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ABSTRACT 

 

 

This dissertation is motivated by the impact that information shared and information used 

on supply chain integration. Specifically, information sharing has changed the way supply chain 

members interact with each other. For example, suppliers have gone beyond tracking, material 

flow and started to receive customer information to advance their process, forecast, and better 

manage production, and inventory activities towards improved performance while considering the 

relationship management among the members of the chain.  

 The objective is to study the importance of information usage and holistically investigate 

the relationships among information usage and different performances. For this purpose, we 

develop and analyze two models and one theoretical approach: the first one utilizes organizational 

learning theory and focuses on the relationships among information shared, information used, 

operational performance, and organizational performance along with mediating impacts of 

information usage, and perceived logistics performance. The second model put emphasis on the 

relationships among relational integration such as normative, and instrumental relationships, 

information sharing, information usage, and supplier performance by utilizing social exchange 

theory, and resource dependence theory. The third one which is a theoretical approach introduce 

the application of Kirchhoff’s current, and voltage laws to any supply chain network in order to 

measure the amount of information shared and used between members of the supply chain towards 

computing supply chain power.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

1.1 Background and motivation  

 

A supply chain is generally defined as a network requiring concerted effort among its 

member companies—from ultimate suppliers to ultimate customers—in designing, planning, and 

controlling activities. For decades, supply chain management (SCM) has received the full 

interest of researchers (Stevens, 1989; Tan, 1998; Frohlich and Westbrook, 2001; Prajogo and 

Olhager, 2012; Autry, 2014). The effects of globalization and amplified competition among 

supply chains have magnified the importance of effective supply chain management for which 

“integration” is offered as an inevitable prescription for success (Cooper et al., 1997; Mentzer et 

al., 2001). 

Supply chain integration (SCI) has comprehensively been investigated by researchers in 

the literature. While some researchers have focused on the state of integration such as 

internal/external integration (Flynn et al., 2010; Yu et al. 2013; Huo et al., 2014), others have 

examined integration at categorical levels such as operational, tactical, and strategic (Mentzer, 

2001; Benton, 2005; Swink et al., 2007).  Another cluster of researchers have investigated 

integration to the extent that information technologies are utilized as enablers (Gilmour, 1999; 

Vickery et al., 2003). Other than Barut et al. (2002) who developed integration indices based on 

the intensity and the extent to which information is simultaneously shared and used, the focus in 

the literature is on information sharing and not usage.  

SCI has been an essential factor for achieving and improving performances (Zhao, 2013; 

Graham, 2005; Vickery et al., 2003). A large stream of research concludes that inter- and intra-
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collaboration and integration are important in contemplating improved operational, logistics, and 

organizational performance (Min et al., 2005; Ramanathan, 2013; Larson et al., 2007; Li et al., 

2006; Fugate et al., 2010; Flynn et al., 2010; and Johnson, 2011). Despite the massive amount of 

prior research on SCM performance, Kaynak and Carr (2012) indicate a lack of integrated 

empirical research models on supply chain information integration and firms’ operational and 

organizational performances. Moreover, Kembro (2014) reports a surprising conclusion from 

meta-analysis that there is no true empirical research in the literature focusing on supply chain 

integration and its impact on performance. While a few studies focus on modeling relationships 

in an entire supply chain, they primarily investigate barriers and driving forces rather than the 

benefits of information sharing in integration.  

 

1.2 Objectives and contributions 

To our knowledge our study is the first to include empirical study that uses information 

sharing as the antecedent to information usage; and to integrate it with operational and 

organizational performances.  

  The objective of this dissertation is to contribute empirical, and theoretical evidence to 

the literature by investigating information integration, and commitment among supply chain 

members, and to provide a holistic approach in modeling their impact on operational 

performance and ultimately on organizational performance. Specifically, 

 We differentiate the availability and usage of information. Companies may share 

information but not necessarily use it in their decisions. We claim that while sharing 

drives usage, it is information usage that impacts operational performance. 

 Our holistic integrated model includes supply chain integration, operational performance 

consisting of both effectiveness and efficiency, and organizational performance.   
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 We introduce mediating impacts of perception towards logistics performance between 

operational and organizational performance relations, mediating impacts of efficiency 

between effectiveness and perceived logistics performance; and mediating impacts of 

information usage between information sharing and operational performance. 

 We incorporate the concept of relationship commitment to the supply chain integration 

and investigate its relationship with information sharing, information usage, quality of 

shared information and supplier performance. Specifically: 

1. To offer guidelines for managers of suppliers to improve their performance 

through understanding the role of relational integration and information integration 

with their major customers. 

2. To propose and empirically test a model that consist of relational 

integration, information integration, quality of information, and supplier 

performance.  

3. To express the importance of quality of information shared when dealing 

with major customers. 

 We introduce information flow theory to the supply chain management literature to provide 

an approach to better understand and evaluate flow of information in supply chains which 

is very similar to the flow of electrons in electric circuits. Based on the similarities between 

a supply chain information networks (SCN) and a circuit network, will show Kirchhoff’s 

voltage and current laws can be applied to a supply chain network in order to determine 

the total information flow, degree of integration, and the supply chain power. 
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1.3 Outline of Dissertation 

Chapter 1 provides an introduction followed by the objectives and the motivation for the 

proposed dissertation work.  

In chapter 2, literature review presented. This chapter provides a comprehensive review 

of the supply chain integration and commitment literature. Chapter 3 is dedicated to empirical 

investigation of the role of information sharing and information usage on performance in Turkish 

food retailer supply chain. This chapter aims to contribute to the literature by investigating the 

impact of information sharing and usage among supply chain members, and to provide a holistic 

approach in modeling its impact on multidimensional performances. A survey instrument 

developed and distributed to the upper managers of food retailer. The data collected analyzed by 

employing structural equation modeling. Results disclose that the proposed integrated 

relationships are valid and significant. The mediating impacts of both information usage and the 

perceived performance of logistics play a significant role in performance relationships and are 

paramount to the success of organizations.  Chapter 4 presents a data analytics approach to the 

impact of commitment, information sharing, and information usage on supplier performance. 

This chapter’s objective is to identify the most important variables considered as information 

integration related antecedents to supplier operational performance in a supplier-manufacturer 

dyadic relationship. We relax the assumptions used in conventional modeling and examine the 

data for relationships that may exist among the explanatory variables of commitment, 

information sharing, quality of information shared, and information usage in relation to supplier 

operational performance by proposing a hybrid data analytics approach that consists of data 

acquisition and preparation, variable selection, and Bayesian Belief Network. Empirical data 

obtained from suppliers of aircraft manufacturers in The United States. The results of this 
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chapter provides important hints to practicing supply chain managers to understand the role of 

relationship commitment in improving information shared and its quality, information usage, and 

performance of a supplier, and to understand how the information available is utilized in 

developing alternative decisions in their planning and execution while considering the quality of 

available information, and commitment of their partners to the relationship. Chapter 5 is about 

information flow theory and applications from Kirchhoff laws. Thus, the objective of this paper 

is to show how electric circuit dynamics can be used to illustrate supply chain information flow 

and equilibrium where each supply chain member actively utilizes the optimum level of scale 

and scope of information. The purpose is to introduce the elements of conceptual framework that 

will be base for information flow theory; and to give direction for future studies.   Finally, in 

Chapter 6, we conclude with conclusions and suggestions for future research.  
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      CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Introduction 

 

Due to highly competitive business environment, management strategies are increasingly 

focused on effective information sharing between supply chain partners in order to achieve 

organizational performance through logistic performance (Li et al., 2006; Larson et al., 2007 and 

Fugate et al., 2010). Previous literature has shown that information sharing has positive effect on 

improving financial performance (Kaynak, 2007), operational performance (Krause et al., 2007; 

Zdravković et al., 2011; Leuschner et al., 2013 and Benton, 2007) and logistics management 

(Olhager, 2012). 

Performance measurement is a vital indicator of success for firms of any size, because it 

provides clear understanding of where firms stand compared to their rivals (Waggoner et al., 

1999). While having performance measures in place is prerequisite for effective planning and 

control (Chan, 2003) identifying the right measure for the right purpose is critical for effective 

assessment (Keebler et al., 1999).   

We categorize the current literature research efforts into three categories: performance 

measure identification, framework development, and performance relational modeling.  

2.2 Performance Measure Identification 

 

A widely used definition of a performance measure is given by (Neely et al., 1997) as an 

array of metrics used to refer to how efficiently and effectively an action is performed, including 

but not limited to, what to calculate, how to calculate, and who will calculate. In this section, our 

focus will be on the “what to calculate” dimension of the definition.  
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TABLE 2.1 

 

PERFORMANCE MEASURES IN LITERATURE 

 

Reference Performance Measures 

(Venkatraman and Ramanujam, 

1986) 

Market share, new product introduction, product quality, marketing 

effectiveness, manufacturing value added 

(Rosenzweig et al., 2003) 
ROA, sales growth, customer satisfaction, percentage revenues from new 

products 

(Stank et al., 2001) 

Advanced shipping notification, customer satisfaction, delivery dependability, 

delivery speed, delivery time flexibility, inventory turns, logistics cost, order 

fill capacity, order flexibility, product flexibility(customization), 

responsiveness to customers, return on investment 

(Stank et al., 2001) Production lead time, due dates, responsiveness, customer service 

(Devaraj et al., 2007) 

Percentage returns, percentage defects, delivery speed, delivery reliability, 

production cost, production lead time, inventory turns, flexibility, order 

flexibility. 

(Martin and Patterson, 2009) Stock rates, cycle time, return on assets, sales, market share, earnings 

(Griffis et al., 2007) 

On-time delivery, logistics costs, late delivery, inventory turnover, order fill 

rate, order cycle time, cycle time variability, output, backorder fill time, stock-

out cost, percent error pick rate, logistics costs 

(Li et al., 2006) 
Return on investment, market share, profit margin, sales, overall competitive 

position 

(Daugherty et al., 1996) Customer service level, quality, productivity, cost, cycle time 

(Chan, 2003) 

Customer satisfaction, flexibility, information/material flow integration, 

supplier on time delivery, transportation cost, sales, profit, return on 

investment, fill rate, due-date lateness, customer response time, lead time, 

resources utilization 

(Fugate et al., 2010) 
Market share, sales, percentage of new product sales, return on sales, return on 

assets, return on investment 

(Chow et al., 1994) 

On-time delivery, cost-efficiency, product availability, profitability, loss and 

damage cost, input cost, flexibility, customer satisfaction, sales, job security, 

working conditions 

(Qrunfleh and Tarafdar, 2014) Market share, return on investment, competitive position 

(Hallavo, 2015) Market share, sales, profit, lead time, product availability, on-time delivery 

(Cucchiella et al., 2012) Cost, quality, time, flexibility, innovation 

(Zhao et al., 2001) Return on assets, logistics costs, customer satisfaction 

(Flynn et al., 2010) 

Flexibility in product development, flexibility to changes in market demand, 

on-time delivery, order fulfillment, return on sales, return on profit, return on 

investment, market share 

(Green Jr et al., 2008) 
Delivery speed, delivery dependability, responsiveness, delivery flexibility, 

order fill capacity, return on investment, profit, growth, return on sales 

(Rodrigues et al., 2004) 
Logistics cost, delivery speed, delivery dependability, order fill capacity, 

inventory turns, customer satisfaction 

(Simatupang et al., 2002) 
Customer service, inventory velocity, responsiveness, product quality, product 

availability, lead time, cash conversion time, logistics cost, return on assets 

(Omar et al., 2012) Return on assets, return on sales, market share 

(Wisner, 2003) 
Market share, return on assets, average selling price, product quality, 

competitive position, customer service 

(Caplice and Sheffi, 1994) 
Order fill rates, line-item fill rates, damage rates, order cycle time, 

delivery/transit time, on-time perfect deliveries 

(Frohlich and Westbrook, 2002) Delivery time, transaction costs, profitability, inventory turnover 
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The literature on this dimension has focused on identifying performance measures that can be 

utilized for a given purpose. To avoid redundancy of this discussion, we summarize the current 

literature efforts in Table 2.1 and focus our attention on framework development and relational 

modeling in the next two sections. 

2.3 Framework Development  

 

Another line of research has focused on the categorization of performance measures by 

providing frameworks. Neely et al. (1995) classify performance measures using quality, cost, 

time, and flexibility dimensions. Beamon (1999) discusses the components of performance, and 

groups the measures under resources, outputs, and flexibility. Gunasekaran et al. (2001) consider 

decision-making levels and categorize performance measures into strategic, tactical, and 

operational. Chan (2003) uses a measurement base approach to categorize measures in the 

literature and whether they are quantitative or qualitative in nature. Rafele (2004) emphasizes 

service-level aspects of performances and categorizes measures in relation to tangibility, ways of 

fulfillment, and informative action. Chan and Qi (2003) shift the focus and categorize measures 

using a performance activity approach into two groups: hard or soft, similar to 

tangible/intangible, quantitative/qualitative, or objective/subjective classifications. Aramyan et 

al. (2007) concentrate on agri-supply chain performance indicators and group them into 

efficiency, flexibility, responsiveness, and quality, as summarized in Table 2.2, the literature 

reveals a challenge in selecting the right performance measure for evaluation.  Wisner and 

Fawcett (1991) provide a process to develop a performance measurement system that will serve 

the mission of a company based on core competencies. 
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TABLE 2.2  

 

PERFORMANCE MEASURE FRAMEWORKS 

 

Framework by Components Performance Measures 

(Rafele, 2004) 

Tangible 

Equipment productivity, surface utilization, volume 

utilization, fill rate, accident impact, personnel efficiency, 

inventory availability 

Ways of fulfillment 

Flexibility, punctuality, completeness, correctness, 

harmfulness, delay, delivery frequency, shipping quantity, 

total order cycle time, lead time 

Informative actions 

Range completeness, product information, documents 

management, back orders, claims management, web site 

completeness, ease of transactions 

(Gunasekaran et al., 2001) 

Strategic 

Total cash flow time, rate of return on investment, flexibility 

to meet particular customer needs, delivery lead time, total 

cycle time, level and degree of buyer supplier partnership, 

customer query time 

Tactical 

Extent of cooperation to improve quality, total transportation 

cost, truthfulness of demand predictability/forecasting 

methods, product development cycle time 

Operational 
Manufacturing cost, capacity utilization, information carrying 

cost, inventory carrying cost  

(Barut et al., 2002) 

Information extent 

Number of echelons available towards the ultimate customer/ 

supplier, number of echelons used for information integration 

towards customers/suppliers 

Information intensity 

Ratio of availability of information and usage of information, 

degree of aggregation with respect to geography and product 

description, frequency of re-planning, continuity of information 

usage, consolidation.  

(Chan and Qi, 2003) 

Quantitative (hard) Cost time, capacity, productivity, utilization 

Qualitative (soft) 
Quality, flexibility, visibility, trust, innovativeness, 

effectiveness, reliability, availability, 

(Bourne et al., 2000) 

Financial perspective 
Profitability, value added, employee, order intake, invoiced 

sales 

Internal perspective 
Order quality, forecast accuracy, on-time supplier, warranty 

returns, rework 

Innovation and 

learning 

On-time appraisal, employee communication survey, on-time 

stage gates, training  

Customer 

perspective 

Customer complaints, on-time delivery, new customer quotes, 

quotations, sales activity, order conversion rate 

(Kennerley and Neely, 2002) 

External drivers 
Customers, market place, legislation, new industries, nature 

of work, future uncertainty 

Internal drivers 
Actual performance, dysfunctional behavior, effective 

review/ monitoring systems 

(Neely et al., 1995) 

Quality 

Performance, features, reliability, conformance, value, 

technical durability, serviceability, aesthetics, perceived 

quality, humanity 

Cost 
Manufacturing cost, value added, selling price, running cost, 

service cost 

Time 
Manufacturing lead time, rate of production introduction, 

delivery lead time, due-date performance, delivery frequency 

Flexibility 
Material quality, output quality, new product, modified 

product, deliverability, volume, resource mix 
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TABLE 2.2 (continued) 

 

PERFORMANCE MEASURE FRAMEWORKS 

 

Framework by Components Performance Measures 

(Kaplan and Norton, 1997) 

Financial Return on investment, economic value added  

Internal process Quality, response time, cost, new product introductions 

Learning/growth Employee satisfaction, information system availability  

Customers Satisfaction, retention, market, account share 

(Beamon, 1999) 

Resource utilization 
Total cost, distribution/manufacturing/ cost, inventory, return 

on investment,  

Output 

Sales, profit, fill rate, on-time deliveries, backorder/ stock 

out, customer response time, manufacturing lead time, 

shipping errors, customer complaints 

Flexibility Backorders, lost sales, late orders, customer satisfaction 

(Aramyan et al., 2007) 

Efficiency Costs, profit, return on investment 

Flexibility Product scope and scale 

Responsiveness Lead time, customer complaints 

Quality Appearance, product safety 

(Leuschner et al., 2013) 

Revenue Sales, market share 

Customer-oriented Customer satisfaction, customer loyalty 

Operational Cost, quality, delivery, flexibility, innovation 

(Theeranuphattana and Tang, 

2007) 

Reliability Order fulfillment 

Responsiveness Order fulfillment cycle time 

Flexibility 
Upside supply chain flexibility, upside supply adaptability, 

downside supply chain adaptability 

Costs Supply management cost, cost of goods sold 

Assets 
Cash-to-cash cycle time, return on supply chain fixed assets, 

return on working capital 

 

Chen and Paulraj (2004); Kaplan and Norton (1997); Bourne et al. (2000); and Vickery et 

al. (2003) suggest focusing on quantitative measures, such as financial measures, serving the 

shareholders’ interests, productivity, and capacity improvement, and they discuss the importance 

of qualitative measures and suggest including them. Beamon (1999) articulates the inclusion of 

operational-level measures. Gunasekaran et al. (2001) suggest a focus on decision-making 

strategic, tactical, and operational levels. The balanced scorecard of Bourne et al. (2000) 

concentrates on multiple perspectives, including financial, customer, internal, and innovation and 

learning-related performance measures. 
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TABLE 2.3  

TYPES OF PERFORMANCE MEASUREMENT 

SCI 
OPP 

PLP ORP 
OEFs OEFy 

 Inventory planning 

integration 

 Material flow integration 

 forecasting integration 

 Order planning 

integration 

 Supplier partnership level 

 Customer information 

integration  

 Concurrent design 

 Integrated demand 

forecasting  

 Degree of information 

sharing on  

o Product availability 

o Lead time 

o Production schedules 

o Supply price changes 

o Inventory level 

o Point-of-sale data 

o Customer values 

o Delivery schedules 

o Response time 

o Forthcoming 

promotion 

o Product design 

o Order status 

o Production capacity 

o Customer information 

o Inventory holding 

costs 

o Retail price changes 

o Real-time demand 

o Demand forecast 

 Information extent  

o No. echelons 

available towards the 

ultimate 

customer/supplier 

o No. echelons used for 

information 

integration towards 

customers/ suppliers 

 Information intensity  

o Ratio of availability of 

information  

 Average backorder fill 

time  

 Percentage returns 

 Inventory turns  

 Product information 

 Capacity utilization 

 Order fill rate  

 Delivery reliability 

 Production lead time 

 Quality deliveries  

 Days order is late 

 Cycle time  

 Demand forecast 

 Percent error rate 

 Lateness  

 Order processing time 

 Product availability 

 Customer response 

time 

 Job security and 

operational conditions 

 Consistency in 

deliveries 

 Percent of on-time 

order shipments  

 Percent of damage-free 

deliveries  

 Percent of shipments 

requiring expediting 

 Flexibility/speed  

 Responsiveness  

 Effective brand mix  

 Documents 

management 

 Ease of transactions 

 Lead time  

 Inventory cost  

 Warehousing cost  

 logistics cost  

 Sales lost due to 

stock-outs  

 Safety stock cost  

 Customer service 

level cost  

 Total logistics cost  

 Purchasing cost  

 Transportation cost  

 Ordering cost  

 Info carrying cost 

 Production cost 

 Recycling cost 

 Purchasing cost  

 Upper management 

support 

 Resource availability  

 Skill set of employees 

 Ability to obtain 

priority for logistics 

projects 

 Resource availability 

in IT function 

 Accuracy of 

information available 

 Timeliness of 

information 

 Acceptance/resistance 

to change 

 Organizational culture 

 Availability of 

information 

 Budget 

 Trust  

 Trade associations 

 Industry standards 

 Resource availability 

to maintain measures 

 Information exchange 

accuracy 

 Multiple definitions 

among customers 

 Compatibility of IT 

systems 

 Logistics performance 

in general  

 Compared to industry 

average, logistics 

performance overall  

 Flexibility and speed 

in logistics operations  

 Effective management 

of the brand mix  

 Market share growth  

 Overall performance  

 Overall competitive 

position 

 Effective risk 

management 

 Customer satisfaction 

level  

 Quality improvements 

 Productivity 

improvements 

 Improved strategic 

focus 

 Resources utilization 

 Percentage of new 

product sales 

 Profit margin  

 Marketing 

effectiveness 

 Manufacturing value-

add 

 ROA/ROI  

 Sales growth  

 General profitability  

 Level of sustainable 

competitive advantage 
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They point out the dynamic structure of performance measures over time because 

interests of constituents change over time.  Kennerley and Neely (2002) discuss the evolution of 

performance measures and investigate the drivers and barriers to changes. Gunasekaran and 

Kobu,(2007) reiterate and suggest that performance measures are dynamic and need to be 

updated due to continuous improvement and lean practices in supply chain and logistics. 

While they present important aspects of measurement systems, the overlap among them 

suggests a need to classify each measure into the type of performances impacted. We build upon 

existing performance measures identified in the literature and analyze them as to whether they 

are related to supply chain information integration (SCI), operational performance (OPP) as to 

operational effectiveness (OEFs) and operational efficiency (OEFy), perceived logistics 

performance (PLP), or organizational performance (ORP). These measurements are provide in 

Table 2.3 

 

2.3 Performance Relation in The Literature 

 

The other line of research is focused on the performance relationships of linkages in 

general or in a given value chain. Linkages encompass activities inside a company as well as 

across the upstream and downstream companies in its value chain (Porter and Millar, 1985).  

Performance relationships investigated in the literature falls into three categories: impact of 

supply chain integration on operational performance (SCI  OPP), impact of operational 

performance on organizational performance (OPP  ORP), and impact of supply chain 

integration on organizational performance (SCI  ORP). Tables 2.4-A, 2.4-B, and 2.4-C, 

respectively, summarize the research focusing on these performance relationships, list selected 

references from each relational category, and provide details on factors affecting performance 

and major findings.  
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2.4.1 Impact of Supply Chain Integration on Operational Performance (SCI  OPP) 
 

 Stevens (1989) offers a four-stage classification of integration in order to address 

operational-level issues. Companies successively achieve complete integration through baseline, 

functional, internal, and external integration. Dyer and Singh (1998) offer a relational view 

where intercompany integration and information sharing is one of the major sources contributing 

to competitive advantages. Competition has raised the importance of improvement logistics 

efforts on efficiency and effectiveness (Lee et al., 1997; Kumar et al., 2011; Huo et al., 2014; 

Fawcett and Magnan 2002; Beretta, 2002; Zhao et al., 2007). Rai et al. (2006); Kim (2009); 

Graham et al. (2005) report that inter-firm cooperation and coordination, in other words 

integration among members of the supply chain, have an affirmative impact on organizational 

performance. Sahin and Robinson (2002) argue that information sharing is often introduced as a 

universal antidote to purge problems faced in supply chain and logistics.  

Yu et al. (2001); Hsu et al. (2008); Gunasekaran and Kobu (2007) highlight the 

importance of information sharing in order to achieve operational-level efficiency and 

effectiveness among supply chain members. Frohlich and Westbrook (2001) investigate the 

impact of supply chain integration on operational performance and offer five degrees of 

integration and eight measurements. Patnayakuni et al. (2006), however, articulate that focusing 

on coordination without considering information sharing will not serve to improve performances 

of firms in a supply chain. Li et al. (2006); Klein and Rai (2009); Huo et al. (2014) consider 

information sharing as a useful tool for improving organizational performance.  
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TABLE 2.4-A 

DETAILS OF RELATIONS INVESTIGATED IN LITERATURE (T = THEORETICAL; E = 

EMPIRICAL) 

Model Relation Investigated SCI  OPP 

Reference T/E Performance Driver Major Findings 

Wong et al. (2011) 
E 

 

Customer integration 

 Information sharing 

 Demand visibility 

 Involvement in product 

development 

Supplier integration 

 Information share 

 Degree of strategic 

partnership 

 Joint planning with suppliers 

 Joint product development 

Internal integration 

 Responsiveness 

 Information flow 

 Physical flow 

 Positive impacts of internal, 

supplier, and customer integration 

on operational performance are 

presented. 

 Considering suppliers and 

customers as the providers of 

information, collaboration is 

accepted beneficiary. 

 Different groups of performance 

outcomes are affected by internal 

and external integration. 

Simatupang et al. (2002)  T 

Logistics synchronization 

Information sharing 

Incentive alignment 

Collective learning 

 Coordination and knowledge 

sharing are correlated with positive 

operational profitability. 

Frohlich and Westbrook (2002) E 

Access to new markets 

Anticipated benefits 

External pressure 

Demand integration 

Supply integration 

 Anticipated benefits and access to 

new markets leads to web-based 

integration. 

 Focusing on one type of integration 

(demand versus supply) results in 

marginal benefits. 

 Low integration may jeopardize 

operational performance.  

 Min et al. (2005)  E 

Collaboration 

 Information sharing 

 Joint planning 

 Joint problem solving 

 Joint performance 

measurement 

 Leveraging resources and 

skills 

 Collaboration efforts have positive 

advancements on operational 

performance. 

Stank et al. (2001) E 

Internal collaboration 

 Integrated database 

 Operational information 

 Encouragement of integration 

External collaboration 

 Supplier information sharing 

 Operation integration with 

suppliers 

 Operational flexibility 

 

 Logistics service performance is 

directly influenced by internal 

collaboration; however, external 

collaboration and logistics service 

performance are mediated by 

internal collaboration. 

 Collaborating and information 

sharing have positive effects on 

service performance 

Rodrigues et al. (2004) E 
 Internal operations integration 

 External operations integration 

 Integration positively impacts 

logistics performance.  
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TABLE 2.4-B  

DETAILS OF RELATIONS INVESTIGATED IN LITERATURE (T = THEORETICAL; E = 

EMPIRICAL) 

 
Model Relation Investigated OPP  ORP 

Reference T/E Factors Affecting Performance Major Findings 

Green et al. (2008) T 

Supply chain management strategy 

 Supplier communication 

 Customer communication 

 Interaction within the supply chain 

 Integration 

Logistics performance 

 Delivery speed 

 Delivery dependability 

 Responsiveness 

 Delivery flexibility 

 Order fill capacity 

 Supply chain management strategy is 

positively related to logistics 

performance.  

 Supply chain strategy is positively 

related to organizational performance 

 Positive relationship between logistics 

performance and organizational 

performance.  

Fugate et al. (2010) T 

 Logistics efficiency 

 Logistics effectiveness 

 Logistics differentiation 

 Logistics performance is a second-

order formative construct composed 

of efficiency, effectiveness, and 

differentiation. 

 Logistics performance is positively 

associated with organizational 

performance. 

Morash and Clinton 

(1997) 
E 

Transportation and logistics 

capabilities 

 Time compression 

 Reliability 

 Standardization 

 Information system support 

 Flexibility 

 Customization 

Supply chain structure 

 Internal process integration 

 Inter-firm operational planning  

 Interactive relationships 

 Strategic alliances 

Strategy 

 Operational efficiency 

 Differentiation 

Environment 

 Geographical, density, and 

infrastructure barriers  

 Business and cultural values 

 Antitrust laws  

 Integral and external integration leads 

to better organizational performance. 

 Operational integration and 

improvements from the standpoint of 

logistics affect performance.  

Lambert and 

Burduroglu (2000) 
T 

Customer satisfaction 

Customer value added 

Total cost analysis 

Profitability analysis 

Shareholder value 

 In terms of customer value added, 

results for value of logistics and 

impact of logistics on organizational 

performance are provided. 

Schramm-Klein and 

Morschett (2006) 
E 

Coordination 

Logistics performance 

Marketing performance 

 Inter- and intra-level coordination 

have positive effects on operational 

and organizational performance.  
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TABLE 2.4-C 

 DETAILS OF RELATIONS INVESTIGATED IN LITERATURE (T = THEORETICAL; E = 

EMPIRICAL) 

 
Model Relation Investigated SCI  ORP 

Reference T/E Performance Driver Major Findings 

Swink et al. (2007) E 

Integration 

 Corporate strategy  

 Product-Process technology  

 Strategic customer 

 Strategic supplier 

Manufacturing capabilities 

 Cost efficiency 

 Quality 

 Delivery 

 Process flexibility 

 New product flexibility 

 Working towards integration of 

customer and supplier positively 

affects business performance. 

 Strategic supplier integration is 

related to better market performance 

and organizational performance. 

 Customer satisfaction is correlated 

with operational integration. 

 Competitive manufacturing 

capabilities are correlated with 

operational supply chain 

integration. 

Droge et al. (2004) E 

External strategic integration 

 Supplier development  

 Supplier partnership  

 Closer customer relationships 

Internal integration 

 Concurrent engineering  

 Design for manufacturability  

 Standardization  

 CAD/CAM 

Time to market 

Time to product 

Responsiveness 

 Internal and external integration 

practices positively relate to 

operational performance. 

 Interaction of internal and external 

practices together affect 

organizational performance. 

 Time-based performance measures 

mediate between integration and 

organizational performance. 

Vickery et al. (2003) E 

Integrative IT 

 Integrated EDI 

 Integrated information systems 

 Computerized production systems 

Supply chain integration 

 Supplier partnering 

 Cross-functional teams, 

 Closer customer relationships 

Customer service 

 Product support 

 Responsiveness 

 Delivery dependability 

 Delivery speed 

 Integration of IT capabilities is 

positively related to supply chain 

integration. 

 Customer service quality affects 

financial performance 

 Supply chain integration has a 

direct effect on firm’s financial 

performance. 

Omar et al. (2012) T 

Supplier flexibility 

Supply chain orientation 

Integration 

 Operational coordination orientation 

is positively related to supply chain. 

 Global supplier integration is 

positively related to supply chain 

orientation. 

 Supplier flexibility is positively 

related to operational performance. 

 Operational performance positively 

related to firm performance  
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Carr and Kaynak (2007) integrate information sharing and supplier development theory, 

and report positive impacts of intra-firm and inter-firm information sharing on both supplier 

development and product quality improvement as part of the operational performance. Gligor 

and Holcomb (2014) argue that logistics capabilities should be in place in order to capitalize on 

advantages of what coordination and collaboration have to offer. Among the capabilities, 

information communication and exchange capabilities are considered essential (Mentzer et al., 

2004; Esper et al., 2007; Cho et al., 2008). Stank et al. (1999) emphasize the benefits of inter-

firm coordination between retailers and its role on logistics performance. Min et al. (2005) 

discuss how information sharing and collaboration can positively increase efficiency and 

effectiveness. Ramanathan (2013) categorizes the type of information that supply chain members 

would like to share at preparatory, progressive, and futuristic levels of collaboration. Barut et al. 

(2002) develop a metric to measure the degree of information coupling, considering economies 

of scale and economies of scope for different types of information shared. They argue that use of 

the information provided is critical in making a difference on intra- and inter-organizational 

performances.  

Melville et al. (2004) posit a direct impact of information technology resources on 

operational performance and consequently on organizational performance. Sanders (2007) found 

that developing capabilities on the use of electronic business technologies do impact both inter 

and intra collaborations. Moreover, Sanders argues that inter-organizational collaboration has a 

direct impact on intra-level collaboration success. While technological capabilities directly 

impact organizational performance, the level of intra-organizational collaboration efforts does 

moderate this relation. This implicitly suggests the usage of information shared in planning and 
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control.  Van and Donk (2008) suggest an examination of supply chain integration and its impact 

on performances for a given specific industry or buyer-supplier relationship due to the lack of 

uniformity in factors used in 33 empirical research papers published between 2000 and 2006 in 

ten top and major journals.  

Many researchers, on the other hand, focus on the theoretical impact of sharing specific 

type of information on specific type of performance: supply chain, organizational or operational. 

Cachon and Lariviere (2001); Özer and Wei (2006) investigate the impact of sharing demand-

forecast information on supply chain profitability. Dobson and Pinker (2006) report that sharing 

lead-time information results in better organizational performance.  Ganeshan et al. (2001); 

Fleisch and Tellkamp (2005) focus on inventory information sharing and its impact on 

performance. A few empirical studies, such as those of Tarí et al. (2014); Demeter et al. (2007) 

share the positive results of sharing quality-related information sharing. A few recent studies 

have expanded the scope of information sharing and investigated the outcomes on either 

organizational or supply chain performance (Prajogo and Olhager, 2012; Hall and Saygin, 2012). 

Table 2.5 lists selection of focused relations for the scope of information considered in literature. 

Information integration, however, is considered synonymous with information sharing, 

without distinguishing usage from availability. Croson and Donohue (2005) conclude that 

retailers and suppliers are better off when they have access to different information. Barut et al. 

(2002) argue that the degree of information usage should be an indicator of active information 

sharing. Having access or sharing information does not necessarily mean usage of information in 

a firm’s planning and control decisions. The benefits may not materialize if information is made 

available but not used by upstream or downstream members.  
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TABLE 2.5  

SCOPE OF INFORMATION USED IN RELATIONS (T= THEORETICAL; E: 

EMPIRICAL) 

 

Reference Type Relation Investigated: Information Type  Performance 

(Cachon and Lariviere 
2001) 

T Sharing demand forecast   supply chain performance 

(Swaminathan et al., 
1995) 

T Sharing supplier capacity   supply chain performance  

(Demeter et al., 2007) E  Accessibility and quality of forecast information  supply chain performance 

(Özer and Wei 2006) T Impact of forecast information sharing  supply chain inefficiency 

(Ganeshan et al., 2001) T Inventory and flow planning  supply chain performance 

(Yao et al., 2008) T Vertical cost information  supply chain performance 

(Zhang et al., 2006) T Shipment information  supply chain performance 

(Hariharan and Zipkin, 
1995) 

T Advance ordering information  supply chain performance 

(Karaesmen et al., 2004) T Advance demand information  supply chain performance 

(Dobson, 2006) T Lead time information   organizational performance 

(Tarí et al., 2014) E Quality management  operational performance 

(Williams Naumann, 
2011) 

E Customer satisfaction  organizational performance 

(Carr and Kaynak, 2007) E Information sharing  organizational performance 

(Fleisch and Tellkamp, 
2005) 

T Inventory information  Organizational performance 

(Randall and Ulrich, 
2001) 

E Product variety  firm performance 

(Lee and Whang, 2000) E 

Sales forecast  } 
Order status  }  Organizational performance 
Inventory position } 
Shipment data  } 

(Li et al., 2006) T 
Demand                  } 
Inventory  }  Firm performance 
Shipment   } 

(Lin et al., 2002) T 
Order information (inventory, demand)       } 
Operational information                }   Organizational performance                              
Strategic information                } 

(Hall and Saygin, 2012) T 
Inventory level  } 

Customer demand         }    Organizational performance 

Reliability information } 

(Kulp et al., 2004) E 
Consumer needs                 } 
Store inventory levels                }   Organizational performance 
Warehouse inventory levels             } 

(Prajogo and Olhager, 
2012) 

E 

Financial                  } 
Production  }  Operational performance 
Design   } 
Research    } 
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The two-tuple index (information extent [IE] and information intensity [II]) developed by (Barut 

et al., 2002) maps companies on the stages proposed by (Stevens, 1989) and provides insights on 

how these stages are achieved. Complete integration is achieved when companies complete the 

external integration with other members of the supply chain. The maximum values obtained by 

IE and II, or 100 percent coupling, is the case where seamless integration is realized when 

information from all chain. Members are dynamically shared and used with the most-detailed 

level of aggregation regarding time, product, and geography.  We assume that companies 

deliberately will not preempt the use of information once it is provided. Thus, we hypothesize 

that the more information provided, the more motivation to use the information in the decision 

making process.  

2.4.2 Commitment  

Integration among supply chain partners relies on commitment to their relationship 

(Ganesan, 1994). Daugherty et al. (2006) report that firms investing in relationship commitment 

achieve increased performance. Relationship commitment of a company is, however, a function 

of one’s perception about partner’s commitment (Anderson and Weitz, 1992; Krause, 1999). 

Zhao et al. (2008) benchmark marketing and management practices of commitments and 

categorized them into normative and instrumental. Their study reveals that normative construct 

of relationship positively impacting the relationships between customer power and dyadic 

information integration. The formation and continuity of a commitment based on mutual benefits 

(Wei et al., 2012) may be essential antecedent positively influencing information sharing (Van 

Den Hooff and Ridde, 2004). Similarly, Vijayasarath (2010) contemplates relational 

commitment as antecedent of supply chain integration. Following the footsteps, Huo et al. (2016) 



23 

 

consider mediating impact of supply chain coordination on relationship commitment and 

technology in relation to supply chain performance.   

2.4.3 Impact of Operational Performance on Organizational Performance (OPP  ORP) 
 

 Chow et al. (1994) view logistics performance as an integral performance of both 

operational effectiveness and efficiency. While efficiency describes how economically the 

resources are utilized, effectiveness is the degree of achievement in a given objective (Gleason 

and Barnum, 1982; Mentzer and Konrad, 1991). On the other hand, Gunasekaran and Kobu 

(2007) argue that these performance measures are dynamic in time due to constant improvements 

and differentiation in the business environment. Success of a logistics system depends on how 

well the operational efficiency and effectiveness are achieved. The literature reveals decades-

wide interest in lean practices to improve these two operational performance dimensions due to 

fierce competition (Wu et al., 2015; Powell et al., 2013). It has been reported that effective 

implementation decisions of process-based lean practices aimed at eliminating seven common 

waste forms has significantly resulted in better efficiency (Arbós, 2002;  Narasimhan et al., 

2006) by focusing on total quality management; just-in-time, total maintenance; process or value 

stream mapping; and demand amplification mapping (Dal Forno et al., 2014; Wu et al., 2015). 

Since the positive impact of these initiatives and practices on the operational performance of 

efficiency and effectiveness and the negative results of poor understanding of these practices are 

very well documented in the literature (Jones et al., 1997; Goldsby and Martichenko, 2005; 

Anvari et al., 2013). Here we concentrate our focus on the relationship between operational 

performance and overall organizational performance. 

The impact of operational performance on overall organizational performance has also 

been extensively investigated in the literature (Morash and Clinton, 1997; Lambert and 
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Burduroglu 2000; Lynch et al., 2000; Wisner, 2003; Schramm-Klein and Morschett, 2006; Green 

et al., 2012; Prajogo and Olhager, 2012; Gligor and Holcomb, 2014). Our argument in this line 

of discussion is the existence of mediating impact of perceived logistic performance, which 

integrates the soft or qualitative measures of (Chan and Qi, 2003) related to perception about 

effectiveness, reliability, availability, and flexibility.  
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CHAPTER 3 

 

 

THE ROLE OF INFORMATION SHARING AND INFORMATION USAGE ON 

PERFORMANCE IN TURKISH FOOD RETAILER SUPPLY CHAIN: AN EMPIRICAL 

STUDY 

 

 

 

Abstract 

 

 

The purpose of this study is to provide a holistic approach for relationships among information 

sharing, operational performance, and organizational performance by utilizing a resource-based 

view and organizational learning theory. We introduce the mediating impacts of information 

usage between information sharing and operational performance, and the perceived logistics 

between operational performance and organizational performance. The empirical data obtained 

from 209 food retailers in Turkey via a survey reveals that the proposed integrated relationships 

are valid and significant. The mediating impacts of both information usage and the perceived 

performance of logistics play a significant role in performance relationships and are paramount 

to the success of organizations.   

 

Key words: supply chain integration, information sharing, information usage, performance, 

organizational learning, resource-based view 

 

3.1 Introduction 

 

For decades, supply chain management (SCM) has received the full interest of 

researchers (Stevens, 1989; Tan et al., 1998; Frohlich and Westbrook, 2001; Prajogo and 

Olhager 2012; Autry et al., 2014). SCM is effective coordination of flow of materials, products, 

and information, not only within a company but also among other members of a supply chain in 

order to improve the performance of the company as well as the supply chain as a whole 
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(Mentzer et al., 2001). Globalization and amplified competition among supply chains have 

magnified the importance of effective supply chain management for which “integration” is 

offered as an inevitable prescription for successful performance (Cooper et al., 1997; Mentzer et 

al., 2001). Supply chain integration (SCI) is a comprehensive concept, and its dimensions are 

inconsistently described in the literature (Zhao et al., 2011). Huo (2012) also reports that the 

extant literature provides studies for SCI enablers and outcomes; however, there is no evidence 

for widely used common dimensions of SCI.  

On the other hand, while a few studies use organizational capability with a resource-

based view addressing how competitive advantage is achieved (Armstrong and Shimizu, 2007; 

Newbert, 2007); Peng et al., 2008), most literature studies use no theoretical foundation for the 

relationships, or they use only transaction cost theory (Huo, 2012). There is a need for empirical 

investigation to explore the impact of SCI and different types of performance. Some researchers 

have focused on the state of integration, such as internal or external (Flynn et al., 2010; Yu et al., 

2013; Huo et al., 2014). Others have examined integration at categorical levels such as 

operational, tactical, and strategic (Mentzer et al., 2001; Benton and Maloni, 2005; Swink et al., 

2007).  Another cluster of researchers has investigated integration to the extent that information 

technologies are utilized as enablers (Gilmour, 1999; Vickery et al., 2003).   

Using a resource-based view, Peteraf (1993) and Barney et al. (2001) maintain that 

companies obtain and use information as a resource in order to achieve a competitive advantage, 

which can be achieved by an information integration that requires information and/or knowledge 

exchange or sharing among the supply chain players (Lee, 2000). According to the resource-

based view, SCI is an essential factor for achieving and improving performance (Zhao et al., 

2013; Graham et al., 2005; Vickery et al., 2003). A large stream of research concludes that inter- 
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and intra-collaboration and integration are important in contemplating improved operational, 

logistics, and organizational performance (Min et al., 2005; Ramanathan, 2013; Larson et al., 

2007; Li et al., 2006; Fugate et al., 2010; Flynn et al., 2010; Johnson and Templar 2011). Despite 

the massive amount of prior research on SCM performance, Kaynak and Carr (2012) indicate a 

lack of integrated empirical research models on supply chain information integration and firms’ 

operational and organizational performances. Interestingly, Kembro and Näslund (2014) 

conclude from their meta-analysis that there is no true empirical research in the literature 

focusing on supply chain integration and its impact on performance. While a few studies focus 

on modeling relationships in an entire supply chain, they primarily investigate barriers and 

driving forces rather than the benefits of information sharing to integration. 

Evidently, the literature of organizational learning theory, especially under absorptive 

capacity introduced by Cohen and Levinthal (1990), focuses on information processing and 

defines it as a firm’s ability to recognize and interpret the value of new information and use it 

toward innovative capabilities. In other words, interpretation is the process of giving meaning to 

information received (Daft and Weick 1984). Organizations learn through the process of 

acquisition and distribution of information (sharing), and interpretation of information (usage). 

In the supply chain integration literature, no empirical research is done to explore the impact of 

separation of information sharing from information usage. Lee (2000), Frohlich and Westbrook 

(2001), and Flynn et al., (2010) outline the importance of information sharing in supply chain 

integration. According to Huber (1991), literature regarding information distribution is rich and 

mature; however, information interpretation at the organizational level needs empirical work for 

further advancement.  Understanding supply chain integration would be incomplete if the impact 

of information processing is not investigated (Childerhouse and Towill, 2000; Boon-itt and Paul, 



28 

 

2006). To the best of our knowledge, this empirical study is the first to propose the separation of 

information sharing (IS) and information usage (IU), to use IS as an antecedent to IU, and to link 

IU to operational and organizational performances.Thus, the objective of this paper is to 

contribute empirical evidence to the literature by investigating the impact of information sharing 

and usage among supply chain members, and to provide a holistic approach in modeling its 

impact on multidimensional performances.  

The reminder of this paper is organized as follows. Section 2 provides a literature review 

and major concepts.  Hypotheses for our relation research model are developed in section 3. 

Section 4 is dedicated to research methodology, including questionnaire design and sampling. 

Section 5 presents results and discussion. Finally, we conclude with a summary and suggestions 

for future directions in section 6.  

3.2  Literature Review and Major Concepts  

3.2.1  Supply Chain Integration  

 

Supply chain integration is offered as a way of connecting (Frohlich and Westbrook 

2001), coordinating (Carr et al., 2008), and collaborating (Stank, et al., 2001; Katunzi 2011) 

among partners. In the literature, different dimensions of supply chain integration are proposed, 

based on the supply chain tiers involved, such as customer integration, supplier integration, 

external integration, and internal integration (Flynn et al., 2010; Droge et al., 2004; Vickery et 

al., 2003; Zhao et al., 2011). Lee and Whang (2000) consider three dimensions based on the 

types of stages involved in integration: information integration, coordination and resource 

sharing, and organizational relationship linkage. Very similar to the work of Barut et al. (2002), 

Huo (2012) reports overlapping aspects among these dimensions and suggests three major 

dimensions in relation to the supply chain operations reference (SCOR) model: internal 
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integration (II) and external integration, which is composed of customer integration (CI) and 

supplier integration (SI). As pointed out by Zhao et al. (2011) and Huo (2012), there are no 

consistent widely accepted drivers for each of these dimensions. For example, Flynn et al. (2010) 

use infrastructure drivers such as data integration, real-time data, and real-time searching for 

internal integration, and Stank et al. (2001) use an integrated database, operational information, 

and encouragement of integration as drivers. For Droge et al. (2004), internal integration 

indicators are concurrent engineering/joint design and standardization. On the other hand, Wong 

et al. (2013) introduce responsiveness, information flow, and psychical flow as drivers for 

internal integration. Similarly, supplier integration is achieved by information sharing, degree of 

strategic partnership, joint planning, and research and development with supplier (Zhao et al., 

2013; Wong et al., 2013; and Stank et al., 2001)); and by information exchange, strategic 

partnership, sharing of production schedule inventory and demand information (He and Xu, 

2014; Danese and Romano, 2013; and Flynn et al., 2010). Customer integration is characterized 

in general by information sharing, integrated infrastructure, partnership, and joint planning (Li et 

al., 2012; Yang, 2009; Swink et al., 2007).   The snapshot of literature on above-mentioned 

dimensions, which is provided in Table 3.1, suggests very scattered measurement aspects and a 

lack of unification. A closer investigation also reveals that aspects of different dimensions of 

supply chain integration used in the literature are not clear whether they serve for the sharing of 

specific information or for the usage of specific information. In our study, introducing 

information sharing and information usage as sub-dimensions of supply chain integration 

provides a change in focus, and helps us better understand the supply chain integration and 

complete the void in integration discussions.  
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TABLE 3.1 

SNAPSHOT OF LITERATURE ON ASPECTS OF INTEGRATION DIMENSIONS 
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Danese and Romano (2013) x x x
Devaraj et al., (2007) x x x x x x x x
Droge et al., (2004) x x x x x x
Flyn et al., (2010) x x x x x x x x x x
Germain and Iyer (2006) x x
Gimenez and Ventura (2005) x x
He and Xu (2014) x x x x x x x x x
Huo et al., (2014) x x x
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Ragatz et al., (2002) x x x
Rodrigues et al., (2004) x x
Salvador and Villena (2013) x x
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Won Lee et al., (2007) x x x x x x x x x x
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Internal IntegrationSupplier IntegrationCustomer Integration
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3.2.2  Organizational Learning Theory and Supply Chain Integration 

 

According to Fiol and Lyles (1985), organizational learning theory defines learning as the 

process of improving organizational practices through increased knowledge.  It involves 

alterations in organizational knowledge (March, 1991), via the process of acquiring, distributing, 

and interpreting information (Huber, 1991). Lichtenthaler (2009) describes the three key learning 

processes as follows: information acquisition; analyzing, interpreting, and understanding of 

information; and application of information in decision making.  Jayachandran et al. (2005) 

analyze learning processes under four constructs: reciprocity to ensure effective communication; 

capture and integration to prevent information loss; access to limit information overload; and 

usage related to developing and offering product and services (action-oriented), and 

understanding the need and behaviors (knowledge enhancing). Hwang et al. (2013) suggest being 

proactive, transparent, and formal in such processes.  

While organizational learning theory has been applied in a range of academic fields from 

economics to management science to psychology to sociology and to anthropology (Jain and 

Moreno, 2015), the academic research in supply chain integration has yet to incorporate 

organizational learning theory (Yu et al., 2013).  Both Huber’s and Lichenthaler’s three stages of 

information processes, and  the constructs of Jayachandran et al. may all be categorized into our 

IS and IU subdimensions of supply chain integration. Organizational learning promotes 

empowerment that may motivate members of a supply chain to continuously learn from the 

exchange of information (Bryson et al., 2006). Yu et al. (2013) argue that exchange of 

information and its usage are prerequisites for achieving organizational learning.    

Ellinger et al. (2015), Flores et al. (2012), and Cheng (2011) perceive the organizational 

learning theory as the effective and sustainable approach for supply chains to improve their 
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performance and be competitive. In their meta-analysis research, Wowak et al. (2013) confirm 

the importance of supply chain information processing among the partners in leading to superior 

performance. This supports our approach to separate information usage from sharing and to 

investigate its impact on performance.  

3.2.3 Performance  

 

Integration has become “more of a necessity than an option” for supply chains to have 

competitive advantage (Matopoulos et al., 2007).  The extant literature on supply chain 

integration reveals categorical performance measures, such as operational efficiency and 

effectiveness (Ramanathan, 2012; Prajogo and Olhager, 2012; Vereecke and Muylle, 2006), 

organizational performance (Sanders and Premus, 2005; Danese and Romano, 2013 ; Zhao et al., 

2013; Carr and Kaynak, 2007; Dobson and Pinker, 2006), financial performance (Narasimhan 

and Nair, 2005; Carr and Kaynak, 2007; Zhang et al., 2006), and logistics performance (Stank et 

al., 2001; Salema and Buvik, 2016; Chinniah et al., 2013; Shang and Marlow, 2005). Huo (2012) 

reports that very limited number of research models in the literature consider more than one type 

of performance measure category, such as operational and business (Flynn et al., 2010), financial 

and operational (Yang, 2009), and logistics and financial (Germain and Iyer, 2006). While 

Fugate et al. (2010) perceive logistics performance as an integral part of operational 

performance, Chow et al. (1994) view logistics performance subsequent to operational 

performance. Green et al. (2008) consider logistics performance as an antecedent to 

organizational performance. Gunasekaran and Kobu (2007) argue that these performance 

measures are dynamic in time, due to constant improvements and differentiation in the business 

environment. 
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In our study, we categorize performance measures into operational performances, 

perceived logistics performances, and organizational performances. Operational performance 

refers to efficiency and effectiveness in terms of reducing costs by utilizing resources and 

achieving given objectives to consequently better serve customers.  Perceived performance of 

logistics is retailer’s perceptions of their logistics operations while serving customers. 

Organizational performance evaluates a firm’s profitability, growth, and customer satisfaction. 

We holistically investigate the impacts of the supply chain integration dimensions of IS and IU 

to all performance categories.  

3.3  Hypotheses Development 

3.3.1  Relationship between IS and IU 

 

The organizational learning theory promotes the acquisition and distribution of 

information in order to improve the organizational learning and knowledge that require 

interpretation and analysis of the information. While having access or sharing information does 

not necessarily mean a firm will use the information in its planning and control decisions, Ali et 

al. (2002) and Van den Hooff and De Ridder (2004) argue that information sharing leads to 

organizational learning if usage of the information is materialized. Hwang et al. (2013) present 

an information management motivation framework for an individual’s perceived willingness to 

effectively use information. The evidence here is the more proactive behavior of information 

usage, the higher motivation for learning. Croson and Donohue (2005) conclude that retailers 

and suppliers are better off when they have access to more information. While Hall (2001) 

claims that organizations are further motivated to share information when they perceive that the 

information is actually used, Barut et al. (2002) maintain that the degree of information usage 

should be an indicator of active information sharing. The assumption here is that companies will 
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deliberately not preempt the use of information once it is provided. The benefits may not 

materialize if information is made available but not used by upstream or downstream members. 

Thus, this leads to the following hypotheses:  

H1a: Sharing downstream information (flow from customers to suppliers) has a positive 

direct impact on the usage of downstream information.  

H1b: Sharing upstream information (flow from suppliers to customers) has a positive 

direct impact on the usage of upstream information. 

3.3.2  IS, IU, and Operational Performance 

 

 From a classical standpoint, information is shared and used in order to help improve decision-

making (March, 1981). Huo et al. (2014), Yu et al. (2001), Klein and Rai (2009), Hsu et al. (2008), 

Gunasekaran and Kobu (2007), and Frohlich and Westbrook (2001) highlight the importance of 

information sharing in order to achieve operational-level efficiency and effectiveness among 

supply chain members. Dyer and Singh (1998) offer a relational view whereby intercompany 

integration and information sharing is one of the major sources contributing to competitive 

advantages. Lancioni et al. (2003) investigate the impact of supply chain operational performance 

on the relationships between inter-organizational information integration and organizational 

performance, implicitly assuming consistent and detailed information sharing. Min et al. (2005) 

and Patnayakuni et al. (2006) articulate that focusing on coordination without considering 

information sharing will not serve to improve performances of firms in a supply chain. Narayanan 

et al. (2011) suggest that ignoring full supply chain integration that requires information sharing 

and usage will deteriorate any attempts to improve performance. Sahin and Robinson (2002) argue 

that information sharing is often introduced as a universal antidote to purge problems faced by the 

supply chain and in logistics. Carr and Kaynak (2007) report on the positive impacts of intra-firm 
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and inter-firm information sharing on both supplier development and product quality improvement 

as part of the operational performance. Gligor and Holcomb (2014) and Esper et al. (2007) argue 

that information exchange capabilities should be in place in order to capitalize on advantages of 

what coordination and collaboration have to offer.  

On the other hand, in literature there is mixed support for whether there is a direct or 

indirect relationship between information sharing and operational performance (Kim, 2009). 

Lancioni et al. (2000) report sharing information improves inventory and logistics problems; and 

responsiveness to customer requirements. Schroeder and Flynn (2002) argue that the way 

information is used makes a difference in a firm’s performance. Ramdas and Spekman (2000) 

report a significant gap in the performance of outstanding and mediocre supply chains due to the 

degree of a company’s ability to share and use information. Barut et al. (2002) develop a metric 

to measure the degree of information coupling, considering economies of scale and economies of 

scope for different types of information shared. They point out that the use of provided 

information is critical in making a difference in intra- and inter-organizational performance. In 

our study, we disaggregate the information sharing and usage by considering whether the 

information is flowing upstream or downstream, and thus propose the following hypotheses:    

H2a: Usage of shared downstream information has a direct impact on retailer’s 

operational efficiency.  

H2b: Usage of shared downstream information has a direct impact on retailer’s 

operational effectiveness.  

H2c: Usage of shared upstream information has a direct impact on retailer’s operational 

efficiency.  
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H2d: Usage of shared upstream information has a direct impact on retailer’s operational 

effectiveness.  

Kim (2009) suggests a consistent theoretical model that will consider direct and indirect 

effects of upstream and downstream integration on a firm’s performance. We also hypothesize 

whether the usage of upstream and downstream information has a mediating impact between 

information sharing and both effectiveness and efficiency as follows:  

H2e: Supplier’s information usage level (downstream information) has a positive 

mediating role between information provided to supplier and operational efficiency. 

H2f: Retailer’s information usage level (upstream information) has a positive mediating 

role between information received from suppliers and operational effectiveness. 

3.3.3  Operational and Organizational Performance Relations 

 

  The impact of operational performance on overall organizational performance has been 

extensively investigated in the literature (Lambert and Burduroglu, 2000; Wisner, 2003; 

Schramm-Klein and Morschett, 2006; Prajogo and Olhager, 2012; Holcomb, 2014).  The 

differentiation in our study is investigating the integral role of operational performance 

subcomponents between supply chain integration and organizational performance, and the role of 

perception on logistics performance in these relationships.  

In our earlier argument, operational performance consists of two components: operational 

effectiveness and efficiency. Efficiency describes how economically the resources are utilized, 

whereas effectiveness is the degree of achievement in a given objective (Gleason and Barnum, 

1982; Mentzer and Konrad, 1991). The literature reveals decades-wide interest in practices to 

improve these two operational performance dimensions due to fierce competition (Wu et al., 

2015; Powell et al., 2013). While Kumar and Gulati (2009) and Ozcan (2008) note a dual 
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directional relationship between these two operational performance components, it has been 

reported that effective implementation decisions of process-based practices aimed at eliminating 

seven common waste forms has significantly resulted in better efficiency (Arbós, 2002;  

Narasimhan et al., 2006) by focusing on total quality management; just-in-time, total 

maintenance; process or value stream mapping; and demand amplification mapping (Dal Forno 

et al., 2014; Wu et al., 2015). Keh et al. (2006) infer that effectiveness generates a higher return 

to scale in revenues. Sheth and Sisodia (2002) suggest that firms must first focus on operational 

effectiveness and then seek for efficiency. Ozcan (2008) reports these components can positively 

impact organizational performance. Here, we keep the interest of the current literature and infer 

the following hypotheses: 

H3a: Operational effectiveness leads to better operational efficiency. 

H3b: Operational effectiveness has a direct positive impact on the retailer’s 

organizational performance. 

H3c: Operational efficiency has a direct positive impact on the retailer’s organizational 

performance. 

 According to Mentzer and Konrad (1991), Griffis et al. (2004), Li et al. (2006), and 

Larson et al. (2007), managers have recently focused on how effectively to integrate supply 

chain partners in order to achieve organizational-level performance through logistics 

performance, which is considered to be a multidimensional function of efficiency and 

effectiveness. The success depends on how well the operational efficiency and effectiveness are 

achieved. Moreover, Fugate et al. (2010) suggest a notion that also includes the perceived 

difference in logistics performance against competitors, as another dimension associated with 

accomplishing logistics activities. In this study, we label this dimension as perceived logistics 
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performance and argue that it integrates the soft or qualitative measures of the work of Chan 

(2003) related to perception about effectiveness, reliability, availability, and flexibility. Stank et 

al. (2003) focus on the perceived performance of logistics service and suggest a call for future 

research to investigate its direct impact on organizational performance. Likewise, Thornton et al. 

(2016) consider various behavioral perceptions and cognitive judgements of supply chain 

managers shaping the environment that companies operate, and address future calls for more 

empirical studies that include mitigating impacts of perceived managerial views on 

performances. They found that executives can skillfully navigate the organization towards 

objectives because their perceived views reduce uncertainty related to organizational politics. 

Similarly, we argue that managers’ perceived views on logistics performance may play a 

significant role in the relationships between operational performance (effectiveness and 

efficiency) and organizational performance. Considering the direct and indirect impacts, we 

hypothesize the following six relationships:                        

H3d: Operational efficiency leads to better perceived logistics performance. 

H3e: Operational effectiveness leads to better perceived logistics performance. 

H3f: Perceived logistics performance has a direct positive impact on the retailer’s 

organizational performance.  

H3g: Perceived logistics performance has a positive mediating impact on the relationship 

between operational efficiency and the retailer’s organizational performance. 

H3h: Perceived logistics performance has a positive mediating impact on the relationship 

between operational effectiveness and the retailer’s organizational performance. 

H3i: Operational efficiency has a positive mediating effect on the relationship between 

operational effectiveness and perceived logistics performance. 
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Figure 3.1 shows the proposed general conceptual model of the relationships among 

information sharing, and operational and organizational performances, considering the mediation 

effects of information usage and perceived logistics performance. Figure 2.2 visualizes the 

hypotheses developed above.  

 

 

Figure 3.1. General conceptual model 

 

 

 

 

 

 
 

Figure 3.2 Complete conceptual model 
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3.4  Research Methodology 

3.4.1  Questionnaire Design and Measures 

 

In our survey instrument, all items in each of the reflective constructs are assessed using a 

five-point Likert scale.  We specifically focused on the following items used by various 

researchers: (a) operational and perceived logistics performance constructs (Mentzer and Konrad, 

1991; Bobbitt, 2004; Krauth et al., 2005; Fugate et al., 2010; Huo et al., 2014); (b) organizational 

performance constructs (Baker and Sinkula, 1999; Matsuno and Mentzer, 2000; Stank et al., 2001; 

Frohlich and Westbrook, 2001; Bobbitt, 2004; Fugate et al., 2010; Huo et al., 2014); and (c) 

upstream and downstream information sharing and usage constructs (Zhao et al., 2002; Barut et 

al., 2002; Hui, 2012; Huo et al., 2014). These items were reviewed by a team of four academicians 

with a combined experience of 36 years in the supply chain management profession, who evaluated 

their appropriateness to the constructs in consultation with practitioner managers in the food 

retailer industry to which the questionnaire was administered. Through a rigorous process, items 

with a high degree of ambiguity were clarified, and redundancies were eliminated. Due to the high 

degree of inter-team agreement in opinions and consistency with the literature, the questionnaire 

items were finalized. The questionnaire was designed and administered in a way to eliminate 

common rate effects, item priming effects, and acquiescence bias, as suggested by Podsakoff et 

al., (2003). Cohen’s kappa coefficient of 77.9% is indicative of the minimal rater bias effect (Sim 

and Wright, 2005).   

We used SmartPLS 3 software (Ringle et al., 2015) to assess the measurement and structural 

model in this study. Section 5 discusses why the partial least squares structural equation modeling 

(PLS-SEM) was used over covariance-based structural equation modeling (CB-SEM).  
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3.4.2  Sampling and Data Collection 

 

A survey instrument was developed to investigate the relationships shown in Figure 3.2 

Our designated country was Turkey, the seventh and tenth largest retail market in Europe and in 

the world, respectively, according to a 2015 U.S. Department of Agriculture (USDA) report. We 

concentrate on the food retail sector representing 60% of the total retail sector in Turkey, which 

is expected to grow 8% annually from 2014 to 2018. The Turkish retail sector has promptly 

responded to recent global economic struggles by streamlining their supply chain structure as 

much as possible to reduce the cost of inefficiencies (USDA, 2015). 

Data for this study was collected using a self-administered direct-mail survey distributed 

to all 763 registered retailers of the Turkish Food Retailers Association. In this study a single key 

respondent is used to collect data, which is considered acceptable in supply chain empirical 

studies (Yu et al., 2013; Huo, 2012; Zhao et al., 2008; and Wong et al., 2011). Zhao et al. (2011) 

concluded from their pilot study with multiple respondents that the best way is to determine one 

key informant who is content-wise knowledgeable and familiar with processes in their supply 

chain. In order to ascertain collection of reliable data we followed their suggestions and sent the 

surveys to single manager in each company. To determine the single respondent contact info for 

our survey, we had research assistants call each company and ask for the name in charge of 

supply chain activities, having the highest degree of knowledge competency related to retailer 

supply chain processes including logistics, information exchanges and performance rating. Out 

of 245 responses received, 209 usable questionnaires results were recorded. This response rate of 

27.4% is considered satisfactory for subsequent analysis. The analysis of variance between the 

early and late respondent groups reveals no statistical differences between their survey responses 

(p > 0.1), thus indicating lack of non-response bias. 
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To test whether common method bias due to single respondents in our cross-sectional 

survey impacted hypothesis testing, we employed Harman’s (1976) one-factor test, as suggested 

by Podsakoff and Organ (1986). Results revealed that, among the twelve distinct factors, the first 

factor accounts for only 32.8% of the total variance, thus suggesting a low likelihood that results 

are affected. Moreover, due to some limitations that this test possesses (Malhotra et al., 2006), we 

also utilized (Lohmoeller’s 1989) extended PLS algorithm and used several marker variables to 

estimate the loadings on every item in the PLS path model (PLS-PM). A comparison of the 

estimated path model relationships with and without each of the additional marker variables shows 

no notable differences, and all theorized paths maintain their level of statistical significance. Thus, 

neither the traditional Harman’s one-factor test nor the marker variable approach suggests a 

substantial threat of common method bias in our results. 

Table 3.2 provides a profile of respondents emerging from the survey. Among the 

respondents, 42% indicated their current job title as logistics manager, followed by 29% as line 

manager, and 20% as department manager. Of the 209 usable responses, 33% of respondents 

indicated their scope of operation as the national level, followed by 30% as the international level, 

30% as the local level, and the remaining 7% as the regional level.  According to the survey, 

relative to primary business strategy, approximately 30% of respondents selected “best value 

product/service,” 28% selected “low cost provider/cost leader,” and nearly 14% selected 

“differentiated customer service.” More than half of respondents (54%) indicated a firm size of 

more than 501 employees, about 24% indicated between 51 and 500 employees, and the remaining 

22% indicated less than 50 employees.  The majority of respondents (75%) considered the logistics 

management function as a service center, 14% as a profit center, and the remaining 11% as a cost 

center. In terms of the primary logistics strategy, among respondents, approximately 42% 
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described this as “best value-added services,” 34% as “minimize supply chain management cost,” 

and nearly 14% as “maintain or improve customer service.” Finally, respondents were asked to 

indicate the most important logistics issues facing their organization.  Nearly 38% indicated this 

to be “cycle time reduction”; 37% indicated “logistics measurement between company, customers, 

and suppliers; and the remaining 25% indicated “information technology utilization/optimization.” 

TABLE 3.2  

 

PROFILE OF RESPONDENTS 

 

 

 

 

 Classification 
N = 

209 
%  Classification N = 209 % 

Jo
b

 T
it

le
 

Director 7 3.3 

F
ir

m
 S

iz
e 

1–25 34 16.3 

Senior manager 13 6.2 26–50 12 5.7 

Logistics manager 87 41.6 51–100 16 7.7 

Department manager 41 19.6 101–250 21 10 

Line manager 61 29.3 251–500 13 6.2 

S
co

p
e 

o
f 

O
p

er
at

io
n

s 

Local 63 30.1 More than 501 113 54.1 

Regional 15 7.2 

L
o
g

is
ti

cs
 

M
an

ag
em

en
t 

F
u

n
ct

io
n
 Service center 157 75.1 

National 68 32.6 Cost center 22 10.5 

International 63 30.1 Profit center 30 14.4 

P
ri

m
ar

y
 B

u
si

n
es

s 
S

tr
at

eg
y
 

Differentiated customer service 30 14.4 

P
ri

m
ar

y
 L

o
g

is
ti

cs
  

S
tr

at
eg

y
 

Minimization of SCM cost 70 33.5 

Best-value product/service 61 29.2 Increased corporate revenue 18 8.6 

Low-cost provider/cost leader 58 27.7 
Maintained or improved 

customer service 
30 14.4 

Be all things to all people 15 7.2 Best value-added services 87 41.6 

Focus on product/market niche 0 0 Tailored personalized services 4 1.9 

Differentiation or innovation in 

products/services 
12 5.7 

M
o

st
 I

m
p
o

rt
an

t 

L
o

g
is

ti
cs

 I
ss

u
es

 

Cycle time reduction 79 37.8 

Differentiation through supply chain 

management 
18 8.6 Logistics measurement  77 36.8 

Tailored personalized service to 

customers 
15 7.2 

Information technology 

utilization 
53 25.4 



44 

 

 

3.4.3  Assessment of Unidimensionality, Reliability, and Validity 

 

The PLS-PM is a component-based estimation method using two sets of linear equations: 

an inner model and an outer model (Tenenhaus, 2008). The inner model specifies relationships 

between unobserved or latent variables, whereas the outer model specifies relationships between 

a latent variable and its observed or manifest variables.  Reliable and valid outer model estimations 

permit an evaluation of inner path model estimates (Henseler et al., 2009).  In order to analyze the 

outer model of our research, we followed the procedures suggested by Vinzi et al. (2010) and Hair 

et al. (2013).  Unidimensionality, internal reliability, and convergent and discriminant validity 

were assessed to examine the measurement models. In the following discussion, we refer to the 

results summarized in Table 3.3  

Principle component analysis with varimax rotation and Kaiser normalization (by using 

PASW Statistics 18) revealed that the two exogenous (IPR and IRS) and six endogenous (IUS, 

IUR, OEFs, OEFy, PLP, and ORP) latent constructs are unidimensional because the first 

eigenvalue (λ > 1) of the variables for each construct exceeds one, and the second eigenvalue (λ < 

1) is smaller than one. The standardized outer loadings of the reflective constructs are above 0.70, 

with 1% statistically significance level on their respective constructs.  

Internal reliability was examined by using a composite reliability index (CRI) and 

Cronbach’s alpha coefficient. The minimum acceptable value for both CRI and Cronbach’s alpha 

(CRI, alpha) is considered to be 0.70 (Vinzi et al., 2010; Hair et al., 2013). Results show that the 

CRI and alpha, respectively, for each construct are 0.939 and 0.929 for IPS; 0.937 and 0.926 for 

IUS; 0.934 and 0.918 for IRS; 0.938 and 0.924 for IUR; 0.905 and 0.884 for OEFy; 0.927 and 
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0.906) for OEFs; 0.878 and 0.822 for PLP; and 0.957 and 0.948) for ORP—demonstrating that all 

reflective constructs have high levels of internal consistency reliability. 

Construct convergent validity assessment is based on the average variance extracted 

(Chow et al., 1994). Results of the PLS-PM analysis reveal that the measure of the eight 

reflective constructs have high levels of convergent validity. The AVE value for each construct 

is above the required minimum level of 0.50 (Hair et al., 2013).  

To assess discriminant validity, cross-loading criterion and the Fornell and Larcker 

(1981) criterion were evaluated. The discriminant validity was also established when an item 

loading on a construct was higher than all of its cross loadings with other constructs (Hair et al., 

2013). Table 3.A1 and Figure 3.A1 in Appendix A present the loading details for each item. In 

all cases, an item’s loading on its own construct is higher than all of its cross loadings. Any item 

that has a loading across the constructs with a difference of at least 0.10 or higher is retained for 

analysis, according to the work of Huo et al. (2014). Results indicate there is discriminant 

validity between all constructs. 
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TABLE 3.3  

HOMOGENEITY AND UNIDIMENSIONALITY OF MEASUREMENT VARIABLES 
 

Construct Item Loading 

PCA 

Eigen- 

value 

AVE 

Composite 

Reliability  

Index (CRI) 

Cronbach’s 

Alpha 

Outer a 

T-Statistic*** 

In
fo

rm
at

io
n

 P
ro

v
id

ed
 t

o
 S

u
p

p
li

er
  

 

(I
P

S
) 

IPS1 New product specifications 0.838 6.793 0.786 0.939 0.929 27.457 

IPS2 Customer value 0.836 0.854    54.631 

IPS3 Retail price changes 0.832     37.947 

IPS4 Order status 0.818     48.267 

IPS5 Promotional events 0.795     29.146 

IPS6 Inventory holding costs 0.782     26.015 

IPS7 Delivery schedules 0.746     18.275 

IPS8 Customer information 0.745     43.774 

IPS9 Real-time demand 0.731     29.596 

IPS10 Point-of-sale data 0.681     18.531 

IPS11 Demand forecast 0.589     37.594 

IPS12  Inventory level information 0.576     41.094 

In
fo

rm
at

io
n

 R
ec

ei
v

ed
 f

ro
m

 S
u
p

p
li

er
  

(I
R

S
) 

IRS1 Lead times 0.943 6.795 0.883 0.934 0.918 81.223 

IRS2 Response time 0.912 0.579    12.032 

IRS3 Production schedules 0.882     52.826 

IRS4 Service level 0.876     51.735 

IRS5 Availability level 0.868     71.952 

IRS6 Forthcoming promotion 0.829     46.578 

IRS7 Production capacity 0.817     86.974 

IRS8 Product design 0.711     73.900 

IRS9 Inventory level 0.702     20.410 

IRS10 Order status 0.522     33.927 

IRS11 Supply price changes 0.511     55.545 

IRS12 Supply disruptions 0.501     18.579 
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TABLE 3.3 (continued) 

HOMOGENEITY AND UNIDIMENSIONALITY OF MEASUREMENT VARIABLES 
 

Construct Item Loading 

PCA 

Eigen- 

value 

AVE 

Composite 

Reliability  

Index (CRI) 

Cronbach’s 

Alpha 

Outer a 

T-Statistic*** 

In
fo

rm
at

io
n

 U
se

d
  

b
y

 R
et

ai
le

r 
 

(I
U

R
) 

IUR1 Response time 0.907 6.822 0.898 0.938 0.924 58.847 

IUR2 Service level 0.905 0.739    19.001 

IUR3 Availability level 0.898     43.149 

IUR4 Lead times 0.876     14.663 

IUR5 Production schedules 0.873     80.551 

IUR6 Forthcoming promotion 0.821     31.940 

IUR7 Product design 0.728     16.338 

IUR8 Order status 0.636     84.555 

IUR9 Production capacity 0.631     23.828 

IUR10 Supply price changes 0.587     9.652 

IUR11 Inventory level 0.531     14.010 

IUR12 Supply disruptions 0.504     10.439 

In
fo

rm
at

io
n

 U
se

d
 b

y
 S

u
p

p
li

er
  

(I
U

S
) 

IUS1  Inventory level  0.807 6.654 0.768 0.937 0.926 26.783 

IUS2 Promotional events 0.806 0.734    24.908 

IUS3 Customer value 0.791     25.564 

IUS4 Delivery schedules 0.787     34.492 

IUS5 New product specifications 0.771     32.722 

IUS6 Customer information 0.762     31.957 

IUS7 Point-of-sale data 0.728     19.673 

IUS8 Inventory holding costs 0.724     35.867 

IUS9 Retail price changes 0.719     32.884 

IUS10 Real-time demand 0.718     46.739 

IUS11 Order status 0.698     26.319 

IUS12 Demand forecast 0.592     41.681 
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TABLE 3.3 (continued) 

HOMOGENEITY AND UNIDIMENSIONALITY OF MEASUREMENT VARIABLES 
 

Construct Item Loading 

PCA 

Eigen- 

value 

AVE 

Composite 

Reliability  

Index (CRI) 

Cronbach’s 

Alpha 

Outer a 

T-Statistic*** 

O
p

er
at

io
n

al
 E

ff
ic

ie
n

cy
  

(O
E

F
y

) 

EFFIY1 Inventory costs 0.793 7.122 0.639 0.905 0.884 15.954 

EFFIY2 Warehousing costs 0.780 0.443    17.203 

EFFIY3 Total logistics costs 0.756     11.999 

EFFIY4 Safety stock costs 0.744     50.742 

EFFIY5 Customer service level costs 0.723     21.206 

EFFIY6 Purchasing costs 0.701     22.161 

EFFIY7 Transportation costs 0.665     27.542 

EFFIY8 Ordering costs 0.622     28.970 

EFFIY9 Sales level 0.572     33.977 

O
p

er
at

io
n

al
 E

ff
ec

ti
v

en
es

s 
 

(O
E

F
s)

 

EFFES1 Inventory turns per year 0.876 5.414 0.619 0.927 0.906 52.923 

EFFES2 
Time between order receipt and order 

delivery 
0.837 0.744    42.907 

EFFES3 Percent of orders shipped on time 0.831     39.246 

EFFES4 Line item fill rate 0.825     50.742 

EFFES5 
Providing desired quantities on a 

consistent basis 
0.810     47.544 

EFFES6 Percent of damage-free deliveries 0.773     56.676 

EFFES7 
Percent of shipments requiring 

expediting 
0.644     48.864 

  
P

er
ce

iv
ed

 L
o
g

is
ti

cs
 

P
er

fo
rm

an
ce

 (
P

L
P

) PLP1 Logistics performance in general 0.854 4.121 0.699 0.878 0.822 27.886 

PLP2 
Compared to industry average,  

overall logistics performance 
0.840 0.493    47.549 

PLP3 
Flexibility and speed of logistics 

operations 
0.826     55.642 

PLP4 
Response to needs and wants of 

customers 
0.819     48.672 
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 TABLE 3.3 (continued) 

HOMOGENEITY AND UNIDIMENSIONALITY OF MEASUREMENT VARIABLES 

 

 a t-values for two-tailed test;  ***2.58 (sig. level 1%) 

 

 

 

 

 

 

 

 

 

 

Construct Item Loading 

PCA 

Eigen- 

value 

AVE 

Composite 

Reliability  

Index (CRI) 

Cronbach’s 

Alpha 

Outer a 

T-Statistic*** 

 PLP5 Effective management of brand mix 0.809     41.317 

O
rg

an
iz

at
io

n
al

 

P
er

fo
rm

an
ce

  

(O
R

P
) 

ORP1 Overall performance 0.864 7.584 0.688 0.957 0.948 59.563 

ORP3 Market share growth 0.850 0.773    50.288 

ORP10 Customer satisfaction level 0.838     55.877 

ORP5 General profitability 0.836     51.301 

ORP4 Net profit margin 0.825     75.673 

ORP11 
Level of sustainable competitive 

advantage 
0.793     37.074 
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Table 3.4 provides a summary of square roots of the AVE values on the diagonal and 

correlation values among the constructs in the lower part of the triangle.  Overall, the square roots 

of the AVEs for the reflective constructs are all higher than the correlations of the constructs with 

other latent variables in the path model, thus holding the Fornell and Larcker (1981) criterion. Both 

the Fornell and Larcker and cross-loading criteria provide evidence for the constructs’ discriminant 

validity. In conclusion, the analysis results provide support for the overall quality of the reflective 

constructs. Unidimensionality, reliability, and validity checks suggest that our data and model are 

adequate for hypothesis testing. 

TABLE 3.4  

 

DISCRIMINANT VALIDITY CORRELATIONS BETWEEN LATENT VARIABLES 

 

Research Constructs Mean SD IPS IUS IRS IUR OEFs OEFy  PLP ORP 

Information Provided to Supplier (IPS)  3.551 0.925 (0.887)        

Information Used by Supplier (IUS) 3.569 0.845 0.819 (0.876)       

Information Received from Supplier 

(IRS) 
3.555 0.897 0.768 0.779 (0.940)      

Information Used by Retailer (IUR) 3.584 0.872 0.651 0.730 0.827 (0.948)     

Operational Effectiveness (OEFs) 3.473 0.690 0.312 0.439 0.530 0.548 (0.787)    

Operational Efficiency (OEFy) 3.548 0.825 0.281 0.445 0.246 0.496 0.575 (0.799)   

Perceived Logistics Performance (PLP) 3.592 0.797 0.322 0.218 0.215 0.170 0.505 0.718 (0.836)  

Organizational Performance (ORP)  3.630 0.814 0.181 0.104 0.233 0.254 0.492 0.686 0.704 (0.829) 

Diagonal elements (values in parentheses) are square roots of the AVEs 

 

 

3.5 Results and Discussion 

 

As shown earlier, we analyzed our research model, shown previously in Figure 3.2, by 

using partial least squares structural equations modeling, developed for the analysis of high-

dimensional data in a low-structure environment where theory is less developed (Henseler et al., 

2009). While the general expectation is to use covariance-based structural equation modeling in 

the operations management field, we utilized PLS-SEM following the suggestions of Peng and Lai 
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(2012), due to the following characteristics of our research: (a) no well-established theory 

underlying our proposed research, and exploratory-stage relationships; (b) high complexity of our 

research model with high number of reflective items and sample size; and c) data that does not 

follow a multivariate normal distribution and no available assumptions about the population or 

scale measurements. PLS-SEM uses available data to estimate the path relationships in a given 

model, with the objective of minimizing error in terms of endogenous constructs (Chin, 1998; 

Henseler et al., 2009).  It also provides accurate estimates of mediation effects (Hair et al., 2013). 

For the mentioned peculiarities, we applied PLS-SEM to assess the structural path coefficient 

significance and relevance of the structural model shown in Figure 3.2 and to demonstrate the 

hypothesized relationships between the reflective constructs. Figure 3.3 summarizes results of the 

structural path model. 

 

Figure 3.3 Results summary of general conceptual model 

3.5.1 Assessment of Structural Model 

 

The statistical significance of the path coefficients (β) was obtained using bootstrapping 

(5,000 resamples and 209 cases). Table 3.5 summarizes the results for coefficients of 

determination (R2 values) and the Stone-Geisser’s (Q2) values for our latent variables.  The R2 
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values of latent variables range from 0.30 to 0.86, which indicates the model’s predictive accuracy. 

Performing blindfolding procedures, the Q2 values of latent variables were all above zero, ranging 

from 0.174 to 0.491, thus supporting the model’s predictive relevance. 

TABLE 3.5  

 

PLS-SEM RESULTS FOR ENDOGENOUS LATENT CONSTRUCTS R2 AND Q2 

 

Endogenous Latent Constructs R2 Q2 

Information Used by Retailer (IUR) 0.859 0.491 

Information Used by Supplier (IUS) 0.721 0.398 

Operational Effectiveness (OEFs) 0.304 0.202 

Operational Efficiency (OEFy) 0.370 0.174 

Perceived Logistics Performance (PLP) 0.528 0.369 

Organizational Performance (ORP) 0.568 0.402 

 

To assess the magnitude of effect of the predictive relevance of our path model, we utilize 

Cohen’s f2and q2 effect size values (Cohen, 1988).  Cohen’s f2 effect size value is a measure used 

to assess the relative impact or contribution of an exogenous latent variable (predictor) on an 

endogenous latent variable’s R2 value. The q2 effect size for the predictive relevance of all 

relationships in the model explains the endogenous latent variable under evaluation. The Q2, f2, 

and q2 values are considered to have a small effect if the value is less than 0.15, a medium effect if 

less than 0.35, and a large effect if greater than 0.35. In Table 3.6, for example, the path coefficient 

from operational efficiency to the retailer’s perceived logistics performance is 0.64; the f2 and q2 

effect sizes are 0.50 and 0.30, respectively, suggesting a large effect size. However, the effect of 

the retailer’s perceived logistics performance on organizational performance is at a medium level. 

Thus, our empirical data support and confirm our model. 
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TABLE 3.6 

 

 RESULTS OF PATH COEFFICIENTS, F2 AND Q2 EFFECT SIZES 

 

Endogenous 

 Latent 

Constructs 

OEFs OEFy PLP ORP 

Path  

Coefficien

t 

f2 q2 
Path  

Coefficient 
f2  q2   

Path  

Coefficien

t 

f2  q2  

Path  

Coefficien

t 

f2  q2  

IUR 0.488 0.165 0.092 0.267 0.046 0.012       

IUS 0.083 0.010 0.003 0.277 0.057 0.019       

OEFs    0.601 0.431 0.141 0.138 0.017 0.014 0.087 0.028 0.008 

OEFy       0.639 0.498 0.301 0.335 0.104 0.057 

PLP          0.420 0.197 0.099 

 

The following discussion examines first the proposed hypothesis with direct effects and 

then the proposed hypothesis with mediating impacts.  

3.5.2 Discussion of Direct Impacts 

 

Table 3.7 provides support for our hypotheses with direct impacts. Note that the bootstrap 

estimates of the bias of all β are minimum. The retailer’s information sharing to their suppliers is 

likely to increase suppliers’ information usage levels. This effect is positive and statistically 

significant (β = 0.819, t-value = 11.375, SE = 0.072, p < 0 .01, and 72% of variance explained), 

thus supporting our hypothesis H1a. Consequently, the supplier’s information usage level has a 

positive and statistically significant effect on the retailer’s operational effectiveness, with 

statistical results (β = 0.083, t-value = 1.976, SE = 0.042, and p < 0.05) supporting our hypothesis 

H2a.  

Downstream information such as new product specifications, customer value, retail price 

changes, point-of-sale data, inventory level, and demand forecast help managers to understand 

their market and customer needs. Such information sharing by retailers encourages suppliers to 

use that information in their planning and decisions, thus yielding to a retailer’s better operational 

effectiveness. Moreover, a supplier’s usage level of downstream information has a positive and 
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statistically significant effect on the retailer’s operational efficiency, as hypothesized in H2b. This 

relationship is supported by the statistical results (β = 0.277, t-value = 3.957, SE = 0.070, and 

p < 0.01).   

TABLE 3.7  

 

PLS-SEM RESULTS FOR STRUCTURAL MODEL AND HYPOTHESIS TESTING ON 

DIRECT EFFECTS 

 

Path 

Path 

Coefficient 

(β) 

Standard 

Error 

(SE) 

T-Statistica Bias P-Values Hypothesis Decision 

IPS  IUS 0.819 0.072 11.375*** 0.002 0.000 H1a Supported 

IRS  IUR 0.827 0.061 13.557*** 0.001 0.000 H1b Supported 

IUS  OEFs 0.083 0.042 1.976** 0.003 0.048 H2a Supported 

IUS  OEFy 0.277 0.070 3.957*** 0.007 0.000 H2b Supported 

IUR  OEFs 0.488 0.089 5.483*** 0.004 0.000 H2c Supported 

IUR  OEFy 0.267 0.074 3.608*** 0.001 0.000 H2d Supported 

OEFs  OEFy 0.601 0.054 11.130*** 0.001 0.000 H3a Supported 

OEFs  ORP 0.087 0.040 2.175** 0.003 0.029 H3b Supported 

OEFy  ORP 0.335 0.060 5.583*** 0.001 0.000 H3c Supported 

OEFy  PLP 0.639 0.076 8.408*** 0.001 0.000 H3d Supported 

OEFs  PLP 0.138 0.063 2.190** 0.003 0.028 H3e Supported 

PLP  ORP 0.420 0.057 7.368*** 0.002 0.000 H3f Supported 
a t-values for two-tailed test: *1.65 (sig. level 10%), **1.96 (sig. level 5%), ***2.58 (sig. level 1%) 

 

Similarly, the information received from the supplier has a positive and statistically 

significant effect on the retailer’s information usage level. All statistical results (β = 0.827, t-value 

= 13.557, SE = 0.061, and p < 0.01) are in favor of supporting this relation as hypothesized in H1b, 

observing the fact that the more the supplier provides information, the higher the retailer’s 

information usage level. The model explains 86% of variance in the retailer’s information usage 

level. The retailer’s information usage level has a positive and statistically significant effect on 

operational efficiency (β = 0.267, t-value = 3.608, SE = 0.074, and p < 0.01), which supports H2d. 

According to the analysis result, as suppliers share upstream information—such as response time, 

service level, product availability level, supply disruptions, and suppliers’ inventory level—with 

the retailer, the retailer’s information usage level increases, and consequently, the higher the 
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degree of information usage, the better the retailer’s operational efficiency. Statistical results also 

support the H2c hypothesis that indicates a positive relationship between the retailer’s information 

usage level and the retailer’s operational effectiveness (β = 0.488, t-value = 5.483, SE = 0.089, and 

p < 0.01).  

Hypothesis H3a zeroes in on the relationship between operational effectiveness, which 

refers to the extent that the retailer’s operational objectives have been achieved, and operational 

efficiency, which refers to the degree resources have been used economically. Note that in the 

hypothesis-building section, our stand was to investigate the unidirectional relationship from 

operational effectiveness to operational efficiency performance measures. Results indicate a 

positive and statistically significant effect of effectiveness on efficiency that supports our 

hypothesis with β = 0.601, t-value = 11.130, SE = 0.054, and p < 0.01.   

We observe statistically significant direct relationships between effectiveness and 

organizational performance (H3b:  β = 0.087, t-value = 2.175, SE = 0.040, and p < 0.05) as well as 

efficiency (H3c: β = 0.335, t-value = 5.583, SE = 0.060, and p < 0.01). The effect, however, is 

better explained when the mediating impact of perceived logistics performance is included.  

The expected direct relationship between operational efficiency and perceived logistics 

performance, as depicted by H3d, is significantly supported (β = 0.639, t-value = 8.408, SE = 0.076, 

and p < 0.01). Hypothesis H3e, the direct impact of operational effectiveness on perceived logistics 

performance, is also significantly supported (β = 0.138, t-value = 2.190, SE = 0.063, and p < 0.05). 

Our disposition from the literature is that this impact is mediated by operational efficiency, as 

described by H3i. This mediating impact is analyzed in the next section. Notice that we also observe 

a significant impact between perceived logistics performance and organizational performance (H3f: 

β = 0.420, t-value = 7.368, SE = 0.057, and p < 0.01). In the next section, we will discuss the 
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hypothesized mediating impact of perceived logistics performance between the retailer’s 

organizational performance and operational effectiveness (H3h) as well as operational efficiency 

(H3g).  

3.5.3 Discussion of Mediating Impacts 

 

 Five hypotheses require an investigation of mediation effects: 

 Mediating effect of information used by supplier between information provided to supplier 

and operational efficiency (H2e). 

 Mediating effect of information used by retailer between information received from 

supplier and operational effectiveness (H2f). 

 Mediation impact of perceived logistics performance between operational efficiency and 

retailer’s organizational performance (H3g). 

 Mediation impact of perceived logistics performance between operational effectiveness 

and retailer’s organizational performance (H3h). 

 Mediation impact of operational efficiency between operational effectiveness and 

perceived logistics performance (H3i). 

According to Iacobucci et al. (2007), in order to assess the mediating effect, it is necessary 

to analyze if there is a statistically significant direct relationship between the following: (a) 

independent and dependent variables, (b) independent variable and mediator, and (c) mediator and 

dependent variable. We test the statistical significance of the direct effects with t-statistics and the 

indirect effect with Sobel’s (1982) z-statistics. To estimate the magnitude of the indirect effects, 

the variance accounted for (VAF) value, which represents the ratio of the indirect effect to the total 

effect, is applied. According to Hair et al. (2013), partial mediation exists if the VAF value for the 

relation is larger than 20% but smaller than 80% (p. 225). 
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According to the results of the assessment presented in Table 3.8, all direct effects are 

significant at p < 0.05. All indirect effects suggest partial mediation, due to all positive direct 

relations among the variables in any given indirect relationship path. Table 8 also presents VAF 

values for the magnitude of mediations. Note that all VAF values are within the range of 0.20 and 

0.80, suggesting partial mediation for all relations. The effect of an operation’s effectiveness on 

the perceived logistics performance is also mediated by operational efficiency, supporting our 

findings from the literature. The variance accounting for the indirect effect is 76%. Results for 

hypothesis H3h also suggest agreement with the literature of the perception of logistics performance 

mediating the impact of effectiveness on organizational performance. 

Note that the direct effects of constructs involved in mediating relations in both hypotheses 

H2e and H2f are found to be significant. Considering Table 3.8 for indirect effects, both mediating 

impacts in hypotheses H2e and H2f are also significant and thus supported, with 72% and 63% of 

variation explained by the level of usage for relations between information provided, and 

effectiveness and efficiency, respectively. This finding, supported by the literature, can also be 

used as a validation to the work of Barut et al. (2002), who focused on sharing and usage of 

information together as a variable, and used it to develop an index on a company’s position in 

integration coupling. 

Similarly, Table 3.8 reveals that the direct effects between operational effectiveness and 

the perceived logistics performance level (β = 0.595, t-value = 12.979, SE = 0.046, and p < 0.05), 

and between the perceived logistics performance level and organizational performance (β = 0.420, 

t-value = 7.368, SE = 0.057, and p < 0.01) are significant. Table 3.8 indicates a significant direct 

relationship between operational effectiveness and the retailer’s overall performance level 

(β = 0.538, t-value = 12.653, SE = 0.043, and p < 0.05), suggesting partial mediation of the 
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perceived logistics performance. The VAF value of 0.711 and Sobel z-statistics of 8.132 

statistically supports our hypothesis H3h. The interpretation of the result is that operational 

effectiveness has a direct effect on the retailer’s overall performance as well as an indirect effect 

via the perceived logistics performance level.  The perceived logistics performance explains 71% 

of variation between operational effectiveness and retailer’s overall performance. 

TABLE 3.8  

 

ANALYSIS OF MEDIATION EFFECTS 

 

Direct Effects without Mediators 
Path 

Coefficient 
Standard 

Error 

T- 

Statistic  
P 

  

Information provided to supplier  

 Operational  efficiency 
0.410 0.048 8.537 0.000 

Information  received from suppliers  

 Operational effectiveness 
0.599 0.039 15.202 0.000 

Operational effectiveness  

 Perceived logistics performance 
0.595 0.046 12.979 0.000 

Operational effectiveness  

 Organizational performance 
0.538 0.043 12.653 0.000 

Operational efficiency  

 Organizational performance 
0.757 0.017 44.955 0.000 

Indirect Effects with Mediators 
Direct 

Effect 

Indirect 

Effect 

Total 

Effect 
VAF Value 

Z- 

Statistic 
P 

H2e: Information  provided to supplier   

 Information used by supplier   

 Operational efficiency 

0.146 0.376 0.522 
0.720 

Partial Mediation 
8.882 0.000 

H2f: Information  received from supplier   

 Information used by retailer    

 Operational effectiveness 

0.303 0.534 0.837 
0.638 

Partial Mediation 
13.129 0.000 

H3g: Operational efficiency   

 Perceived logistics performance  

 Organizational performance 

0.434 0.516 0.950 
0.543 

Partial Mediation 
13.545 0.000 

H3h: Operational effectiveness   

 Perceived logistics performance   

 Organizational performance 

0.166 0.409 0.575 
0.711 

Partial Mediation 
8.132 0.000 

H3i: Operational effectiveness  

 Operational efficiency    

 Perceived logistics performance 

0.130 0.417 0.547 
0.762 

Partial Mediation 
9.446 0.000 

 

3.6. Conclusion and Future Research Directions 

 

In this study, we holistically investigated information integration among supply chain 

members and its impact on operational performance, perceived logistics performance, and 



59 

 

ultimately on organizational performance. We extended the use of the organizational learning 

theory and introduced the separation of the information sharing from information usage into the 

supply chain integration literature, and we investigated the mediating impact of information 

usage between information sharing and operational efficiency and effectiveness. The study also 

contributes to the literature by including the perceived logistics performance based on cognitive 

judgment of supply chain managers.   

An empirical survey was administered to upper managers in the food retail industry in 

Turkey. One of the major findings is that not only information availability but also the usage of 

information shared is absolutely necessary. Regardless of who provides information, information 

usage has a strong mediating impact on information sharing or availability, and operational 

efficiencies and effectiveness. Among other findings that add value to the literature are the 

following: 

 Operational effectiveness leads to better operational efficiency. The literature reflects 

divisive arguments about whether these two are simultaneously achieved or whether one 

leads to the other. Our model further clarifies the relationship impact.   

 While operational effectiveness and operational efficiency have a direct impact on 

organizational performance, both factors also have an indirect impact on organizational 

performance through the perceived logistics performance that our model appended to 

models in the literature.   

These results provide important insights for managers to better understand supply chain 

dynamics relative to quantitative and qualitative performances, and they send a message to 

extend the vision beyond an internal focus to include the dynamic nature of supply chain 

member interactions. From a managerial standpoint, understanding the impact of information 
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usage on operational-level performances offers the motivation to investigate strengths and 

weaknesses of their enabling capabilities. Understanding the impact of manager perceptions 

towards logistics on their organizational performance provides an opportunity to realize the 

differences between their actual performance and their perceived performance, and to investigate 

the long-term health of their organizations. 

On the other hand, the sample of this study is limited to food retailers. While it may be 

justifiable to generalize the results and conclude enhanced results since Turkey is the seventh 

largest retail market in Europe (larger than the Greece, Czech Republic, and Portugal markets 

combined) and the tenth in the world based on a 2015 USDA report (USDA, 2015), thus playing 

a major role in the global economy, in the future, it may be worth replicating a similar study 

across different industries as well as different countries or continents. We believe such a study 

will provide insight and a benchmark as to where companies stand relative to performance or 

integration. Deployment of methodologies such as data envelopment analysis may help mapping 

companies within an industry or industries in a given market.  

 Considering the single respondent data, common method variance bias should always be 

a concern for researchers. While Harman’s single-factor test suggests no significant effect in our 

study, we suggest cautious interpretation of the results to be on conservative side. While the 

literature considers multiple respondent data collection process as competing, costly and time 

consuming, future studies can benefit from our contributions and survey multiple managers from 

upstream and downstream supply chain member to further validate the findings.          

Most of the current studies (Li et al., 2015; Iyer et al., 2014; Zhao et al., 2008; and 

Skarmeas, 2006) do not consider potential sources of endogeneity. Note that we hypothesized 

information sharing leads to information usage, for example. It may also be possible that once 
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companies start using information they will start sharing more information. This is very similar 

to advertisement and sales reversed causality relationship, resulting in endogeneity bias 

problems. We suggest future studies to take advantage of our findings and introduce instrumental 

variables during the design stage of questionnaire in order to allow testing for endogeneity bias 

problem using Hekman’s two-stage correction procedure or comparative analysis.    

Our study might have erred on the side of not using control variables. Variables such as 

firms size in terms of employee numbers, respondents managerial title (CEO, director, 

supervisor, unit manager, or line manager), and scope of firm operations (local, national, or 

international) can be used as control variables to investigate their influence on proposed 

relationships. It is also worth to mention that information sharing is not free. Future studies may 

also consider marginal cost of information sharing as a driver and its impact on the level of 

information sharing. 
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APPENDIXES 

 

 

 

TABLE 3.9  

 

DISCRIMINANT VALIDITY—CONSTRUCTS LOADING AND CROSS LOADING 
 

Items IPS IRS IUR IUS OEFy OEFs PLP ORP 

New product specifications    
0.838

a 
0.612 0.488 0.746 0.137 0.189 0.205 0.058 

Customer values   0.836 0.611 0.493 0.695 0.163 0.209 0.208 0.042 

Retail price changes   0.832 0.536 0.542 0.745 0.129 0.184 0.163 0.019 

Order status    0.818 0.535 0.702 0.739 0.171 0.173 0.092 0.172 

Promotional events    0.795 0.515 0.571 0.608 0.240 0.183 0.219 0.136 

Inventory holding costs 0.782 0.507 0.406 0.614 0.288 0.246 0.392 0.250 

Delivery schedules   0.746 0.623 0.534 0.585 0.299 0.401 0.336 0.320 

Customer information 0.745 0.532 0.644 0.625 0.130 0.404 0.194 0.056 

Real-time demand   0.731 0.521 0.445 0.542 0.326 0.276 0.422 0.355 

Point-of-sale data   0.681 0.386 0.336 0.546 0.417 0.411 0.558 0.203 

Demand forecast   0.589 0.380 0.335 0.444 0.402 0.397 0.475 0.279 

Inventory level information   0.576 0.339 0.241 0.446 0.339 0.379 0.408 0.313 

Lead times   0.626 0.943 0.652 0.722 0.243 0.566 0.276 0.171 

Response time    0.373 0.912 0.651 0.697 0.372 0.441 0.342 0.078 

Production schedules   0.575 0.882 0.615 0.627 0.152 0.449 0.070 0.088 

Service level   0.621 0.876 0.553 0.514 0.178 0.452 0.125 0.038 

Availability level    0.664 0.868 0.489 0.492 0.224 0.518 0.214 0.137 

Forthcoming promotion    0.645 0.829 0.459 0.460 0.226 0.519 0.215 0.161 

Production capacity    0.721 0.817 0.401 0.423 0.143 0.344 0.163 0.176 

Product design    0.617 0.711 0.394 0.439 0.169 0.448 0.193 0.136 

Inventory level     0.616 0.702 0.357 0.415 0.267 0.223 0.227 0.378 

Order status   0.213 0.522 0.273 0.318 0.364 0.060 0.291 0.517 

Supply price changes    0.506 0.511 0.272 0.258 0.180 0.032 0.196 0.103 

Supply disruptions    0.321 0.501 0.184 0.196 0.413 0.382 0.391 0.324 

Response time    0.539 0.689 0.907 0.798 0.201 0.479 0.159 0.142 

Service level  0.258 0.408 0.905 0.771 0.227 0.538 0.099 0.066 

Availability level    0.613 0.763 0.898 0.756 0.206 0.446 0.127 0.017 

Lead times   0.683 0.833 0.876 0.726 0.251 0.188 0.268 0.262 

Production schedules   0.437 0.587 0.873 0.659 0.279 0.536 0.195 0.153 

Forthcoming promotion    0.511 0.661 0.821 0.576 0.150 0.478 0.031 0.012 

Product design    0.632 0.782 0.728 0.572 0.120 0.361 0.059 0.067 

Order status   0.625 0.775 0.636 0.568 0.195 0.320 0.095 0.108 

Production capacity    0.629 0.779 0.631 0.528 0.269 0.227 0.223 0.335 

Supply price changes    0.192 0.342 0.587 0.498 0.341 0.320 0.336 0.411 

Inventory level     0.283 0.433 0.531 0.357 0.224 0.287 0.183 0.285 

Supply disruptions    0.321 0.471 0.504 0.235 0.456 0.259 0.419 0.189 

Inventory level   0.660 0.529 0.658 0.807 0.174 0.423 0.167 0.039 

Promotional events    0.652 0.487 0.666 0.806 0.229 0.064 0.184 0.172 

Customer values   0.693 0.453 0.649 0.791 0.175 0.084 0.188 0.016 

Delivery schedules   0.614 0.573 0.624 0.787 0.155 0.366 0.129 0.182 

New product specifications    0.465 0.499 0.489 0.771 0.318 0.342 0.248 0.176 

Customer information 0.518 0.461 0.479 0.762 0.384 0.452 0.288 0.028 
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TABLE 3.9 (continued)  

 

DISCRIMINANT VALIDITY—CONSTRUCTS LOADING AND CROSS LOADING 
 

Items IPS IRS IUR IUS OEFy OEFs PLP ORP 

Demand forecast   0.339 0.345 0.289 0.592 0.153 0.108 0.105 0.001 

Inventory costs 0.401 0.588 0.574 0.555 0.793 0.213 0.382 0.445 

Warehousing costs 0.035 0.348 0.425 0.207 0.780 0.445 0.396 0.407 

Total logistics costs 0.107 0.283 0.302 0.195 0.756 0.407 0.492 0.419 

Safety stock costs 0.312 0.474 0.453 0.254 0.744 0.419 0.469 0.360 

Customer service level costs 0.033 0.116 0.178 0.264 0.723 0.360 0.411 0.285 

Purchasing costs 0.220 0.304 0.363 0.394 0.701 0.285 0.319 0.423 

Transportation costs 0.496 0.503 0.593 0.485 0.665 0.423 0.500 0.470 

Ordering costs 0.297 0.349 0.396 0.416 0.622 0.470 0.408 0.443 

Sales level 0.412 0.432 0.399 0.442 0.572 0.367 0.365 0.347 

Inventory turns per year 0.200 0.205 0.138 0.156 0.648 0.876 0.526 0.381 

Time between order receipt and order delivery 0.457 0.619 0.584 0.479 0.521 0.837 0.654 0.475 

Percent of orders shipped on time  0.258 0.031 0.023 0.125 0.702 0.831 0.740 0.373 

Line item fill rate 0.203 0.256 0.237 0.198 0.610 0.825 0.782 0.228 

Providing desired quantities on consistent basis 0.334 0.053 0.189 0.212 0.530 0.810 0.513 0.237 

Percent of damage-free deliveries 0.217 0.332 0.345 0.372 0.540 0.773 0.448 0.246 

Percent of shipments requiring expediting 0.208 0.321 0.323 0.328 0.526 0.644 0.416 0.338 

Logistics performance in general 0.258 0.031 0.223 0.125 0.402 0.333 0.854 0.635 

Compared to industry average, overall logistics 

performance 
0.203 0.256 0.237 0.198 0.510 0.504 0.840 0.473 

Flexibility and speed of logistics operations 0.477 0.427 0.390 0.349 0.412 0.505 0.826 0.638 

Response to needs and wants of customers 0.334 0.053 0.128 0.212 0.330 0.440 0.819 0.429 

Effective management of the brand mix 0.228 0.313 0.324 0.372 0.396 0.356 0.809 0.398 

Overall performance 0.213 0.189 0.215 0.090 0.581 0.219 0.503 0.864 

Market share growth 0.056 0.041 0.039 0.037 0.652 0.248 0.640 0.850 

Customer satisfaction level 0.124 0.182 0.197 0.027 0.588 0.525 0.690 0.838 

General profitability 0.012 0.048 0.122 0.082 0.665 0.415 0.574 0.836 

Net profit margin 0.177 0.142 0.169 0.111 0.693 0.235 0.543 0.825 

Level of sustainable competitive advantage 0.134 0.079 0.113 0.109 0.535 0.477 0.549 0.793 

*Bold values are constructs loading for each item above the recommended value of 0.5; an item’s loadings on its own variable are 

higher than all of its cross loadings with other variables. 
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Figure 3.A1:  Structural Equation Model
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CHAPTER 4 

 

 

IMPACT OF COMMITMENT, INFORMATION SHARING, AND INFORMATION USAGE 

ON SUPPLIER PERFORMANCE: A DATA ANALYTICS APPROACH 

 

 

 

Abstract 

 

Due to the proliferation of information systems and technology, supply chains 

have the capability to acquire enormous amount of supplier data in their databases. 

However, much of the useful supplier specific insights in terms supplier performance 

metrics are mostly hidden and untouched. Current emphasis on supplier performance 

makes relationship commitment and information management functions an ideal 

application area to highly benefit from the use of data mining tools for decision making 

process and improving supplier performance. Employing Bayesian Belief Networks, this 

study investigates the role of major variables of commitment, information sharing, 

quality of shared information, and information usage in relation to supplier performance 

in the US aircraft manufacturing supply chain. The results provide insightful guidance to 

managers on how to enhance their performance.   

   

Keywords: Data mining; Data Analytics Approach; Bayesian Belief Networks; 

Relationship commitment; Information usage; Supplier performance 

 

 

4.1 Introduction 

 

A supply chain is generally defined as a network requiring concerted effort among its 

member companies—from ultimate supplier to ultimate customer—on designing, planning, and 

control activities that include but are not limited to forecasting, demand, capacity, scheduling, 
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and quality. Enabling characteristics of information technologies and never-ending search for 

something better to improve performance have synced activities and shaped relationships among 

supply chain members. The need and practice of cooperation and integration among supply chain 

members led to data availability that can be used in making effective decisions to improve 

efficiency, i.e. performance of members in a supply chain.  

Literature shows vast interest in supply chain integration and its impact on supply chain 

performance (Prajogo and Olhager, 2012; Autry, 2014). It is well documented that information 

integration has been an essential factor for achieving and improving performance (Graham, 

2005; Zhao, 2013). A large stream of research concludes that inter- and intra-collaboration and 

integration are important in contemplating improved operational, logistics, and organizational 

performance (Flynn et al., 2010; and Johnson, 2011; Ramanathan, 2013). Kaynak and Carr 

(2012) and Kembro (2014), however, indicate a lack of integrated empirical research models 

investigating antecedents of information integration and suppliers’ operational performances, and 

the need to uncover underlying antecedent variables impacting supplier performance. In a 

sustainable supply chain management, suppliers are perceived vital members receiving 

manufacturers’ attention and investment in improving their capabilities (Modi and Mabert, 

2007). The supplier performance related literature is customer centric, i.e. from manufacturer 

perspective, and includes vast of theoretical and empirical studies investigating hypothesized 

relationships utilizing models with  limiting relational assumptions of linearity, multivariate 

normality, and independence of the predictive variable (Ravi et al., 2008; Chen et al., 2012). Last 

et al. (2009), Choudhary et al. (2009), and Chen et al. (2012) however suggest the use of data 

mining techniques that can help to search for patterns and relationships among large set of 

variables that are relevant and important for performance studies in supply chain management 
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(Waller and Fawcett, 2013; Kache and Seuring, 2015). Bayesian Belief Networks (BBN) is 

suggested as a framework for reasoning and considered superior to conventional linearly 

structured frameworks in the literature (Waller and Fawcett, 2013; Garvey et al., 2015; Sarkis 

and Dhavale, 2015).  

In this paper, we identify the most important variables considered as information 

integration related antecedents to supplier operational performance in a supplier-manufacturer 

dyadic relationship. We relax the assumptions used in conventional modeling and examine the 

data for relationships that may exist among the explanatory variables of commitment, 

information sharing, quality of information shared, and information usage in relation to supplier 

operational performance by proposing a hybrid data analytics approach that consists of data 

acquisition and preparation, variable selection, and Bayesian Belief Network. The specific 

research questions addressed in this paper are a) which antecedent variables have significant 

impact on supplier performance, and b) whether interaction effects exist among the explanatory 

variables and performance.    

4.2 Background 

 

4.2.1 Information Sharing, Usage and Quality 

 

 Rai et al. (2006); Kim (2009) report that inter-firm cooperation and coordination, in other 

words integration among members of the supply chain, have an affirmative impact on 

organizational performance.  According to Stevens (1989) operationally successful companies 

achieve complete integration through four stages described as baseline, functional, internal, and 

external integration. A relational view by Dyer and Singh (1998) considers information sharing 

component of external integration as one of the major sources contributing to competitive 

advantages. Information sharing is often considered as general cure to supply chain and logistics 



80 

 

problems (Gligor and Holcomb, 2014). Patnayakuni et al. (2006); Hsu et al. (2008); Gunasekaran 

and Kobu, (2007); Huo et al. (2014) articulate that focusing on coordination without considering 

information sharing will not serve to improve performances of firms in a supply chain. Carr and 

Kaynak (2007) integrate information sharing and supplier development theory, and report 

positive impacts of intra-firm and inter-firm information sharing on both supplier development 

and product quality improvement as part of the operational performance. Sanders (2007) argues 

that inter-organizational collaboration has a direct impact on intra-level success, suggesting the 

use of information shared in planning and control.  On the other hand, Van der Vaart and Van 

Donk (2008) suggest an examination of supply chain information integration and its impact on 

performances for a given specific industry or buyer-supplier relationship due to the lack of 

uniformity in factors used in 33 empirical research papers published during the last decade in ten 

top and major journals. The literature focusing on information integration, however, considers 

information sharing as synonymous to integration, without distinguishing usage of information 

from information sharing. 

Ramanathan, (2013) categorizes the type of information that supply chain members 

would like to share at preparatory, progressive, and futuristic levels of collaboration. (Barut et 

al., 2002) develop a metric to measure the degree of information coupling, considering 

economies of scale and economies of scope for different types of information shared. According 

to information management motivation framework presented by Hwang et al. (2013) proactive 

behavior and materialization of information usage leads to organizational learning. Barut et al 

(2002) also argue that the use of the information shared is critical in making a difference on 

operational performance; and thus the degree of information usage should be an indicator of 

active information sharing, assuming that companies will not deliberately preempt the use of 
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information once it is provided. While Croson and Donohue (2005) report that suppliers are 

better off with access to information, we argue that having access to information may not 

necessarily be used when a partner makes planning and control decisions. The benefits may not 

materialize if information is made available but not used by upstream or downstream members. 

The study by Wowak et al. (2013) report that use of information shared may lead to superior 

performance. According to McAfee et al. (2012), companies that are using the available data in 

decision making process are better performed achieving financial and operational performance 

measures, and companies that are in the top third of their industry which uses available 

information in decision making process are on average 5% more productive and 6% more 

profitable than their rivals.  

Moreover, Nicolaou and McKnight (2006) conclude that perceived quality of shared 

information is highly predictive of trust and risks in information exchanges and it directly effects 

the usage of information exchanged. Hartono et al. (2010), and Ding et al. (2014) suggest that in 

manufacturing setting special attention should be given to information quality to improve 

performance. Nicolaou et al. (2013) highlight that information quality is an important factor that 

affects decision making process.  

Many researchers focus on the theoretical impact of sharing specific information on a 

given operational performance measure, as summarized in Table 4.1. Among the specific 

information considered are demand forecast (Cachon and Lariviere, 2001; Özer and Wei, 2006), 

lead time (Dobson and Pinker, 2006), inventory (Ganeshan et al., 2001; Fleisch and Tellkamp, 

2005), and quality (Tarí et al., 2014 and Demeter et al., 2007).  A few recent studies have 

expanded the scope of information sharing and investigated the outcomes on either 

organizational level or supply chain level performance (Prajogo and Olhager, 2012; Hall and 
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Saygin, 2012). Wu et al. (2014) investigate relationship between performance, collaboration, 

information sharing and drivers of information exchange. 

TABLE 4.1  

 

SCOPE OF INFORMATION USED IN RELATIONS (T= THEORETICAL; E: EXPIRICAL) 

 

Reference Type Relation Investigated: Information Type  Performance 

(Cachon & Lariviere, 2001) T Sharing demand forecast   supply chain performance 

(Swaminathan et al., 1995) T Sharing supplier capacity   supply chain performance  

(Demeter et al., 2007) E  Accessibility and quality of forecast information  supply chain 
performance 

(Özer & Wei, 2006) T Impact of forecast information sharing  supply chain inefficiency 

(Ganeshan et al., 2001) T Inventory and flow planning  supply chain performance 

(Yao et al., 2008) T Vertical cost information  supply chain performance 

(Zhang et al., 2006) T Shipment information  supply chain performance 

(Hariharan & Zipkin, 1995) T Advance ordering information  supply chain performance 

(Karaesmen et al., 2004) T Advance demand information  supply chain performance 

(Dobson & Pinker, 2006) T Lead time information   organizational performance 

(Tarí et al., 2014) E Quality management  operational performance 

(Williams & Naumann, 2011) E Customer satisfaction  organizational performance 

(Carr & Kaynak, 2007) E Information sharing  organizational performance 

(Fleisch & Tellkamp, 2005) T Inventory information  Organizational performance 

(Randall & Ulrich, 2001) E Product variety  firm performance 

(Lee & Whang, 2000) E 

Sales forecast  } 
Order status  }  Organizational performance 
Inventory position } 
Shipment data  } 

(Li et al., 2006) T 
Demand   } 
Inventory                 }  Firm performance 
Shipment   } 

(Lin et al., 2002) T 
Order information               } 
Operational information               } Organizational performance 
Strategic information               } 

(Hall & Saygin, 2012) T 
Inventory level  } 
Customer demand               }   Organizational performance 
Reliability information } 

(Kulp et al., 2004) E 
Consumer needs                } 
Store inventory levels               }  Organizational performance 
Warehouse inventory levels            } 

(Prajogo & Olhager, 2012) E 

Financial                  } 
Production  }  Operational performance 
Design   } 
Research    } 
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4.2.2 Commitment  

 

Integration among supply chain partners relies on commitment to their relationship 

(Ganesan, 1994). Daugherty et al. (2006) report that firms investing in relationship commitment 

achieve increased performance. Relationship commitment is, however, a function of one’s 

perception about partner’s commitment (Anderson and Weitz, 1992; Krause, 1999). Zhao et al. 

(2008) benchmark marketing and management practices of commitments and categorized them 

into normative and instrumental. Their study reveals that normative construct of relationship 

positively impacting the relationships between customer power and dyadic information 

integration. The formation and continuity of a commitment based on mutual benefits (Wei et al., 

2012) may be essential antecedent positively influencing information sharing (Van Den Hooff 

and Ridde (2004). Similarly, Vijayasarath, (2010) contemplates relational commitment as 

antecedent to supply chain integration. Huo et al. (2016) consider mediating impact of supply 

chain coordination on relationship commitment and technology in relation to supply chain 

performance. Selected relational models investigated in commitment literature is provided in the 

Table 4.2.   



84 

 

TABLE 4.2 

 SELECTED RELATIONAL MODELS INVESTIGATED IN COMMITMENT LITERATURE 

Author Dimensions investigated Theory Software Journal 

Huo et al., 2016 Strategic supply chain relationships, technology integration, internal and external 

integration, Performance 

Resource based view SEM-LISREL Supply Chain Management: An 

Int. J. 

Hou et al., 2015 Relationship commitment, IT, coordination, performance(SCP) Socio-technical theory, 

Configuration theory 

SEM-LISREL Information and management 

Prajogo and 

Olhager, 2012 

Long-term relationship, IT, information sharing, logistics integration, performance  SEM Int. J. Production Economics 

Cheng, 2011 Relational benefit, proclivity, power symmetry, connectedness, conflict, 

information sharing 

Resource based view SEM-LISREL Int. J. Information Management 

Vijayasarathy, 

2010 

(Dependence asymmetry, trust, commitment, mutual dependence), information 

sharing 

Transaction cost analysis, 

Resource based view 

SEM-PLS Int. J. Production Economics 

Brown et al., 

1996 

Supplier’s (mediated power, non-mediated power), power symmetry/asymmetry, 

Retailer’s (instrumental and normative relationship commitment), performance 

- SEM-LISREL Journal of Retailing  

Johnson, 1999 (Dependence, age, expectation, flexibility, relationship quality), strategic 

integration, uncertainty, performance 

- SEM-LISREL Journal of the Academy of 

Marketing Science 

Wu et al., 2014 (Trust, commitment, reciprocity, power), information sharing, collaboration, 

performance 

Social exchange theory SEM-PLS Int. J. Production Economics 

Wang et al., 

2014 

Managerial ties, trust, information sharing, IT, quality, uncertainty, supplier 

opportunism  

Social capital theory, 

Transaction cost theory 

SEM-PLS Int. J. Production Research 

Zhao et al., 2011 Relationship commitment to supplier and customer, internal integration, customer 

integration, supplier integration 

Transaction cost theory SEM-LISREL Journal of Operations 

Management 

Zhao et al., 2008 Customer power(expert, referent, legitimate, reward, coercive), relationship 

commitment(normative, instrumental), customer integration  

Transaction cost theory, 

Social exchange theory 

SEM-MLE Journal of Operations 

Management 

Yang et al., 2008 Relational capital, relational commitment, trust of supplier, relational stability, 

alliance performance 

Social exchange 

Theory, Goal 

interdependence theory 

SEM-PLS Omega 

Patnayakuni et 

al., 2006 

Relational orientation, information sharing behavior Resource based view SEM-PLS Journal of Management 

Information Systems 

Wu et al., 2004 Marketing determinants of SCM, behavioral determinants of SCM, SCM 

commitment, SCM business process integration 

- Canonical 

correlation 

analysis 

Industrial Management & Data 

Systems 

Griffith et al., 

2006 

Justice, long-term orientation, relational behavior, conflict, satisfaction, 

performance 

Social exchange theory SEM Journal of Operations 

Management 

Jap and Ganesan, 

2000 

Control mechanisms, relationship phase, retailer’s perception of supplier 

commitment to the relationship, satisfaction, conflict, performance 

Transaction cost analysis, 

Transaction specific 

investment,  

Regression 

analysis 

Journal of Marketing Research 

Nyaga et al., 

2010 

Collaborative activities, key mediating variables, relationship outcomes Transaction cost analysis, 

Social exchange theory 

SEM Journal of Operations 

Management 
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4.2.3 Performance 

 

Another line of research has focused on the categorization of performance measures by 

providing frameworks. (Neely et al., 1995) classify performance measures using quality, cost, 

time, and flexibility dimensions. (Beamon, 1999) discusses the components of performance, and 

groups the measures under resources, outputs, and flexibility. (Gunasekaran et al., 2001) 

consider decision-making levels and categorize performance measures into strategic, tactical, and 

operational. (Chan, 2003) uses a measurement base approach to categorize measures in the 

literature and whether they are quantitative or qualitative in nature. (Rafele, 2004) emphasizes 

service-level aspects of performances and categorizes measures in relation to tangibility, ways of 

fulfillment, and informative action. (Chan and Qi, 2003) shift the focus and categorize measures 

using a performance activity approach into two groups: hard or soft, similar to 

tangible/intangible, quantitative/qualitative, or objective/subjective classifications. (Aramyan et 

al., 2007) concentrate on agri-supply chain performance indicators and group them into 

efficiency, flexibility, responsiveness, and quality, as summarized in Table 4.3. 

The literature reveals a challenge in selecting the right performance measure for 

evaluation.  Wisner and Fawcett, (1991) provide a process to develop a performance 

measurement system that will serve the mission of a company based on core competencies. 

(Chen and Paulraj, 2004; Kaplan and Norton, 1997; Bourne et al., 2000; and Vickery et al., 

2003) suggest focusing on quantitative measures, such as financial measures, serving the 

shareholders’ interests, productivity, and capacity improvement, and they discuss the importance 

of qualitative measures and suggest including them. 

 

 

 



86 

 

 

TABLE 4.3  

 

SCOPE OF PERFORMANCE MEASURES BY FRAMEWORKS 
 

Framework by Components Performance Measures 

(Huo et al., 2016) 

Operational 
Inventory turnover, productivity/asset utilization, production 

efficiency (use of resources and materials) 

Quality 

Conformance of our final products to design specification, 

performance of our final products, on-time deliveries, 

accuracy of deliveries, delivery speed, flexibility in delivery 

time 

Financial Sales volume, profitability, return on assets, market share 

(Rafele, 2004) 

Tangible 

Equipment productivity, surface utilization, volume 

utilization, fill rate, accident impact, personnel efficiency, 

inventory availability 

Ways of fulfillment 

Flexibility, punctuality, completeness, correctness, 

harmfulness, delay, delivery frequency, shipping quantity, 

total order cycle time, lead time 

Informative actions 

Range completeness, product information, documents 

management, back orders, claims management, web site 

completeness, ease of transactions 

(Zhang et al., 2016) 

Business 

improvement 
Financial strength, reputation of industry, managing ability 

Extent of fitness Flexible practices, sharing expertise, diversified customers 

Quality 
Low defect rate, commitment to quality, improved process 

capacity 

Service On time delivery, quick responsiveness, supplier capacity 

Risk Supply constraints, buyer supplier constraints, supplier profile 

(Gunasekaran et al., 2001) 

Strategic 

Total cash flow time, rate of return on investment, flexibility 

to meet particular customer needs, delivery lead time, total 

cycle time, level and degree of buyer supplier partnership, 

customer query time 

Tactical 

Extent of cooperation to improve quality, total transportation 

cost, truthfulness of demand predictability/forecasting 

methods, product development cycle time 

Operational 
Manufacturing cost, capacity utilization, information carrying 

cost, inventory carrying cost  

(Chae, 2009) 

Sales and Marketing 
Forecast versus order, forecast volatility, inventory days of 

supply at sales subsidiaries 

Production 

On time departure from manufacturing, Subsidiaries and 

ODM/OEM, production plan versus result, inventory days of 

(finished goods) supply at manufacturing subsidiaries, 

inventory days of raw material supply, on time arrival to sales 

subsidiaries (or 

distribution centers) from manufacturing subsidiaries and 

ODM/OEM 

Purchasing Supplier fill rate, automatic PO rate 

Operation strategy 
Forecast accuracy, planning cycle, inventory days of supply,  

cash-to-case cycle 
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TABLE 4.3 (continued)  

 

SCOPE OF PERFORMANCE MEASURES BY FRAMEWORKS 
 

Framework by Components Performance Measures 

(Poppo et al., 2016) 

Asset specificity 
Product’s features, personnel, inventory and distribution, 

capital equipment and tools 

Uncertainty 
Pricing, product feature and specifications, vendor support 

services, technology used by suppliers, product supply 

Operational 
Product quality, timeliness of delivery, sales/service/technical 

support  

(Chan and Qi, 2003) 

Quantitative (hard) Cost, time, capacity, productivity, utilization 

Qualitative (soft) 
Quality, flexibility, visibility, trust, innovativeness, 

effectiveness, reliability, availability, 

(Bourne et al., 2000) 

Financial perspective 
Profitability, value added, employee, order intake, invoiced 

sales 

Internal perspective 
Order quality, forecast accuracy, on-time supplier, warranty 

returns, rework 

Innovation and 

learning 

On-time appraisal, employee communication survey, on-time 

stage gates, training  

Customer 

perspective 

Customer complaints, on-time delivery, new customer quotes, 

quotations, sales activity, order conversion rate 

(Soh et al., 2016) 

Engagement 

Improving integration activities, communicating future 

strategic needs, creating a greater level of trust, compatible 

communication/ information system 

Infrastructure 

Testing capability, scope of resources, supplier’s process 

capability,  

price of materials-parts and services 

Quality 
Commitment to quality, ability to meet delivery due dates, 

commitment to continuous improvement 

Commitment 
Company size, willingness to share confidential information,  

percentage of subcontracted work 

Relationship 
Trust, business understanding, involvement, commitment, 

communication, information sharing 

(Kennerley and Neely, 2002) 

External drivers 
Customers, market place, legislation, new industries, nature 

of work, future uncertainty 

Internal drivers 
Actual performance, dysfunctional behavior, effective 

review/ monitoring systems 

(Neely et al., 2005) 

Quality 

Performance, features, reliability, conformance, value, 

technical durability, serviceability, aesthetics, perceived 

quality, humanity 

Cost 
Manufacturing cost, value added, selling price, running cost, 

service cost 

Time 
Manufacturing lead time, rate of production introduction, 

delivery lead time, due-date performance, delivery frequency 

Flexibility 
Material quality, output quality, new product, modified 

product, deliverability, volume, resource mix 

(Terpend and Ashenbaum, 

2012) 

 

(Terpend and Krause, 2015) 

Delivery 
Ability to expedite rush order, fast delivery, time to develop a 

new part, ability to provide JIT delivery, delivery reliability 

Quality Reliable items, durable items, conformity with specifications  

Cost 
Total cost associated with the item, sharing data cost, unit 

price 
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TABLE 4.3 (continued)  

 

SCOPE OF PERFORMANCE MEASURES BY FRAMEWORKS 
 

Framework by Components Performance Measures 

 

Innovation 

Technical capabilities, willingness to share key technological 

information, ability to design new products or make changes 

in existing items 

Flexibility 
Ability to change order volumes, ability to change mix of 

order volumes 

(Kaplan and Norton, 1997) 

Financial Return on investment, economic value added  

Internal process Quality, response time, cost, new product introductions 

Learning/growth Employee satisfaction, information system availability  

Customers Satisfaction, retention, market, account share 

(Beamon, 1999) 

Resource utilization 
Total cost, distribution/manufacturing/ cost, inventory, return 

on investment,  

Output 

Sales, profit, fill rate, on-time deliveries, backorder/ stock 

out, customer response time, manufacturing lead time, 

shipping errors, customer complaints 

Flexibility Backorders, lost sales, late orders, customer satisfaction 

(Aramyan et al., 2007) 

Efficiency Costs, profit, return on investment 

Flexibility Product scope and scale 

Responsiveness Lead time, customer complaints 

Quality Appearance, product safety 

(Li et al., 2016) 

Cost 

Transportation/shipment cost, ordering cost, 

negotiation/contracting cost, cost reduction plan, total cost of 

ownership 

Quality 

Total quality management processes and practice, defects/ 

scraps/ nonconformance, six sigma quality, process capability 

efforts, product conformity (function, reliability) 

Service 
Responsiveness to complaint/change, provision of training, 

perceived cooperativeness 

Corporate Metrics 

Management and employee competence,  

leadership/business process and practices, financial 

strength/stability, market performance, future business plans 

Lower-tier 

management 

Supplier’s relationship with its lower tiers,  

supplier’s lower-tier risks, supplier’s lower-tier performance 

(Leuschner et al., 2013) 

Revenue Sales, market share 

Customer-oriented Customer satisfaction, customer loyalty 

Operational Cost, quality, delivery, flexibility, innovation 

(Theeranuphattana and Tang, 

2007) 

Reliability Order fulfillment 

Responsiveness Order fulfillment cycle time 

Flexibility 
Upside supply chain flexibility, upside supply adaptability, 

downside supply chain adaptability 

Costs Supply management cost, cost of goods sold 

Assets 
Cash-to-cash cycle time, return on supply chain fixed assets, 

return on working capital 
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Beamon, (1999) articulates the inclusion of operational-level measures. Gunasekaran et 

al. (2001) suggest a focus on decision-making strategic, tactical, and operational levels. Neely et 

al. (2005) point out that what matter to managers is not identifying measures but creating 

manageable short list of measures.  In our study, we limit our list to operational performances 

that are tangible and quantitative.    

4.3 Research Methodology  

 

In this study, we suggest a data analytics approach which contain three main steps, as 

depicted in Figure 4.1. We first start with data acquisition and preparation, where the 

questionnaire is designed and data collected from suppliers of aircraft manufacturers in the USA. 

In the second step, we perform variable selection approach using Pearson Product-Moment to 

generate candidate sets of predictors to be use in the BBN at step 3. 

Figure 4.1 Data Analytics Approach 

 

TAN Model 

c 

X1 X3 X2 

Data Acquisition and Preparation  
Step 1: 

Survey instrument development, data 

collection  

Step 2: 

Variable selection 

Step 3: 
Extraction of the relations among the 

variables. 

Pearson Product-Moment Correlation 



90 

 

 

4.4  Data Acquisition and Preparation 

 

4.4.1 Questionnaire design 

 

In our survey instrument, all variables as listed in Table 4.4 are assessed using a seven-

point Likert scale. Variables are categorized based on whether they intend to express information 

sharing, information usage, types of commitment, quality, or performance. They were rigorously 

reviewed and evaluated for appropriateness, ambiguity, and redundancies by a team of four 

academicians, and an executive manager who have years of professional experience in supply 

chain management in the aircraft industry to which the questionnaire is administered. The 

questionnaire is designed and administered in a way to eliminate common rate effects, priming 

effects, and acquiescence bias as suggested by (Podsakoff et al., 2003). Cohen’s kappa 

coefficient of 76.9% is indicative of minimal rater bias effect (Sim and Wright, 2005).  

4.4.2 Data Collection  

 

We randomly targeted 1500 suppliers of aircraft manufacturing industry in the United 

States. Manager contact information for suppliers of aircraft OEMs are obtained from 

DatabaseUSA that has access to thousands of contact information for suppliers of aircraft OEMs. 

To ascertain data collection reliability, we followed the suggestion of Kull et al., 2018; 

Montabon et al., 2018; and Krause et al., 2017 and determined one key informant for each 

supplier who is content-wise knowledgeable and familiar with processes in their supply chain. 

We sent the survey to each key informant and followed up by four emails.  Out of 366 responses 

received, 269 usable questionnaires were recorded.   
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TABLE 4.4 

 

 DESCRIPTION OF THE VARIABLES USED IN THE DATA ANALYTICS APPROACH 

 
Variables  Description  

R
el

at
io

n
sh

ip
 C

o
m

m
it

m
en

t 

N
o

rm
at

iv
e 

NORM1 Our major customers view us as being an important ‘‘team member’’ rather than just another 

supplier. 

NORM2 We are proud to tell others that we are a supplier for these customers. 

NORM3 Our major customers would understand us when we have difficulty to meet their demand.       

NORM4 The reason we prefer our major customers to others is because of the values they stand for. 

NORM5 We will go an extra mile to please our major customers even though we are not rewarded. 

NORM6 Our major customers are sincere. 

In
st

ru
m

en
ta

l INST1 Unless we are rewarded for it in some way, we see no reason to spend extra effort on behalf of 

major customers. 

INST2 How hard we work for these major customers is directly linked to how much we are rewarded. 

INST3 Negotiation is necessary in order to obtain favorable terms of supply chain in dealing with these 

customers. 

In
fo

rm
at

io
n

  

S
h

ar
in

g
 D

o
w

n
st

re
am

 

ISC1 Purchase order update 

ISC2 Planned order  

ISC3 Inventory level  

ISC4 Engineering requirements  

ISC5 Performance feedback  

ISC6 Future demand forecasting 

ISC7 Production schedule  

U
p

st
re

am
 

ISS1 Production capacity  

ISS2 Production schedule 

ISS3 Order status 

ISS4 Delivery schedule 

ISS5 Product lead time 

ISS6 Research and development 

ISS7 Cost 

In
fo

rm
at

io
n

 

U
sa

g
e 

b
y

 

su
p

p
li

er
 

IU1 Purchase order update 

IU2 Planned order  

IU3 Inventory level  

IU4 Engineering requirements  

IU5 Performance feedback 

IU6 Future demand forecasting 

IU7 Production schedule 

Q
u

al
it

y
 o

f 

In
fo

rm
at

io
n

 

E
x

ch
an

g
ed

 IQ1 The information exchange between the major customer and us is timely. 

IQ2 The information exchange between the major customer and us is accurate. 

IQ3 The information exchange between the major customer and us is complete. 

IQ4 The information exchange between the major customer and us is adequate. 

IQ5 The information exchange between the major customer and us is reliable. 

S
u

p
p

li
er

 

P
er

fo
rm

an
ce

 PERF1 Line item fill rate  

PERF2 Service level  

PERF3 Logistics performance 

PERF4 Delivery reliability 

PERF5 Customer rejection rate 
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4.4.3 Variable Selection  

 

Variable selection helps us to comprehend data better and improves the performance of 

predictor by eliminating irrelevant variables from data set (Chandrashekar and Sahin, 2014).  We 

employed variable selection method to select the opposite subset of the existing variables. 

Current variable selection methods can be classified into two groups: filters and wrappers (Das 

2001; Kohavi and John, 1997). Filter methods entail agnostic models based on general 

characteristics of the training data to select some variables without relating to any learning 

algorithm. The filter methods rank variables based on their discrete predictive power, which can 

be assessed by several methods such as Fisher score, Pearson correlation, Kolmogorov Smirnov 

test or mutual information (Fleuret, 2004), On the other hands, wrapper methods are explicitly 

devoted to a specific type of prediction method to assess the quality of a set of variables. Both 

methods are affected by the number of variables, samples and the presence of complex nonlinear 

relations among the variables. In this study, we applied Pearson product-moment correlation 

coefficient (PPMCC) in order to measure the strength and direction of a linear dependencies 

between random variables. PPMCC value may range between [-1, 1], positing negative and 

positive linear correlation respectively. While a PPMCC value of zero indicates linear 

independency among variables, it is possible to observe a non-linear relationship among the 

variables. Note that this coefficient is symmetric, thus, correlation between x and y is the same 

with the correlation between y and x.   

4.4.4  Classification via Bayesian Belief Network 

 

Bayesian Belief Network (BBN) is a powerful data mining technique that is capable of 

quantifying and visualizing complex non-linear relationships among the attributes (Anderson, 

1986). BBN is a directed acyclic graph or a probabilistic dependency model. It consists of a set 

of interrelated variables, where the nodes in the network correspond to variables (predictors) 
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and the arcs reveal the conditional dependencies and causal relations among these variables 

(Pearl, 1985). 

Let 𝑥𝑖 be the i-th variable, and 𝑃𝑎𝑥𝑖
  be the set of parents for each 𝑥𝑖 , then the Bayesian 

Network chain rule can be expressed as (Koller and Friedman, 2009): 

 𝑃(𝑥1, … , 𝑥𝑛) = ∏ 𝑃(𝑥𝑖|𝑃𝑎𝑥𝑖
)𝑛

𝑖=1 . (1) 

The Naïve Bayes (NB) classification is a simple model that can help to learn the 

structure. It assumes conditional independence between all predictor variables with the given 

class/target. The classification is based on Bayes rule where the probability of class/target value 

computed for each given attribute variables and then the highest prediction is chosen for the 

structure (Friedman et al., 1997). Tree Augmented Naïve Bayes (TAN) method is a relaxation of 

the NB classifiers where the class variable has no parents, but it is one of the parents of each 

predictor along with at most one other attribute (Figure 4.2). In such networks, the inferences can 

be made by looking at arcs and nodes in the present graph. An arc between two nodes is a sign of 

dependency between those nodes. As illustrated in Figure 4.2, an arc from the class variable to 

each predictor means that the class variable is a parent for each predictor and each predictor has 

ay most one more parent along with the class variable: 

𝑃𝑎𝑥𝑖
=  {𝐶, 𝑥𝜉(𝑖)},       (2) 

where 𝜉(𝑖) is the tree function over x1, …, xn, and 𝑃𝑎𝑥𝑖
 is the set of parents for each xi. Class 

variable (C) has no parents and is defined as: 

𝑃𝑎𝑐 =  ∅.        (3) 

The arc between two predictors implies that the contribution of the child node in 

predicting the outcome (class node C) is dependent on the parent node value. For example, in 

predicting the class variable C1 the contribution of X3 is dependent on the value of X1, and the 
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contribution of X2 is dependent on X1’s value. Finding the best tree is an optimization problem 

where the objectives are to maximize log likelihood of 𝜉(𝑖), and to construct a maximum 

likelihood tree to find a maximal weighted spanning tree in a graph (Chow and Liu, 1968). Then, 

TAN construction steps can be defined below a shown in (Chow and Liu, 1968): 

 

I. Compute conditional mutual information function for each (i, j) pairs; 

 

𝐼𝑝(𝑥𝑖: 𝑥𝑗|𝐶) =  ∑ 𝑃(𝑥𝑖, 𝑥𝑗 , 𝐶) log
𝑃(𝑥𝑖 , 𝑥𝑗|𝐶)

𝑃(𝑥𝑖|𝐶)𝑃(𝑥𝑗|𝐶)
𝑥𝑖,𝑥𝑗,𝑐 , 𝑖 ≠ 𝑗.     

        

This function tells how much information xj provides about xi when the class variable is 

known. 

II. Build a complete undirected graph and use conditional mutual information 

function to annotate the weight of an edge connecting xi to xj.  

III. Build a maximum weighted spanning tree. 

 

 

Figure 4.2 Tree augmented naïve Bayes structure. 
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4.4.5 Performance Criteria for Model Evaluation 

 

In this study, a stratified 10-fold cross-validation approach is used to estimate the 

performance of classifiers. Based on empirical research 10 is the optimal number of folds (that 

reduces the time it takes to complete the test while minimizing the bias and variance associated 

with the validation process) (Breiman et al., 1984; Kohavi, 1995). When applying 10-fold cross-

validation the entire data is divided into 10 mutually exclusive subsets (or folds) with about the 

identical class distribution as the original dataset (stratified). Each fold is used once to test the 

performance of the classifier that is generated from the combined data of the remaining nine 

folds, leading to 10 independent performance estimates (Figure 4.2).  

 

4.4.6  Accuracy, sensitivity, and specificity 

 

In order to compare the classification models, three performance criteria are adopted as 

follows:  

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁
                                                 (4) 

 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
                                                          (5) 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =
𝑇𝑁

𝑇𝑁+𝐹𝑃
                                                          (6) 

 

Where, TP, TN, FP, FN represent true positive, true negative, false positive, and false 

negative respectively. Accuracy depicted in Eq. (4) measures the percentage of correctly 

classified test examples, thus predicting the overall probability of the correct classification. 

Sensitivity and specificity presented in Equations (5) and (6) correspondingly, measure the 

model’s ability to recognize the variables of a certain group.  
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Additionally, the area under the receiver operating characteristic curve (AUC) is used to 

measure how well parameters are differentiated from each other, and predictive ability of 

learning algorithms.    

 

4.4.7 Sensitivity Analysis 

 

By using sensitivity analysis (SA), relative importance of the independent variables is 

measured after defining the performance of the different predictive models.  

The sensitivity of a specific predictor variable is calculated by taking the proportion of 

the error of the model that includes this variable to the error of the model when it does not 

include this specific variable (Saltelli et al., 2002). The importance of a variable is in direct 

proportion to variance of predictive error of the classification model in the absence of that 

specific variable. The same method is followed for all classification models, and is used in 

ranking the relative importance of the variables of each classification model according to the 

sensitivity measure defined by (Saltelli et al., 2002). Their measure is defined as: 

 

𝑆𝑖 =
𝑉𝑖

𝑉(𝑦)
=

𝑉(𝑦|𝑥𝑖))

𝑉(𝑦)
                                                            (7)     

 

  Where y is the binary output variable (supplier performance), and V(y) is the 

unconditional output variance. The expectation operator is denoted by E, which calls for an 

integral over all predictor variables except xi. A further integral operator is implied over xi by the 

operator Vi. The importance of a specific variable is then computed as the normalized sensitivity 

as described by (Saltelli et al., 2004). 

 

4.5  Results and Discussion 

 

In this section, we will share and discuss our results based on variable selection, BBN 

classification, and sensitivity analysis.  
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4.5.1  Variable Selection results  

 

Among the total number of 56 variables, the PPMCC analysis resulted in 11 “important” 

variables, with 95% confidence level: Scope, INST2, IU1, IU4, IU5, IU6, IU7, ISS1, ISS6, IQ1 

and IQ3. These variables represent relationship commitment based on how much supplier is 

rewarded (INST2); information usage of purchase order updates (IU1), engineering requirements 

(IU4), performance feedback (IU5), future demand forecasting (IU6), and production schedules 

(IU7); information sharing of production capacity (ISS1), and R&D (ISS6) quality of shared 

information measured as timely (IQ1) and completeness (IQ3); and scope of the company. Later, 

selected variables are fed into BBN to analyze their importance towards supplier performance. 

Since the aim of this data-mining research project is to develop a model for predicting 

success of a supplier considering a certain constructs, a binary dependent variable (supplier 

performance) representing the success was created. Specifically,   supplier performance used 

herein is encoded as a categorical dependent variable with values 0 and 1(meaning unsuccessful 

or successful respectively), based on the distribution of the answers received for the supplier 

performance construct and  suppliers who are rated under five marked as 0 (unsuccessful), and 

others rated five and higher as 1 (successful).  

4.5.2 BBN Classification Results 

 

As explained previously, TAN offers an understanding of the inter-relations between 

each decision variables and the dependent variable, and the degree of inter-variable relations to 

the probability of each outcome. It is important to remind that the aim of this paper is to discover 

previously un-hypothesized non-linear relations between the decision variables and the 

dependent variable by utilizing BBN. Recall that an arrow from a predictor (parent) to another 

(child) infers that the impact of the child predictor on the binary variable is depend on the value 
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of the parent. Based on the Figure 4.3, it can be observed that the effect of purchase order update 

(IU1), engineering requirements (IU4), performance feedback (IU5), future demand forecasting 

(IU6), Production schedule (IU7), production capacity (ISS1), research and development (ISS6), 

timely information exchange between supplier and customer (IQ1) and complete information 

exchange between supplier and customer (IQ3) on the dependent variable depends on the value 

of Scope of operations and how hard suppliers work for these major customers is directly linked 

to how much they are rewarded (INST2). In other words, IU1 is an important variable in 

predicting the outcome (binary) variable. However, the magnitude of such effect is directly 

related with the value of scope and INST2. Similarly, the effect of scope in predicting the 

dependent variable depends on the value that INST2 takes. By employing BBN model, we 

achieved an AUC score of 0.636 as seen on Table 4.5. 

Consistent with extant literature (Chae et al., 2017; Poppo et al., 2016), reward power 

has a significant impact on explaining the supplier performance. However, our study adds to the 

literature by showing that power of reward has not only significant impact but also if its 

magnitude is strong then it overshadows other variables and reduces their importance explaining 

the supplier performance. It is inevitable that reward power will be on the table, but it is more 

important to keep it in certain level so that it doesn’t hamper the integration efforts among other 

members. Reward power can also be used as in the form of positive feedback to improve the 

motivation to relationship commitment (Chae et al., 2017). 

The magnitude that scope of operations has also important while investigating the 

effects of variables to dependent variable which is supplier performance in our case. This result 

is similar to the literature (Tallman and Li, 1996). It is interesting that all the variables in our 

model depends on the scope of operations which also depends on the reward power. Whether 

supplier operates for a domestic market, an international market or both at the same time is 
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important this could be as a result of differences in target market in terms of business culture and 

possible requirements that can affect the level of importance for the variables. 

Timely and complete information refers to the quality of shared information (Feldman 

and Muller, 2003), and they are important in the process of amplification of the supplier 

performance (Gorla et al., 2012) 

In this study, previously mentioned accuracy measures (3.4.1) are utilized to evaluate 

our results. We found that the BBN model achieved a classification accuracy of 0.6346 with a 

sensitivity of 0.5909 and specificity of 0.6666.  The complete set of results can be found in Table 

4. Recall that, 67 % of the entire data was used for training and 33% was used in testing phase of 

the study. Therefore, there were 52 cases out of 156 cases to be tested.   

 

 

 

 
 

Figure 4.3 TAN network 

 

 

As it can be seen, in Table 4.5, 30 and 22 of these firms were successful and unsuccessful 

respectively. Among the ones that are successful (30 of them), our BBN model was able to 



100 

 

predict 20 of them, correctly. That gives us the specificity score of 0.66 (as shown in Table 4.5). 

In addition, our model is able to predict 13 out of 22 unsuccessful companies, which gives us the 

sensitivity score of 0.59. Overall, 33 out of 52 cases were predicted correctly, which shows that 

overall accuracy score is 0.64. 

 

TABLE 4.5  

 

BBN CLASSIFICATION RESULTS 

  
Successful Unsuccessful Accuracy  Sensitivity Specificity AUC 

Successful 20 10 0.634615 0.590909 0.666667 0.636 

Unsuccessful 9 13 
 

  
 

 

 

 

 

4.5.3  Sensitivity Analysis Results 

 

Sensitivity analysis which is a useful method to identify the cause and effect relationship 

between inputs and outputs of BBN is applied to gain more insight to the decision variables used 

for the classification problem. It has been noted by many researchers that BBN may provide 

superior predictive ability, but not much explanatory assessment. At this point sensitivity 

analysis can be executed to comprehend the problem. Lately, it has been used as a common 

method in BBN studies to identify the degree at which decision variables contributes to the 

identification of dependent variables. The sensitivity analysis performed in this study presented 

in below Figure 4.4 Decision variables are ordered by their relative importance (from most 

important to least important). The values shown for each decision variable is a degree of its 

relative importance. While 1.0 represents a variable that completely dominates the prediction, 0 

represents a variable that has no effect on dependent variable.  In Figure 4.4, the x-axis denotes 

the percent change on the output variable and y-axis represents the input variables.       
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Figure 4.4 Sensitivity analysis results 

 

As seen in the Figure 4.4, the decision variable ISS6 is the most important variable in the 

prediction of supplier performance. This variable is concerned with the sharing research and 

development activities of the supplier with their major customers. This result is consistent with 

some of the extant research where they also found that research and development activities are 

important in supplier selection and performance evaluation (Shin et al., 2000; Zsidisin and 

Smith, 2005; Wang et al., 2009).  

 

  The second most important decision variable in the prediction of supplier performance 

is ISS1. This variable is concerned with the production capacity. This result is also consistent 

with previous research where they also found that capacity is important in supplier selection and 

performance evaluation (Weber et al., 1991; Gunasekaran et al., 2004) 

 

4.6 Conclusion and Future Directions 

 

This study tries to first identify variables that have significant impact on supplier 

performance among a pool of variables. Despite enormous amount of variables identified in the 

literature affecting operational performance, it is impossible for practicing managers to cope with 
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them at once.  This necessitates the identification of most important set of variables that can be 

focused by practitioners in order to create value and make decision making process more 

efficient. Additionally, interaction effects among the explanatory variables and supplier 

performance is investigated in order to make useful assumptions by both practitioners and 

researchers.  

Using the empirical data obtained through a survey from upper managers of the suppliers 

working with the OEM aircraft manufacturers in the United States, the results of Bayesian Belief 

Network revealed that the effect of purchase order update (IU1), engineering requirements (IU4), 

performance feedback (IU5), future demand forecasting (IU6), Production schedule (IU7), 

production capacity (ISS1), research and development (ISS6), timely information exchange 

between supplier and customer (IQ1) and complete information exchange between supplier and 

customer (IQ3) on the dependent variable depends on the value of Scope of operations and how 

hard suppliers work for these major customers is directly linked to how much they are rewarded 

(INST2).     

This study also provides important hints to practicing supply chain managers. It helps to 

understand the role of relationship commitment in improving information shared and its quality, 

information usage, and performance of a supplier. It allows them to zero in whether and how the 

information available is utilized in developing alternative decisions in their planning and 

execution while considering the quality of available information, and commitment of their 

partners to the relationship. It is also important for managers to carefully consider enhancing and 

hampering impacts of relationship commitment with their partners in a supply chain.  

This study encourages other researchers to further investigate effectively management of 

relationship commitment especially reward power between suppliers and customers in order to 

promote positive commitment. 
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One limitation of our study is that the data are collected from suppliers only and reflects 

their perspective. Future research may collect data from both suppliers and customers in order to 

create more complex model and understand their perceptions towards each other holistically.  
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CHAPTER 5 
 

 

CONCEPTUAL APPROACH TO INFORMATION FLOW THEORY 

 

 

 

Abstract 

 

With the rapid development of idea of integration and cooperation, and the 

proliferation of information systems and technology in supply chains, importance of 

information, and its management are becoming more and more evident. In this chapter 

we explore how the instruments used in a circuit network be applicable to a supply chain 

network. We borrow the laws developed in electric circuit theory, and conceptually 

explain the relationship and open the discussion on how to apply it for future researchers.    

   

 

Keywords: Information flow; Information flow theory; Information management; Supply 

chain management                

             

 

 

5.1 Introduction  

Supply chain is the sequence of processes that are consisting of flow of information and 

materials between members of the supply chain network. This study zeros in the flow of 

information between supply chain members. In the literature, the flow of information as well as 

its intensity and extend investigated in different ways. Some focused on the state of flow such as 

internal or external (Flynn et al., 2010; Yu et al., 2013; Huo et al., 2014). Others have examined 

at categorical levels such as operational, tactical, and strategic (Mentzer et al., 2001; Benton and 

Maloni, 2005; Swink et al., 2007).  While some focuses on to the extent that information 

technologies are utilized as enablers (Gilmour, 1999; Vickery et al., 2003), others investigate the 
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barriers (security, infrastructure, traditions, and perceptions) (Harland et al., 2007; Govindan et 

al., 2014; Mathiyazhagan et al., 2013). Some, however, interested in the direction of the flow 

such as upstream and downstream (Ganesh et al., 2014; Prajogo and Olhager 2012).  The main 

reason behind the investigation of flow is that it is an essential factor for achieving and 

improving efficiency and effectiveness of supply chain (Zhao et al., 2013; Vickery et al., 2003).  

In a supply chain network, information is always existed. The most important matter is 

how easy/hard acquiring and using this information. With the increase in global competition and 

search for areas for performance improvement through integration and cooperation in order to 

meet customer requirements have led supply chain members to acquire as much information as 

possible and create competitive advantage. Information is used towards utilization of resources 

in a more efficient and effective way based on its characteristics such as strategical, tactical, or 

operational. When customer information is acquired, supplier receives an advantage and by using 

this information, advantage is realized in terms of performance improvement.  

Moreover, an electric circuit network and the Kirchhoff’s voltage and current laws, offer 

an alternative approach in determining the level of information so that each member of a supply 

chain has the same information power. Thus, the objective of this paper is to show how electric 

circuit dynamics can be used to illustrate supply chain information flow and equilibrium where 

each supply chain member actively utilizes the optimum level of scale and scope of information. 

The purpose is to introduce the elements of conceptual framework that will be base for 

information flow theory; and to give direction for future studies.   

In the next section we compare and contrast supply chain network with electric circuit 

network followed by investigation of relationships among the instruments of electric circuit and 

supply chain network in section 3. Section 4 defines power in electric circuits and its 
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implications to supply chain network. Finally, section 5 provides conclusion and future 

directions.  

5.2 Supply Chain Network versus Electric Circuit Network  

We observe similar use of instruments between supply chain networks and electric circuit 

networks. First, information flow is very similar to electric current. Information flow denoted by 

amount of information shared within the supply chain network in a given period of time. Electric 

current represented by the rate at which charge passes by a point on the circuit network in a 

given period of time. Second, electric voltage is defined as the electric potential difference 

between two points in the circuit. Similarly we can define information integration as the potential 

information between two nodes of a supply chain network.  Third, electric resistance is depicted 

as the measure of the difficulty to pass an electric current through electric current nodes. 

Similarly, information intensity can be depicted as the friction against motion of information in 

terms of amount of flow and content among nodes in a supply chain network. On the other 

hands, we can also define information intensity as the inertia against motion of information in 

terms of fluctuation, and time based opposition. This is represented by an electric reactance in a 

circuit network that is the inertia against the motion of electrons in an electric circuit network. 

Fourth and lastly, we define the load of information as the agility towards future unknowns, 

preventing information overload. Equivalence in circuit network is an electric capacitor 

described as the opposition to changes in voltage by drawing or supplying current as they charge 

or discharge to the new voltage level. Table 5.1 summarizes these similarities and denotes each 

with corresponding notations.  

 

 



115 

 

TABLE 5.1  

INSTRUMENTS/COMPONENTS IN ELECTRIC CIRCUIT NETWORK AND SUPPLY 

CHAIN NETWORK 

 

Electric Circuit Network  Supply Chain Network 

Current, I 

The rate at which 

charge passes by a 

point on the circuit 

network in a period 

of time. 

 

 

Information 

Flow, F 

Amount of shared and used 

information within the supply 

chain network in a period of 

time. 

Voltage, V 

Electric potential 

difference between 

two points in the 

circuit. 

 

 

Knowledge 

Integration, I 

Potential knowledge 

integration between two nodes 

in the supply chain network. 

 

Resistance, R 

Measure of the 

difficulty to pass an 

electric current 

through 

 

Information 

Intensity, II 

Friction against motion of 

information.(In terms of 

amount, and content) 

 Reactance, X 

 

 

Inertia against the 

motion of electrons 

 

Information 

Intensity, II 

 

Inertia against motion of 

information.(in terms of 

fluctuation, time based 

opposition) 

Capacitor 

Oppose changes in 

voltage by drawing 

or supplying 

current as they 

charge or discharge 

to the new voltage 

level. 

 

Load of 

information, 

LI 

Agility towards future 

unknowns. Prevents 

information overload.  

 

The main dissimilarity, however, is bi-directional flow of information in supply chain 

versus one-directional flow of electrons in circuit network. The direction of information can be 

identified according to the location of the members of the supply chain. Moreover, in supply 

chain network, various types of information moves or shared among supply chain members. The 

setting of the flow could be in different formats based on the supply chain network design a 
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sample design is selected as Supplier/ Manufacturer/ Distributer/ Customer as shown in Table 

5.2.   

 

TABLE 5.2  

INFORMATION TYPES AND FLOWS IN A SUPPLY CHAIN 

Type of Information shared Supplier Manufacturer Distributer Customer 

Demand     

Capacity     

Inventory     

Logistics     

Quality     

Sales     

Production     

Shipping Errors     

Cost     

Cycle Time     

Supply Disruptions     

Performance Evaluation     

Lead Time     

Customer Satisfaction     

Forecast     

Availability     

Conformance     

Price     

New Product     

Customer Complaints     

Direction of information flow:  Towards customer 

Towards Supplier 

Both direction 
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5.3  Type of Network Arrangement 

In series circuits components of a circuit arranged in one path for current to flow. 

Following are the features of such arrangement: The current flow is one directional; Voltage 

flows in a single path; The magnitude of current that flows through each device is the same; 

Resistance level can vary for each devise on circuit; The circuit has to be in continuous loop; 

Current stops flowing if any disruption occurs. On the other hand, components of parallel circuits 

are connected in parallel way that current separates through junction points. Following are the 

features of such arrangement: The current could flow more than one direction; Voltage flows in 

more than one path, and if any branch breaks down, other branches continue working without 

disruption; The magnitude of current that flows is depend on the resistance in each branch; 

Voltage is the same across all branches; Each branch works self-reliantly (independently). Thus, 

if current stops flowing in a branch, rest of the branches will continue working.  

When we consider supply chains, there could be many different network arrangements. 

However, these network designs can be categorized into series or parallel which are very similar 

to the circuit networks. Example for a series circuit network in supply chain management would 

be connecting players from ultimate supplier tier to ultimate customer tier, one player in each 

tier. The direction of information flow is one way, and if any disruption happens to a member of 

the network, flow stops and all other members are affected by this event. Considering parallel 

circuits, a supply chain network can be imagined with multiple suppliers, manufacturers, retailers 

and customers that are connected with each other. Members of the chain can be clustered into 

branches. In this type of supply chain network information could flow more than one direction. 

In the case of a disruption, supply chain won’t be affected as a whole, and remaining branches 

will remain operational.  
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5.4 Relationship among the Instruments 

5.4.1 Ohm’s Law 

Ohm’s law defines the relationships between current flow and voltage considering the 

magnitude of resistance. If there is a very high resistance for a given voltage, current flow will be 

small. However, in the presence of a low resistance, current flow will be higher. Thus we can us 

following formula: 𝐼 =  
𝑉

𝑅
   Where, I is electric current, V is Voltage, and R is resistance. We can 

further make following assumptions about the relationship among resistance, current and 

voltage: If we hold resistance fixed, than an increase or decrease in voltage means an increase or 

decrease in current respectively; If we hold current fixed, than an increase in resistance means an 

increase in voltage; If we hold voltage fixed, than an increase or decrease in current means a 

decrease or increase in resistance respectively. It is suggested that resistance is the easiest 

variable to control in a circuit network (Kuphaldt, 2006). This is also true for supply chain 

management information flow control. Companies may easily introduce resistance barrier to 

share their financial information, for example.       

5.4.2 Kirchhoff’s Current Law 

This law indicates that currents entering into any node in an electric circuit are equal to 

the currents flowing out. Another word sum of all the currents entering and exiting a node must 

be equal to zero. For a given section of a circuit network, as seen in Figure 5.1, there are two 

entering currents into a node and two exiting the node. Thus, according to this law, the 

relationship can be shown as 

∑ 𝑖 = 0 
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 Let’s assume that currents entering a node as positive and currents exiting the node as 

negative. 

𝑖2 + 𝑖3 − 𝑖1 − 𝑖4 = 0 

  

Figure 5.1 Representation of Kirchhoff’s Current Law 

Source: Kuphaldt, T. R. (2006) 

 

Likewise, in ideal case of a fully integrated supply chain network, the flow of information 

entering into any junction in a supply chain network is equal to the flow of information leaving 

the junction, so that sum of all the information flow entering and leaving a junction is equal to 

zero. In Figure 5.2, while information coming from customer (c4) and from manufacturer (m1) 

represents information flowing into the junction node, s2 and r3 represent information going 

towards supplier, and retailer leaving the junction node. 

 

Figure 5.2 Representation of a simple node in a supply chain network 
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Recall from Table5.2 that direction of information flow can be in different types 

(demand, capacity, inventory, etc.) and move towards customer, supplier, or either direction. In 

order to apply Kirchhoff’s current law, different types of information in the same direction to a 

junction may be consolidated into a composite information flow.  

5.4.3 Kirchhoff’s Voltage Law 

 

This law indicates that the voltage variations around any loop should equal to zero. 

Another words, the sum of all the voltages in a loop must sum to zero. Regardless of the path 

you choose in an electric circuit, if you come back to your starting point the voltage change in 

the loop must be zero. Thus, according to this law, based on the circuit network in Figure 5.3, the 

voltage law can be shown as 

∑ 𝑣 = 0 

𝑣1 + 𝑣2 − 𝑣3 + 𝑣4 = 0          𝑎𝑛𝑑        𝑣5 − 𝑣1 = 0 

 

 

Figure 5.3 Kirchhoff’s voltage law example 

Source: Kuphaldt, T. R. (2006) 
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Similarly, in a fully integrated supply chain network, the potential knowledge variations 

around any tier (or loop) should equal to zero. Information flows from high potential knowledge 

node to lower potential knowledge point. Equilibrium or stabilization is achieved when potential 

knowledge across the junction nodes is minimized. Let’s consider a supply chain network, as in 

Figure 5.4, with two suppliers (S), a manufacturer (M), a distributer (D), and a customer (C). 

Sum of knowledge variations in each loop located on left and right side of the Figure 5.4 equal to 

zero. 

 

Figure 5.4 Representation of simple information flow in supply chain network 

 

5.4.4 Power 

Power (P) in a circuit network is defined by the product of voltage and current, which is 

P = V*I. In a supply chain sense, power is a function of information flow (sharing) and knowledge 

difference among the nodes, and represents the rate of converting the information into other 

measures such as efficiency and effectiveness. Thus, sharing information alone does not constitute 

a power unless knowledge of a player is enhanced by the use of information shared. This power 

measurement can be one of the important tools along with the other laws in analyzing supply chain 
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networks from information integration perspective. Determining the knowledge (voltage) and 

information flow rate (current) associated with a particular supply chain network for different 

information type, and computing the power may provide tremendous understanding of integration 

state of the supply chain network.                 

5.5 Conclusion and Future Directions 

This study aims to borrow the laws developed for electric circuit networks and to 

conceptually explore how such instruments can be used for a supply chain network. The main 

take away is that it is possible to develop a single measurement to represent the power of a 

supply chain information coupling.  

This study offers important implications for practicing managers. It may allow managers 

to understand the impact of using the information on efficiency and effectiveness performance 

and map their company’s integration power across to that of competitors in an industry. They 

may also be able to identify the knowledge lacking nodes or weak spots and offer mitigation 

options or strategies in order to improve overall performance of the chain.  

One should note that supply chain networks are much complex than direct current circuit 

networks. In supply chain networks, information may flow into multi-direction compared to that 

of one directional circuit network. Moreover, some tiers in supply chain (such as the ultimate 

customer tier) may require one-directional information flow (demand information, for example). 

These characteristics suggest visiting the alternate current circuit network computations, and 

utilize the instruments of both direct current and alternate current circuit networks.  
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CHAPTER 6 

 

 

CONCLUSIONS AND FUTURE RESEARCH 

 

 

 

6.1 Introduction 

 

This dissertation enriches supply chain management literature through exploratory 

empirical and theoretical research. This dissertation investigates the relationship between 

information sharing, information usage, relationship commitment, operational efficiency, 

operational effectiveness, perceived logistics performance, organizational performance, supplier 

performance, and flow of information among supply chain members considering variety of 

supply chain settings and different industries. Remaining of this chapter is as follows; 

Conclusions of chapters 3, 4, and, 5 are provided respectively. Finally, future research directions 

is presented.  

6.2 Conclusion in Chapter 3 

 

In this chapter, information integration among supply chain members and its impact on 

operational performance, perceived logistics performance, and ultimately on organizational 

performance is investigated. The organizational learning theory utilized and the separation of the 

information sharing from information usage is introduced to the supply chain integration 

literature. Additionally, the mediating impact of information usage between information sharing 

and operational efficiency and effectiveness is investigated. Inclusion of the perceived logistics 

performance based on cognitive judgment of supply chain managers is another contribution to 

the literature.   
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A survey instrument was administered to senior managers in the food retail industry in 

Turkey. One of the major findings is that not only information availability but also the usage of 

information shared is absolutely necessary. Regardless of who provides information, information 

usage has a strong mediating impact on information sharing or availability, and operational 

efficiencies and effectiveness. Among other findings that add value to the literature are the 

following: Operational effectiveness and operational efficiency positively correlated. Operational 

effectiveness leads to better operational efficiency. Our model further clarifies the relationship 

between these constructs to address divisive arguments in the literature about whether these two 

are simultaneously achieved or whether one leads to the other. While operational effectiveness 

and operational efficiency have a direct impact on organizational performance, both factors also 

have an indirect impact on organizational performance through the perceived logistics 

performance that our model appended to models in the literature.   

Above mentioned results provide important insights for managers to better understand 

supply chain dynamics relative to quantitative and qualitative performances, and they send a 

message to extend the vision beyond an internal focus to include the dynamic nature of supply 

chain member interactions. From a managerial standpoint, understanding the impact of 

information usage on operational-level performances offers the motivation to investigate 

strengths and weaknesses of their enabling capabilities. Understanding the impact of manager 

perceptions towards logistics on their organizational performance provides an opportunity to 

realize the differences between their actual performance and their perceived performance, and to 

investigate the long-term health of their organizations. 

On the other hand, the sample of this study is limited to food retailers. While it may be 

justifiable to generalize the results and conclude enhanced results since Turkey is the seventh 
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largest retail market in Europe (larger than the Greece, Czech Republic, and Portugal markets 

combined) and the tenth in the world based on a 2015 USDA report (USDA, 2015), thus playing 

a major role in the global economy, in the future, it may be worth replicating a similar study 

across different industries as well as different countries or continents. We believe such a study 

will provide insight and a benchmark as to where companies stand relative to performance or 

integration. Deployment of methodologies such as data envelopment analysis may help mapping 

companies within an industry or industries in a given market.   

6.3 Conclusion in Chapter 4 

 

Despite enormous amount of variables identified in the literature affecting operational 

performance, it is impossible for practicing managers to cope with them at once.  This 

necessitates the identification of most important set of variables that can be focused by 

practitioners in order to create value and make decision making process more efficient. This 

chapter, identified the variables that have significant impact on supplier performance from a pool 

of variables. Additionally, interaction effects among the explanatory variables and supplier 

performance is investigated in order to make useful assumptions by both practitioners and 

researchers.  

Using the empirical data obtained through a survey from upper managers of the suppliers 

working with the OEM aircraft manufacturers in the United States, the results of Bayesian Belief 

Network revealed that the effect of purchase order update (IU1), engineering requirements (IU4), 

performance feedback (IU5), future demand forecasting (IU6), Production schedule (IU7), 

production capacity (ISS1), research and development (ISS6), timely information exchange 

between supplier and customer (IQ1) and complete information exchange between supplier and 

customer (IQ3) on the dependent variable depends on the value of Scope of operations and how 
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hard suppliers work for these major customers is directly linked to how much they are rewarded 

(INST2).    

This study also provides important hints to practicing supply chain managers. It helps to 

understand the role of relationship commitment in improving information shared and its quality, 

information usage, and performance of a supplier. It allows them to zero in whether and how the 

information available is utilized in developing alternative decisions in their planning and 

execution while considering the quality of available information, and commitment of their 

partners to the relationship.  

6.4 Conclusion in Chapter 5 

 

This chapter deployed a theoretical approach to the supply chain integration theory and 

conveyed similarities between supply chain networks and electric circuit networks to create a 

foundation in the supply chain integration literature to help researchers to further develop 

simulation and mathematical models to advance the literature. This study also conceptually 

explore how the instruments used in a circuit network be applicable to a supply chain network by 

barrowing the Kirchhoff’s current and voltage laws. The main take away is that it is possible to 

measure information flow within a supply chain network. This study offers important 

implications for practicing senior level managers. They can manage, and measure the 

information flow within their supply chain and identify weak spots to improve overall 

performance of the chain.  

6.5 Future Research 

 

Information is the driver of decision making (Rai et al., 2006). With the utilization of data 

analytic techniques, practicing managers can give meaning to their large volumes of data in order 

to create competitive advantage (Kwon et al., 2012). Business Analytics is an emerging and 
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popular area among organizations and data analytic techniques are being used commonly in 

descriptive, predictive, and prescriptive ways to understand huge data sets, such as to predict 

customer choices, and survival rate of possible medical treatments. Possible future research 

questions and their reasoning are as follows: 

Q1: Considering resource dependency theory in supply chain integration context, how 

use of data analytics could impact power distribution among supply chain members and what 

are the possible consequences? 

Pursuit of better ways to improve performance has led companies to integrate with their 

supply chain partners for decades. While many studies suggest that integration is associated with 

improved performance, others consider that integration among supply chain partners relies on 

commitment to their relationship (Ganesan, 1994). Firms that invest in relationship commitment, 

achieve increased performance (Daugherty et al., 2006). On the other hand, relationship 

commitment of a company is a function of one’s perception about other partner’s commitment 

(Anderson and Weitz, 1992; Krause, 1999), and considered as an essential part of information 

sharing (Smith and McKeen, (2002). The formation and continuity of commitment however 

depend on mutual benefits received by a partner (Wei et al., 2012) and may positively influence 

information sharing (Van Den Hooff and Ridde (2004). Brown et al. (1995) investigates the 

effects of usage of power among supply chain members. Zhao et al. (2008) benchmark marketing 

and management practices in categorizing the type of commitments into normative and 

instrumental, propose a model that investigates the relationships between power, type of 

relationship commitment and dyadic integration. On the other hand, Pfeffer and Salancik (1978) 

suggest that negative effects of dependence (power) could be reduced with better management of 

relations between supply chain members towards inter-firm cooperation. Chae et al. (2017) 
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suggest researchers to investigate power shifts between buyer and supplier. However, as a result 

of the proliferation of information systems and technology, supply chains have the capability to 

acquire enormous amount of data about members of the supply chain in their databases. One 

should investigate whether describing and giving meaning to this available data with the help of 

data analytics could shift already established power balance between supply chain members.   

Q2: How can business analytic techniques be used as a decision support tool for 

practicing managers to improve efficiency and effectiveness of an organization? 

In their recent research, Kache and Seuring (2015) delivers list of opportunities and 

challenges to the connection between data analytics and supply chain management in a broad 

context by implementing Delphi research technique, and encourage researchers to investigate the 

ways that data analytics could be implemented solving specific corporate and supply chain 

problem during decision making process since they have vital importance for the success of the 

company and overall supply chain.  

Q3: What are the implications of data analytics in hypothesis development and 

importance of multi-methodology in model validation?  

 Especially, in the context of supply chain management and performance measurement 

literature includes vast of theoretical and empirical studies investigating hypothesized 

relationships utilizing models with  limiting relational assumptions of linearity, multivariate 

normality, and independence of the predictive variable (Ravi et al., 2008; Chen et al., 2012). Last 

et al. (2009), Choudhary et al. (2009), and Chen et al. (2012) however suggest the use of data 

mining techniques that can help to search for patterns and relationships among large set of 
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variables that are relevant and important for performance studies in supply chain management 

(Waller and Fawcett, 2013; Kache and Seuring, 2017). 
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