseng, Wu and Nguyen
5
 prove the use of IT tools in assessing supply chain 

performance, customer satisfaction and financial performance. Craighead, Hult
6
, et al., 

discuss the effects of supply chain knowledge on the firm’s performance.  

 

 Mohaghar
7
 et al., suggest a method called Canonical Correlation Analysis to help 

focal organizations establish long term relationships with suppliers, thereby strengthening the 

supplier-manufacturer link. Holweg and Bicheno
8
 describe how a simulation model can be 

used to model possible improvements to an entire supply chain.  

 

 Jain, Dangayach
9
 et al., is of the opinion that sharing the right amount of information 

with customers significantly influences SCM performance. Ranjan
10

 is of the view that the 

adoption of Business Intelligence tools and systems will enable companies to improving SC 

performance.  

 

 Kuo-Jui Wu, Tseng, and Vy
11 

are of the opinion that choosing a suitable suppler will 

eliminate supply chain risks. Kuo-Jui Wu et al., describe the applications of Information 

Technology in Supply Chain Management. Koçolu, Zeki
12

, et al., enumerate the relationship 

between supply chain integration and information sharing on supply chain performance.  

 

 Caputo, Cucchiella
13

, et al., analyze and evaluate chain performances of e-supply 

chains. Mukhtar, Jailani
14

, et al., provide a framework for analyzing supply chains. 

 

STUDIES ON SUPPLY CHAIN PERFORMANCE VARIABLES 

Six journal papers have been analyzed in detail to understand the underlying facts about 

supply chain performance. The paper on Canonical Correlation Analysis between Supply 

Chain Relationship Quality and Supply Chain Performance by Ali Mohangar, Safari et al., 

talks about how the supply chain relationship quality and supply chain performance are inter-

related. The authors have undertaken a case study in an automobile industry in Iran to see 

how the interaction between these variables help in attaining improved supply chain 

performance. The author uses Canonical Correlation Analysis which is a multi-variable 

statistical approach used for measuring the linear relationship between different groups of 

variables. The authors have found 7 independent variables and 4 variables that are dependent 

on these 7 independent variables. The 7 independent variables identified are Communication, 

Trust, Adaptation, Commitment, Interdependence, Co-operation, and Atmosphere. These are 

called Supply Chain Relationship Quality (SCRQ). The 4 depended variables are Quality 

Performance, Delivery Performance, Cost Performance, and Flexibility Performance. These 

are collectively known as Supply Chain Performance Criteria (SCP). 
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The paper on ‘Supply Chain Simulation’ by Mathias Holweg and John Bicheno is about 

how supply chain simulation can be used as a tool for educating supply chain players and 

thereby attain improvements in the SC performance. The author makes us understand that all 

players need to be well informed of the core processes occurring in the industry. If there was 

a lack of understanding of the core processes, there arose subsequent distortion and 

amplification of both demand and supply patterns, a phenomenon called ‘Bullwhip or 

Forrester’ effect. The authors encourage the use of simulation by both academicians and 

practitioners to demonstrate and discuss SC improvements. 

 

In the paper on TOC Approach for Supply Chain Performance Enhancement, Ainapur, 

Singh and Vittal have found that a supply chain tends to improve if the appropriate Key 

Performance Indicators (KPIs) are selected, and if the constraints are found and removed. 

They have utilized a new approach called the ‘Theory of Constraints’ for enhancing the 

supply chain performance. The tools used by them include AHP (Analytical Hierarchy 

Programming), Goal Programming, and the SCOR framework model. The paper by 

Yongsheng Liu and Shasha Wang talks about Collaborative Management in Supply Chain 

Crisis.  

 

The authors are of the view that in order to survive in an unpredictable market, companies 

need both self-advancement and co-operation. The authors find the reasons for the crisis 

which they classify as ‘Internal Factors’ and ‘External Factors’. The internal factors are 

Problems of Supply and Demand, Mistakes of Information Technology, Inconsistency of 

Technology, and Structural Defects of SC systems. The external factors identified by them 

that cause SC crisis are The Burst of negative Black Swan events; Alterations in economic 

policies, laws and regulations; and influence of domestic, international and political activities. 

Several collaborative management strategies have been proposed by the authors, the 

important among them is ‘Advancing the visibility of Supply Chains’. The tools used by the 

authors are VMI of P&G, and the Kanban system of Toyota. 

 

The paper by Jinesh Kumar Jain and Govind Dhangayach talks about the current trends 

and scope of Supply Chain Management (SCM) practices in India. The authors are of the 

view that SCM practices are not very well-developed in developing countries like India. The 

specific objectives of this survey are to assess various issues in Indian Manufacturing firms. 

The various issues considered are: to assess the level of information sharing with customers; 

to assess the investment in SC automation tools; Effective mode of communication in the SC; 

and Benefits of using bar coding technology. 

 

The paper by Sarod and Khodke is about selecting the right supplier for the supply chain. 

The authors use Analytical Hierarchy Process (AHP) to provide a decision framework for 

selecting the optimal supplier. The various performance measurement criteria considered for 

selecting suppliers are cost, quality, visibility, innovativeness, delivery reliability, and so on. 

The findings are applied to an automotive industry in India. 

 

Jim Dong, Hongwei Ding, et al., in their paper ‘IBM smartSCOR-A SCOR Based Supply 

Chain Transformation Platform through Simulation and Optimization Techniques’ talk about 

the SCOR based supply chain management tool called ‘smartSCOR’ to attain Supply Chain 

Transformation. The authors provide an insight into the various features of IBM smartSCOR 

namely on-demand problem solving, customer relationship management, enterprise resource 

planning, and so on. 
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Angel Sanchez and Manuela Perez, in their paper on ‘Supply Chain Flexibility and Firm 

Performance’ provide a conceptual model that explores the relationship between the 

dimensions of supply chain flexibility and firm performance. The supply chain flexibility 

criteria that the authors have taken into account are: Launch Response, Sourcing Access, 

Delivery Postponement, Transshipment, Product Routing, and Volume. The authors have 

done an empirical study in the automotive components industry and on applying their 

framework, they have found that there is a positive bearing on the firm performance, when 

the supply chain flexibility is considered. 

 

IDENTIFICATION OF SC PERFORMANCE VARIABLES 

After a detailed study of the host of performance variables listed in various papers, the 

framework provided by Mohangar et al., is found to be fitting and to contain all the essential 

variables that reflect the characteristics of the supply chain. Hence, Mohangar’s framework 

has been taken up as the reference framework. 

 

 
Fig2: Independent and Dependent Variables considered for analysis 

 

The Questionnaire and the corresponding responses were communicated by electronic mail. 

Reliability and relevance of the questionnaire was checked after consultations with in-house 

personnel. Reliability tests and plots were also conducted prior to fixing the questions and 

distributing the questionnaire. 
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Fig3: Pattern of the Questionnaire 

 

ANALYSIS OF THE RESPONSES 

The responses obtained from the supplier were analyzed using a multi-variate statistical 

technique called Canonical Correlation Analysis. The analysis was done and results checked 

for consistency using two software packages namely Statistica10 and XLSTAT.  

 

Another reason to try the correlation analysis using two different software packages was to 

see if the sample size had any effect on the results. The following steps were done to perform a 

canonical correlation analysis: 

 

 Selection of a sample size 

 Calculation of mean values of the responses on a Likert scale for the 7 direct criteria 

 Calculation of mean values for the implied Supply chain performance variables. 

 Creating a data matrix with the mean values obtained. 

  Performing the analysis using the previously mentioned software packages. 
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CANONICAL CORRELATION ANALYSIS USING STATISTICA 

A sample size of 9 suppliers was initially chosen. The responses were loaded into a 

data file as shown in fig.4 below. 

 

 
Fig4: Dataset of suppliers’ responses 

 

Then, all the 7 supply chain relationship criteria (co-operation, trust, etc) and the 4 supply 

chain performance variables (cost performance, delivery performance, etc) were chosen for 

analysis. Then a factor analysis was conducted on the variables.  

The factor analysis provides four results namely: (1) Factor Structure, left set, (2) Variance 

Extracted (Proportions), left set, (3) Factor Structure, right set, and (4) Variance Extracted, 

right set. These are shown in the figs. 5 through 6 shown below. 

 

 

    Fig.5a and Fig.5b: Factor Structure Left set and Right set 
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   Fig.6a and Fig 6b: Steps of Factor Analysis 
 

The final canonical scores are shown in the fig. Results indicate that there is a strong 

correlation between commitment and cost performance, with the highest score of 0.829. Next 

in line is adaptation and flexibility performance, with a score of 0.722. The next highest 

correlated variables are adaptation and delivery performance, with a value of 0.474. 

 

 

Fig7: Results of Canonical Correlation Analysis using Statistica 

 

The following are the inferences obtained from fig.7 

• If Commitment is improved, Cost performance will improve.  

• If Adaptation is improved, Quality performance will improve. 

• If Trust is improved, Cost performance will improve. 

• If Atmosphere is improved, Flexibility performance will improve. 

• If Adaptation is improved, Delivery performance will also improve. 
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CANONICAL CORRELATION ANALYSIS USING XLSTAT 

          In the analysis using XLSTAT, the sample size was increased to 20. In other words, all 

the suppliers’ responses were taken into account for the analysis.  

 

 

 

Fig8: Dataset of suppliers’ responses 

 

 The mean values of the responses were entered into an excel data sheet as shown in 

fig.8 to create a correlation matrix was formed. Figs. 8 and 9 show the canonical scores of the 

variables, and the correlation between the input variables and the canonical variables. 
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Fig9: Correlations between input variables and the canonical variables 
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Fig10: Canonical Scores (Left and Right Sets) 

 

The final canonical scores obtained from the canonical correlation analysis conducted in 

XLSTAT are shown in fig 9. In the fig.9, the variables have been coded for ease of use and 

clarity. Co-operation, Trust, Commitment, Interdependence, Adaptation, Atmosphere, and 

Communication have been coded from I1 through I7. Cost Performance, Delivery 

Performance, Flexibility Performance, and Quality Performance have been coded from D1 

through D4. 
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   Fig9: Results of the Canonical Correlation Analysis 

 

The following are the inferences obtained from fig.9 

 

• If Trust is improved, Cost performance will improve.  

• If Commitment is improved, Cost performance will improve. 

• If Atmosphere is improved, Flexibility performance will improve. 

• If Atmosphere is improved, Quality performance will improve. 

• If Co-operation is improved, Quality performance will improve. 

 

The above results indicate that the most strongly correlated variables are trust and cost 

performance. The next strongly correlated variables are commitment and cost performance. 

The third strongly correlated variables are atmosphere and flexibility performance.  

 

IMPLICATIONS OF THE CANONICAL CORRELATION ANALYSIS 

  

    Comparative studies of the results obtained by both the tools by varying the sample sizes 

convey the following: 

 The correlations change when the sample size is increased. i.e., in the case of Correlation 

studies conducted using STATISTICA using sample size 9, commitment and cost 

performance are the first and most strongly correlated variables. However, in the case of 

XLSTAT using the sample size of 20, the most strongly correlated variables that result are 

trust and cost performance. 

 The degree of correlation varies i.e., the strongly correlated variables obtained with 

STATISTICA slightly differ from the strongly correlated variables obtained with 

XLSTAT.  

 Hence, the results obtained from XLSTAT are taken to be the most accurate as the 

correlation has been done with more number of samples in this case. 

 

     OPTIMIZING VARIABLES TO IMPROVE SC PERFORMANCE 

From the results obtained by both the statistical tools, it is found that trust, commitment and 

adaptation are the variables that need attention. These variables have to be improved in order 

to strengthen the supplier-manufacturer link. A second stage of literature survey was done to 

find the various factors to be considered in order to improve trust and commitment, and 

adaptation in the supply chain. 

  I2 I3 I4 I5 I6 I7 D1 D2 D3 D4

I1 1 -0.555 -0.334 0.038 -0.121 0.264 0.253 -0.041 0.122 0.439 0.503

I2 -0.555 1 0.463 0.025 0.047 -0.210 -0.338 0.633 0.035 -0.350 -0.252

I3 -0.334 0.463 1 -0.128 0.115 -0.064 0.056 0.620 0.114 0.107 0.004

I4 0.038 0.025 -0.128 1 -0.283 -0.168 -0.309 -0.040 -0.212 -0.087 -0.028

I5 -0.121 0.047 0.115 -0.283 1 0.122 0.548 -0.020 0.367 0.208 -0.154

I6 0.264 -0.210 -0.064 -0.168 0.122 1 0.233 0.036 0.337 0.545 0.534

I7 0.253 -0.338 0.056 -0.309 0.548 0.233 1 -0.162 0.140 0.319 0.101

D1 -0.041 0.633 0.620 -0.040 -0.020 0.036 -0.162 1 0.097 -0.106 0.185

D2 0.122 0.035 0.114 -0.212 0.367 0.337 0.140 0.097 1 0.508 0.393

D3 0.439 -0.350 0.107 -0.087 0.208 0.545 0.319 -0.106 0.508 1 0.792

D4 0.503 -0.252 0.004 -0.028 -0.154 0.534 0.101 0.185 0.393 0.792 1
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 Some factors that were found during the literature review include behavioral uncertainty of 

suppliers and manufacturers, information sharing, perceived satisfaction, and so on. Factors 

that have been found to hamper commitment include a Lack of understanding of the 

importance of supply; and Distrust of some top managers over suppliers.  

 

The following are some of the tools and methods that are likely to improve trust:  

 

 Appointing Intermediaries of trust who work to build trust among suppliers. 

 Enhance Information Availability  

  

    FRAMEWORK FOR IMPROVING TRUST AND COMMITMENT 

      To improve information visibility and accountability, a proposal is being made to 

utilize social media among supply chain players. The effects of using ‘social media’ are that 

the amount, visibility, direction, depth and velocity of information flows are improved.  

 
Fig10: Framework for Improving Trust and Commitment 

         

A literature survey was also carried out to find what companies think about social media. Of 

these, the views of two multi-national giants were found to be striking. 

 

“Social Media has re-invented the relationship between companies, customers, employees, 

suppliers and regulators, shortening processes that used to take days or weeks to just hours or 

minutes. Companies are using social media to increase efficiencies in their supply chain…” 

 

“Social Media can be helpful in connecting individuals and teams for joint work on 

documents, communicating both broadly and specifically, and sharing ideas and best 

practices – both internally with co-workers and externally with various partners…” 

 

CREATION OF SC AWARENESS USING A SC GAME 

 

With a view to make suppliers and manufacturers understand each others’ roles better, a 

game was created. This game tends to make suppliers know the risks manufacturers encounter 

and vice versa.  
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The premise of the game is that if suppliers take up the role of manufacturers and if 

manufacturers take up the role of suppliers, then players in the supply chain will tend to 

understand each other’s roles better. 

  

The supply chain in the pump industry involves a series of suppliers that contribute to the 

finished product. Raw materials are brought from various suppliers. These are assembled to 

fabricate the finished goods and are converted to the final end product- pumps. The structure 

of the value chain includes the Manufacturer (focal organization where the study was 

undertaken), 1
st
 tier suppliers, 2nd tier suppliers, etc. 

 

The primary objective of the game is to make supply chain players understand each 

other’s roles better. By supply chain players, we mean all those involved in business- be it the 

logistics phase or the buying/selling phase.  Moreover, in the game, the word ‘customer’ is 

used alternatively with the word ‘manufacturer’ as for every supplier, the manufacturer is the 

customer. Similarly, the word ‘Foundry’ may be used interchangeably with ‘supplier’. 

  

The minimum number of teams required for playing the game is 2, but if there can be 

more than 2 teams, the game tends to be more competitive. Each team has two members- a 

manufacturer and a supplier.  Each team is assumed to be a supply chain. 

 

To facilitate ease of playing, the was designed in two versions- an offline print game and 

an online game. The tool used to create the offline print game was Microsoft Publisher 2007.  

A screenshot of the flashcards are shown in Fig 11.. 

 
 

 
 

                                   Fig11: Offline Print Game for SC Awareness-Flashcards 

The offline game has two sets of cards- one set of cards for the manufacturer and the other 

set for the supplier. Each set contains 10 cards. There are a total of 10 cards to be given to the 

manufacturer and another 10 cards to be given to the supplier.  
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 The online game was created using a drag and drop website builder. Playing the game only 

requires the online presence of the manufacturer and the supplier. A screenshot of the online 

version has been shown in the fig. 12. 

 

 Scoring of the game is based on two concepts known as ‘Super-rationality’. The idea of 

super-rationality is that two logical thinkers analyzing the same problem will think of the 

same correct answer. It shows why two individuals might not cooperate, even if it appears 

that it is in their best interests to do so.  

 

Scoring Pattern Player B 

(Supplier) 

Co-operates 

Player B 

(Supplier) 

Defects 

Player A 

(Manufacturer) 

Co-operates 

Both get 100 pts Player A: 0 pt 

Player B: 101 

pts 

Player A 

(Manufacturer) 

Defects 

Player A: 100 pts 

Player B: 0 pt 

Both get 1 pt 

Fig.13 Scoring Scheme 

 

      Two players are each given the choice to cooperate (C) or to defect (D). The players 

choose without knowing what the other is going to do. If both cooperate, each will get 100 

points. If they both defect, they each get 1 point. If one cooperates and the other defects, then 

the defecting player gets 101 points, while the cooperating player gets nothing. This is shown 

in fig.13.  

 

       The team that scores the most wins the title of being the most efficient supply chain and 

the chain having mutual understanding and commitment. At the end of the session, the 

winning team can show their responses and provide insights to other participants about being 

mutually understanding and committed. These suggestions are being incorporated into the 

company's daily work pattern for a stronger supply chain. 

 

 
 

    Fig12: Online Version of the Game for SC Awareness 
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The game is played in two rounds:  

 

Round 1: Swapping Positions 

This round is created on the premise that if roles are interchanged, players tend to understand 

each other’s roles better. Hence, in this round, the supplier in the real world plays the role of 

the manufacturer and vice versa.  

 

Round 2: Resuming actual positions as in the real world 

In this round, the real world supplier and the manufacturer resume their actual roles. The 

same set of card is given (but swapped to meet the player’s actual role) and players are 

allowed to respond. 

 

CONCLUSION 

The performance levels of the suppliers at present is being gauged. After implementing the 

above, the performance levels of the supplier will be gauged once again. It is hoped that there 

will be significant improvements in the performance level of the supply chain. 
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