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Abstract
Supply chain effectiveness and efficiency are dependent upon multiple supply chain practices, like management commitment, advanced strategic planning and execution, flexible batch sizes, flexible transportation and storage, elimination of wastes and defects, quality-driven and customer-focussed culture, continuous improvements, enhanced usage of advanced analytics tools, highly capable and integrated information systems, and effective collaboration and communications. These practices are needed in implementing lean and six-sigma philosophies. However, how these practices influence the lean and agile demands of customers? What value do they carry for such customers? These enquiries have been investigated in this research by collecting data from 110 active supply chain agents working for ten organisations in Saudi Arabia. By forming an initial theoretical construct and testing the construct through seven multiple regression models in this research, the primary strengths and weaknesses in Saudi Arabian supply chains have been found. It is found that Saudi Arabian supply chains have sound infrastructure and quality-consciousness, but they lack integration and strategic partnership. The supply chains need improvements in the elimination of wastes and defects and better information sharing and communications. In addition, the supply chains operate large batch sizes and transportation, storage, and distribution infrastructures. In the current form, Saudi Arabian supply chains need improvements for meeting urgent lean and agile demands from customers, which are the emerging demand patterns in the kingdom. Given the insights into the results of this research, it is recommended that the supply chains in developing nations should be categorised in two parts: the ones having sound infrastructures and processes but functional gaps, and the ones having poor infrastructures and processes as well as functional gaps.	Comment by anna: This is an attitude not a practice. Be precise and make sure all constructs in a list are in a logical order.	Comment by anna: Be careful with collective nouns.	Comment by anna: Be careful with grammar.
Use paragraphs for easier reading.
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[bookmark: _Toc452062029]1. Introduction
[bookmark: _Toc452062030]1.1 Background and context
Effectiveness and efficiency are related with the performance targets of a supply chain (Christopher, 2011). Effectiveness in a supply chain is a measure of accuracy of its processes and their underlying tasks, and efficiency in a supply chain is a measure of responsiveness of its processes and related practices (Chopra & Meindl, 2010; Christopher, 2011). The key supply chain processes requiring high effectiveness and efficiency are procurements, storage, production, packaging, logistics (internal and external), transportation, communications, collaboration, and information sharing (Carter et al., 2009; Landers, Mandoza, & English, 2009; Zyngier & Kelly, 2009). Effectiveness can be measured as accuracy of an operational task, which in turn is a measure of the targeted metric performing within the predefined boundaries (Stephens, 2001; Carter et al., 2009). Efficiency is related with effectiveness and is a measure of responsiveness of a process to its expected performance measure. Efficiency can be measured as the number of times a measure performing within the targeted metric out of the total number of measurements taken (Stephens, 2001; Carter et al., 2009). It is expressed as a percentage of the total number of transactions of a process (Stephens, 2001; Carter et al., 2009). The concepts of effectiveness and efficiency are reviewed in detail in Chapter 2 (literature review).
Implementing the lean and six-sigma philosophies can enhance the effectiveness and efficiency of a supply chain (Christopher, 2011; Lin & Li, 2010; Martin, 2007; Palevich, 2009). The concept of lean philosophy is about using the resources in a conservative manner and implementing cross-platform integrated processes operated by multi-skilled people (Eckes, 2003; Martin, 2007; Palevich, 2009). It advocates elimination of all such processes that do not add value adequately to the business objectives and goals of the organisation (Martin, 2007; Palevich, 2009). Six-sigma philosophy advocates either reduction or elimination of variability of the targeted quality metric of a product or service beyond the allowed upper and lower bounds (Eckes, 2003; Arnheiter & Maleyeff, 2005; Pzydek, 2003). As defined in the manual by International Six-Sigma Institute (2016), the processes should be matured to such high quality that the defects can be present only six-sigma away from the mean of the probability distribution curve of the probability of occurrence of defects and errors. Statistically, it means only 3.14 defects allowed per million opportunities. The statistical representation of six-sigma is presented in Chapter 2 (literature review). In reality, it may be impossible to achieve such high level of maturity in processes (Eckes, 2003; Martin, 2007; Palevich, 2009). Hence, the idea of six-sigma philosophy is to aggressively eliminate large numbers of defects and errors in a process for reducing the overall probability of occurrence of errors and defects per given opportunities available (Eckes, 2003; Martin, 2007; Palevich, 2009). The objectives of lean six-sigma philosophies and their related practices are to achieve lean and agile operational goals, and to induct flexibility in the processes and tasks for achieving the quality targets as per customer demands (Martin, 2007; Palevich, 2009).	Comment by anna: Dud they all study both lean and 6S?
There are many supply chain practices enhancing effectiveness and efficiency, which enable implementation of lean and six-sigma philosophies in a supply chain. In Chapter 2, the mapping of supply chain practices for enhancing the effectiveness and efficiency are theoretically mapped with lean and six-sigma philosophies with the help of literature review. These practices have been identified in the initial theoretical construct. With this mapping in place, the primary enquiry of this research is that how they are related with the lean and agile demands of customers. This enquiry is related with the problem statement of this research as presented in Section 1.2.
[bookmark: _Toc452062031]1.2 Problem statement
In Saudi Arabia, the demand characteristics are changing to lean and agile, which the traditional production and support systems are unable to meet (Ali & Ali, 2013). The traditional hierarchical models with stiff functional boundaries in Saudi Arabia supply chains are not suitable for meeting the changing demand patterns in the kingdom (Ben-Daya, 2011; Mustafa, 2011; Thompson, 2013). However, there is little research on the lean six-sigma practices followed in Saudi Arabia and their effects in meeting the changing demand patterns in the kingdom. As some of the early researchers have acknowledged, there is a need for studying this change in demand patterns in Saudi Arabia and the improvements needed in the supply chains for meeting them (Ali & Ali, 2013; Ben-Daya, 2011; Mustafa, 2011; Thompson, 2013). The theories on lean six-sigma philosophies, reviewed in Chapter 2, represent correlations with enhancements of overall business and operations performance. As reviewed in Chapter 2, the existing theories on lean six-sigma are exhaustive and well defined. However, they are inadequately researched in the area of impacts of lean six-sigma on supply chain effectiveness and efficiency. This research attempts to explore the relevant practices of lean six-sigma in Saudi Arabia supply chains for enhancing their effectiveness and efficiency.
[bookmark: _Toc452062032]1.4 Research questions
Following are the research questions of this study:
(a) What are the practices that enhance the effectiveness and efficiency of supply chains, and how do they influence the performance of a supply chain?
(b) What practices of lean six-sigma in a supply chain are related with enhancement of effectiveness and efficiency of a supply chain?
(c) How these practices of lean six-sigma are followed in the existing Saudi Arabia supply chains and how effective are they are effective in meeting lean and agile demands of the customers?
(d) What future changes are possible in Saudi Arabia supply chain practices for meeting lean and agile demands of customers?
To explore answers to these research questions, this research has taken the following approach:
(a) The practices enabling effectiveness and efficiency in supply chains and their benefits to overall performance of the supply chains are reviewed through a review of relevant literatures.
(b) The next part of literature review is about lean and agile supply chains and how they can meet the lean and agile demand patterns.
(c) With the help of literature review on lean six-sigma, the practices enabling effectiveness and efficiency in supply chains are compared with the lean and six-sigma philosophies.
(d) The reviews and (a), (b), and (c) above resulted in the theoretical construct of this research that has been investigated through primary data collection and analysis.
(e) The primary data analysis revealed which lean and six-sigma practices in Saudi Arabia should be focussed upon for enhancing the effectiveness and efficiency of supply chains in meeting lean and agile demand patterns.
[bookmark: _Toc452062033]1.5 Research aim and objectives
Aim of this research: To explore the lean and six-sigma practices required in Saudi Arabia supply chains for meeting lean and agile demands of customers, and the improvements needed in those practices in the kingdom.
Objectives:
(a) To explore the key practices enabling effectiveness and efficiency in supply chains
(b) To explore how the lean six-sigma practices relate with effectiveness and efficiency in supply chains
(c) To explore which supply chain practices in Saudi Arabian supply chains are relevant to lean and six-sigma philosophies for meeting lean and agile demands of the customers
(d) To explore the changes needed in the lean and six-sigma practices of Saudi Arabian supply chains for meeting lean and agile demands of customers
[bookmark: _Toc452062034]1.6 Steps of research
The steps for conducting this research are shown in Figure 1. This research started with review of literatures for learning about supply chain effectiveness and efficiency, learning about lean and agile practices in a supply chain for meeting lean and agile demand patterns, and their relevance to lean and six-sigma philosophies.

[bookmark: _Toc451267891]Figure 1:	Steps of research
A structural construct has been formed with the help of literature review relevant to the primary questions of this research. A structured questionnaire has been designed with the help of the structural construct. The levels in the instrument are based on some of the literatures that have used structured questionnaire and survey as part of their research designs. The completed responses are obtained from 110 respondents and the data sets are analysed through regression analysis. Based on the outcomes of this analysis, the interpretations of the theory apparent are presented and compared with literature review for drawing conclusions.
[bookmark: _Toc452062035]1.7 Significance of the study
There have been many existing studies focussed on supply chain performance improvements by improving its effectiveness and efficiency (Chan, Chan, & Qi, 2006; Christopher, 2011; Coyle, Bardi, & Langley, 2003; Fauske et al., 2007). Recently, a few studies have been conducted on how lean management philosophy and six-sigma can be integrated to run improvement projects in supply chains to enhance their effectiveness and efficiency with a target to improve overall performance (Christopher, 2011; Lin & Li, 2010; Martin, 2007; Palevich, 2009). These projects are planned and executed at the operating levels with a target to achieve gradual planned improvements in the problem areas identified. Saudi Arabia supply chains need improvements for meeting the changing demand patterns to lean and agile demands from customers. In this context, existing research studies suggest gaps in present supply chain frameworks active in Saudi Arabia (Ali & Ali, 2013; Ben-Daya, 2011; Mustafa, 2011; Thompson, 2013). With this motivation, this research has been proposed to investigate the practices in Saudi Arabia supply chains pertaining to lean and six-sigma philosophies and assessing their impacts on meeting lean and agile demands such that the proposed future changes through improvement programs in supply chain strategy of Saudi Arabian companies can be presented. A multiple regression analysis method is proposed to identify the most relevant variables that need to be changed in the context of Supply Chain strategy in Saudi Arabia.
[bookmark: _Toc452062036]1.8 Structure of the dissertation
This dissertation is divided into five chapters. The Chapter 1 sets the focus and direction of this research such that the literature review and data collection are carefully aligned with the primary research questions, aim, and objectives of this research. Chapter 2 presents a detailed review of literatures relevant to the primary research questions. Chapter 3 presents a detailed review of literatures for designing the research methodology and methods of this study. Chapter 4 presents the primary data collected and its analysis in multiple steps. It also presents the interpretations of the primary data and comparison with theory. Chapter 5 presents the conclusions, reflections, and recommendations for future.







[bookmark: _Toc452062037]2. Literature Review
[bookmark: _Toc452062038]2.1 Introduction
In this chapter, an organised review of literatures pertaining to the research topic is presented for establishing the theoretical background and also getting the directions for designing the research instrument. The chapter is divided into four sections. Section 2.2 presents a review of theories on supply chain effectiveness and efficiency. Section 2.3 presents a review of the emerging concept of lean and agile supply chains. Section 2.4 presents a review of lean and six sigma practices in supply chain management. Finally, Section 2.5 presents the initial theoretical construct of this research, which helped in designing the research instrument.
[bookmark: _Toc452062039]2.2 Effectiveness and efficiency in supply chain management
For reviewing the concept of effectiveness and efficiency in SCM, multiple views of supply chain is presented here. The cyclic view of supply chain (Chopra & Meindl, 2010) is presented in Figure 2.
[image: ]
[bookmark: _Toc451267892]Figure 2:	Cyclic view of supply chain (Chopra & Meindl, 2010, p. 23)
The supply chain may be viewed as a combination of four cycles of processes and their associated tasks (Chopra & Meindl, 2010):
(a) Procurement cycle: In this cycle, all the raw materials or semi-finished parts from outsourced manufacturers are procured. The output of this cycle is the input of manufacturing cycle. Hence, the lead times of manufacturing cycle depend upon the lead times of procurement cycle, which in turn is dependent upon external supplies (suppliers of raw materials or semi-finished parts). Hence, all the processes related to relationship management with suppliers and outsourcing are included in this cycle.
(b) Manufacturing cycle: In this cycle, the manufacturing operations and all associated operations needed to produce the finished goods ready for consumption (like, quality control, packaging, labelling, and storing) are included. This cycle is the longest and is at the core of the supply chain. 
(c) Replenishment cycle:In this cycle, the inventory management processes of finished goods are included. This cycle takes into account the lead times in fulfilling the orders and the expectations of orders coming from customers. Thus, demand and supplies forecasting processes are part of this cycle. These processes drive the inventory management and replenishment strategy of the supply chain.
(d) Customers ordering cycle: In this cycle, the marketing processes, ordering processes from customers, distribution processes, delivery processes, and retail management processes are included. These processes drive the customer facing operations of the business.
To expand the cyclic view of the supply chain, the value-chain view is presented in Figure 3 (Christopher, 2011). The value-chain view shows the chain of functions forming the supply chain. Inbound logistics is the first stage and outbound logistics is the last stage. Production, packaging and storage, and marketing and sale are the three intermediate stages. This entire chain is supported by organisation-wide support functions, like infrastructure, information and communication technologies (ICT), human resources management, finance, and procurement. The flow of materials is downstream (suppliers to customers), the flow of funds is upstream (customers to suppliers), and the flow of information and activities is bidirectional.
[image: ]
[bookmark: _Toc451267893]Figure 3:	Supply chain design as per the Porter’s Value Chain model(Christopher, 2011, p. 23)

Chopra & Meindl (2010) presented six performance drivers in a supply chain (Figure 4). The first three are grouped as logistics drivers, which are facilities, inventory, and transportation. The last three are grouped as cross-functional drivers, which are information, sourcing, and pricing. Supply chain effectiveness is linked with accurate operations (with least defects and least wastage) in these six drivers, and supply chain efficiency is linked with responsive operations (desired outputs against the inputs, and ability to change for deriving maximum benefits from the market dynamics) in these drivers (Surie & Wagner, 2005; Gunasekaran, Lai, & Chen, 2008; Gunasekaran, Patel, & McGaughey, 2004). Both effectiveness and efficiency of supply chains can be measured through indicators (Surie & Wagner, 2005). At the field level, there can be numerous indicators depending upon the measurable variables in the supply chain (Surie & Wagner, 2005). For example, number of activities completed in procurement, inbound logistics, and production processes within a stipulated input cost (budget) and time (timeline) may determine the level of efficiency (Gunasekaran, Lai, & Chen, 2008); and number of defects in suppliers’ deliveries, damages and wastes during transit and handling, and defects in production assembly lines may determine the level of effectiveness (Surie & Wagner, 2005).There may be deep investigation into the problems found in a variable. For example, the procurement efficiency and effectiveness problems may be investigated deeply by measuring time taken and average number of errors in customer order entry, customer ordering paths taken, supplies evaluation, ordering scheduling, and payments issued (Gunasekaran, Patel, & McGaughey, 2004). 
[image: ]
[bookmark: _Toc451267894]Figure 4:	Supply chain strategy based on the performance drivers(Chopra & Meindl, 2010, p. 54)

There can be more examples, like average in stock time, average out-of-stock time, average safety inventory, average overall inventory, number of times stocks exceeding a specified timeline, average fill rate, average seasonal inventory, and average replenishment batch-size, which may be chosen as indicators for inventory management effectiveness (Chopra & Meindl, 2010). 
While there may be hundreds of effectiveness and efficiency indicators in a supply chain, the overall performance improvements require strategic planning and management (Gunasekaran, Lai, & Chen, 2008; Surie & Wagner, 2005; Meyr & Stadtler, 2005). Strategic planning incorporates a number of attributes of the supply chain, broadly grouped into functional attributes and structural attributes (Meyr & Stadtler, 2005).The function attributes comprise of a number of decision variables under all the functions of the supply chain, like procurement variables, production variables, logistics variables, distribution variables, and sales variables (Meyr & Stadtler, 2005). The structural attributes comprise of decision variables related to topography of the supply chain, integration methods used in the supply chain, and coordination and communication methods and protocols used in the supply chain (Meyr & Stadtler, 2005). For orchestrating the functional and structural attributes resulting in high efficiency and effectiveness, the entire organisation needs to be configured as a virtual enterprise having ways to integrate with suppliers and customers (Gunasekaran, Lai, & Chen, 2008; Jeschonowski et al., 2009; Surie & Wagner, 2005). 
The key determinants of virtual enterprise model of a supply chain that extends seamlessly to suppliers upstream and customers downstream are achievements in the following:
(a) Planning and Process orientation (Fleischmann, Meyr, & Wagner, 2005; Lambert, Garcia-Dastugue, & Croxton, 2005; Surie & Wagner, 2005)
(b) Strategic supplier and customer relationships for increased value to customers (Christopher, 2011; Eggert & Ulaga, 2010; Mena, Humphries, & Choi, 2013; Piercy, 2009)
(c) Highly capable information systems (Kim, Cavusgil, & Calantone, 2006; Qrunfleh & Tarafdar, 2014)
(d) Integration(Kim, 2009, Kim, 2013; Samaranayake, 2005)
(e) Collaboration and communications (Attaran & Attaran, 2007; Holweg et al., 2005; Simatupang & Sridharan, 2008)
Process orientation can be achieved through advanced strategic planning of the roles and responsibilities, deliverables, and performance measures of the functions and their structural service providers (Lambert, Garcia-Dastugue, & Croxton, 2005; Surie & Wagner, 2005). The strategic planners need to identify the important processes, and methods and tools for their modelling (Fleischmann, Meyr, & Wagner, 2005; Surie & Wagner, 2005). Processes and sub-processes should be modelled in customer relationships and services management, demand forecasting, demand management, order bookings and fulfilments, manufacturing flows, supplier relationships, marketing, distribution, inventory management, and returns management (Lambert, Garcia-Dastugue, & Croxton, 2005; Surie & Wagner, 2005). Following the SCOR (Supply Chain Operations Reference) model, the process structure may be defined as a flow of planning, sourcing, making, delivering, and returning (Stephens, 2001; Kocaoglu, Gulsun, & Tanyas, 2013). The SCOR model does not guide on how the processes can be designed albeit is a good reference on setting a direction of strategic planning (Kocaoglu, Gulsun, & Tanyas, 2013; Surie & Wagner, 2005). 
For example, in sourcing strategy a company may consider the options of raw materials purchase for end-to-end ordering or engage with job workers to operate make-to-order and engineer-to-order customer ordering strategies, while keep the in house scope limited to assemble-to-order (Surie & Wagner, 2005). With reference to this example, there can be multiple strategies mixed by the company to enhance responsiveness, which is a measure of efficiency (Chopra & Meindl, 2010; Surie & Wagner, 2005). For sustainable responsiveness to the rapidly changing market demands, a company can consider strategic advanced planning comprising the steps of recognition of the challenges, defining clear business objectives and goals, scenario analysis and forecasting, identifying and evaluating possible solutions and approaches, and selecting the most feasible solution (or solutions) (Fleischmann, Meyr, & Wagner, 2005; Holweg et al., 2005).
The second determiner of virtual enterprise for high effectiveness and efficiency of SCM is strategic supplier and customer relationships. Piercy (2009) researched the impact of establishing strategic market networks with suppliers and buyers through cross-boundary integration. Piercy (2009) found benefits of strategic supplier and buyer integration in achieving effective innovation, collaboration, and business diversity, and also in enhanced process efficiency, agility, flexibility, and value to customers. Giving a share to customers enhances value to customers and trust on a company’s supply networking (Eggert & Ulaga, 2010; Holweg et al., 2005).
The third determiner of virtual enterprise for high effectiveness and efficiency of SCM is a highly capable information system. Information system enables inter-organisational and intra-organisational systems integration facilitating information exchange, faster responsiveness, and enhanced market performance (Kim, Cavusgil, & Calantone, 2006; Qrunfleh & Tarafdar, 2014). It also facilitates innovations in administration, collaborations, and communications (Kim, Cavusgil, & Calantone, 2006; Qrunfleh & Tarafdar, 2014). Information systems supports supply chain integration at strategic and operational levels (functional) and also at infrastructural level (structural) (Jitpaiboon, 2005). A properly designed framework of hardware and software, networking, applications, web integration and enabling, and information technology management can serve as a platform for integrating processes of all participating organisations in the virtual enterprise model (Jitpaiboon, 2005; Qrunfleh & Tarafdar, 2014). With the invention of a new form information system called cloud computing, access to applications operating the processes, collaborations, and communications has become ubiquitous and dynamic (like, access through mobile phones) taking the role of information system in supply chain integration to a new level (Cegielski, 2012; Jun & Wei, 2011).
The fourth determiner of virtual enterprise for high effectiveness and efficiency of SCM is integration. Integration helps in overcoming the restrictions applied by organisational boundaries, and strong and hierarchical organisational structures (Kim, 2013; Mena, Humphries, & Choi, 2013). Integration generates transparency, knowledge sharing, collaboration, and communications effectively, and improves the efficiency of supply chain processes (Kim, 2009; Kim, 2013). Integrating with suppliers improves operational and financial efficiencies, and also improves strategic knowledge for improving competitive advantages by responding faster and effectively to changing market demands (Kim, 2013; Mena, Humphries, & Choi, 2013). Integrating with customers helps in better customer relationship and contacts management, getting deeper and accurate knowledge of customer needs and wants, and to observe closely the changing trends of demands (Kim, 2009; Kim, 2013; Mena, Humphries, & Choi, 2013). It helps in building greater trust in the customers’ perceptions about the supply chain of an organisation and its related competitive advantages (Kim, 2009; Kim, 2013; Mena, Humphries, & Choi, 2013).Design of an integrated supply chain comprises details of supply chain, logistics, and production components and their interrelationships, defining role of components in processes, sub-processes, and their individual tasks, creating a network design (like manufacturing and distribution networking), and defining the level of integration (Samaranayake, 2005). Different information system software, like enterprise resources planning (ERP), materials requirement planning II (MRP II), customer relationships management (CRM), distribution resource planning, and extranet web servers needs to be integrated to meet the integration objectives (Samaranayake, 2005). The information sources, resources, and systems of suppliers and customers need to be integrated with in-house integrated information systems to complete the virtual enterprise design (Samaranayake, 2005). Cloud computing makes it easy, effective, efficiency, and global at very reasonable costs (Cegielski, 2012; Jun & Wei, 2011).
The fifth and last determiner of virtual enterprise for high effectiveness and efficiency of SCM is collaboration and communications framework. Supply chain collaboration and communication drives the commitments and related behaviours of supply chain agents for meeting the strategic objectives and the process goals (Simatupang & Sridharan, 2008). They facilitate design and implementation of process performance metrics throughout the supply chain for meeting the strategic business objectives and customer demands (Simatupang & Sridharan, 2008). In addition, information sharing and coordination of process tasks involving multiple chain members are done effectively (Simatupang & Sridharan, 2008).Collaborations are created through strategic alliances, joint ventures, and cooperative agreements in the marketplace for meeting the demands jointly and sharing the revenues. Collaborations are virtual (virtual enterprise concept) in different directions, like lateral, vertical top-to-bottom, vertical bottom-to-top, horizontal upstream, and horizontal downstream (Mena, Humphries, & Choi, 2013; Soosay, Hyland, & Ferrer, 2008). 
Collaboration and communications enable group purchasing power, elimination of processes that are needed only in the absence of collaboration, reduction of administration, logistics, and other costs, reduction in inventory holding periods, better access to markets, supplies continuity, improved trust on availability and lead-times, and business continuity for longer terms (Soosay, Hyland, & Ferrer, 2008). The drivers of effective collaboration are organisational capabilities, collective behaviours, individual competencies, and technological competencies (of the information systems) (Soosay, Hyland, & Ferrer, 2008). Some of the examples from the industry are electronic data interchange (EDI), efficient consumer response (ECR), continuous replenishment programs (CRP), vendor managed inventory (VMI), and collaborative planning, foecasting, and replenishment (CPFR) (Attaran & Attaran, 2007; Christopher, 2011). The critical success factors are knowledge (of business environment, customer needs, and competitive forces), collective vision and mission (of all collaborating agents), collective win-win business model with value to all partners, synchronisation of processes, and technology (Kim, 2006).
The literature review in this section presents a view of supply chain design, strategic management of supply chain, supply chain effectiveness and efficiency, and the key determiners for achieving them. This review presents a clear understanding about what is needed in supply chains to achieve effectiveness and efficiency and where they are applicable. In the next section, a review of the concepts of lean, resilient, and agile supply chain is presented.
[bookmark: _Toc452062040]2.3 Lean, agile, and resilient supply chains
The concepts of lean, agile, and resilient supply chains have emerged amidst growing uncertainties in the global markets scenarios (Carvalho, Azevedo, & Cruz-Machado, 2012). The challenge is to respond quickly, effectively, sustainably, and cost effectively to dynamics of customer demands and competitive activities in the marketplaces (Carvalho, Azevedo, & Cruz-Machado, 2012). For example, the supply chain should have the ability to change design specifications, quantity of orders, cycle times, and lead times at short notices from customers (Carvalho, Azevedo, & Cruz-Machado, 2012). Such abilities can be developed through effective information systems, effective collaboration, and efficient processes (Carvalho, Azevedo, & Cruz-Machado, 2012; Christopher & Gattorna, 2005). The supply chain agents need to develop risk-awareness in their culture of fulfilling their processes’ and tasks’ requirements (Carvalho, Azevedo, & Cruz-Machado, 2012; Christopher & Gattorna, 2005). A model of lean, agile, and resilient concepts in supply chain management is presented in Figure 5 (Christopher & Gattorna, 2005: p. 119). The model in Figure 5 correlates lean practices with efficiency and consistency, agile practices with quick response to demands, and resilience (full flexibility) with innovative solutions (Christopher & Gattorna, 2005). Innovative solutions are important to ensure rapid configurations and repeated reconfigurations in the supply chain structural and functional components to ensure fulfilment of lean and agile demands from customers (Cohen & Roussel, 2005). For example, transportation and warehouses should comprise rapid transits and flexible storage/retrieval (Christopher, 2011).
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[bookmark: _Toc451267895]Figure 5:	A model explaining lean, agile, and resilient concepts in supply chain (Christopher & Gattorna, 2005: p. 119)

By facilitating timely and accurate information sharing between echelons, and using decision support and collaboration tools for visualising the dynamics based on risk management records and other track records, supply chain agents can operate flexible transit, storage, and retrieval times, and maintain semi-finished assemblies having a wide range of flexibilities before the finished goods are prepared (Cohen & Roussel, 2005; Goetschalckx & Fleischmann, 2005; Goetschalckx , 2009). An example is the strategy of operating rapid but small sized transportations instead of using massive container carriers (Christopher, 2011; Surie & Wagner, 2005). Another example strategy is to deploy small sized transit buffers instead of massive warehouses on the transportation paths (Christopher, 2011; Surie & Wagner, 2005). Such strategies are lean and agile, and also resilient because their operating costs are low and change in customer order quantities and lead-times can be reconfigured quickly. Rather than sending a half empty container at the full cost, the supply chain manager simply needs to reduce the number of small carrier vehicles, which anyways will have faster speeds and navigation capabilities on transportation routes. Breakdown on one vehicle will not affect the entire fleet, whereas breakdown in a large container carrier can jeopardise the entire lead time of the delivery. Customers can also plan better by knowing such flexibilities offered by the supplying companies. The benefits of such lean and agile strategies are enhanced efficiency of order executions, lower costs, shorter lead-times, lower risks, and long-term sustainability (resilience) of the business model (Cousins et al., 2008; Harrison & van Hoek, 2008). Direct benefits can be observed in the bottom line profits of the suppliers, supply chain managing organisation, and the customers (Cousins et al., 2008; Harrison & van Hoek, 2008). The idea is to order and deliver as per needs (just in time logistics) and eliminate wastages completely (high efficiency) (Rajuldevi, Veeramachaneni, & Kare, 2008). Just in time (JIT) is the key feature of lean and agility in supply chains (Christopher, 2011; Lee, 2003; Smalley, 2005; Wagner, 2005).
In this section, the fundamental concepts of lean, agile, and resilient concepts in supply chain management are presented. The Section 2.4 presents review of literature on lean and agile philosophies (including their origins) and their relationship with six-sigma in supply chain management.
[bookmark: _Toc452062041]2.4 Lean and agile philosophies and six sigma in supply chain management
Lean and agile concepts in supply chain management are not merely operations management tricks, albeit are full-fledged philosophies that drive the entire organisational business strategy (Lee, 2003).They have emerged from the original production design by Toyota Motors in 1980s popularly known as “one minute exchange of die (OMED)” (Dave & Sohani, 2012; Lee, 2003). The lean production design is for fulfilling demands just-in-time (JIT) and reduces usage of many structural components of a manufacturing layout, like space, machines, and tools, and also reduces the functional aspects of the production house, like shorter processes, reduced number of workers, multi-skilled workers (each worker doing multiple jobs), and efficient tasks (Dave & Sohani, 2012; Hampson, 1999; Lowson, King, & Hunter, 1999; Lee, 2003). The philosophy is implemented in four steps (Dave & Sohani, 2012; Hampson, 1999; Lowson, King, & Hunter, 1999; Lee, 2003):
(a) Identify and eliminate all waste processes, tasks, tools/equipment, skills, and such other factors used in production.
(b) Identify and combine all efficient processes, tasks, tools/equipment, skills, and such other components used in production.
(c) Rearrange the identified efficient components in an optimal design (like, changing the manufacturing layout from continuous flow-based to cellular design).
(d) Simplify the overall design further and reduce errors as much as possible.
For implementing JIT, the push strategy (and its related production designs) is replaced by pull strategy (Smalley, 2005). The production system requires achieving maturity in terms of quality processes, quality-based design of everything (total quality management), excellent maintenance operations, uptime, training of employees, high standards of processes and tasks, and continuous improvements (Smalley, 2005). 
The lean philosophy developed in Toyota Motors is now extended to the entire supply chain (Christopher, 2011; Wagner, 2005). A lean supply chain has methods and processes for configuring and reconfiguring customers’ orders (design, specifications, and delivery schedules) during order processing, follows JIT methods and processes, and has strategies that maximise the efficiencies of processes, methods, and resources used for maximum outputs (Christopher, 2011; Wagner, 2005). At the core of the lean philosophy is demand planning (Wagner, 2005). Demand planning is a statistical modelling method for integrating demand data collected from customers (through customer relationship management), from collaborative and consensus-driven decision making with all suppliers, from continuous monitoring and analysis of regular consumption patterns and seasonal trends, and through incorporation of judgemental factors, scenario (what-if) analysis, simulations, and safety stock calculations (Wagner, 2005).
The inputs from demand planning modelling and simulation are fed to all the echelons of the supply chain for facilitating proactive preparations (Fleischmann, 2005). Lean and agile structural components, like vendor-managed inventory, small sized transit buffers and warehouses, and transportation vehicles with much smaller capacities that container carriers are used for effectively making JIT distribution to customers against their orders placed (Fleischmann, 2005). The entire supply chain operations and the information system may become quite complex and model-driven incorporating advanced mathematics and operations research calculations (Fleischmann, 2005; Rohde, 2005). Software-based tools for scenario (what-if) planning and providing judgmental options to the supply chain agents are crucial for lean philosophy implementation (Christopher, 2011; Rohde, 2005).An example is the APS (advanced planning system) that helps in managing standard and non-standard events in warehousing and transportation routing based on the replenishment cycles, costing versus revenues per trip, delivery commitments made in the agreements with the customers, and real-time communications (Rohde, 2005).
In the modern supply chains, the lean philosophy has taken a step further through collaborative agreements and communications among multiple small and medium scale companies for serving the same markets (Kilger & Reuter, 2005). A number of individual producers of parts supply to a chain of assemblers that assemble their parts based on configurations demanded in the orders and supply them (Kilger & Reuter, 2005). This model is called “assemble to order” as presented in Figure 6 (Montreuil, 2009). The assembly tree represents the forward supply chain and the de-assembly tree shows the reverse supply chain. The assembling chain books orders from customers as per their configuration choices. The information and configurations of the orders are communicated to all collaborating supplying partners (Montreuil, 2009). The suppliers make the parts and send to the assembly network. This network is also a disassembly network for returned or unused products.
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[bookmark: _Toc451267896]Figure 6:	A model of assembly and de-assembly trees for operating the lean and agile supply chains of multiple individual suppliers supplying to a chain of assemblers facilitating assemble-to-order model (Montreuil, 2009: p. 36)

The reviews till this point in this section reveal that lean philosophy in supply chains enables effective collaborations and real-time and accurate communications among the supply chain agents to optimise usage of resources, use cross-skills, operate JIT distribution, apply pull order processing (like assemble to order and made to order), reduce operating costs, operate leaner supply chain resources (like smaller transportation vehicles and small-scale transit buffers or warehouses), and eliminate all processes, tasks, methods, and technologies that are inefficient and ineffective (that is, elimination of wastes and consolidating on productive assets).
Further review in this section is about linking lean philosophy with six-sigma philosophy (Pzydek, 2003). Six sigma philosophy is about doing things right the first time they are attempted. It is a philosophy that demands perfection in everything done in an organisation. This philosophy is achieved by reducing the probability of errors and defects gradually until they become negligible (Arnheiter & Maleyeff, 2005; Pzydek, 2003). The term sigma comes from the standard deviations from the mean on the normal probability distribution plot (Arnheiter & Maleyeff, 2005; International Six-Sigma Institute, 2016; Pzydek, 2003). Errors are defects need to be identified based on non conformances to the needs of the customers as expressed by them in their satisfaction feedbacks (voice of customers) (Palevich, 2012).	Comment by anna: careful with formatting and presentation.
The six-sigma plot of the normal probability distribution curve is presented in Figure 7 (International Six-Sigma Institute, 2016). If defects are limited to six-sigma (standard deviations) away from the mean, the accuracy level is 99.999998% (International Six-Sigma Institute, 2016; Montgomery & Woodall, 2008). At this accuracy level, only 3.4 defects per million transactions are allowed (International Six-Sigma Institute, 2016; Montgomery & Woodall, 2008). Mathematically, this may appear to be an impossible target to many (Arnheiter & Maleyeff, 2005; Kumar et al., 2008; Pzydek, 2003). However, at the philosophical level the idea is to eliminate error and defects to the maximum possible in a process or a system such that there is negligible probability left of any possible failure (Arnheiter & Maleyeff, 2005; Kumar et al., 2008; Pzydek, 2003). For many organisations, the exact statistical significance of six-sigma may not be important, albeit the qualityaware culture that it drives carries high value (Montgomery & Woodall, 2008; Pzydek, 2003). Quality aware culture further drives collaborations and communications, data collection, statistical and mathematical thinking, data driven decision-making, and customer orientation (Kumar et al., 2008). The six-sigma practitioners work towards eliminating large amounts of defects and errors in each quality inspection cycle such that there are continuous improvements in the outputs going forward (Kumar et al., 2008). These aspects are common with lean philosophy (Palevich, 2012). Hence, it is projected that lean philosophy can achieve six-sigma philosophy in a supply chain, and the opposite is also applicable (Palevich, 2012).
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[bookmark: _Toc451267897]Figure 7:	The Six-sigma plot (International Six-Sigma Institute, 2016; taken from their website)

Combining six-sigma with lean philosophy requires negligible to absent chances of errors and defects, which are possible through automated and integrated collaborations and communications (Arnheiter & Maleyeff, 2005). When lean and six-sigma philosophies are integrated, there is dual emphasis on quality excellence as well as conservative approach of supply chain management (Palevich, 2012; Snee, 2010). While the size of processes, tasks and structural components are smaller in lean manufacturing than those in mass manufacturing, and the in-depth focus on individual stages is required for achieving six-sigma, the holistic approach to interlink processes forming end-to-end chains is very much required (Snee, 2010). Thus, processes of multiple functions, like production, marketing, sales, services, internal tools and techniques, customer relationship, logistics, supply chain management, and such other organisational support and customer-facing functions need to be integrated through common platforms of internal competencies development in information management, knowledge management, project management, software development, and quality management (Manville et al. 2012; Snee, 2010). Both six-sigma and lean philosophy require data and statistics/mathematical modelling-driven, and quality-aware culture (Palevich, 2012). Lean adds lean mindset in the organisational culture (Manville et al. 2012; Snee, 2010). Top management commitment is essential for formulating and implementing lean and six-sigma policies in the logistics, supply chain, production and service delivery systems (Manville et al. 2012; Palevich, 2012; Snee, 2010).
The implementation cycle of lean and six-sigma philosophies in logistics and supply chains is presented in Figure 8 (Thomas, Barton, & Chuke-Okafor, 2009). The cycle is called DMAIC cycle (define, measure, analyse, improve, and control cycle) (Thomas, Barton, & Chuke-Okafor, 2009). In this cycle, the top management  team identifiesbusiness value propositions from lean and six-sigma philosophies within the organisation by investigating the ongoing problems, inefficiencies, and wastes, and identify tangible improvements to be implemented through the DMAIC cycle of lean and six-sigma combined implementation(Palevich, 2012). In supply chain and logistics, the key functions benefitting from lean six-sigma value proposition are replenishment and control of inventories, issuing and fulfilment of procurement orders, receiving materials, reverse supply chain, recycling, management of storage cubes and shelves, management of machine tools (like, conveyor belts, cranes, lifts, and trolleys), production processes, packaging and dispatching, cross-docking, safety, security, and information systems (Thomas, Barton, & Chuke-Okafor, 2009). The key value propositions of lean six-sigma are reduced lead-times, reduced cycle times, reduced wastes, reduced errors/returns, reduced inventory holding times, reduced stock-outs, and improved employee skills and productivity (Palevich, 2012). Performance metrics and measurements are important for achieving success (Palevich, 2012). The indicators of performance measures should be defined in advance such that they can be included in the measurement cycles (Palevich, 2012; Thomas, Barton, & Chuke-Okafor, 2009).
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[bookmark: _Toc451267898]Figure 8:	Implementing lean and six-sigma philosophies (Thomas, Barton, & Chuke-Okafor, 2009: p. 9)

In supply chains, lean and six-sigma philosophical combination can be implemented throughout the virtual enterprise by identifying opportunities for improvements and defining quick-win projects (Gitlow, 2009; Martin, 2007). Ad-hoc working culture needs to be replaced by organised and data analytics-driven culture in the activities and decision-making. The projects identified for improvements should have clearly defined performance measures and their indicators with the upper and lower bounds of expected results as per customers’ expectations. This should be done for each activity of the processes such that breach of these bounds shall trigger alerts and create logs (Martin, 2007). In all the supply chain echelons, continuous improvements and elimination of wastes should be established culturally. Effective collaborations and communications will lead to standardisation (Martin, 2007). 
[bookmark: _Toc452062042]2.5 Initial theoretical construct and the scales for measurement
With the theoretical base obtained from the literature review, the primary enquiry of this research has been presented in Figure 9 that is the hypothetical model serving as the initial theoretical construct of this research. This construct has key variables of the two philosophies (lean and six-sigma) serving as independent variables and the key variables of lean and agile demands of customers as dependent variables. These variables have been defined with the help of review of literatures in the previous sections.
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[bookmark: _Toc451267899]Figure 9:	Initial theoretical construct
The data about the variables in the construct are collected from the experiences of the respondents as collection from on-site data collection of measures is a longitudinal process not feasible for a student researcher. For collecting data from experiences of respondents, there needs to be a standard scale offered to the respondents to present their perceptions based on their knowledge and experiences about these variables. In this context, the data collection methods followed in the following research studies is analysed.	Comment by anna: I do not understand this.
The following section belongs to the methodology. Here you need to explain the choice of questions to measure, say ‘Collaboration’. How many questions formed the collaboration scale and where did you get them from?
In the research by Qrunfleh & Tarafdar (2014: p. 345), a Likert-type scale was used for collecting data with six levels of measures from the respondents. The scale had six levels, starting from 1 for not applicable and ending at 6 for strongly agree. Likert-type scales were also used by Eggart & Ulaga (2010: p. 1349) and Cegielski et al. (2012: p. 195), but they were five-level scales starting from strongly disagree at 1 to strongly agree at 5. It is observed that Likert scale has been used in these studies to inquire the respondents about a particular state of a variable pertaining to effectiveness and efficiency and observe the deviations from that state reflected by the agreement levels of the respondents. However, if the state of a variable needs to be inquired, then Likert scale may not be suitable. For knowing the state of a variable (example, from not effective at 1 to highly effective at 5), the respondents need to be given choices at each of the level in the scale. In this context, Attaran & Attaran (2007: p. 391) presented a three level scale with not effective at level 1, somewhat effective at level 2, and highly effective at level 3. In such scales, the decision-making by the respondent is not as straight forward as marking an agreement or disagreement level. The respondent should be guided about what each level means. Another research by Gunasekaran, Patel, & McGhaugey (2004: p. 340) used a three-level scale comprising less important at level 1, moderately important at level 2, and highly important at level 3. They defined clear guidelines on how to decide importance at the three levels. 
In this research, Likert-type scale is not suitable because the levels should have clear differences between them and explained to the respondents. The levels defined are the following:
i. Very Low (less than 20%)
ii. Low (20% to 39%)
iii. Moderate (40% to 59%)
iv. High (60% to 79%)
v. Very High (80% to 100%)
The state of each variable can be judged based these levels. The respondents may make a judgment depending upon their day-to-day experiences on these variables or their knowledge about any past measurements done on these variables. This assumption was made by Attaran & Attaran (2007) and Gunasekaran, Patel, & McGhaugey (2004) while creating the scales. A research conducted with the help of experiences of people is called phenomenology. This method of conducting a research is reviewed in Chapter 3.
This initial theoretical construct shall serve as the multiple regression model to be investigated using SPSS (Statistical Package for the Social Sciences) after collecting data from the surveys using the instrument in Appendix A. The significance of the relationships between the independent and dependent variables will be tested using multiple regression modelling. In this method, the variables under lean and six sigma philosophies are factor variables and the dependent variables are the variables influenced by the factor variables (Field, 2009). The significance analysis will be conducted by grouping all factor variables and each dependent variable one-by-one. Thus, eight sets of tests will be conducted. The overall approach of this method is presented in Sections 3.4 and 3.5.
[bookmark: _Toc452062043]2.6 Summary of Chapter 2
In this chapter, a detailed literature review has been conducted for studying the theoretical related with the research topic. The literatures comprised of existing research studies and books. The review revealed the key supply chain practices that enable effectiveness and efficiency in a supply chain and their linkage with the lean and agile characteristics of the supply chain, and the lean and six-sigma philosophies. This review revealed the supply chain variables associated with lean and six-sigma philosophies and also the supply chain variables of fulfilment of lean and agile demand patterns. However, the relationships between supply chain practices related to lean and six-sigma philosophies and the variables related to lean and agile demand patterns are not evident in the literatures. Based on these facts, the initial theoretical construct of this research has been drawn reflecting the primary enquiry of this research. The construct comprises supply chain practices of lean philosophy and six-sigma philosophy (separately) as independent variables and practices for meeting lean and agile demand patterns. This construct has been investigated further using multiple regressions modelling as described in Chapter 3.













[bookmark: _Toc452062044]3. Research Methodology
[bookmark: _Toc452062045]3.1 Introduction
In this chapter, a review of literatures (different from Chapter 2) is presented regarding designing of this research. The contents presented in this chapter are pertaining to philosophical approach of this research, research methodology, learning approaches, sampling methods, data collection methods, and data analysis methods. 
The reviews of literatures pertaining to these design attributes of research have been conducted for finalising the design of this research. The design has been finalised to ensure that primary data can be collected as per the initial structural construct in Figure 9 (using the structured questionnaire instrument presented in Appendix A). The basis of the research design is the research onion model, which was presented by Saunders, Lewis, & Thornhill (2011). The research onion model helps in viewing the holistic picture of a research design and choosing the attributes carefully by following their underlying theories. This model is presented in Figure 10. All the design attributes are discussed in the subsequent sections with respect to this research onion model.
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[bookmark: _Toc366667276][bookmark: _Toc451267900]Figure 10: Research onion model (Saunders, Lewis, & Thornhill, 2011: p. 139)
[bookmark: _Toc452062046]3.2 Research philosophy, approach, and methodology
The outermost layer presents a list of all the popular philosophies for conducting a research and building empirical knowledge. A review of all these philosophies is out of the scope of this research. As suggested by Bryman & Bell (2007) and Cooper & Schindler (2014), the most applied research philosophies in modern academic research studies are interpretive and positivism under epistemology, and objectivism and subjectivism under ontology. Their explanations are reviewed as the following. Interpretive and subjective philosophies are related with human interpretations method of learning, called hermeneutics. This approach of learning is inductive as it depends upon input facts gathered by human minds and their analysis in a structured manner. Positivism and objectivism philosophies are related with scientific methods and models of learning. This approach of learning is deductive as it depends upon deductions of relationships among variables using scientific methods (laws of nature, laws of organisational constructs, and laws of social constructs), like applied mathematics, statistics, and simulations. Inductive learning approach takes any form of data as inputs and generates descriptive outputs, whereas deductive learning takes numbers as inputs and generates relationships, constructs, and models as outputs. Thus, inductive approach of learning is mostly carried out using qualitative methodology and deductive approach of learning is mostly carried out using quantitative methodology. The approach of collecting relevant data is through surveys conducted with the help of a structured instrument. This method of gaining data from experiences of individuals experiencing the variables and their associated phenomena under study is called phenomenology (Saunders, Lewis, & Thornhill, 2011). In the method of phenomenology, there are no experiments conducted on the actual variables, rather the data is collected from experiences of people who are exposed to those variables and have sufficient knowledge about how they operate within the research setting (Saunders, Lewis, & Thornhill, 2011).
In the qualitative and quantitative methodologies, the differences are in data types, ways of data analysis, and ways of producing the outcomes (Saunders, Lewis, & Thornhill, 2011). As mentioned in the previous paragraph, qualitative methodology can take any form of data as inputs, but mostly the data is in the form of free text, videos, and raw numbers (Bryman & Bell, 2007; Saunders, Lewis, & Thornhill, 2011).The outputs of qualitative methodology may comprise of definitive factual statements, new theories, or interpretive constructs among the variables explored (Bryman & Bell, 2007; Saunders, Lewis, & Thornhill, 2011). The instruments used are observation charts, causal charts, archival study templates, semi-structured questionnaire, or casual questionnaire (unstructured)(Bryman & Bell, 2007). The raw data from all the sources is normally converted to text only (like, translations, recordings, and transcriptions), processed, reduced and categorised, encoded and analysed (Saunders, Lewis, & Thornhill, 2011). The outcomes generated are exploratory theories, definitive facts, and suggestive interpretive constructs(Saunders, Lewis, & Thornhill, 2011). However, qualitative research studies are mostly not confirmatory research studies that can prove or reject suggested theories (hypotheses). 
The quantitative methodology, as the name implies, is related with numbers only (Bryman & Bell, 2007). Primary data is collected in a structured manner using specially designed structured instruments or templates (Cooper & Schindler, 2014; Saunders, Lewis, & Thornhill, 2011). For example, structured questionnaire with a multi-level scale (like, Likert scale) is one of the most used quantitative research instrument (Cooper & Schindler, 2014; Saunders, Lewis, & Thornhill, 2011). The instruments are used for organised surveys of research participants or from results of organised mathematical simulations (like, MATLAB), experimentation logs, and scientific data of earlier research studies (Cooper & Schindler, 2014; Saunders, Lewis, & Thornhill, 2011; Sekaran, 2003). Qualitative and quantitative methodologies need not be separated always, as there is a method called triangulation for mixing both of them (Cooper & Schindler, 2014). In such studies, interpretive philosophy can be applicable on the triangulation mix (Sekaran, 2003).
It looks as if you have far too many words in the dissertation. If you need to cut down you should cut form the above section as you do not need to review all methods you did NOT use but simply justify your own choices in relation to the RQs and population of the research.
In this research, an initial structural construct needs to be validated following a scientific approach such that the influence of lean and six-sigma variables on lean and agile demand fulfilment of customers can be explored. Each relationship in the initial construct (Figure 9) is a proposed theory (hypothesis) that needs to be either accepted or rejected. Thus, this research will require positivism philosophical approach and inductive learning using quantitative methodology. A structured questionnaire pertaining to the initial construct in Figure 9 has been presented in Appendix A. The data collection method chosen is survey using double sampling method and the data analysis method chosen is multiple regression analysis. These methods are discussed in the subsequent sections.
[bookmark: _Toc452062047]3.3 Sampling and data collection
First define the population. then explain the choice of sampling frame (Linkedin) then the sampling process and sample. This research is conducted on a population by drawing a sample from the population window as accessible through LinkedIn (an opening into the population accessible to the research team) (Sekaran, 2003). The sampling has been done effectively such that it closely represents the population (Sekaran, 2003). This research has chosen quantitative methodology and hence probabilistic sampling methods are reviewed in this section. Following are the probabilistic sampling methods employed for quantitative research (Saunders, Lewis, & Thornhill, 2011; Cooper & Schindler, 2014; Sekaran, 2003):
(a) Sample random sampling: Operated by a computer program, a random sample generation is executed. The population should have each member having equal probability of selection for using this method.
(b) Systematic sampling: In very large population sizes, simple random sampling may be quite time-taking as the computer program engaged in it may slow down. Systematic sampling is preferred in such scenarios, which allow selection of nth member of a population for the sample through the population window. 
(c) Stratified random sampling: A population under study may be divided into subpopulations whereby, each subpopulation has members having equal probability of selection. This method of sampling is popularly used in organisational management studies. A simple random or systematic sampling may be executed within each subpopulation.
(d) Cluster sampling: Cluster sampling is done when a population can be divided into clusters based on distinct characteristics. Assuming that the cluster members have equal probability of selection, simple random sampling or systematic sampling methods can be chosen. However, it needs to be kept in mind that the emphasis is more on the distinct characteristics forming the clusters at the first place. The emphasis on probability of selection is lesser important than the characteristics under study.
(e) Double sampling: Double sampling requires two level of sampling. The first level of sample is drawn from the population as an initial sample, and then a number of characteristics of the initial sample members are considered before a second sample is drawn. The characteristics may include many attributes under study and also includes whether the population member is ready for participation or not. Again, the sampling at the first and second levels is drawn with an assumption that each population member accessible through the population window has equal probability of selection. 
(f) Area sampling: This is simply a sampling done in a population confined to a geographical area.
(g) Again, focus on what you did and why
.In this research, the population comprises active supply chain agents working in organisations in Saudi Arabian cities that have implemented or are implementing lean and six sigma philosophies. The information about these practices in organisations is published in the descriptive sections of published annual reports as per statutory requirements in the kingdom. The supply chain agents working in such companies are accessible through LinkedIn. The sampling method chosen is double sampling. In the first level of sampling, population members that are supply chain agents working for companies practicing or implementing lean and six-sigma philosophies are chosen. This number is 270, drawn from ten retail companies operating in multiple cities of Saudi Arabia. The initial sampling of 270 comprises supply chain supervisors and managers working in Jeddah, Riyadh, Rabigh, Al-Hawiyah, Qassim, Tabuk and Dammam (the locations of the members in this first-level sample are mentioned in the respective LinkedIn profiles of the individuals). Out of this sample, a second level of sample has been drawn depending upon the involvement of the supply chain agent in lean and six-sigma practices. The candidates may be experts in these philosophies or have attended training and workshops about them. The idea is that they should have basic knowledge required to answer the questionnaire of this research and should have good experience in regular supply chain activities in those companies. The second-level sample comprises 124 members but only 110 have sent completed responses. The experiences of the respondents have been ascertained based on what they have written in the descriptions in their LinkedIn profiles. Such descriptions are available immediately below the basic data about each professional having a profile in LinkedIn.
[bookmark: _Toc452062048]3.4 Maths of the final stage of the analysis.
In this research, the multiple regression analysis method has been chosen. In a linear regression with only one factor variable (also called covariate), the aim is to investigate how close a straight line is to the cloud of points representing the covariates (Kaltenbach, 2012). The straight line equation comprises factor variables (covariates) as independent variables and Y as the dependent variable. The aim of multiple regression analysis is to attempt to fit a hyper plane in the cloud of points representing the covariates. If there are multiple dependent variables, as is the scenario in this research, there shall be multiple equations for multiple regression analysis taking the form of a matrix, as shown in Equation (1) (Kaltenbach, 2012).
 Equation (1) (Kaltenbach, 2012)
This matrix represents n equations with m covariates. The equations for this research are presented in the next section, which are based on equation (1). In Equation (1), the variables represent the factor variables (covariates). In a complex model of this kind, the factor variables are also called predictors as they collectively operate as a group (Peck & Devore, 2012). Such a model is valid only if no collinearity exists among the predictors (Peck & Devore, 2012). In addition, it is essential that the predictors are variables and are categorical (Peck & Devore, 2012). The residual of the covariances of the predictors should be a constant in each equation, but the constants of all equations taken together become variables that are distributed normally (Kaltenbach, 2012).This condition is called Homoscedasticity (Kaltenbach, 2012). 
The significance of the predictors () on the dependent variables ( is measured in a confidence interval of 95% and higher in the normal distribution of the t-statistic (for the significance confidence to be valid, p-value should be ≤ 0.05) (Field, 2009). One can expect that not all predictors will reflect significance on the dependent variables in a given primary data set (Field, 2009). Hence, the initial theoretical construct presented in Figure 9 shall reduce in the final outcome.
[bookmark: _Toc452062049]3.5 Data analysis
The data collected from the survey will be encoded and entered in an excel sheet and then imported in SPSS. A fundamental level analysis of the data will be presented through descriptive statistics and normality testing. Thereafter, the multiple regression analysis has been conducted. The scales chosen in the construct and the initial structural construct are explained in Section 2.5.
Given that there are eight dependent variables, there will be eight linear equations to be solved. Assigning  notations to the dependent variables and  notations to the predictors (factor variables), the regression equations shall be the equations 2 to 8. These equations shall serve as the test equations for the initial theoretical construct.
      Equation (2) 
      Equation (3) 
      Equation (4) 
      Equation (5) 
      Equation (6) 
      Equation (7) 
      Equation (8) 
These equations will be entered in SPSS and each will be tested separately. It is expected that many of the predictors  will be eliminated per dependent variable as they will reflect insignificant covariances with the latter in the 95% confidence interval. The remaining predictors (having significant covariances with the dependent variables) will be included in the output model and presented as the output of this research for the primary data set collected. These remaining relationships shall be reviewed with respect to theory to form the interpretations for drawing conclusions of this research.
[bookmark: _Toc452062050]3.6 Ethical conduct
As explained by Cooper & Schindler (2014) and Saunders, Lewis, & Thornhill (2011) ethical conduct in a research comprises special focus on participation rights and treatments. The identity and information furnished by the participants of the research should be protected if the research requires collection of identity-related data. If there is no need to collect identity-related data, the participants should be treated as anonymous respondents. Further, any form of physical or mental harm to the participants, In this research, a commentary has been presented to all participants informing them all aspects of the research in a transparent manner and informed consent for participation has been obtained. Given that it is a management research, there is little chance of discrimination and bias against the respondents. However, the researcher is very careful. For protecting intellectual property rights a method of referencing and citations has been employed in this research as per the university guidelines. Finally, the researcher has complied with all the ethical rules and anti-plagiarism policies of the university. 
[bookmark: _Toc452062051]3.7 Summary
Using the onion model, the research design attributes of this research have been finalised as presented in Table 1.
[bookmark: _Toc295343167][bookmark: _Toc451267902]Table 1:	The finalized research design
	S. No.
	Research design attribute
	Choice made

	1
	Research Philosophy
	Positivism

	2
	Knowledge gathering approach
	Deductive

	3
	Research Methodology
	Quantitative

	4
	Primary Data Sampling
	Double sampling

	5
	Data collection method 
	Survey

	6
	Instrument
	Structured questionnaire as presented in the Appendix A

	7
	Research method 
	Multiple regression analysis

	8
	Drawing conclusions
	Accepting and rejecting variables as per the significance values in multiple regression, and comparing with theories



With the finalised research methodology, the primary data collected and its analysis is presented in Chapter 4. The Chapter 4 also comprises detailed critical reviews of the findings of hypotheses testing using multiple regression analysis.








[bookmark: _Toc452062052]4. Primary data: presentation and analysis
[bookmark: _Toc452062053]4.1 Introduction
The statistical analysis conducted on the final survey data comprising fully completed responses by 110 respondents has been presented in this chapter. The analysis is presented in four sections. Section 4.2 presents the descriptive statistics analysis of the data. Section 4.3 presents the normality testing of the data. Section 4.4 presents the interpretations of multiple regression modelling reports of the data as carried out in accordance with the initial structural construct. Finally, section 4.5 presents an analysis of the findings from the statistical analysis in this research.
[bookmark: _Toc452062054]4.2 Data presentation through descriptive statistics
The encoding of variables has been carried out as shown in Figure 11. All the variables have been given a short name as presented in Figure 11 and their scales set as ordinal. This is to ensure that each variable gets values as per the multi-level scale as described in Section 3.5. As a recap, the scale defined for each variable comprises the following levels:
vi. Very Low (less than 20%)
vii. Low (20% to 39%)
viii. Moderate (40% to 59%)
ix. High (60% to 79%)
x. Very High (80% to 100%)
Given that it is a phenomenology research, the decision-making of levels by the respondents is based on their experiences within the supply chain. The responses have been transferred into an excel sheet and the data imported as per the encoding done in SPSS. After all the data has been imported accurately corresponding to the encoding done in SPSS, the reports have been generated for the analysis needed in this research. A total of 110 (number of respondents) X 23 (number of variables) = 2530 records have been imported in SPSS for the analysis discussed in Sections 4.2, 4.3, and 4.4.
[image: ]	Comment by anna: Good! Make sure that what you saw here is described and justified at the end of the literature review. As you have explained it, it is not clear and the examiner will not look for it down here.
[bookmark: _Toc451267901]Figure 11: Encoding of variables in SPSS for importing data from Excel
Table 2 presents the descriptive statistics analysis of the data set. From the mean values, the centralisation position of the data set of a variable is reflected, and the standard deviation presents a view of variations of the data set with respect to the mean value (Beins & McCarthy, 2012). The skewness indicates bending of data towards either ends of the scale and kurtosis indicates the height of the normal distribution curve (Beins & McCarthy, 2012). The skewness of data sets of all the variables is negligible as the values are significantly less than unity. The kurtosis of the data sets is meso kurtosis because the values are less than or slightly higher than unity but are significantly less than 3, which is the lower limit of lepto kurtosis (data sets having high peaks) (Beins & McCarthy, 2012). These observations indicate that the data sets of all the variables seem to be distributed normally. To verify this, the normal distribution test of the variables has been conducted in Section 4.3 after the analysis of distributed statistical analysis in this section.
[bookmark: _Toc451267903]Table 2:	Descriptive statistics analysis of the primary data set

	Descriptive statistics output report	Comment by anna: Very good! 
	N
	Mean
	Std. Deviation
	Skewness
	Kurtosis

	
	Statistic
	Statistic
	Statistic
	Statistic
	Std. Error
	Statistic
	Std. Error

	Level of collaboration: COLLAB
	110
	3.7909
	.84696
	-.138
	.230
	-.696
	.457

	Level of communications: COMMN
	110
	3.1455
	.73990
	.037
	.230
	-.580
	.457

	Level of strategic planning: STRPLAN
	110
	3.6000
	.57788
	.325
	.230
	-.738
	.457

	Level of management commitment: MANCOM
	110
	4.3363
	.49357
	.468
	.230
	-1.211
	.457

	Level of just-in-time distribution: JITDIST
	110
	3.2455
	.62349
	-.225
	.230
	-.582
	.457

	Level of small batch sizes: SMLBAT
	110
	1.9909
	.77217
	.137
	.230
	-.979
	.457

	Level of small transportation and storage units: SMLTRNST
	110
	3.8273
	.52215
	-.199
	.230
	.239
	.457

	Level of shorter and urgent delivery schedules: SHURDEL
	110
	3.3818
	.87767
	-.004
	.230
	-.721
	.457

	Level of elimination of wastes: ELMWST
	110
	4.4636
	.51895
	-.053
	.230
	-1.544
	.457

	Level of cellular manufacturing layout: CELMLYT
	110
	3.8000
	.73945
	.338
	.230
	-1.099
	.457

	Level of defects reduction: DFTRDC
	110
	2.7091
	.69527
	.464
	.230
	-.849
	.457

	Level of errors reduction: ERRRDC
	110
	3.3545
	1.3919
	-.244
	.230
	-1.297
	.457

	Level of continuous improvements: CNTIMPR
	110
	4.1182
	.67364
	-.144
	.230
	-.775
	.457

	Level of quality-driven culture: QUALCLT
	110
	4.1364
	.77195
	-.241
	.230
	-1.278
	.457

	Level of data collection and analysis: DATCLAN
	110
	4.0909
	.65729
	-.096
	.230
	-.658
	.457

	Level of statistical and mathematical thinking: STATMAT
	110
	3.9000
	.85617
	-.877
	.230
	1.329
	.457

	Level of responsiveness of processes: PROCRES
	110
	3.7909
	.83606
	-.835
	.230
	.351
	.457

	Level of demand responsiveness: DEMRES
	110
	3.4818
	1.18656
	-.543
	.230
	-.607
	.457

	Level of urgencies in customer deliverables: URCUSDEL
	110
	4.2182
	.64084
	-.229
	.230
	-.637
	.457

	Level of flexibilities in design specifications: DESFLEX
	110
	4.0909
	.72372
	-.139
	.230
	-1.063
	.457

	Level of innovative solutions to customers: INVTSOL
	110
	4.0273
	.73521
	-.466
	.230
	.130
	.457

	Level of customer relationships: CUSTREL
	110
	4.0000
	.71677
	.000
	.230
	-1.028
	.457

	Level of managing price sensitive expectations of the customers: PRCSENS
	110
	4.1091
	.79385
	-.535
	.230
	-.312
	.457

	Valid N (list wise)
	110
	
	
	
	
	
	



Based on the mean values of the data sets of the variables, the Table 3 is derived. This table presents the level of the scale that is closest to the mean values. The significance of this table is in analysing the significant relationships derived from the multiple regression modelling. For each significant relationship, the mean values of the variables on the either side of the relationship are revisited to understand their theoretical significance. In this way, the relationships could be matched with the empirical theories supporting them from the literature review in Chapter 2. Except one variable (level of batch sizes), the levels of all other variables are at moderate or high. In addition, the standard deviation is slightly above unity for two variables only indicating good centralisation of the data sets at the mean values.
[bookmark: _Toc451267904]Table 3:	Scale levels closest to the mean values
	Descriptive statistics output report	Comment by anna: I’d arrange these on the basis of Mean and Std Dev to show their relative position.  
	Mean
	Std. Deviation
	Level of the scale closest to the mean statistic

	
	Statistic
	Statistic
	

	Level of collaboration: COLLAB
	3.7909
	.84696
	High (60% to 79%)

	Level of communications: COMMN
	3.1455
	.73990
	Moderate (40% to 59%)

	Level of strategic planning: STRPLAN
	3.6000
	.57788
	High (60% to 79%)

	Level of management commitment: MANCOM
	4.3363
	.49357
	High (60% to 79%)

	Level of just-in-time distribution: JITDIST
	3.2455
	.62349
	Moderate (40% to 59%)

	Level of small batch sizes: SMLBAT
	1.9909
	.77217
	Low (20% to 39%)

	Level of small transportation and storage units: SMLTRNST
	3.8273
	.52215
	High (60% to 79%)

	Level of shorter and urgent delivery schedules: SHURDEL
	3.3818
	.87767
	Moderate (40% to 59%)

	Level of elimination of wastes: ELMWST
	4.4636
	.51895
	High (60% to 79%)

	Level of cellular manufacturing layout: CELMLYT
	3.8000
	.73945
	High (60% to 79%)

	Level of defects reduction: DFTRDC
	2.7091
	.69527
	Moderate (40% to 59%)

	Level of errors reduction: ERRRDC
	3.3545
	1.3919
	Moderate (40% to 59%)

	Level of continuous improvements: CNTIMPR
	4.1182
	.67364
	High (60% to 79%)

	Level of quality-driven culture: QUALCLT
	4.1364
	.77195
	High (60% to 79%)

	Level of data collection and analysis: DATCLAN
	4.0909
	.65729
	High (60% to 79%)

	Level of statistical and mathematical thinking: STATMAT
	3.9000
	.85617
	High (60% to 79%)

	Level of responsiveness of processes: PROCRES
	3.7909
	.83606
	High (60% to 79%)

	Level of demand responsiveness: DEMRES
	3.4818
	1.18656
	Moderate (40% to 59%)

	Level of urgencies in customer deliverables: URCUSDEL
	4.2182
	.64084
	High (60% to 79%)

	Level of flexibilities in design specifications: DESFLEX
	4.0909
	.72372
	High (60% to 79%)

	Level of innovative solutions to customers: INVTSOL
	4.0273
	.73521
	High (60% to 79%)

	Level of customer relationships: CUSTREL
	4.0000
	.71677
	High (60% to 79%)

	Level of managing price sensitive expectations of the customers: PRCSENS
	4.1091
	.79385
	High (60% to 79%)



[bookmark: _Toc452062055]4.3 Normality test
The Table 4 presents the report of normality testing done in SPSS. Normality testing is conducted to verify if the envelope of the data sets for each variable are normally distributed or not (Beins & McCarthy, 2012). The tests may be conducted using Kolmogorov-Smirnov test or Shapiro-Wilk test, the former takes a reference normal distribution for comparison whereas the latter applies a testing formula (Peck & Devore, 2012). Both the tests are conducted to verify if the significance statistic (p-value) is less than or equal to 0.05 if the confidence interval has been chosen as 95% (Peck & Devore, 2012). The significance (denoted as Sig.) is reported in the last column of each of the two tests in SPSS. From Table 4, it may be observed that all the variables have the significance value at 0.000, which is less than the upper limit of 0.05 for p-value. This indicates that the data sets of all the variables in this research are distributed normally. This was predicted in the previous section by observing the skewness and kurtosis statistics of the data sets of all the variables. If the data sets are distributed normally, the parametric tests can be conducted on them (Peck & Devore, 2012). If the data is not distributed normally, all the records in the data sets may be squared to make them normal (Peck & Devore, 2012). This was, however, not needed in this research.

[bookmark: _Toc451267905]Table 4:	Normality tests report of the primary data set

	Normality test report
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistic
	df
	Sig.
	Statistic
	df
	Sig.

	Level of collaboration: COLLAB
	.225
	110
	.000
	.864
	110
	.000

	Level of communications: COMMN
	.260
	110
	.000
	.837
	110
	.000

	Level of strategic planning: STRPLAN
	.310
	110
	.000
	.728
	110
	.000

	Level of management commitment: MANCOM
	.407
	110
	.000
	.642
	110
	.000

	Level of just-in-time distribution: JITDIST
	.308
	110
	.000
	.768
	110
	.000

	Level of small batch sizes: SMLBAT
	.223
	110
	.000
	.829
	110
	.000

	Level of small transportation and storage units: SMLTRNST
	.393
	110
	.000
	.694
	110
	.000

	Level of shorter and urgent delivery schedules: SHURDEL
	.223
	110
	.000
	.873
	110
	.000

	Level of elimination of wastes: ELMWST
	.341
	110
	.000
	.671
	110
	.000

	Level of cellular manufacturing layout: CELMLYT
	.251
	110
	.000
	.794
	110
	.000

	Level of defects reduction: DFTRDC
	.273
	110
	.000
	.779
	110
	.000

	Level of errors reduction: ERRRDC
	.188
	110
	.000
	.871
	110
	.000

	Level of continuous improvements: CNTIMPR
	.279
	110
	.000
	.796
	110
	.000

	Level of quality-driven culture: QUALCLT
	.241
	110
	.000
	.798
	110
	.000

	Level of data collection and analysis: DATCLAN
	.291
	110
	.000
	.792
	110
	.000

	Level of statistical and mathematical thinking: STATMAT
	.292
	110
	.000
	.834
	110
	.000

	Level of responsiveness of processes: PROCRES
	.362
	110
	.000
	.779
	110
	.000

	Level of demand responsiveness: DEMRES
	.251
	110
	.000
	.884
	110
	.000

	Level of urgencies in customer deliverables: URCUSDEL
	.297
	110
	.000
	.778
	110
	.000

	Level of flexibilities in design specifications: DESFLEX
	.241
	110
	.000
	.806
	110
	.000

	Level of innovative solutions to customers: INVTSOL
	.285
	110
	.000
	.823
	110
	.000

	Level of customer relationships: CUSTREL
	.245
	110
	.000
	.808
	110
	.000

	Level of managing price sensitive expectations of the customers: PRCSENS
	.236
	110
	.000
	.828
	110
	.000



[bookmark: _Toc452062056]4.4 Multiple Regression Analysis
The reports of multiple regression analysis have been presented in Appendix B because there were too many tables for this space. Hence, all the analyses done in this section are with reference to the tables in Appendix B. The regression tests have been conducted with respect to the multivariate regression equations presented in Section 3.5. As discussed in Section 3.5, there are 16 independent variables and 7 dependent variables. There is a separate regression equation for each dependent variable, which is a function of the 16 independent variables. SPSS treats each multiple regression equation as a model. For simplicity, the models are called as Model 1 through Model 7. The tables are named accordingly in Appendix B.
Before beginning this analysis, a few basic concepts are reviewed here as the following (Field, 2009; Peck & Devore, 2012):
Solutions to multivariate regression equations are called regression models that take into account the observed and predicted values of a dependent variable. The correlation between the observed and predicted values of the dependent variable is represented by the correlation coefficient R, and the model’s suggestion on variation proportion of the dependent variable is R2. A third statistic called adjusted R2 is also taken in consideration, which is the adjustment of R2 based on the number of independent variables in the model. An ANOVA table is reported for each model that has a statistic called F-value indicating the ratio of predicted improvements of the model at the means to the ratio of residual inaccuracy that could not be addressed by the model. It is almost always a fraction of unity. F-value is proportionate to the number of significant relationships in the model and can be unity if all the independent variables in a model have significant relationships with the dependent variables. However, in surveys based on human experiences, majority of the independent variables are rejected because of insignificant relationships with the dependent variable (that is, the relationship significance is significantly less than the 95% confidence interval). If F-value is greater than unity, the model improvements are greater than residual inaccuracy. The significance is represented by the Sig. Column for each variable. The highly significant relationships should have the Sig.-value as less than or equal to 0.05.
The Model 1 (Tables 5 and 6) is for the 16 independent variables tested for significance with the dependent variable PROCRES (level of responsiveness of processes). The R and R2 values are high indicating some significant relationships within the model. F-statistic change (between predicted model and the tested model) at Sig. 0.000 is 5.541 indicating that the model improvements are greater than residual inaccuracy (Table 6). The degrees of freedom df1 and df2 are of the predicted model and the tested model, respectively. Looking into the coefficients and significance table (Table 7), two variables are reported to have high significance in the 95% confidence interval (Sig. values highlighted in yellow colour): SMLBAT (level of small batch size) and ERRRDC (level of errors reduction). The theoretical interpretations of these relationships are discussed in Section 4.5.
The Model 2 (Tables 8 and 9) is for the 16 independent variables tested for significance with the dependent variable DEMRES (level of demand responsiveness). Again, the R and R2 values are high indicating some significant relationships within the model. F-statistic change (between predicted model and the tested model) at Sig. 0.000 is 5.661 indicating that the model improvements are greater than residual inaccuracy (Table 9). Looking into the coefficients and significance table (Table 10), three variables are reported to have high significance in the 95% confidence interval (Sig. values highlighted in yellow colour): SMLBAT (level of small batch size), SHURDEL (level of shorter and urgent delivery schedules) and ERRRDC (level of errors reduction). In addition, there is a fourth variable that is very close to the 95% mark of the confidence boundaries (having p-value = 0.056). This variable is COLLAB (level of collaboration), which is having its Sig-value highlighted in blue colour. Given its closeness to the 95% confidence level, it should be included in the analysis. The theoretical interpretations of these relationships are discussed in Section 4.5.
The Model 3 (Tables 11 and 12) is for the 16 independent variables tested for significance with the dependent variable URCUSDEL (level of urgencies in customer deliverables). This model has low values of R and R2 values indicating lack of significant relationships with the model. F-statistic change (between predicted model and the tested model) at Sig. 0.944 (significantly greater than p-value of 0.05) is 0.495 indicating that the model doesn’t have any improvement (Table 12). Looking into the coefficients and significance table (Table 13), there are no independent variables having any significant relationship with the dependent variables. Hence, Model 3 has failed as per the data collected in this research. None of the 16 independent variables justify any relationship with level of urgencies in customer deliverables.
The Model 4 (Tables 14 and 15) is for the 16 independent variables tested for significance with the dependent variable DESFLEX (level of flexibilities in design specifications). This model has a better outcome than Model 3. R and R2 values are moderate indicating a few significant relationships with the model. F-statistic change (between predicted model and the tested model) at Sig. 0.060 is 0.820 indicating that the model improvements are there and are less than the residual inaccuracy (Table 15). Looking into the coefficients and significance table (Table 16), one variable is reported to have high significance in the 95% confidence interval (Sig. values highlighted in yellow colour): COLLAB (level of collaboration). In addition, there is a second variable that is reasonably close to the 95% mark of the confidence boundaries (having p-value = 0.095). This variable is QUALCLT (level of quality-driven culture), which is having its Sig-value highlighted in blue colour. Given its reasonable closeness to the 95% confidence level, it should be included in the analysis. The theoretical interpretations of these relationships are discussed in Section 4.5.
The Model 5 (Tables 17 and 18) is for the 16 independent variables tested for significance with the dependent variable INVTSOL (level of innovative solutions to customers). R and R2 values are moderate indicating a few significant relationships with the model. F-statistic change (between predicted model and the tested model) at Sig. 0.033 is 1.868 indicating that the model improvements are there and are more than the residual inaccuracy (Table 18). This is a good model again. Looking into the coefficients and significance table (Table 19), one variable is reported to have high significance in the 95% confidence interval (Sig. values highlighted in yellow colour): COMMN (level of communications). In addition, there is one variable having its significance very close to the 95% mark of the confidence interval (ELMWST: level of elimination of waste; having p-value = 0.061) and two variables having their significance reasonably close to the 95% mark of the confidence interval (CNTIMPR: level of continuous improvement having p-value at 0.090 and STATMAT: level of statistical and mathematical thinking having p-value at 0.097). The theoretical interpretations of these relationships are discussed in Section 4.5.
The Model 6 (Tables 20 and 21) is for the 16 independent variables tested for significance with the dependent variable CUSTREL (level of customer relationship). This is again not a great model but is better than Model 3. R and R2 values are moderate indicating a few significant relationships with the model. F-statistic change (between predicted model and the tested model) at Sig. 0.377 is 1.089 indicating that the model improvements are there and are more than the residual inaccuracy (Table 21). This appears to be a good model but the main concern is the high value of F-statistic significance (0.377; which is quite higher than 0.05). Looking into the coefficients and significance table (Table 22), one variable is reported to have high significance in the 95% confidence interval (Sig. values highlighted in yellow colour): DATCLAN (level of data collection and analysis). In addition, there are no other variables any closer to the 95% confidence interval. The theoretical interpretations of these relationships are discussed in Section 4.5.
The Model 7 (Tables 23 and 24) is for the 16 independent variables tested for significance with the dependent variable PRCSENS (level of managing price sensitive expectations of the customers). R and R2 values are moderate indicating a few significant relationships with the model. F-statistic change (between predicted model and the tested model) at Sig. 0.240 is 1.259 indicating that the model improvements are there and are more than the residual inaccuracy (Table 24). Again, this appears to be a good model but the main concern is the high value of F-statistic significance (0.240; which is quite higher than 0.05). Looking into the coefficients and significance table (Table 25), one variable is reported to have high significance in the 95% confidence interval (Sig. values highlighted in yellow colour): COMMN (level of communications). In addition, there are two variables having their significance reasonably close to the 95% mark of the confidence interval (DFTRDC: level of defects reduction having p-value at 0.093 and ERRRDC: level of errors reduction having p-value at 0.078). The theoretical interpretations of these relationships are discussed in Section 4.5.
Showing the regression models in narrative makes then hard to read. Why not just give the SPSS output?
In the next sections, all the significant relationships are discussed with reference to the mean values of the variables and the theories reviewed in Chapter 2.
[bookmark: _Toc452062057]4.5 Discussion on outcomes
A discussion of the significant relationships found from multivariate regression modelling is the following:
Model 1: Level of small batch sizes (level of scale at mean is low) and level of reduction of errors (level of scale at mean is moderate) have a significant relationship with level of responsiveness of processes (level of scale at mean is high). This reveals that even at less number of small batch sizes and moderate level of reduction of errors, the level of responsiveness of processes is high. Responsiveness of processes is related with efficiency (Chopra & Meindl, 2010). Small batch size is one of the key attributes of lean philosophy, because if deliveries and inventory replenishment are carried out in small batches, other lean policies can be implemented, like small containers, and smaller transports (Christopher, 2011; Surie & Wagner, 2005). As revealed in the data, the level of success in managing small batch sizes in the supply chain of the ten multi-location retail companies is low (20 to 39%) but it has a significant correlation with level of responsiveness of processes, which is at high level (60% to 79%). Thus, Saudi Arabia supply chains should use smaller batch sizes more than the current levels. The other influencing variable is level of errors reduction, which is one of the key quality assurance targets in six-sigma (Arnheiter & Maleyeff, 2005; Pzydek, 2003). Currently, it is at moderate level (40 to 59%) indicating significant scope of improvements in Saudi Arabia supply chains.
Model 2: Level of small batch sizes (level of scale at mean is low), level of shorter and urgent delivery schedules (level of scale at mean is moderate), level of reduction of errors (level of scale at mean is moderate), and level of collaboration (level of scale at mean is high) have a significant relationship with level of demand responsiveness (level of scale at mean is moderate). Demand responsiveness is a key variable of lean and agile demand patterns (Carvalho, Azevedo, & Cruz-Machado, 2012). Level of small batch sizes is again relevant here, along with other three variables. In fact, level of shorter and urgent delivery schedules is directly dependent upon small batch sizes (Christopher, 2011; Surie & Wagner, 2005). Level of reduction of errors directly improves process responsiveness (Model 1) and hence is an enabler of demand responsiveness as they are related (Carvalho, Azevedo, & Cruz-Machado, 2012; Christopher & Gattorna, 2005). The current level of demand responsiveness in Saudi Arabia supply chains is moderate (40 to 59%) reflecting scope of improvements in level of batch sizes (20 to 39%), level of shorter and urgent deliveries (40 to 59%), and level of reduction of errors (40 to 59%). Level of collaboration is already high in Saudi Arabia supply chains (60 to 79%). A further improvement will take it to excellence.
Model 3: None of lean and six-sigma variables in supply chain have significant relationship with level of urgencies in customer deliverables. Level of urgencies in customer deliverables is high in Saudi Arabia (60 to 79%). However, it appears to be a subjective issue as no independent variable is related significantly with it. This may be managed through better customer relationships instead of lean and six-sigma philosophies because urgencies may be because of poor expectation setting of customers, or it may be merely a cultural issue of demands in Saudi Arabia.
Model 4: Level of collaboration (level of scale at mean is high) and level of quality-driven culture (level of scale at mean is high) have a significant relationship with level of flexibilities in design specifications (level of scale at mean is high). Saudi Arabia supply chains appear to perform well in these three practices. All the three practices are at high (60 to 79%). There is a further scope of improvements to higher levels of excellence. Saudi Arabia supply chains practice strategic buyer integration within the networking and hence enjoy greater levels of collaboration (Piercy, 2009). In addition, Saudi Arabia supply chains have strategic customer integration, as well, which supports flexibilities in design specifications (Eggert & Ulaga, 2010; Holweg et al., 2005). 
Model 5: Level of communications (level of scale at mean is moderate) and level of elimination of wastes (level of scale at mean is high) have a significant relationship with level of innovative solutions to customers (level of scale at mean is high). In addition, level of continuous improvements (level of scale at mean is high) and level of statistical and mathematical thinking (level of scale at mean is high) have near significant relationships with level of innovative solutions to customers (level of scale at mean is high). Level of communications is a strong enabler of supply chain integration, along with level of coordination and the structural variables related to overall design and infrastructure of supply chains (Gunasekaran, Lai, & Chen, 2008; Jeschonowski et al., 2009; Meyr & Stadtler, 2005; Surie & Wagner, 2005). Saudi Arabia is very well equipped in supply chain infrastructure and, as revealed by the survey in this research, has high level of collaboration. Elimination of wastes in processes is a result of collaboration through strategic partnerships with suppliers and customers (Christopher, 2011; Eggert & Ulaga, 2010; Mena, Humphries, & Choi, 2013; Piercy, 2009). These two variables have a direct relationship with innovative solutions for customers (which are at high levels in Saudi Arabia). The other two influential variables on innovative solutions for customers are level of continuous improvements and level of statistical and mathematical thinking, which are both at high level (60 to 79%) in Saudi Arabia. These variables are well matured in Saudi Arabia, albeit the next level of excellence needs to be achieved amidst increasing customer demands and global competitive pressures.
Model 6: Level of data collection and analysis (level of scale at mean is high) has a significant relationship with level of customer relationship (level of scale at mean is high). 
Model 7: Level of communications (level of scale at mean is moderate), level of defects reduction (level of scale at mean is moderate), and level of errors reduction (level of scale at mean is moderate) have a significant relationship with level of price sensitive expectations of the customers (level of scale at mean is high).
This discursive presentation is very hard to follow really. You need to explicitly say what he independent and dependent variables were and show the model stats and indicators.
[bookmark: _Toc452062058]4.6 Summary
The initial theoretical construct presented in Section 2.5 (Figure 9) has been tested in this chapter by collecting primary data from supply chains of ten organisations in Saudi Arabia and conducting descriptive statistical analysis and multiple regression modelling. In the initial theoretical construct, a number of independent and dependent variables and their interrelationships were included in the model taking help from literatures. After the primary data analysis, only selected relationships were found to be significant in the Saudi Arabian supply chains. These relationships have been found based on the responses collected from 110 active supply chain agents surveyed in this research. These relationships have been discussed in Section 4.5. These results have been discussed in the context of the primary research questions in the next and concluding chapter of this research.





[bookmark: _Toc452062059]5. Conclusions this is really a summary. what did we actually learn? What is your contribution? Why is it important? What are the managerial implications of your findings? Also do not forget to discuss limitations of the work. 
[bookmark: _Toc452062060]5.1 Conclusions
The conclusions drawn from this research are discussed in the context of the primary research questions of this study. The research questions have been replicated below for ready reference.
(a) What are the practices that enhance the effectiveness and efficiency of supply chains, and how do they influence the performance of a supply chain?
(b) What practices of lean six-sigma in a supply chain are related with enhancement of effectiveness and efficiency of a supply chain?
(c) How these practices of lean six-sigma are followed in the existing Saudi Arabia supply chains and how they are effective in meeting lean and agile demands of the customers?
(d) What future changes are possible in Saudi Arabia supply chain practices for meeting lean and agile demands of customers?
The first question has been answered through review of literatures. Scholars have reported many on-the-ground operating level indicators for measuring effectiveness and efficiency in supply chains, which can be achieved through strategic planning, process orientation, strategic supplier and customer relationships, integration of processes and tasks, integration of information, highly capable information systems, collaboration, coordination, and communications (Surie & Wagner, 2005; Gunasekaran, Lai, & Chen, 2008; Gunasekaran, Patel, & McGaughey, 2004). These practices incorporate all the structural and functional attributes of the supply chain when integrated in the form of a virtual enterprise (Gunasekaran, Lai, & Chen, 2008; Surie & Wagner, 2005; Meyr & Stadtler, 2005). Structurally, an effective and efficient supply chain is in the form of a virtual enterprise with supplier and customers integrated at either ends (Christopher, 2011; Piercy, 2009). Functionally, virtual enterprise supply chain offers management commitment of all participating companies, advanced strategic planning and execution, flexible batch sizes, flexible transportation and warehousing, elimination of wastes and defects, quality-driven and customer-focussed culture, continuous improvements, enhanced usage of advanced analytics tools, highly capable and integrated information systems, and effective collaboration and communications (Attaran & Attaran, 2007; Christopher, 2011; Eggert & Ulaga, 2010; Fleischmann, Meyr, & Wagner, 2005; Holweg et al., 2005; Lambert, Garcia-Dastugue, & Croxton, 2005; Kim, 2009; Kim, 2013; Kim, Cavusgil, & Calantone, 2006; Mena, Humphries, & Choi, 2013; Piercy, 2009; Qrunfleh & Tarafdar, 2014; Simatupang & Sridharan, 2008; Surie & Wagner, 2005). From the performance perspective, virtual enterprise supply chains are flexible, agile, diverse, innovative, responsive, and accurate, which are performance parameters ensuring high value for customers (Eggert & Ulaga, 2010; Holweg et al., 2005).
For answering the second primary research question, the findings against the first primary research question were compared with the supply chain practices related with lean and six-sigma philosophies. The result of this comparison is the grouping of independent variables in the initial structural construct presented in Section 2.5 (Figure 9). Referring to Figure 9, the supply chain practices related with effectiveness and efficiency are grouped under lean and six-sigma philosophies separately. Three of the independent variables are repeated in both groups. They are strategic planning, management commitment, and elimination of wastes. The dependent variables have been derived from a literature review on variables related to lean and agile demands of customers. Before the primary research, it is assumed that each of the independent variables has a relationship with each of the dependent variables. This assumption has been tested through multiple regression analysis, as conducted to answer the third primary research question.
The third primary research question has been answered using the evidences collected from Saudi Arabian supply chains of ten large multi location organisations. The evidences have been collected from a survey responded fully by 110 active supply chain agents working for the ten organisations. The survey instrument is a structured questionnaire with five-level scales for each question. The instrument has been designed to collect data as per the initial theoretical construct presented in Figure 9 and explained in the previous paragraph. The relationships between the independent and dependent variables as presented in the initial theoretical construct have been tested using multiple regression modelling. There were seven models tested through multiple regressions. The significant relationships discovered through the tests have been discussed in Section 4.5. There implications for Saudi Arabian supply chains and for development of theory are discussed as the answer to the fourth and last primary research question.
Saudi Arabia is a nation with massive supply chains owned by organisations covering the consumers in the major cities. This fact is revealed while interacting with some of the supply chain agents. Lean philosophy is not yet evidenced in Saudi Arabia fully but the quality consciousness required as a foundation for six-sigma does exist. The key challenges are large batch sizes, moderate ability to meet short and urgent demands, moderate level of integration among supply chain echelons, stronger organisational boundaries acting as deterrence to strategic partnerships with suppliers, and moderate level of communications among the partners. However, commitments to quality and flexibility to change are key enablers for better supply chain performance in Saudi Arabia. Management commitment is another key strength in the kingdom, although breaking organisational barriers is a key challenge. Given these strengths and weaknesses, it has been observed through the results that Saudi Arabian supply chains are good at innovative solutions, customer relationships, and data-driven analytics; there is room for improvement in elimination of wastes and defects. There may be redundant and duplicate processes causing inefficiencies in the supply chains. 
Generalising these findings, it is proposed that supply chains in developing countries should be classified as the ones having sound infrastructures with functional gaps and the ones having poor infrastructures as well as functional gaps. Saudi Arabia has one of the best supply chain infrastructures among the developing countries. Based on this foundation, there is sound collaboration among the supply chain echelons in spite of functional gaps like integration issues, lack of strategic partnerships with suppliers, and lack of effective communications. Quality-driven culture is a strong enabler of the customer value that supply chains in Saudi Arabia offers. This is a strong enabler of the sound supply chain infrastructure in Saudi Arabia that lacks in many countries amidst poor maintenance of the supply chain echelons (like, transportation and warehousing). Elimination of wastes ad defects needs improvements in Saudi Arabia because of inadequate integration, but this problem is massive in many developing countries (example, wastage of food products). However, the weaknesses in Saudi Arabia supply chains prevents it from meeting lean and agile demands of customers effectively. The kingdom is not yet accustomed to lean transportation and storage, which prevents the supply chains from fulfilling small orders. Other developing nations may be benefitting from their lean facilities because poor transportation infrastructures may lead to usage of smaller transportation vehicles, smaller storages and warehouses, and smaller distribution outlets. For example, congestions may be leading to companies using smaller trucks and containers instead of large container carriers. However, this is one of the key factors that leads to meeting lean and agile demands of customers. Saudi Arabia may have to introduce lean transportation and storage, by design and not by compulsion, in the supply chains to meet lean and agile demands of customers.
[bookmark: _Toc452062061]5.2 Are the objectives fulfilled?
The objectives of this research are replicated below for ready reference:
(a) To explore the key practices enabling effectiveness and efficiency in supply chains
(b) To explore how the lean six-sigma practices relate with effectiveness and efficiency in supply chains
(c) To explore which supply chain practices in Saudi Arabian supply chains are relevant to lean and six-sigma philosophies for meeting lean and agile demands of the customers
(d) To explore the changes needed in the lean and six-sigma practices of Saudi Arabian supply chains for meeting lean and agile demands of customers
The first two objectives have been met effectively as they have been achieved through review of relevant literatures related to the research questions. The third objective has been met through a survey conducted among active supply chain agents working for ten organisations in Saudi Arabia. All the questions have been answered by 110 respondents and the results have been used for multiple regression analysis method used in this research. However, it needs to be kept in mind that this is a phenomenology research in which, the results are drawn from the experiences and perspectives of the individuals that have been exposed to the phenomena related to the concepts being studied. This type of data gathering is cross-sectional and dependent upon the reliability of responses given by the research participants. There seems to be lesser chances of bias because the sample size is acceptable (110) and the data collected was distributed normally (Sekaran, 2003). However, better reliability can be achieved by conducting a longitudinal research over months or years such that actual on-the-ground data can be collected directly by the research team from the supply chains under study. In addition, validity has been assured by the multiple regression method, which is a valid method for investigating significance of relationships between independent and dependent variables. 
The fourth objective is dependent upon the confidence in meeting the third objective. Given that there is reasonable confidence on the reliability of the results pertaining to the third objective, it is safe to state that the fourth objective has been met successfully. However, the results may be vetted by researchers in future interested in conducting longitudinal data collection or further phenomenological surveys using cross-sectional data on different and larger samples.
[bookmark: _Toc452062062]5.3 Recommendations for further studies
Lean and six-sigma in supply chains is a new and very important field of study. It is recommended that researchers should conduct further studies in this field. This research has found some evidences of strengths and weaknesses and opportunities for improvements in the Saudi Arabian supply chains. It is recommended that these results may be vetted through further study on effect of lean and six-sigma practices in supply chains, as related to effectiveness and efficiency, and their effects on lean and agile demands of customers. It is further recommended that longitudinal studies may be conducted over a period of six months to one year such that direct primary data may be collected by the research team pertaining to the variables as presented in the initial theoretical construct in this research. This research has employed phenomenology method to collect data about the variables from the experiences and related perspectives of the supply chain agents. This method may also be repeated on different and larger samples drawn from other organisations. It is also recommended that other countries having supply chain infrastructure and functions similar to Saudi Arabia may be explored for these enquiries. As recommended in the conclusions section, the developing countries may be divided into two categories: the ones having sound supply chain infrastructure but functional issues, and the ones having poor supply chain infrastructures as well as functional issues.
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[bookmark: _Toc452062064]Appendix A: Questionnaire
The initial theoretical construct presented in Figure 9 is replicated below. The questionnaire is based on this construct.
[image: ]

Lean Philosophy:
(a) In your view, what is the level of collaboration in your organisation with the suppliers and the customers?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(b) In your view, what is the level of communications in your organisation with the suppliers and the customers?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(c) In your view, what is the level of strategic planning in your organisation for managing the supply chain?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(d) In your view, what is the level of management commitment in your organisation for managing the supply chain?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(e) In your view, what is the level of just-in-time distribution through synchronisation of supply chain activities in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(f) In your view, to what extent is your organisation successful in managing small batch sizes in the supply chain?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(g) In your view, to what extent is your organisation successful in managing small transportation and storage units in the supply chain?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(h) In your view, to what extent is your organisation successful in managing shorter and urgent delivery schedules in the supply chain?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(i) In your view, to what extent is your organisation successful in eliminating useless processes and tasks (elimination of wastes) in the supply chain?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(j) In your view, to what extent is your organisation successful in making the manufacturing layout cellular (matrix-type design instead of continuous flow design)?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High

Six-Sigma Philosophy:
(a) In your view, what is the level of defects reduction through quality programmes in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(b) In your view, what is the level of errors reduction in processes and tasks through quality programmes in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(c) In your view, what is the level of continuous improvements achieved through quality programmes in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(d) In your view, what is the level of quality-driven culture achieved through quality programmes in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(e) In your view, what is the level of data collection and analysis for aiding the quality programmes in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(f) In your view, what is the level of statistical and mathematical thinking for aiding the quality programmes in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High

Lean and Agile demands of customers:
(a) In your view, what is the level of responsiveness of processes for meeting the business and customer-oriented goals in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(b) In your view, what is the level of demand responsiveness for meeting lean and agile demands of your customers in your organisation?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(c) In your view, to what extent your organisation is able to meet the urgencies in customer deliverables?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(d) In your view, to what extent your organisation is able to fulfil flexibilities in design specifications as demanded by your customers?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(e) In your view, to what extent your organisation is able to offer innovative solutions to your customers as per their needs, which are different from the market offerings?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High
(f) In your view, to what extent your organisation is able manage relationships with the customers?
xi. Very Low
xii. Low
xiii. Moderate
xiv. High
xv. Very High
(g) In your view, to what extent your organisation is able to manage price sensitive expectations of the customers?
i. Very Low
ii. Low
iii. Moderate
iv. High
v. Very High






[bookmark: _Toc452062065]Appendix B: Multiple Regression Analysis reports

[bookmark: _Toc451267906]Table 5:	Model summary for Model 1

	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	1
	.699a
	.488
	.400
	.64762
	.488
	5.541
	16
	93
	.000

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST




[bookmark: _Toc451267907]Table 6:	ANOVA table for Model 1

	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	37.186
	16
	2.324
	5.541
	.000a

	
	Residual
	39.005
	93
	.419
	
	

	
	Total
	76.191
	109
	
	
	

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST

	b. Dependent Variable: Level of responsiveness of processes: PROCRES
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	Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	1
	(Constant)
	1.709
	1.402
	
	1.219
	.226
	-1.075
	4.492

	
	Level of collaboration: COLLAB
	.027
	.091
	.028
	.299
	.766
	-.154
	.209

	
	Level of communications: COMMN
	.044
	.099
	.039
	.447
	.656
	-.153
	.242

	
	Level of strategic planning: STRPLAN
	-.081
	.129
	-.056
	-.627
	.532
	-.336
	.175

	
	Level of management commitment: MANCOM
	.058
	.140
	.034
	.415
	.679
	-.219
	.335

	
	Level of just-in-time distribution: JITDIST
	.050
	.129
	.037
	.387
	.700
	-.207
	.307

	
	Level of small batch sizes: SMLBAT
	.308
	.094
	.284
	3.290
	.001
	.122
	.493

	
	Level of small transportation and storage units: SMLTRNST
	-.096
	.184
	-.060
	-.519
	.605
	-.461
	.270

	
	Level of shorter and urgent delivery schedules: SHURDEL
	-.098
	.093
	-.103
	-1.060
	.292
	-.283
	.086

	
	Level of elimination of wastes: ELMWST
	.084
	.139
	.052
	.608
	.545
	-.191
	.359

	
	Level of cellular manufacturing layout: CELMLYT
	-.090
	.108
	-.080
	-.829
	.409
	-.305
	.126

	
	Level of defects reduction: DFTRDC
	-.004
	.107
	-.003
	-.034
	.973
	-.216
	.209

	
	Level of errors reduction: ERRRDC
	.311
	.058
	.518
	5.330
	.000
	.195
	.427

	
	Level of continuous improvements: CNTIMPR
	.126
	.108
	.102
	1.170
	.245
	-.088
	.341

	
	Level of quality-driven culture: QUALCLT
	-.020
	.098
	-.019
	-.207
	.836
	-.216
	.175

	
	Level of data collection and analysis: DATCLAN
	-.018
	.108
	-.014
	-.170
	.866
	-.233
	.196

	
	Level of statistical and mathematical thinking: STATMAT
	.095
	.083
	.097
	1.143
	.256
	-.070
	.260

	a. Dependent Variable: Level of responsiveness of processes: PROCRES
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	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	2
	.702a
	.493
	.406
	.91429
	.493
	5.661
	16
	93
	.000

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST
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	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	2
	Regression
	75.722
	16
	4.733
	5.661
	.000a

	
	Residual
	77.742
	93
	.836
	
	

	
	Total
	153.464
	109
	
	
	

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST

	b. Dependent Variable: Level of demand responsiveness: DEMRES
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	Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	2
	(Constant)
	1.609
	1.979
	
	.813
	.418
	-2.321
	5.539

	
	Level of collaboration: COLLAB
	.250
	.129
	.178
	1.934
	.056
	-.007
	.506

	
	Level of communications: COMMN
	-.144
	.140
	-.090
	-1.028
	.307
	-.423
	.134

	
	Level of strategic planning: STRPLAN
	-.040
	.181
	-.019
	-.220
	.826
	-.400
	.320

	
	Level of management commitment: MANCOM
	-.127
	.197
	-.053
	-.644
	.521
	-.519
	.265

	
	Level of just-in-time distribution: JITDIST
	.069
	.183
	.036
	.377
	.707
	-.294
	.431

	
	Level of small batch sizes: SMLBAT
	.361
	.132
	.235
	2.734
	.007
	.099
	.623

	
	Level of small transportation and storage units: SMLTRNST
	.063
	.260
	.028
	.242
	.809
	-.454
	.579

	
	Level of shorter and urgent delivery schedules: SHURDEL
	-.315
	.131
	-.233
	-2.399
	.018
	-.575
	-.054

	
	Level of elimination of wastes: ELMWST
	.056
	.196
	.025
	.288
	.774
	-.332
	.445

	
	Level of cellular manufacturing layout: CELMLYT
	-.033
	.153
	-.021
	-.219
	.827
	-.338
	.271

	
	Level of defects reduction: DFTRDC
	-.039
	.151
	-.023
	-.260
	.795
	-.339
	.261

	
	Level of errors reduction: ERRRDC
	.381
	.082
	.447
	4.626
	.000
	.218
	.545

	
	Level of continuous improvements: CNTIMPR
	.265
	.153
	.150
	1.736
	.086
	-.038
	.568

	
	Level of quality-driven culture: QUALCLT
	-.114
	.139
	-.074
	-.820
	.414
	-.390
	.162

	
	Level of data collection and analysis: DATCLAN
	-.058
	.152
	-.032
	-.378
	.706
	-.360
	.245

	
	Level of statistical and mathematical thinking: STATMAT
	.070
	.117
	.051
	.599
	.550
	-.163
	.304

	a. Dependent Variable: Level of demand responsiveness: DEMRES
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	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	3
	.280a
	.078
	-.080
	.66600
	.078
	.495
	16
	93
	.944

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST




[bookmark: _Toc451267913]Table 12:	ANOVA table for Model 3

	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	3
	Regression
	3.513
	16
	.220
	.495
	.944a

	
	Residual
	41.251
	93
	.444
	
	

	
	Total
	44.764
	109
	
	
	

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST

	b. Dependent Variable: Level of urgencies in customer deliverables: URCUSDEL
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	Coefficients

	Model 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	3
	(Constant)
	3.802
	1.441
	
	2.637
	.010
	.939
	6.664

	
	Level of collaboration: COLLAB
	.016
	.094
	.021
	.165
	.869
	-.171
	.202

	
	Level of communications: COMMN
	.129
	.102
	.149
	1.267
	.208
	-.073
	.332

	
	Level of strategic planning: STRPLAN
	.047
	.132
	.042
	.354
	.724
	-.216
	.309

	
	Level of management commitment: MANCOM
	-.089
	.144
	-.069
	-.621
	.536
	-.374
	.196

	
	Level of just-in-time distribution: JITDIST
	-.026
	.133
	-.025
	-.194
	.847
	-.290
	.238

	
	Level of small batch sizes: SMLBAT
	.001
	.096
	.001
	.009
	.993
	-.190
	.192

	
	Level of small transportation and storage units: SMLTRNST
	.028
	.189
	.023
	.147
	.883
	-.348
	.404

	
	Level of shorter and urgent delivery schedules: SHURDEL
	.111
	.096
	.151
	1.157
	.250
	-.079
	.300

	
	Level of elimination of wastes: ELMWST
	-.059
	.142
	-.047
	-.411
	.682
	-.341
	.224

	
	Level of cellular manufacturing layout: CELMLYT
	-.012
	.112
	-.014
	-.111
	.912
	-.234
	.209

	
	Level of defects reduction: DFTRDC
	.076
	.110
	.082
	.689
	.493
	-.143
	.294

	
	Level of errors reduction: ERRRDC
	.025
	.060
	.055
	.423
	.673
	-.094
	.145

	
	Level of continuous improvements: CNTIMPR
	.062
	.111
	.066
	.561
	.576
	-.158
	.283

	
	Level of quality-driven culture: QUALCLT
	-.056
	.101
	-.067
	-.550
	.584
	-.257
	.145

	
	Level of data collection and analysis: DATCLAN
	-.054
	.111
	-.056
	-.489
	.626
	-.275
	.166

	
	Level of statistical and mathematical thinking: STATMAT
	-.004
	.086
	-.005
	-.048
	.962
	-.174
	.166

	a. Dependent Variable: Level of urgencies in customer deliverables: URCUSDEL
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	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	4
	.352a
	.124
	-.027
	.73350
	.124
	.820
	16
	93
	.060

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST
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	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	4
	Regression
	7.055
	16
	.441
	.820
	.060a

	
	Residual
	50.035
	93
	.538
	
	

	
	Total
	57.091
	109
	
	
	

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST

	b. Dependent Variable: Level of flexibilities in design specifications: DESFLEX
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	Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	4
	(Constant)
	2.198
	1.588
	
	1.384
	.170
	-.955
	5.350

	
	Level of collaboration: COLLAB
	.216
	.104
	.252
	2.082
	.040
	.010
	.421

	
	Level of communications: COMMN
	.020
	.112
	.021
	.182
	.856
	-.203
	.244

	
	Level of strategic planning: STRPLAN
	-.048
	.146
	-.038
	-.328
	.744
	-.337
	.241

	
	Level of management commitment: MANCOM
	.122
	.158
	.083
	.771
	.443
	-.192
	.436

	
	Level of just-in-time distribution: JITDIST
	-.139
	.146
	-.120
	-.949
	.345
	-.430
	.152

	
	Level of small batch sizes: SMLBAT
	-.164
	.106
	-.175
	-1.546
	.125
	-.374
	.047

	
	Level of small transportation and storage units: SMLTRNST
	-.072
	.209
	-.052
	-.343
	.732
	-.486
	.343

	
	Level of shorter and urgent delivery schedules: SHURDEL
	.050
	.105
	.060
	.471
	.639
	-.159
	.258

	
	Level of elimination of wastes: ELMWST
	.114
	.157
	.082
	.727
	.469
	-.198
	.426

	
	Level of cellular manufacturing layout: CELMLYT
	.194
	.123
	.198
	1.580
	.118
	-.050
	.438

	
	Level of defects reduction: DFTRDC
	.145
	.121
	.139
	1.194
	.236
	-.096
	.385

	
	Level of errors reduction: ERRRDC
	-.005
	.066
	-.011
	-.083
	.934
	-.137
	.126

	
	Level of continuous improvements: CNTIMPR
	.154
	.122
	.143
	1.260
	.211
	-.089
	.397

	
	Level of quality-driven culture: QUALCLT
	-.188
	.111
	-.200
	-1.686
	.095
	-.409
	.033

	
	Level of data collection and analysis: DATCLAN
	.102
	.122
	.093
	.836
	.405
	-.141
	.345

	
	Level of statistical and mathematical thinking: STATMAT
	-.092
	.094
	-.109
	-.973
	.333
	-.279
	.095

	a. Dependent Variable: Level of flexibilities in design specifications: DESFLEX
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Table 17:	Model summary for Model 5

	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	5
	.493a
	.243
	.113
	.69243
	.243
	1.868
	16
	93
	.033

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST
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	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	5
	Regression
	14.329
	16
	.896
	1.868
	.033a

	
	Residual
	44.590
	93
	.479
	
	

	
	Total
	58.918
	109
	
	
	

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST

	b. Dependent Variable: Level of innovative solutions to customers: INVTSOL
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	Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	5
	(Constant)
	2.673
	1.499
	
	1.784
	.078
	-.303
	5.649

	
	Level of collaboration: COLLAB
	.006
	.098
	.007
	.062
	.951
	-.188
	.200

	
	Level of communications: COMMN
	.227
	.106
	.228
	2.135
	.035
	.016
	.438

	
	Level of strategic planning: STRPLAN
	-.036
	.137
	-.028
	-.263
	.793
	-.309
	.237

	
	Level of management commitment: MANCOM
	.057
	.149
	.038
	.381
	.704
	-.240
	.354

	
	Level of just-in-time distribution: JITDIST
	-.170
	.138
	-.144
	-1.230
	.222
	-.445
	.105

	
	Level of small batch sizes: SMLBAT
	.021
	.100
	.022
	.206
	.837
	-.178
	.219

	
	Level of small transportation and storage units: SMLTRNST
	-.149
	.197
	-.106
	-.756
	.452
	-.540
	.242

	
	Level of shorter and urgent delivery schedules: SHURDEL
	-.013
	.099
	-.016
	-.131
	.896
	-.210
	.184

	
	Level of elimination of wastes: ELMWST
	-.281
	.148
	-.198
	-1.897
	.061
	-.575
	.013

	
	Level of cellular manufacturing layout: CELMLYT
	.202
	.116
	.203
	1.744
	.085
	-.028
	.433

	
	Level of defects reduction: DFTRDC
	.172
	.114
	.163
	1.505
	.136
	-.055
	.399

	
	Level of errors reduction: ERRRDC
	.012
	.062
	.023
	.193
	.847
	-.112
	.136

	
	Level of continuous improvements: CNTIMPR
	.198
	.115
	.182
	1.716
	.090
	-.031
	.428

	
	Level of quality-driven culture: QUALCLT
	-.052
	.105
	-.055
	-.496
	.621
	-.261
	.157

	
	Level of data collection and analysis: DATCLAN
	.103
	.115
	.092
	.894
	.373
	-.126
	.333

	
	Level of statistical and mathematical thinking: STATMAT
	.149
	.089
	.174
	1.677
	.097
	-.028
	.326

	a. Dependent Variable: Level of innovative solutions to customers: INVTSOL
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	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	6
	.397a
	.158
	.013
	.71216
	.158
	1.089
	16
	93
	.377

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST
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	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	6
	Regression
	8.833
	16
	.552
	1.089
	.377a

	
	Residual
	47.167
	93
	.507
	
	

	
	Total
	56.000
	109
	
	
	

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST

	b. Dependent Variable: Level of customer relationships: CUSTREL
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	Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	6
	(Constant)
	1.817
	1.541
	
	1.179
	.241
	-1.243
	4.878

	
	Level of collaboration: COLLAB
	.064
	.101
	.076
	.640
	.524
	-.135
	.264

	
	Level of communications: COMMN
	.035
	.109
	.036
	.317
	.752
	-.182
	.252

	
	Level of strategic planning: STRPLAN
	.190
	.141
	.153
	1.341
	.183
	-.091
	.470

	
	Level of management commitment: MANCOM
	.007
	.154
	.005
	.044
	.965
	-.298
	.312

	
	Level of just-in-time distribution: JITDIST
	-.005
	.142
	-.004
	-.034
	.973
	-.287
	.277

	
	Level of small batch sizes: SMLBAT
	.048
	.103
	.052
	.470
	.640
	-.156
	.253

	
	Level of small transportation and storage units: SMLTRNST
	.278
	.203
	.203
	1.373
	.173
	-.124
	.681

	
	Level of shorter and urgent delivery schedules: SHURDEL
	.097
	.102
	.119
	.954
	.342
	-.105
	.300

	
	Level of elimination of wastes: ELMWST
	-.174
	.152
	-.126
	-1.145
	.255
	-.477
	.128

	
	Level of cellular manufacturing layout: CELMLYT
	-.142
	.119
	-.146
	-1.188
	.238
	-.379
	.095

	
	Level of defects reduction: DFTRDC
	.017
	.118
	.017
	.149
	.882
	-.216
	.251

	
	Level of errors reduction: ERRRDC
	.050
	.064
	.097
	.779
	.438
	-.078
	.178

	
	Level of continuous improvements: CNTIMPR
	.138
	.119
	.130
	1.162
	.248
	-.098
	.374

	
	Level of quality-driven culture: QUALCLT
	-.132
	.108
	-.142
	-1.218
	.226
	-.347
	.083

	
	Level of data collection and analysis: DATCLAN
	.278
	.119
	.255
	2.341
	.021
	.042
	.514

	
	Level of statistical and mathematical thinking: STATMAT
	-.106
	.092
	-.127
	-1.161
	.249
	-.288
	.075

	a. Dependent Variable: Level of customer relationships: CUSTREL
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Table 23:	Model summary for Model 7

	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	7
	.422a
	.178
	.037
	.77916
	.178
	1.259
	16
	93
	.240

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST



[bookmark: _Toc451267925]Table 24:	ANOVA table for Model 7

	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	7
	Regression
	12.231
	16
	.764
	1.259
	.240a

	
	Residual
	56.460
	93
	.607
	
	

	
	Total
	68.691
	109
	
	
	

	a. Predictors: (Constant), Level of statistical and mathematical thinking: STATMAT, Level of elimination of wastes: ELMWST, Level of shorter and urgent delivery schedules: SHURDEL, Level of communications: COMMN, Level of defects reduction: DFTRDC, Level of management commitment: MANCOM, Level of cellular manufacturing layout: CELMLYT, Level of continuous improvements: CNTIMPR, Level of small batch sizes: SMLBAT, Level of data collection and analysis: DATCLAN, Level of quality-driven culture: QUALCLT, Level of strategic planning: STRPLAN, Level of just-in-time distribution: JITDIST, Level of collaboration: COLLAB, Level of errors reduction: ERRRDC, Level of small transportation and storage units: SMLTRNST

	b. Dependent Variable: Level of managing price sensitive expectations of the customers: PRCSENS



[bookmark: _Toc451267926]Table 25:	Coefficients and significance reports of Model 7

	Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	7
	(Constant)
	3.997
	1.686
	
	2.370
	.020
	.648
	7.346

	
	Level of collaboration: COLLAB
	-.028
	.110
	-.029
	-.251
	.802
	-.246
	.191

	
	Level of communications: COMMN
	.397
	.119
	.370
	3.326
	.001
	.160
	.635

	
	Level of strategic planning: STRPLAN
	.019
	.155
	.014
	.123
	.902
	-.288
	.326

	
	Level of management commitment: MANCOM
	-.102
	.168
	-.063
	-.606
	.546
	-.436
	.232

	
	Level of just-in-time distribution: JITDIST
	-.181
	.156
	-.142
	-1.165
	.247
	-.490
	.128

	
	Level of small batch sizes: SMLBAT
	.036
	.113
	.035
	.317
	.752
	-.188
	.259

	
	Level of small transportation and storage units: SMLTRNST
	-.054
	.222
	-.036
	-.245
	.807
	-.495
	.386

	
	Level of shorter and urgent delivery schedules: SHURDEL
	-.033
	.112
	-.036
	-.294
	.769
	-.255
	.189

	
	Level of elimination of wastes: ELMWST
	-.088
	.167
	-.058
	-.529
	.598
	-.419
	.243

	
	Level of cellular manufacturing layout: CELMLYT
	-.141
	.131
	-.131
	-1.079
	.283
	-.400
	.118

	
	Level of defects reduction: DFTRDC
	.219
	.129
	.191
	1.699
	.093
	-.037
	.474

	
	Level of errors reduction: ERRRDC
	.125
	.070
	.219
	1.781
	.078
	-.014
	.265

	
	Level of continuous improvements: CNTIMPR
	.075
	.130
	.064
	.579
	.564
	-.183
	.333

	
	Level of quality-driven culture: QUALCLT
	-.050
	.118
	-.048
	-.418
	.677
	-.285
	.186

	
	Level of data collection and analysis: DATCLAN
	-.050
	.130
	-.041
	-.382
	.703
	-.308
	.208

	
	Level of statistical and mathematical thinking: STATMAT
	.049
	.100
	.053
	.490
	.626
	-.150
	.248

	a. Dependent Variable: Level of managing price sensitive expectations of the customers: PRCSENS
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