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Abstract
The aim of this study is to interrogate the Reverse Supply Chain Processes (RSCP) of the British Army to ascertain whether the null hypothesis is correct:
Ho:
“Knowledge of the current Reverse Supply Chain Processes of the MOD affects the amount of inventory held for the Challenger 2 Main Battle Tank (CR2 MBT) gearbox”.

The findings of this study have been that in answer to the posed question of “Knowledge of the current Reverse Supply Chain Processes of the MOD affects the amount of inventory held for the Challenger 2 Main Battle Tank (CR2 MBT) gearbox” the answer must be yes.  The level of knowledge of the current RSCP of the British Army does affect the amount of inventory held.
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‘Reverse logistics is defined as the process of moving goods from their typical final destination for the purpose of capturing value, or proper disposal.’

Rogers, Tibben-Lembke, 2001
Chapter 1

Introduction

In 21st Century Supply Chains growing environmental consciousness, legislation and concerns over corporate social responsibility have moved recycling and re-engineering issues higher up the agenda for businesses in all sectors. 

Defence logistics worldwide can be best characterised by a propensity for change.  Driven by budget cuts, a changing military landscape and the need to become more efficient and effective in the way that operations are supported have transformed the way that logistics support is delivered.  Operations are increasingly multinational in nature, involving co-operation, co-ordination and synchronisation of operational support amongst participating nations, putting issues of interoperability, information exchange and joint-working at the top of any coalition’s logistics agenda.  In July 2004, the former Defence Logistics Organisation (DLO) Management Board mandated all Integrated Project Teams (IPTs) and other material stock holding DLO Business Units to produce an Inventory Plan.  The plan (formerly the Stock Justification Case (SJC)) was aimed at justifying the level of their holdings of Capital Spares (CS) and Raw Materials and Consumables (RMC).  The size and value of the Ministry Of Defence (MOD) inventory attracts much attention from those scrutinising it from both within and outside of the MOD. Most frequently this attention is directed at how the MOD is able to meet military operational requirements and whether in doing so it is providing good value for money in the use of increasingly scarce resources. 


From Jan 2006, the Defence Storage and Distribution Agency (DSDA) had the responsibility of implementing the agreed Future Defence Supply Chain Initiative (FDSCi).  During the FDSCi process, it was highlighted that over 330,000 line items,(over one third of total stocked items in DSDA’s care), did not ‘transact’ between Sep 02 to Jun 05, even activity from Operation TELIC (Op TELIC) in Iraq, was taken into consideration. The corresponding stock value of these items is approximately £1.67bn excluding VAT (MoD, 2007).  A sub-optimal Support Chain inventory presents risk on two levels.  Firstly, too little inventory, or the wrong items, or inventory in the wrong locations, can lead to operational risk and inadequate support to the Front Line Commands (FLCs) and ultimately impact on deployed operations.  Secondly, too much inventory can mean that the MOD has spent money unnecessarily, incurring higher Indirect Resource Departmental Expenditure Limit (Indirect RDEL) costs as part of its Cost of Capital Charge.  

The role of industry has shifted with contractors providing platform support throughout the equipment’s life and being expected to deliver their services on deployed operations, right up to the last tactical mile.    Military requirements can often be more demanding than commercial systems, because of the multiplicity of challenging operational environments.  Although it could be argued that some high value equipment’s are environmentally specific such as filters, and Urgent Operational Requirements (UOR), it is important to emphasise that it is not the environment that cause the reverse supply chain but the value or scarcity of the equipment.  

As a subset of Supply Chain Management (SCM), executives of manufacturers, retailers, and logistics providers still under appreciate Reverse Logistics (RL) (Blumberg, 2007).  It is unclear why reverse logistics and by extension Disposition Services are under appreciated, when by the estimate of industry group Reverse Logistics Association (RLA) between 3% and 6% percent of bottom line costs are spent on reverse logistics management.  One reason could be the executive focus on pushing product out the door and making sure internal and external resources are aligned to do this efficiently and profitably.  SCM applications have been developed over the past several years that ensure companies achieve this goal (Sharma et al, 2005).  Conversely, reverse logistics management applications are still on the cutting edge of implementation and are in fact still being introduced by most Original Equipment Manufacturers (OEM), and many still lack the ability to talk to multiple platforms.  Furthermore, there are many departments on the RL and service sides of a company’s business that have historically been difficult to integrate, such as help desk, field service, warranty management, depot repair, reverse logistics and asset recovery together under a comprehensive management system. 

Reverse supply chain models are more complex than most forward supply chain models, an issue often best resolved by the implementation of superior IT solutions. Such cost reduction drivers also reduce the total cost of ownership for companies that choose to outsource their reverse logistics to third Party Service Providers (3PSPs).  Enterprise Resource Planning (ERP), Service Management Systems and Customer relationship management (CRM) systems in many cases lack the depth of functionality to account for unwanted equipment, components, parts and accessories that a company owns or leases (RLA, 2007).  In addition, much of the focus in RL to this point has been on asset recovery—and many firms are still attempting to optimise this function. Asset recovery involves part and serial number tracking, customer interactions to retrieve broken or unwanted goods, sorting, testing, repair, and refurbishment.  Asset disposition services, involving the transfer of goods, should be treated as an equally vital aspect of the RL chain because as important as it is to retrieve parts and devices, they cannot be financially beneficial without an effective disposition services program.  

The Roman statesman Cicero's aphorism that ‘Endless money forms the sinews of war' is as true today as it was two millennia ago. There can be little doubt that the nation with the deepest war chest is more likely to be victorious in a conflict.   As the cost of the equipment being procured by the MoD has risen dramatically in recent years as a consequence of higher design specification requirements, a greater need for a "two way" supply chain to return unserviceable equipment to military depots and industry for repair has evolved.  Indeed, the recent experiences in Iraq and Afghanistan (MoD, 2007) and the MoD's own End to End (E2E) Study (MoD, 2003) have re-affirmed the need for a responsive supply chain which provides end-to-end visibility for the tracking of consignments and assets for operations.  

This study will be focussing on one such critical asset, the Challenger 2 Main Battle Tank (CR2 MBT) gearbox known as the TN54E (Figure 1.1).  The item is classed as a capital spare which is defined in the defence supply chain manual, Joint Service Publication 886 (JSP 886) as” Items of repairable materiel retained for the purpose of replacing parts of an asset (sections, assemblies, sub assemblies, modules or components thereof) undergoing repair, refurbishment, maintenance, servicing, modification, enhancement or conversion.” (MoD, 2007).  

Figure 1.1 – Challenger 2 Main Battle Tank (CR2 MBT) Gearbox TN54E
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Source:  Author 2007
The Defence Analytical Services Agency (DASA) reported a total of 313 CR2 MBT were in operational service in 2006 with a further 72 in the various Army training establishments, a consolidated total of 385 (UK Defence Statistics, 2006).   With a current Forecast Quarterly Demand (FQD) of 37 against a contracted output of 27 (Ainscough, 2007), this item is of particular concern. Currently these pressures both on the customer and the IPT are alleviated by the availability of a Forward Repair Pool (FRP).  This safety or buffer stock is maintained by Headquarters LAND Command (HQ LAND) and distributed throughout the field Army at HQ LAND discretion depending on the role of the customer concerned as detailed in Table 1.1 below.  A total of 105 assemblies are continuously navigating the whole reverse supply process, taking on average 198 days to complete.  Further exacerbating the inability of DE&S to meets its customers’ requirements both in barracks and operationally. The specialised nature of much military materiel and the significant pressures that result from rapid deployment require that stocks of materiel are identified and maintained at high readiness for operations in order to meet Readiness and Preparation Times (RPT). 

Table 1.1 – LAND FRP Holdings May 2007
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Ultimately it is the Land Environment Register of Operational Stocks (LEROS) which dictates to the IPT what inventory levels represent the irreducible minimum.  It places the responsibility for Special Purpose Operational Stock (SPSO) firmly at the door of DE&S.  It provides a list of Special Purpose Operational Stocks (SPOS) which direct the DE&S Integrated Project Teams (IPTs) as to the quantity and readiness state of stocks that are to be held.

Operational Stocks are defined as: 

‘That materiel required for contingent operations (as detailed in Defence Planning Assumptions (DPAs) in excess of programmed activity (Force Elements at Readiness (FE@R) training/exercises and Permanently Committed Forces)
.

Whilst this definition includes items that can be produced within the readiness time, it is only those that cannot be that DE&S will need to stockpile, either in-house or under contracted arrangements (LEROS Version 2, 2007).

Research Hypothesis

Particular emphasis for this study has been placed on the relationship between Defence Storage and Distribution Agency (DSDA) and the contractor responsible for re-engineering these assets valued at £1/4 m, David Brown Engineering (DBE) based in Huddersfield.  These two agencies are responsible for 16% of the time taken by the TN54E to navigate the whole reverse supply chain.  During the period of this study Jul 05 to Feb 07, a total of £38m worth of sales of this item were made (Ainscough, ibid.).

The research will test the Null Hypothesis: 
Ho:
“Knowledge of current Reverse Supply Chain Processes of the MOD affects the amount of inventory held for the Challenger 2 Main Battle Tank (CR2 MBT) gearbox.

Utilising quantitative and qualitative date in the form of:

1.
Electronic data recovered from the numerous military Logistics Information Systems (LOG IS) available such as Store Transaction Archive Retrieval (STAR), Base Ordnance Depot Management System (BODMS), Visibility In Transit Asset Logging (VITAL) and GLOBAL.

2. A survey of all those agencies contributing to the overall process, the

customers known as Customer 2 (C2) which are the units operating the CR2 and DBE, DSDA, Brigade Headquarters and Headquarters LAND Command to be referred to as (Non C2)

In Chapter 2, the Review of Current Literature, we will discuss the plethora of documents and research associated with this increasingly popular supply chain field.  It will include research of a general nature such as the “closed loop supply chain” and also in more detail at the specifics of military RSCP.   Chapter 3 entitled Research Methodology will discuss the nature of this research and the methodologies available when addressing this particular hypothesis ending with a discussion of why these particular methodologies were chosen and appropriate for this research question.  Chapter 4, the Analysis chapter, displays the results of this research.  Finally Chapter 5 will remind the reader of what the hypothesis is and draw conclusions based on the analysis in Chapter 4.

The benefits highlighted in the findings of this research can be easily attributed to any item involved in the RSCP.  Ultimately by reducing Customer Wait Time (CWT) any unnecessary holdings or buffer stocks of repairable assets could be reduced as well as the costs allocated to their distribution and storage.  These savings could felt by all those involved and ultimately the UK taxpayer in the following areas:

· The customer will benefit directly by improved delivery and a reduction in wait-time for serviceable assemblies.
· Heavy Armoured Systems IPT (HAS IPT) will benefit from improved customer confidence, in turn a better working relationship.
· The increase in free storage capacity which could ultimately result from these findings would give a greater degree of flexibility to DSDA and an increased potential revenue flow from leasing.
· DBE would benefit from a reduction in dead floor-space which could be         utilised more effectively in its re-manufacturing line.
Chapter 2

Review of Current Literature

In the context of changing markets, developing agile supply chains has become a necessity for most companies evolving in a global environment.  Responsive supply chain integration can be a complex, difficult and resource intensive challenge, especially when the business concerned is trying to maintain normal and ‘abnormal’ operations at the same time.  The review of the literature on supply chain collaboration shows that the ability to develop an agile and demand-driven supply chain is directly linked with the ability of the different partners interacting in a supply chain to collaborate (SBAC, 2006, Simatupang & Sridharan 2007, Brenchley, 2007). 

The reverse supply chain can be extremely basic or convoluted depending on the industry or parties involved.  The products involved may include anything from raw materials to processed goods.  Adversely the packaging involved may be returnable slave or Special To Contents (STC) containers and their associated wrapping or tying materials.  Legislation introduced in 2007 (Waste Strategy for England, 2007) stipulates that Europe as a whole has a responsibility focussing on particular waste streams by percentage to recover, return and re-cycle 55% of packaging waste by 2008.  This figure has already been exceeded ahead of schedule in 2006 (Table 2.1).

The UK Environment Agency (EA) has introduced criteria for companies that handle, manufacture, convert, pack, fill, sell or import more than 50 tonnes of packaging or packaging materials a year or have an annual turnover of more than £2 million per year.  They must register with the relevant Environmental Regulator and achieve targets for recycling and recovering packaging waste (EA, 2007)
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Source:    Waste Strategy for England, 2007
Simply put "reverse logistics" is all activity associated with a product or service after the point of sale, the ultimate goal being to make more efficient after-market activity, thus saving money.  Types of common activity include; logistics, warehousing, repair, refurbishment, recycling, after market call centre support, reverse fulfilment, field service.   Reverse logistics in the distribution market is often referred to as the process of collecting, handling and transporting used, damaged, unwanted or end-of-life goods and/or packaging for disposal, recycling or recovery. It can also refer to the return of reusable transit equipment (pallets, containers etc.) to a point further up the supply chain i.e. upstream.(DHL, 2007).  It has often been seen as a necessary cost of business, a regulatory compliance issue or just another ‘green initiative’ (Mollenkopf & Closs, 2005).    However, it has received a considerable amount of attention recently from industry leaders such as Wincanton, the number 2 UK contract logistics provider.   Wincanton recently commissioned research carried out by Taylor Nelson Sofres that shows over 40% of consumers return unwanted gifts after Christmas and catalogue businesses experience returns levels of around 15% throughout the year.  Yet the reverse supply chain is often characterised by inefficiencies, a lack of trace-ability and less sophisticated processes than the forward supply chain.  Going forward the optimal lot sizes for sales are low price high volume.  However the optimum return lot is high value low volume.  Most enterprises do not have supply chain management systems, which handle the reverse supply chain, or if they do, the existing applications are disconnected (transportation isn't tied to customer service which isn't integrated to repair solutions) or incomplete. Historically, the reverse supply chain has been under-invested— including the design of systems to support it (Dyckhoff et al, 2004).  This can lead to operating costs that are four times higher than deliveries to store (Wincanton, 2007).  A number of factors are driving this increase in interest levels including improving bottom line performance, social responsibility reporting, asset management and environmental legislation.  A current example is the Waste of Electrical and Electronic Equipment (WEEE) Directive (WEEE, 2006).  This legislation has not only increased the focus on reverse logistics, but has firmly placed the onus on manufacturers and retailers to dispose of returned goods safely and responsibly and also to have full knowledge of the whole product lifecycle or whole-life cost.  

External factors also directly affect reverse logistics activities.  These external factors include customers, competitors, suppliers, and government agencies (Carter and Ellram 1998).  A reverse logistics program is almost entirely dependent on the external customer.  Specifically, two external customer considerations will drive reverse logistics: 

1. Features that customers want in recycled, refurbished goods and

2. Education and understanding of the benefits of reverse logistics.


Twenty-first century organisations are finding it increasingly difficult to compete 

on price, product features, and/or advertising/promotion. Understanding customers,

serving them to their satisfaction, optimising logistics through reverse logistics systems

and effective services in the supply chain are becoming more important factors for

competitive advantage that distinguishes from competitors. Well-executed automatic

replenishment and reverse logistics programmes can significantly help companies

differentiate themselves from competitors (International Journal of Management and Enterprise Development (IJMED), 2005).  Focusing on the customer can be considered to be the core of reverse logistics.  Researchers have described the potential positive customer impact of a successful reverse logistics program.  Such programs can not only be a form of asset recovery, but also a strategic customer relationship management measure and a customer reinforcement activity.  For example, reaching reverse logistics goals could lead to improved corporate image and more customer satisfaction (Daugherty 2002).  Often, reverse logistics programs are depicted as starting with good gate keeping, which is the act of keeping defects and unwanted goods from entering the reverse supply chain.  However gate-keeping in itself can present a problem at the return level.  Although organisations are willing to create return policies at the strategic level, executing these strategies can present problems.  Front line personnel usually implement organisation-wide policy.  These personnel can lack detailed training in evaluating value or potential reusability of a product, especially in the short time frame involved in most return encounters.  While organisational policies may dictate one action, such as accepting only unused goods, employees may deviate sharply from this policy.  


Engaging consumers in reverse logistics activities also lends the possibility of product and market innovations (Dowlatshahi 2000).  Consumers can provide a wealth of information, especially during a time of returns and take-backs.  Organisations that have been designed to handle such feedback should prosper.  Closed-loop supply chain network equilibrium occurs when all players agree on volumes shipped and prices charged (Hammond, Buellens 2006).  One suggestion extant throughout reverse logistics involving a re-engineering process is that the cost of increasing a product’s ability to be re-manufactured is non-linear.  As long as supply chains are functioning well, policies aimed upstream at producers or downstream at consumers will have their effects felt up and down the whole chain.  How these effects are felt and the incentives they provide depend on how well markets function at each stage.  There are a number of assumptions made throughout the market:

1. The cost of re-manufacturing a product of any given recovery level is either a constant cost per item, or decreases production costs by a constant rate per unit. 

2. The value obtained from a returned item is constant and equal to its overall value less its cost of collection.  

Such assumptions imply that re-engineering used products needs to be less expensive than manufacturing from virgin materials in order for it to be attractive to manufacturers and customers alike.   The Defence Industrial Strategy (DIS) published in December 2005 (Mod, 2005) acknowledged the important contribution that the defence industry makes to delivering military capability.  It also highlighted the challenges ahead and an increasing reliance on reverse re-engineering in order to ensure the UK is able to remain competitive in the future.  The UK market for defence equipment and services is the second largest in the world, and we recognise that the UK has a broad-based and sophisticated defence industry. The UK also offers unique attractions to business and continues to benefit from the presence in the UK market of companies, whoever their shareholders are, that are prepared to invest and develop their businesses here. 

Many of the complex, technologically challenging and high-value systems which have been recently introduced – and have taken many years to design and bring into service – will last for a considerable period of time. This aligned with the constantly changing spectrum of military operations places increasing emphasis on an ability to support and upgrade them through life, as well as having implications for the level of industrial capability and capacity that it is sensible or economic for industry to retain. Investment in defence-related technology is critical to retaining access to cutting-edge military capability.  The UK industry has had to reshape itself, to improve productivity and to adjust to lower production levels once current major equipment projects have been completed, while at the same time retaining the specialist skills and systems engineering capabilities required to manage military capability on a through life basis. Just as the roles and structures of the Armed Forces are transforming, so too are those of the defence industry which has itself to face the future with confidence.

“Support to the Front Line Commands (FLC) and operational theatres with high cost, low population, replacement parts means that the flow of Repairable items along the Reverse Supply Chain (RSC) is as critical to Defence as is the operation of the Forward Supply Chain (FSC)”

JSP 886 – The Defence Logistics Support Chain Manual, 2007
Joint Service Publication 886 – The Defence Supply Chain Manual 

The purpose of JSP 886 is to describe authoritative logistics support Policy, Regulations, Guidance and Procedures (PRGP) to enable planners, managers and practitioners to understand and fulfil their role in the effective and efficient use and operation of the Defence Logistics Support Chain. It has applicability through every phase of the life of all military equipment and logistics support services (JSP 886, 2007).

The Joint Supply Chain (JSC)

The Joint Supply Chain (JSC) is that element of the army Support Chain that covers the policies, end-to-end processes and activities associated with receipt of stocks from trade to their delivery to the demanding unit and the return loop for all 3 Services. The Support Chain (SC) is the in-service operation of Support Solutions, including the physical flow of materiel, people, services and information. The JSC must satisfy both operational and non–operational requirements. The end to-end JSC stretches from requirements of operational commanders and Front Line Commands (FLCs) back to Industry. In essence it is the Defence controlled network of nodes comprising resources, activities and distribution options that focus on the rapid flow of information, services and materiel between end users and the Strategic Base to generate, sustain and re-deploy operational capability. 

It is founded upon integrated logistic information systems, common policies, doctrine, processes and procedures to provide a core enabling capability for Defence, optimised to deliver military effect.  This includes recent initiatives such as Contractor Logistic Support (CLS) arrangements. The generic design of the JSC is set out in the JSC Blueprint. The Blueprint provides a set of characteristics, which define the elements necessary to plan, configure and execute the JSC.

The Reverse Supply Chain (RSC) operates as a part of the JSC utilising common

joint processes and performance targets. The military RSC is defined as “the process by which surplus, repairable, damaged or waste materiel is returned for reallocation, reclamation, repair or disposal”. The process begins when a return item is identified and ends when that item is receipted onto the account from which retention, reallocation, repair or disposal takes place. The Front Line Commands (FLC’s) are customers of

the JSC but also provide much of the manpower and resources required to establish

and run the JSC, particularly on overseas operations. They therefore also have a role to play in its effective and efficient operation, and to that end make a significant contribution to the development of policy and procedures to ensure specific single service needs are

met.  Most importantly FLC’s need to have confidence in the JSC.

The Support Chain (SC) is the in-service operation of Support Solutions, including the physical flow of materiel, people, services and information. The JSC must satisfy both operational and non–operational requirements. The end to-end JSC stretches from requirements of operational commanders and Front Line Commands (FLCs) back to Industry. The JSC is the Defence controlled network of nodes comprising resources, activities and distribution options that focus on the rapid flow of information, services and materiel between end users and the Strategic Base to generate, sustain and redeploy operational capability. It is founded upon integrated logistic information systems, common policies, doctrine, processes and procedures to provide a core enabling capability for Defence, optimised to deliver military effect. This includes recent initiatives such as Contractor Logistic Support (CLS) arrangements. The generic design of the JSC is set out in the JSC Blueprint. The Blueprint provides a set of characteristics, which define the elements necessary to plan, configure and execute the JSC.  The Reverse Supply Chain (RSC) operates as a part of the JSC utilising common joint processes and performance targets. The RSC is defined as “the process by which surplus, repairable, damaged or waste materiel is returned for reallocation, reclamation, repair or disposal”. The process begins when a return item is identified and ends when that item is receipted onto the account from which retention; reallocation, repair or disposal takes place. The Front Line Commands (FLC’s) are customers of the JSC but also provide much of the manpower and resources required to establish and run the JSC, particularly on overseas operations. They therefore also have a role to play in its effective and efficient operation, and to that end make a significant contribution to the development of policy and procedures to ensure specific single service needs are met.  Most importantly FLC’s need to have confidence in the JSC.

Figure 2.1
-
Configuration of the JSC
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Source - JSP 886 – The Defence logistics Support Chain Manual  - Jul 07

Planned Repair Processes (AF G8883)

The Planned Repair System is a computerised system designed to assist the relevant Integrated Project Team (IPT) in concentrating repair resources on items which are subject to high usage and are cost effective to repair or are most operationally urgent and in short supply. The system involves only those items subject to Planned Repair i.e. a repair contract has been put in place by the corporate repair manager at DE&S. The items are all maintained in service by repair rather than by purchase of replacements from trade, as they may be difficult and expensive to procure quickly.  An army form known as an AF G1043 or condemnation certificate determines their condition.  It is this form which triggers the whole RSCP.

Planned Repair items are subject to recall by either computer generated AF G8883 or by a Fax/Signal call-in notification.  The process is started after an order with a Reason For Demand (RFD) Code 1 (indicating a failure due to fair wear and tear) has been placed on the stores system by a customer or a notification of surplus stocks has been submitted again by the customer.  The recall is generated at point of order not point of sale so a requirement to return the failed or Unserviceable (U/S) assembly is in place regardless of the stock position.

High Priority Repair Items are called-in from customers by a Fax or Signal notification and not a computer generated AF G8883. The Fax or Signal call-in notification contains the necessary information to complete a manual back-loading voucher (AF G8883(M)).

The Efficiency of Reverse Logistics

The Chartered Institute of Logistics and Transport (CILT) employed Cranfield and Sheffield Hallam Universities to complete the work carried out in this report.  The CILT were themselves contracted by the Department for Transport (DfT) on behalf of the Secretary of State for Transport on 9th April 2003 (CILT, 2004).  In the executive summary it was reported that in 2002, total UK Retails sales amounted to £230.5 billion.  Most of the respondents to the survey carried out during the report estimated returned goods accounted for between one and five per cent of their sales value.   A middle figure of 2.5 per cent was then taken to establish that for the period covered by the report approximately £5.75 billion of goods had been returned. The main findings of the report were that the issue of product returns is a significant one for both costs to industry and the environmental burden.  Perhaps surprisingly the main driver of product returns was found to be internal company supply chain management, not consumers returning faulty products.

The Repair Management Guide

The Repair Management Guide is a publication used to bridge the gap between the lack of an approved suite of Repair Management functional competencies or formal training to support the repair managers function.  The Corporate Repair Manager who is located within DE&S in Andover updates the publication annually.  It is estimated within the publication that over £180 m pounds each year is spent on the repair of major assemblies (engines, gearboxes), Line Replacement Units (LRU’s) (sights, laser imagery),  and equipment’s, all of which have to navigate the already stretched RSC (Corporate Repair Manager, 2005).  The document details the procedures involved in creating, maintaining and managing repair programmes on Stores System 3 (SS3).  These procedures ultimately result in the production of a Repair Notification Call-In (RNCI) for unserviceable stock to be despatched from DSDA to a contractor.  

A Framework for Reverse Logistics

A Framework for Reverse Logistics is a paper written by the Erasmus Research Institute of Management (ERIM, 2003) presenting a content analysis of reverse logistic issues as seen in terms of the driving forces and reasons for reverse logistics namely: why is the product being returned?, what products?, when? and who is returning them? More specifically, it differentiates between three forces for reverse logistics: 

1) Economics

2) Legislation 

3) Corporate citizenship.

In summary, companies become active in reverse:

1) Because they can profit from it

2) Because they have to

3) Because they “feel” socially motivated to do it.
And finally the economic gains can either be direct or indirect. For instance, a company may directly benefit from having reused materials as raw materials, but it may also be a strategy to improve its relationships with customers. 

Improving the Army’s Management of Reparable Spare Parts

The RAND Corporation under sponsorship from the United States (US) Army produced this Book in 2005.  The US Army introduced an initiative know as Velocity Management (VM) now known as Army Distribution Management (ADM) in response to the lessons learnt from Operation Desert Storm in the early 1990’s (Folkeson and Brauner, 2005)  It concentrated on repairable management processes due to the reduction in in-mission effect the failure of such an item had caused.  A reparable is an item that can be cost-effectively repaired. When a reparable such as a diesel engine or turbine malfunctions, it can be replaced by a repaired or rebuilt component; it usually does not need to be replaced by a new item.  Three key issues were highlighted after examining the repairable management processes:

• The impact of uncertainty and variability in customer demands on long-term

planning forecasts.

• The need for increased emphasis on near-term re-planning for execution.

• The inability of repair responsiveness to meet changing requirements.

After a review of industry best practice case studies it proposed the following strategies for dealing with the inevitable uncertainty of demand associated with military operation:.

Frequently update forecasts.

• Increase safety stock.

• Improve replenishment lead times.

• Improve communication about customer needs and requirements.

The literature suggested that the fundamental problem in forecasting reparable demand is not the type of model used but the length of the planning horizon. Some decisions must be made with the best information available at the time, whereas other decisions can be revisited as new information emerges.

Internal Business Agreement (IBA)

The Defence Storage and Distribution Agency (DSDA) is responsible for the Receipt, Accounting, Storage, Inspection, Maintenance, Repair, Modification, Packaging, Issue, Distribution and Disposal of Customer 2 and DE&S sponsored items. Their vision is to be a customer driven, commercially aware, storage, distribution and processing organisation within the transformed defence supply chain, while their critical success factors are listed as:

· To exceed the expectations of the Customer in delivering the levels of service set out in the Agency's Customer Business Agreements (BAs) 
· To deliver the Agency's outputs in a safe and environmentally responsible manner 
· To deliver DSDA’s part of the DLO agreement
· To meet Agency financial targets and efficiencies 
· To grow the business where it is of benefit to Defence 
· To have a well trained and motivated workforce 
· To be an integral part of a rationalised and joined up supply chain
(DSDA, 2007).

The performance criteria expected for these responsibilities are displayed in the Internal Business Agreement (IBA) between Director General Logistics LAND (DG Log LAND) as the customer and DE&S And DSDA as the service suppliers.  It is not a contract and there is no intention that it should be enforceable in law.  The storage volumes and activity levels identified within it are forecasts and may be adjusted during the course of the Agreement period.  The underlying aim of the Agreement is to increase and foster co-operation and partnership between the Customer and Supplier. The IBA is as discussed an internal agreement and as such its distribution is limited to those parties with direct input/influence into/on its contents.  The agreement is updated on an annual basis as a matter of course or on an ad hoc basis with all party agreement and discussion. The Key performance indicators discussed in this study are detailed in Part 2, Section 2 of the document entitled ‘Outputs’.  The two outputs referred to in this study as Key Performance Indicators (KPI) which are vital are:

· Output 1 - Receipt of Customer Sponsored Items and
· Output 5 - Distribution of Customer Sponsored Items 

The receipt of customer sponsored items for the purpose of this study is the responsibility of the staff at Warehouse 20 (WH20) part of building B2 at the Defence Storage and Distribution Centre (DSDC) in Donnington, Shropshire.  A KPI is allocated in the IBA to this output of  ‘all conforming receipts taken on charge on a Warehouse Management System (WMS) within 14 working days’ the WMS measured against in this KPI is Base Ordnance Depot Management System (BODMS). The timeframe involved is referred to in JSP 886 as Materiel Handling Time (MHT).  As the description of the output indicates it is only applicable to items which are deemed to be ‘conforming receipts’.  For a receipt to be conforming it must meet the 8 criteria laid down in Part 2, Section 2 to the IBA detailed in Appendix 1 to this study (DSDA IBA, 2006).  

Contrary to the LAND imposed KPI in the IBA, DSDA operate to a series of KPI’s in Schedule L of the Internal Partnering Agreement (IPA) detailed in Appendix 2 to this study.  The organisation applies these internal KPI to its assessment of the Supplier’s performance in accordance with Clause (24) of the Internal Partnering Agreement.  The KPIs for MHT is referred to as KPI 5 ‘Receipt and put away’ and has a target of all (100%) conforming trade receipts and planned repaired stock to be received, processed and put away within 5 Working Days. The process timeline begins from receipt of associated documentation with the stock at DSDA. (DSDA IPA, 2006). 

The transport and distribution from industry of customer-sponsored items is the responsibility of an organisation known as Ex-works based at DSDC Bicester, in Oxfordshire.  They are the first point of contact for DBE after the re-engineering of the TN54E.  A KPI of 10 working days (14 calendar) is allocated to this task; referred to as Time For Distribution (TFD) in JSP 886; from the point of receipt of a request from DBE.  The distribution manager sends this request in the form of a fax copy direct to the Ex-works desk at Bicester.  This is the trigger that starts the TFD KPI clock.  The reality of this measure is that it is an informal, (not recorded in any operating procedures) DSDA imposed KPI placed on its own internal organisation.  This is partly due to the impracticality of allocating one generic KPI for the plethora of repair contracts currently in force within DE&S and the relatively recent transfer of responsibility (April 2006) for this task from its former owner Defence Supply Chain Operations Movements (DSCOM).  There is no formal agreement with DG Log LAND and DE&S to this measure and as a result there was no external reporting of this measure evident throughout this study.  The IBA simply lists the service as output 5 – The distribution of customer sponsored items.  The KPI is based on the services ability to ensure 95% of issues or sales meet their allocated Supply Chain Pipeline Time (SCPT).  As this study concentrates on the time taken for ‘receipts’ from contractor to be processed there was found to be no formal KPI applicable.  There is also no meaningful reverse Supply Chain Pipeline Time (SCPT) matrix detailing the segmentation velocity within each part of the RSC process.  Consequently units, sub elements and organisations have no timeline target to work against or performance measures of success.  It is only when there is an agreed measure of RSC velocity can friction points be identified and improved delivering an optimised RSC.   This is a key factor that drives IPT business and their engagement with industrial stakeholders.

Within the IPA there are two KPI allocated to TFD of Ex-works:

· KPI 6 - Demand Fulfilment – Collect Materiel and equipment on time

· KPI 7 - Demand Fulfilment – Collect Materiel and equipment in full

KPI 6 concentrates on the percentage achievement of the number of collections of stock ex works/depot/Unit to the nominated stock reception area by the required date. The measure of success is the collection from the agreed point within the time agreed with the customer as a percent of the total number of collection tasks that were to have been made within the reporting period.  KPI 7 reports against the percentage achievement of the collection of items in required quantity. This will be measured against the number of items required and the number of items collected. The measure of success is the collection from the agreed point. 

Value Recovery from the Reverse Logistics Pipeline

This analysis was conducted by the RAND corporation in support of the United States Deputy Chief of Staff, G-4, Headquarters Department of the Army (HQDA), Reverse Logistics Process Action Team (RLPAT) and the Combined Arms Support Command (CASCOM) Distribution Management (DM) team.   The study highlighted the importance of a repairable as a future serviceable item.  Repairables are a typically more expensive initial investment and should be expeditiously moved to repair points for repair/

refurbishment/remanufacture to return them to serviceable stocks so as to

minimise the amount of inventory investment.  Its primary measure of reverse supply effectiveness was customer wait time (CWT), or how long the soldier customer had to wait until a needed part is delivered. The CWT metric linked directly to how well the reverse

logistics processes functioned.  Longer CWT resulted in reduced readiness and 

higher supply and maintenance costs.  Reverse logistics process performance, and as it affects replenishment wait time (RWT), it also drives inventory investment (RAND, 2004).
Operational Reverse Supply Chain Study (ORSCS) – Operations (OPS) TELIC (Iraq) and HERRICK (Afghanistan)

In January 2007, the head of the Defence Logistics Operations Centre (DLOC) in Andover directed a study be undertaken into the Reverse Supply Chain (RSC) for Operations, focussing on Ops TELIC and HERRICK.  This study was to examine the RSC from operational theatres end to end in order to recommend improvements to achieve optimisation for both materiel flow and consignment visibility.  The study highlighted a number of key issues of particular relevance to the military RSCP (MoD, 2007). 

The study highlighted evidence of a blame culture within the RSC.  The underlying view from across the JSC was that the problems and sub-optimal performance of the RSC were ‘somebody else’s fault’ although no one individual was prepared to state where this ‘fault’ lay.  This was balanced against the intuitive feeling from the study team that the RSC had a fragile 70% solution already in place.  Whilst much action was required to steady the 70%, and then more work for 100% RSC optimisation, it was not ‘broken’ as has been anecdotally alluded to on many occasions. The reality is there were problems, which have evolved over time, or processes and policy simply have not been adhered to for a variety of reasons, including lack of resources.  Ergo, faults and/or sub-optimal practises should be highlighted in order to be rectified and thus improve the RSC. In short, the policy, procedures and processes already existed for the RSC in support of operations but required updating and amendment.  A key issue is the requirement for effective dissemination of information, subsequent training and adherence by SC personnel – this had not hitherto been optimal.  Most importantly the knowledge of Theatre Priority Returns Lists (TPRL) was highlighted.  These lists are a guide published through IPT’s with input from each operational theatre detailing the priority for returning equipment’s’ and assemblies by air to the UK mainland for repair.  They are updated on a fortnightly basis in line with operational requirements. During the course of this study HAS IPT had a maximum of 10 inventory items allocated to this list.

Consignment tracking was highlighted as a critical component of managing the RSC. DSDA must re-examine its RSC distribution routes, and return weapons and ammo procedures.   A cultural change was required, especially in terms of articulating the importance and relevance of RSC and CT.  Leadership and enforcement were the key. The reality was there are  RSC processes, policy and procedures and whilst there is much room for improvement in these the true issue are they need to be enforced through education, training, culture change, increased resources and above all through command and control.

Chapter 3
Research Methodology
Research can be divided into two broad sections:

        Qualitative – is research based on thoughts, observation, opinions or word of mouth.  This kind of data typically comes from asking open-ended questions to which answers are not limited by choice or scale.  A questionnaire is a good way of gathering this kind of data with the user usually asked to assign a score or written answer.
        Quantitative – this research is based on numbers and data easily quantified.  The most popular technique is the survey often based around a large number of cases; an example of this kind of research would be to ask questions for which only one possible answer exists.  ‘How much money do you earn?’ as opposed to ‘how much money would you like to earn?’ 
 
It is true that some disciplines place a greater emphasis on quantitative research and some on qualitative research.  Nonetheless, in reality most research is the result of a design or an arrangement of conditions for collection and analysis of data in a manner that aims to provide relevance using a combination of the two (Kumar 2005).  Ultimately in large scale projects a circular sequence in which exploration is followed by measurement, which in turn are followed by a qualitative analytical phase in order to shed more light on the scientific findings (Davies 2007)
 
Each method has clear advantages and disadvantages and each will be more suitable to specific circumstances.  The approach that is eventually adopted, as a means of gathering data will depend entirely on the nature of the enquiry and the information that is required to be obtained.  Labelling an approach as quantitative or qualitative does not mean that once that approach has been selected the user can not move to another style if it was

deemed necessary in achieving the objective.  However, an awareness of the advantages and disadvantages of each method will help to assist the user in tackling a research dilemma.  As an example a researcher would not wish to utilise a method of data gathering that requires an individual’s opinion when they are gathering data for a scientific study.

 
Data Collection Methods
From the point of view of a researcher, the questions that we are exploring and the type of information in which we are interested are the most important factors influencing the decision about what research method to use such as a survey, participatory methods based on group discussion, semi-structured interviews or another approach (Barahona, 2002).  There are two major approaches to gathering information about a situation, person, problem or phenomenon.  Sometimes the information that is required is readily available and needs only to be extracted.  There are times however, when the information must be collected directly from source.  Based upon these broad approaches to information gathering, data can be categorised into the following:
 
       Secondary Data
·   Primary Data

Examples of a secondary source could include the collection and utilisation of census data to obtain information on the demographic structure of a population, or perhaps the use of hospital records to obtain the mortality rate of a specific location in comparison to another town, city or country.  Other kinds of data that would fall into the secondary data category would be the use of articles, journals and indeed other research studies and publications.  In comparison, it is sometimes necessary to find out first-hand the attitudes of a community or section of the population in regards to a particular subject or problem.  In this case data may need to be collected directly by the researcher in order to recognise the cause of a particular dilemma resulting in the formulation of some kind of action plan.  In such instances the method of data collection would have to be primary.  Though, it must be stressed that often the two forms of data collection will be used in conjunction to obtain a clear, unbiased, historically correct opinion.  

Surveys
The aim of a survey is to collate information, which can be analysed with a view to patterns being obtained, and comparisons made.  In many instances, a survey will be used to gather information from a representative selection of the population, and from that group it will be able to present the findings as being representative of a larger group.
The information required for a survey can be gathered in several ways, for example face to face interviews, telephone interviews, questionnaires or structured lists of written inquiries to name but a few.      Designing a questionnaire is to ‘design a method of measure and not a conversational inquiry’, (Fowler 2002).   A questionnaire is one of the most commonly used techniques for data collection, and a well-designed version can provide the researcher with a vast amount of data.  The data gathered could be anything from the respondent’s position within an organisation or as in this case, to answer a question on whether something has had an adverse affect on a certain business.
 Before any respondents could be contacted it was imperative to construct the questionnaire in such a way as to allow the collation of the required data while at the same time maintaining the integrity of the respondent. The questionnaire was based upon two main criteria, (1) the surveyor could ensure that all respondents were asked the same questions in the same manner while (2) being relatively inexpensive to create and simple for the respondent to answer.  

Chosen Research Methods
In order to compile true unbiased data it was decided to combine both quantitative and qualitative data in a number of the research methods discussed earlier in this chapter.  Historical research in the form of analysis of electronic stores transactions to be referred to throughout the study as analysis of secondary statistical data and a survey in the form of a questionnaire.

Analysis of secondary statistical data

During the execution of this study a survey of all RSCP transactions involving the CR2 MBT gearbox known as the TN54E, was carried out over the period July 2005 to February 2007.  This particular period was selected as it would also incorporate a LAND initiative known as Confidence Building Measure (CBM) 13 which had been implemented at the start of the period and was aimed at reducing the overall Turn Round Time (TRT) of repairable items.  

The Secondary electronic data was collected from numerous military Logistics Information Systems (LOG IS).  These included:

· Store Transaction Archive Retrieval (STAR) – A database which archives all completed RSCP transactions 3 months after their completion date (receipt at final destination).

· Base Ordnance Depot Management System (BODMS) – The warehouse management system utilised by DSDA staff which interfaces with STAR and VITAL.

· Visibility In Transit Asset Logging (VITAL) – Consignment Tracking (CT) system which records all movements through the JSC. 

· GLOBAL (not a pneumonic) – The inventory management system utilised by LAND units which interfaces directly with VITAL.
At the start of the survey an informal visit was carried out in warehouse 20 in Donnington to discuss the issues at the heart of the research and to gain buy-in to the project as a whole.  The initial aspiration was to request that the operators within the organisation recorded all issues of the TN54E by serial number to close the loop and increase the accuracy of the findings as this information was recorded by DBE in the despatch paperwork it produced for Ex-works at Bicester.  The warehouse manager refused this request on the grounds that it would involve additional training in the serial number management suite on BODMS and that staffing figures were barely manageable at the present.  All parties involved agreed an alternative arrangement on 29 Jan 07 (Appendix 3) in that the staff would report the physical date of arrival of the transmissions by telephone or facsimile detailing the serial number prior to any receipt action being taken.  This would ensure that the MHT or output 1 could be accurately measured as this acted as the start point for that process.  The completion point would be the appearance of the stock on the relevant WMS. This measure was introduced to increase the accuracy of the data and also to enable the author to allocate areas of responsibility within the DSDA KPI.

It must be emphasised that the accuracy of this data was reliant on electronic systems and the manual reports produced monthly by DBE which illustrated the date on which they informed DSDA of the availability of serviceable TN54E for collection by fax.  This date has been confirmed by hard copy at DSDA. 

Two Statistical Process Control (SPC) charts (See Figures 4.1, 4.2) were produced detailing the overall time taken to move serviceable TN54E by individual serial number from DBE in Huddersfield to the point at which they became available for customer sales (on charge on a Warehouse Management System (WMS)), at DSDA. It was felt that 2 SPC were required to best illustrate DSDA performance due to the lack of clarity and conflict evident between both the IBA and IPA.  Only those TN54E that had completed the process were reported upon, a total of 134 transactions.  Furthermore a manual adjustment was applied to 23 of these transactions as they had taken place over the DSDA Christmas holiday periods of:

· 23rd December 2005 – 2nd January 2006 (a total of 18 transactions)

· 22nd December 2006 – 1st January 2007 (a total of 5 transactions)

This resulted in these 23 transactions having their overall processing time reduced by 10 calendar days in each instance. 

Survey

Contact of respondents 

From the period May to June 2007, 76 electronic questionnaires were emailed and dispatched to twelve pre-determined organisations involved in RSCP,  located within UK, NW Europe and Canada:

· British Army Training Unit Suffield (BATUS) – Based in Alberta, Canada this organisation is the biggest consumer of TN54E in the field Army
· Headquarters Land Command (HQ LAND) – Based in Wilton, Salisbury the organisation is responsible for the distribution and monitoring of all buffer/safety  stocks of TN54E for Customer 2 units
· Headquarters 7th Armoured Brigade (HQ 7 Armd Bde) -  Based in Hohne, Germany this organisation runs the largest fleet of CR2 MBT in the field Army
· 4  Royal Electrical & Mechanical Engineers Battalions (REME BN) – Based in Fallingbostel, Osnabruck and Paderborn in Germany and Bulford, Wilthsire, these organisations are responsible for the control and issue of their own buffer/safety stocks as well as sentencing and conditioning of TN54E

· Royal Scots Dragoon Guards (RSDG) and Kings Royal Hussars (KRH) – Based in Fallingbostel and Bulford respectively these organisations are consumers of TN54E and operators of CR2

· DSDA Europe – Based in Duelmen, Germany this is the concentration point for the return of TN54E in Germany

· DRDC Bulford and Hohne – The entry point for Customer 2 organisations into the DSDA RSC.  (Although part of the overall DSDA organisation it was felt by the author that due to the disparate locations and the isolation from DSDA Headquarters a clear differentiation between the two would add value).

Questionnaire

The original questionnaire (Appendix 5) contained 10 questions with four sub-questions at question 9 a-d inclusive culminating in a total of 13 responses being required from the potential respondents.  The initial trial of the questionnaire run concurrently by staff at DE&S and RSDG resulted in an amended format being adopted (Appendix 6).  Like questions were grouped into areas of interest and a formatted response was inserted for the electronic version allowing only one response to those questions allocated a Likert scale.  Free text was allowed for any potential remaining ‘or other’ responses.   There was also an opportunity for the respondents to record any additional comments or thoughts after particular questions which would allow this study to gauge if any additional points had been raised that had not been previously considered.  
The questions broadly followed a closed question format presented with a combination of a Likert scale, which allowed the respondents a degree of flexibility when attempting to answer the question. 

Questions 1-5 were designed to establish a rapport with the respondent by asking specific questions relating to their day-to-day working practices and allowing the author to gain an appreciation of the organisation they worked in and their role in RSCP.  Questions 6-8 sought to establish the respondents general experiences of operating within the RSCP while questions 9-10 were aimed at establishing respondents’ knowledge of RSCP and any potential training they felt would improve their RSCP.  It was felt at this point that a further clarification of the results of question was required due to the authors knowledge of each individual respondents exposure to RSCP so the responses were collated until the two respondent groups Customer 2 (C2) and Non Customer 2 (Non C2).  Initially a chi-squared test was considered in order to test the null hypothesis.  However a plethora of literature (Answers.com, 2007, Cochran’s rule, 2007) implied that a disadvantage of the chi-squared test was that it will normally only be acceptable so long as no more than 10% of the events have expected frequencies below 5. An estimate might not be very accurate if the marginal is very uneven or if there is a small value (less than five) in one of the cells as in the results of the survey detailed chapter 4.  The author therefore felt that an alternative statistical test would be more prudent.  Thus the chi-squared test was dismissed.  

The Fisher exact test for 2 x 2 two way contingency tables is used when members of two independent groups can fall into one of two mutually exclusive categories, just as is the case for a 2x2 table in a Chi-Square test. The test is used to determine whether the proportions of those falling into each category differ by group. The program calculates the difference between the data observed and the data expected, considering the given marginal and the assumptions of the model of independence. It works in exactly the same way as the Chi-square test.  For independence; however, the Chi-square gives only an estimate of the true probability value. Fisher's exact test examines the relationship between the two dimensions of the table (classification into rows vs. classification into columns). The null hypothesis is that these two classifications are not different.  An interactive calculation tool for Fishers exact probability test was utilised which included a step by step guide to its application (Preacher, K. J., & Briggs, N. E. (2001, May).  The formula extant throughout Fishers test is detailed in Figure 3.1 below and the detailed calculations relative to the findings of this study can be found at Appendix 4 to this study:

Figure 3.1 - Fishers exact test
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Source - http://www.psych.ku.edu/preacher/fisher/fisher.htm

Chapter 4

Results of the research

Analysis of secondary statistical data

Figure 4.1 on page 44 details the DSDA performance over a calendar day scenario and figure 4.2 on page 45 details the working day scenario in line with the performance indicators of the IBA and IPA discussed in Chapter 2.   The KPI’s used to measure DSDA’s performance are not consistent with their own internal targets as the conflict between the IBA and IPA discussed in Chapter 2 illustrates.  Based on the IBA standards for both working and calendar days imposed by LAND, DSDA met its target on 103 (77%) of the 134 transactions monitored.  A further 11 transactions culminating in a total of 114 (85%) overall, were completed during the following 5 working/calendar days.  Extending the time frame up to a further 10 days resulted in 118 (88%) of the transactions monitored meeting the LAND targets.  Perhaps most notably a total of 81 (60%) of the 134 transactions monitored beat the LAND standards by a full 7 calendar days and 46 (34%) completed the entire process in less than half (17 days) the time restriction imposed.

In comparison with the IPA standards imposed by its own Headquarters the findings were markedly less impressive.   Only a total of 64 (48%) of the transactions monitored met the IPA requirements with a further 9 transactions culminating in a total of 73 (54%) overall completing the same process within the next 5 working/calendar days. Extending the time frame up to a further 10 days resulted in 79 (59%) of the transactions monitored meeting the IPA targets.  Again perhaps most notably a total of 24 (18%) of the 134 transactions monitored beat the IPA standards by a full 7 calendar days and 11 (8%) completed the entire process in less than half (10.5 days) the time restriction imposed

DSDA have shown a consistent improvement in performance of the Ex-works process since assuming responsibility for it in April 2006. This can be put in part down to the ‘Hawthorne effect’, as throughout the period of the study HQ LAND were also implementing CBM13 as discussed earlier. The improvements may also in some part be attributed to DBE having been given licence to pack the serviceable TN54E at their Huddersfield factory as opposed to the previous sub-contracting of this process.  The licensing issue allowed DBE to accurately report completed transmission availability as the previous contractor had repeatedly requested transport for assemblies based on forecast and not actual completion dates.  Therefore a reduction in the overall time the equipment is unavailable is being achieved by changes to the processes.    

Survey 

The findings of the survey served to highlight the lack of corporate knowledge of RSCP within the Army as a whole and DE&S.  As discussed in chapter 2 the Operational Reverse Supply Chain Study reinforces this sense of apathy towards the contribution RSCP makes to the amount of inventory held.  Question 8 in particular highlighted the unrealistic targets set by LAND in comparison to its own organisational performance

Questionnaire responses

Overall a total of 31 out of the total of 70 questionnaires (or 44%) distributed were returned during the survey from a variety of organisations.  Each question will be provided with the collated responses and a short analysis will follow to try and ascertain why that particular question warranted such a response.

 Q.1      Are you the person directly responsible for utilising the RSCP in your organisation?
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A total of 22 (71%) of the 31 respondents perceived themselves to be the person directly responsible for utilising the RSCP in the Customer 2 organisation (C2).  Of the remaining 9 respondents, 3 were employed in FMN HQ (respondents 8, 21 & 22), 3 were employed in DE&S (respondents 11, 13 & 16) and the remaining 3 were employed within DSDA Europe (respondent 29) and DRDC (respondents 23 & 25) all known as Non C2.  This suggested that those employed within the overall DSDA organisation were unaware of their RSCP responsibilities and the impact they may have on the processes and CWT involved.  This perceived ignorance might be attributed to the term RSPC in itself.  Historically this process has been referred to as back-loading, returns or disposals in equal measures.

Q.2      Do you work in any of the following environments?

· a.  Store-holding unit or Units Spares Account (USA)

· b.  Formation Headquarters (FMN HQ)

· c.  Defence Storage and Distribution Agency (DSDA)

· d.  Defence Equipment & Support (DE&S)

· e.  Defence Regional distribution Centre (DRDC)

· f.  Other  
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The findings of question 2 provided clarification for question 1 in detailing the variety of respondents involved in the survey.  22 (71%) of the respondents were CR2 users and are directly affected by any perceived or actual CWT.  It also confirmed the respondent’s awareness of the whole RSCP as they identified their organisation correctly in relation to the findings of question 1.

Q.3      What is the name of the company/organisation you work for?

Question 3 provided the author with clarity and enabled further analysis of each consecutive response to the ensuing supplementary questions involved in the survey.   A total of 15 (68%) of respondents worked in a USA with the remaining 7 respondents form C2 reporting that they belonged to a REME Bn. Of the 9 Non C2 respondents 3 were employed in FMN HQ, 3 were employed in DE&S and the remaining 3 were employed within DSDA Europe and DRDC.  

Q4. 
What percentage of your business activity involves using RSCP and the return of items for repair?

· a.  0-10%

· b.  11-25%

· c.  26-50%

· d.  51-75%

· e.  76-90%

· f.  91-100%
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A total of 28 respondents (90%) felt that RSCP occupied between 11-75 percent of their business activity emphasising the growing attention this subject area is attracting.  This opinion was expressed across the board with all the respondents from outside of the strore-holding units reporting this level of daily RSCP activity.  Such organisations were previously more reactionary but are increasingly becoming pro-active in this field.   The LAND initiatives such as CBM 13, and the DSCOM Operation Reverse Supply Chain study have served to focus the attention of both customer and supplier on this growing area of concern and the potential financial implications of getting it wrong. 

Q.5      How often in your normal day to day routine are you involved in RSCP and the return of items for repair?

· a.  Daily

· b.  2-3 times a week

· c.  Once a week

· d.  2-3 times a month

· e.  Once a month

· f.  Once every 3 months

· g.  Once or twice a year

· h.  Less frequently
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All respondents reported involvement in RSCP at least on a weekly basis.  9 (29%) reported only a weekly involvement, which may be attributed to normal functional procedures such as housekeeping, and periodic management checks, which are common practice within each of the respondents’ organisations.  16 (52%) reported daily involvement in RSCP with the remaining 6(19%) active in RSCP for half of their normal working week.

Q.6      In which area of responsibility do you feel the major problems associated with RSCP lie?

· a.  Store-holding unit or USA

· b.  FMN HQ

· c.  DSDA

· d.  DE&S

· e.  DRDC

· f.  Other
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Question 6 was potentially the most emotive question within the questionnaire, but despite this the responses were revealing.  Despite the majority of the respondents coming from the Customer 2 environment the responsibility for RSCP problems is fairly evenly distributed between the two major organisations involved. Non C2 respondents represented only 29% of the total survey population and yet 17 (55%) of those questioned felt that the problems associated with RSCP were the responsibility of Customer 2 units.  This question provided two conclusions one was to allocate perceived responsibility and secondly confirmation of the presence of problems in the RSCP without any additional questioning. 

Q.7      I would now like you to comment on the performance of the RSCP by selecting a description that you feel best describes its performance in return transactions over the last 6 months?

· a.  Satisfied

· b.  More than 1 return transaction was unsatisfactory

· c.  5-10 return transactions were unsatisfactory

· d. 10-15 return transactions were unsatisfactory

· e. 15-20 return transactions were unsatisfactory

· f.  Never encountered unsatisfactory transactions

· g.  Other
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17 (61%) respondents were either satisfied or had never encountered unsatisfactory transactions within the RSCP.  There were no respondents who had encountered more than 10 unsatisfactory transactions and the two reported occasions of 5-10 transactions were reported by FMN HQ and DE&S who have a larger area of responsibility within the overall RSCP.  Notably there were four responses of ‘other’ to this question:

1. What is a satisfactory transaction?

2. No cleared receipts during the last six months

3. Been away on TELIC

4. Been away on Operations
Operational deployments are a part of military life so can be disregarded from these responses.  The lack of knowledge of what a satisfactory transaction is can in part be attributed to experience within the field but also to the dissemination of procedural changes and the IBA.  Customer 2 units are unaware of the MHT KPI set by LAND on DSDA (See Chapter 2 IBA) so find it difficult to measure external organisational performance and rely upon their regional FMN HQ for guidance.  

 Q.8      How quickly do your customers return the Unserviceable (U/S) assemblies after receiving a serviceable replacement?

· a.  U/S assemblies always arrive within four weeks

· b. U/S assemblies always arrive within two weeks

· c. U/S assemblies always arrive within one weeks

· d. U/S assemblies always arrive within 72 hours

· e. Other
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A total of 14 (66%) of the Customer 2 respondents reported that U/S assemblies were

returned from their customers within four weeks of receipt of a serviceable assembly.

Initially this may seem a fairly high level of consistency.  However when the

geographical proximity to the customer is considered (most Customer 2 units are 

located with their end customer).  This figure highlighted the sub-optimal current

practices manifest in the DSCOM ORSCS discussed in Chapter 2.  LAND has

stipulated a KPI of 14 working days for MHT and DSDA themselves have applied a

10 day TFD policy and yet the experience of C2 organisations take up to 28 days in 14 (45%) of their transactions to return U/S assemblies from their own units in the same

geographical location as the end user.

The 11 (35%) respondents who answered ‘other’ all highlighted that different level

of jobs require a different repair time and subsequently take longer for a U/S assembly to

be returned.

Q.9      I would now like you to describe your knowledge of each of the following areas of RSCP?

a. Visibility In Transit Asset Logging (VITAL) and Consignment Tracking (CT)

1. Poor

2. Adequate

3. Good

4. Very good

5. Excellent
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Overall 22 (71%) respondents reported a poor or average knowledge of VITAL and CT.  Within the individual customer groups however 3 (33 %) of Non C2 respondents reported this.  In stark contrast 19 (84%) of C2 respondents reported this poor or adequate knowledge.  To test whether knowledge of CT and VITAL is consistent across the surveyed groups the Null Hypothesis:

 H1:    ‘The knowledge of asset tracking technology in C2 and Non-C2 groups is similar’ 

was tested using Fishers exact test (SISA, 2007).  The results reported the value of the probability as p=0.00683901 which indicates that H1 should be rejected in favour of the Alternate Hypothesis:  H1A:  The knowledge of asset tracking technology in C2 and Non-C2 groups may not be similar.    It would appear that there is less depth of understanding in the C2 group than the Non-C2 group. 

b.
Planned Repair Processes (AF G8883) 

1. Poor

2. Adequate

3. Good

4. Very Good

5. Excellent
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Knowledge of Planned Repair Processes (AF G8883) was high.  A total of 25 (81%) of respondents reporting knowledge levels of good or better with the remaining 6 (19%) viewing their knowledge as adequate.  Within the customer groups 17 (77%) C2 respondents reported good to excellent knowledge whilst 8 (89%) of Non C2 reported the same response. There is undoubtedly a human element to these results as the questionnaires were completed in private and with no supervision so there was no formal means available of assessing actual knowledge of the systems.  However training in these processes is readily available throughout the Army in both mandatory training courses and personal and career development courses in the supply chain field. To test whether knowledge of Planned Repair Processes (AF G8883) is consistent across the surveyed groups the Null Hypothesis:

 H2:    ‘The knowledge of the planned repair processes in C2 and Non-C2 groups is similar’

was tested using Fishers exact test which reported the value of the probability as p=0.423234 which indicated that knowledge of planned repair processes in C2 and Non-C2 groups is similar thus accepting the Null Hypothesis.
c.
Sentencing/Condemnation Processes (AF G1043)

1. Poor

2. Adequate

3. Good

4. Very Good

5. Excellent
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24 (77%) of respondents reported a good to excellent knowledge of this process as it is an internal process encompassed by AF G8883.  Both customer bases reported a high percentage with good to excellent knowledge as it is this form that triggers the RSCP in most organisations. To test whether knowledge of sentencing/condemnation processes (AF G1043) was consistent across the surveyed groups the Null Hypothesis:

 H3:    ‘The knowledge of the sentencing/condemnation processes in C2 and Non-C2 groups is similar’

was tested using Fishers exact test which reported the value of the probability as p=0.320227 which indicated that knowledge of planned repair processes in C2 and Non-C2 groups is similar thus accepting the Null Hypothesis.
d.
Theatre Priority Returns Lists (TPRL)

1.  Poor

2.  Adequate

3.  Good

4.  Very Good

5.  Excellent

[image: image17.emf]15 (68%) of C2 respondents reported a good to excellent knowledge of TPRL.  This can be partly attributed to the pace of operational tours currently in force.    The vast majority of those surveyed will have had operational experience within the last 2 years.  RSCP is at the forefront of the minds of all concerned C2 or Non C2 due to the increasing emphasis placed upon the effects of bad RSCP.   More strikingly only 7 (78%) of Non C2 reported this finding.  The TPRL is given the utmost priority in all reporting on operations in the authors experience (Op TELIC 7, 2006). To test whether knowledge of TPRL was consistent across the surveyed groups the Null Hypothesis:

 H4:    ‘The knowledge of TPRL in C2 and Non-C2 groups is similar’

was tested using Fishers exact test which reported the value of the probability as p=0.471969 indicating that knowledge of TPRL in C2 and Non-C2 groups is similar thus accepting the Null Hypothesis.
Q10.  If further training was available in RSCP from the list of training providers below which do you feel you would gain most benefit from?

1. On the job or in-house training

2. Defence College of Logistics

3. All Arms Quartermaster Course

4. External Agencies

5. Other

[image: image18.wmf]Question 1

22

9

0

5

10

15

20

25

30

35

Respondents

Yes

No


Unsurprisingly 25 (78%) of all respondents chose to carry out training on the job or in-house within their own organisation.  This can be attributed to the amount of time spent 

out of barracks by the modern soldier or regiment. 

Chapter 5

Conclusions and Recommendations

In answer to the null hypothesis: 

Ho:
“The knowledge of current Reverse Supply Chain Processes of the MOD affects the amount of inventory held for the Challenger 2 Main Battle Tank (CR2 MBT) gearbox.

the hypothesis must be accepted due to the findings of the analysis of secondary data and the survey.  Although a larger sample size of Non-C2 respondents may have chalenged this finding further.  DSDA have shown a consistent improvement in performance of the Ex-works process since assuming responsibility for it in April 2006. The improvements may also in some part be attributed to DBE having been given licence to pack the serviceable TN54E at their Huddersfield factory. 

Instead of attempting to overhaul their whole materiel handling and distribution processes DSDA should direct their efforts in the area which adds most value or ‘in mission effect’ to the current operations in Afghanistan and Iraq, namely the TPRL.  This is the area of most concern to their customers and is heavily scrutinised at all levels.  Concentrating solely on improving returns processing may result in missing significant cost savings.  A successful reverse logistics system involves proper data collation and subsequently reporting against that data.  With this data trends may be analysed and best practices highlighted to mutual benefits which may be applied throughout the Army supply Chain. On one hand DBE and DSDA are improving, on the other the practices on the ground are not.  A better understanding of the available technology such as VITAL and the impact of delaying the return of repairables may lead to improvement at the ‘sharp’ ends of the chain – i.e. the units and the point of delivery/despatch in DSDA.

The expectations placed by the customer on DSDA are unrealistic in light of the findings of the survey, perhaps most notably in questions 8 to 9 inclusive.   The knowledge of RSCP varies between the two respondent groups.  Whilst the IPTs and those responsible for producing policy on RSCP endeavour to keep the customer informed more should be done to ensure those at the ‘sharp-end’; on operations in particular; are kept well-informed and well-versed in RSCP to facilitate its success.

It is recommended by this study that both IPT and DSDA processed become embedded in the training regimes and culture of both the customer and each other.  Whilst there is evidence of this is in the review of literature there is little to suggest that this is done at the grass-roots level where most impact of any failings of these processes is felt.
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																																																																																						Expected data										for Yates' correction

																																																																																										6.39		2.61				3.39		8.34				Bottom Line				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

																																																																																										15.61		6.39														1		2		3

																																																																																																										1		2		3		4		5		6

																																																																																						Chi-square cell values																				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19

																																																																																										1.31		3.19														1		2		3																																																										14714246085747501000000000.00

																																																																																										0.53		1.31				14.85		0.0001

																																																																																																										Like colours cancel each other out																																																														0.0064		P Value

																																																																																										chi-square =				6.33												The numbers come from a complex formula which is below

																																																																																										p =				0.003151

																																																																																																										In a 2 x 2 table

																																																																																																												X1		X2

																																																																																																										http://www.quantpsy.org

																																																																																																										.

																																																																																																										n1! Is every number from 1 to 22 multiplied (the yellow row)

																																																																																																										n2! Is every number from 1 to 9 multiplied (the green row)

																																																																																																										Once the top and bottom lines of the formula are done you cancel them out as far as possible

																																																																																																										See?   I have highlighted the first 1 to 22 (yellow) and there is a corresponding yellow in the bottom line

																																																																																																										what is left is multiplied one to the other to give a top line total and a bottom line total

																																																																																																										These are then divided and the result is shown (p value)
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																																																																																						45%		41%		0%		14%		0%		0%		23%		45%		18%		14%

																																																																												Q.8      How quickly do your customers return the Unserviceable (U/S) assemblies										VITAL										8883										1043										TPRL

				1				2												3		4												5																6												7														8										9										9										9										9										10

				yes		no		a		b		c		d		e		f				a		b		c		d		e		f		a		b		c		d		e		f		g		h		a		b		c		d		e		f		a		b		c		d		e		f		g		a		b		c		d		e		a										b										c										d										a		b		c		d		e

																																																																																						P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E
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				0		9		0		3		1		3		2		0		0		0		5		0		4		0		0		4		2		3		0		0		0		0		0		5		0		4		0		0		0		4		2		2		0		0		0		1		0		0		0		0		9		1		2		0		6		0		0		1		5		3		0		1		0		5		3		0		0		2		2		5		0		9		0		0		0		0

																																																																																						11%		22%		0%		67%		0%		0%		11%		56%		33%		0%

																																																																																												C2		Non C2								C2		Non C2								C2		Non C2								C2		Non C2

																																																																																										Good to Excellent		3		6		9				Good to Excellent		17		8		25				Good to Excellent		16		8		24				Good to Excellent		15		7		22

																																																																																										Poor/Adequate		19		3		22				Poor/Adequate		5		1		6				Poor/Adequate		6		1		7				Poor/Adequate		7		2		9

																																																																																												22		9		31						22		9		31						22		9		31						22		9		31

																																																																																						Ho

																																																																																						2 by 2 cross tabulation df=1 (uses Yates' correction)

																																																																																						Observed data

																																																																																										variable 1																Fisher's test calculation

																																																																																										c1		c2

																																																																																						variable 2		c1		3		6		9								Top Line				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

																																																																																								c2		19		3		22												1		2		3		4		5		6		7		8		9

																																																																																										22		9		31												1		2		3		4		5		6		7		8		9

																																																																																																										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22																				9.4416061133319E+22

																																																																																						Expected data										for Yates' correction

																																																																																										6.39		2.61				3.39		8.34				Bottom Line				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

																																																																																										15.61		6.39														1		2		3

																																																																																																										1		2		3		4		5		6

																																																																																						Chi-square cell values																				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19

																																																																																										1.31		3.19														1		2		3																																																										14714246085747501000000000.00

																																																																																										0.53		1.31				14.85		0.0001

																																																																																																										Like colours cancel each other out																																																														0.0064		P Value

																																																																																										chi-square =				6.33												The numbers come from a complex formula which is below

																																																																																										p =				0.003151

																																																																																																										In a 2 x 2 table

																																																																																																												X1		X2

																																																																																																										http://www.quantpsy.org

																																																																																																										.

																																																																																																										n1! Is every number from 1 to 22 multiplied (the yellow row)

																																																																																																										n2! Is every number from 1 to 9 multiplied (the green row)

																																																																																																										Once the top and bottom lines of the formula are done you cancel them out as far as possible

																																																																																																										See?   I have highlighted the first 1 to 22 (yellow) and there is a corresponding yellow in the bottom line

																																																																																																										what is left is multiplied one to the other to give a top line total and a bottom line total

																																																																																																										These are then divided and the result is shown (p value)
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		9		a		I		1		1		1										1				1		1																						1		1										1		1		1		1		12		a
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						iii										1				1																																																		2
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		1												1														1										1								1
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				1												1										1												1				1

								1								1										1						1										1

								1								1										1						1										1

		1												1								1										1										1

		1												1												1												1				1

		1												1								1																1				1
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		0%		0%		0%		0%		0%		0%		0%		0%		0%		0%
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		9										9										9										9										10

		a										b										c										d										a		b		c		d		e

		P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E

								1								1												1								1						1

				1												1												1								1						1

				1												1										1								1								1

								1								1										1												1				1

								1								1										1												1				1

		1												1												1												1				1

								1										1								1								1								1

								1										1										1										1				1

								1										1				1																1				1

		1		2		0		6		0		0		1		5		3		0		1		0		5		3		0		0		2		2		5		0		9		0		0		0		0

		0%		0%		0%		0%		0%		0%		0%		0%		0%		0%

						Table 9a		C2		Non C2						Table 9b		C2		Non C2						Table 9c		C2		Non C2						Table 9d		C2		Non C2

						Good to Excellent		3		6		9				Good to Excellent		17		8		25				Good to Excellent		16		8		24				Good to Excellent		15		7		22

						Poor/Adequate		19		3		22				Poor/Adequate		5		1		6				Poor/Adequate		6		1		7				Poor/Adequate		7		2		9

								22		9		31						22		9		31						22		9		31						22		9		31

		Fishers Exact Test

		Probability of obtaining the results for question 9a-d and 10

		So all the tables now look like this:

								C2		Non C2

						Good to Excellent		a		b		a+b

						Poor/Adequate		c		d		c+d

								a+c		b+d		n

		The probability of obtaining such a set of values is calculated by the hypergeometric distibution

						p		=		(a+b)		(c+d)		/		(n)

										a		c				a+c

						Table 9a		3		6		p=0.00683901				Table 9b		17		8		p=0.423234

								19		3		p=0.00683901						5		1		p=0.642338

								22		9								22		9

						Table 9c		16		8		p=0.320227				Table 9b		15		7		p=0.471969

								6		1		p=0.639476						7		2		p=0.689114

								22		9								22		9





																																																																																												Appendix 4 - Questionnaire responses incorporating Fishers exact test

																																																																												Q.8      How quickly do your customers return the Unserviceable (U/S) assemblies																VITAL										8883										1043										TPRL

				1				2												3		4												5																6												7														4		2		2		72		Other								9										9										9										9										10

				yes		no		a		b		c		d		e		f				a		b		c		d		e		f		a		b		c		d		e		f		g		h		a		b		c		d		e		f		a		b		c		d		e		f		g		a		b		c		d		e								a										b										c										d

																																																																																												P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E		a		b		c		d		e

		C2		1				1														1																1												1																						1						1														1														1								1												1								1

		C2		1				1														1														1																		1																		1				1																1																1						1												1						1

		C2		1				1																		1												1												1												1																						1								1																		1										1		1										1

		C2		1				1																								1		1																1														1																		1																1												1								1										1				1		1		1

		C2		1				1																1										1																1												1														1																		1														1										1								1						1

		C2		1				1																1										1																				1										1												1																		1																1						1												1				1

		C2		1				1																		1								1																1												1														1																		1														1								1												1						1

		C2		1				1																1												1																		1								1														1																		1												1										1														1				1

		C2		1				1																1										1																1												1														1																1														1						1														1						1

		C2		1				1																1										1																1												1																		1														1												1												1								1						1

		C2		1				1																				1										1												1												1														1																		1												1										1										1						1

		C2		1				1																				1										1																1										1												1																		1												1										1								1								1

		C2		1				1																		1								1																1												1														1																		1												1						1												1												1

		C2		1				1																1										1																				1								1														1																1																1										1						1												1

		C2		1				1																1														1																1																				1		1																1												1														1										1								1

		C2		1				1																1														1																1								1														1																1												1														1										1				1

		C2		1				1																				1						1																1														1												1																		1												1										1												1				1

		C2		1				1																1										1																1												1																						1														1								1										1						1										1

		C2		1				1																1										1																1														1														1																				1								1										1						1										1

		C2		1				1																1										1																				1										1												1																1												1								1										1										1

		C2		1				1																1												1																		1																				1				1														1												1												1												1				1

		C2		1				1																1												1																1																						1				1														1												1								1																1				1

				22		0		22		0		0		0		0		0		0		2		13		3		3		0		1		12		4		6		0		0		0		0		0		12		1		9		0		0		0		11		6		0		0		0		2		3		14		4		1		1		2								10		9		0		3		0		0		5		10		4		3		4		2		9		6		1		4		3		6		8		1		16		4		4		0		0

																																																																																												45%		41%		0%		14%		0%		0%		23%		45%		18%		14%
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				1				2												3		4												5																6												7														8																9										9										9										9										10

				yes		no		a		b		c		d		e		f				a		b		c		d		e		f		a		b		c		d		e		f		g		h		a		b		c		d		e		f		a		b		c		d		e		f		g		a		b		c		d		e								a										b										c										d										a		b		c		d		e

																																																																																												P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E

		DE				1								1										1										1																				1								1																						1														1								1												1								1						1

		DE				1								1										1														1												1												1																						1										1												1												1								1						1

		DE				1								1														1										1												1																1																		1										1												1										1								1								1

		DR				1										1												1						1																1														1																				1														1								1										1												1				1

		DR				1										1												1						1																1												1																						1														1								1										1												1				1

		DS				1						1												1												1																		1										1																				1								1												1												1												1				1

		F1				1				1														1												1																		1																				1										1														1										1								1								1								1

		F2				1				1														1														1																1								1																						1														1										1										1										1				1

		F2				1				1																		1						1																1																1																		1														1										1				1																1				1

				0		9		0		3		1		3		2		0		0		0		5		0		4		0		0		4		2		3		0		0		0		0		0		5		0		4		0		0		0		4		2		2		0		0		0		1		0		0		0		0		9								1		2		0		6		0		0		1		5		3		0		1		0		5		3		0		0		2		2		5		0		9		0		0		0		0

																																																																																												11%		22%		0%		67%		0%		0%		11%		56%		33%		0%

																																																																																																Table 9a		C2		Non C2						Table 9b		C2		Non C2						Table 9c		C2		Non C2						Table 9d		C2		Non C2

																																																																																																Good to Excellent		3		6		9				Good to Excellent		17		8		25				Good to Excellent		16		8		24				Good to Excellent		15		7		22

																																																																																																Poor/Adequate		19		3		22				Poor/Adequate		5		1		6				Poor/Adequate		6		1		7				Poor/Adequate		7		2		9

																																																																																																		22		9		31						22		9		31						22		9		31						22		9		31

																																																																																												Fishers Exact Test

																																																																																												Probability of obtaining the results for question 9a-d and 10

																																																																																												So all the tables now look like this:

																																																																																																		C2		Non C2

																																																																																																Good to Excellent		a		b		a+b

																																																																																																Poor/Adequate		c		d		c+d

																																																																																																		a+c		b+d		n

																																																																																												The probability of obtaining such a set of values is calculated by the hypergeometric distibution

																																																																																																p		=		(a+b)		(c+d)		/		(n)

																																																																																																				a		c				a+c

																																																																																																Table 9a		3		6		p=0.00683901				Table 9b		17		8		p=0.423234

																																																																																																		19		3		p=0.00683901						5		1		p=0.642338

																																																																																																		22		9								22		9

																																																																																																Table 9c		16		8		p=0.320227				Table 9b		15		7		p=0.471969

																																																																																																		6		1		p=0.639476						7		2		p=0.689114

																																																																																																		22		9								22		9
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																																																																																												22		9		31						22		9		31						22		9		31						22		9		31

																																																																																						Ho
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																																																																																								c2		19		3		22												1		2		3		4		5		6		7		8		9

																																																																																										22		9		31												1		2		3		4		5		6		7		8		9

																																																																																																										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22																				9.4416061133319E+22

																																																																																						Expected data										for Yates' correction

																																																																																										6.39		2.61				3.39		8.34				Bottom Line				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

																																																																																										15.61		6.39														1		2		3

																																																																																																										1		2		3		4		5		6

																																																																																						Chi-square cell values																				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19

																																																																																										1.31		3.19														1		2		3																																																										14714246085747501000000000.00

																																																																																										0.53		1.31				14.85		0.0001

																																																																																																										Like colours cancel each other out																																																														0.0064		P Value

																																																																																										chi-square =				6.33												The numbers come from a complex formula which is below

																																																																																										p =				0.003151

																																																																																																										In a 2 x 2 table

																																																																																																												X1		X2

																																																																																																										http://www.quantpsy.org

																																																																																																										.

																																																																																																										n1! Is every number from 1 to 22 multiplied (the yellow row)

																																																																																																										n2! Is every number from 1 to 9 multiplied (the green row)

																																																																																																										Once the top and bottom lines of the formula are done you cancel them out as far as possible

																																																																																																										See?   I have highlighted the first 1 to 22 (yellow) and there is a corresponding yellow in the bottom line

																																																																																																										what is left is multiplied one to the other to give a top line total and a bottom line total

																																																																																																										These are then divided and the result is shown (p value)
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		C2		1				1																1												1																1																						1				1								1												1								1																1				1

				22		0		22		0		0		0		0		0		0		2		13		3		3		0		1		12		4		6		0		0		0		0		0		12		1		9		0		0		0		11		6		0		0		0		2		3		14		4		1		1		2		10		9		0		3		0		0		5		10		4		3		4		2		9		6		1		4		3		6		8		1		16		4		4		0		0

																																																																																						45%		41%		0%		14%		0%		0%		23%		45%		18%		14%

																																																																												Q.8      How quickly do your customers return the Unserviceable (U/S) assemblies										VITAL										8883										1043										TPRL

				1				2												3		4												5																6												7														8										9										9										9										9										10

				yes		no		a		b		c		d		e		f				a		b		c		d		e		f		a		b		c		d		e		f		g		h		a		b		c		d		e		f		a		b		c		d		e		f		g		a		b		c		d		e		a										b										c										d										a		b		c		d		e

																																																																																						P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E		P		A		G		VG		E

		DE				1								1										1										1																				1								1																						1								1								1												1								1						1

		DE				1								1										1														1												1												1																						1				1												1												1								1						1
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		F2				1				1																		1						1																1																1																		1								1										1				1																1				1

				0		9		0		3		1		3		2		0		0		0		5		0		4		0		0		4		2		3		0		0		0		0		0		5		0		4		0		0		0		4		2		2		0		0		0		1		0		0		0		0		9		1		2		0		6		0		0		1		5		3		0		1		0		5		3		0		0		2		2		5		0		9		0		0		0		0

																																																																																						11%		22%		0%		67%		0%		0%		11%		56%		33%		0%

																																																																																												C2		Not C2								C2		Not C2								C2		Not C2								C2		Not C2

																																																																																										Good to Excellent		3		6		9				Good to Excellent		17		8		25				Good to Excellent		16		8		24				Good to Excellent		15		7		22

																																																																																										Poor/Adequate		19		3		22				Poor/Adequate		5		1		6				Poor/Adequate		6		1		7				Poor/Adequate		7		2		9

																																																																																												22		9		31						22		9		31						22		9		31						22		9		31

																																																																																						Ho

																																																																																						2 by 2 cross tabulation df=1 (uses Yates' correction)

																																																																																						Observed data

																																																																																										variable 1																Fisher's test calculation

																																																																																										c1		c2

																																																																																						variable 2		c1		3		6		9								Top Line				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22

																																																																																								c2		19		3		22												1		2		3		4		5		6		7		8		9

																																																																																										22		9		31												1		2		3		4		5		6		7		8		9

																																																																																																										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22																				9.4416061133319E+22

																																																																																						Expected data										for Yates' correction

																																																																																										6.39		2.61				3.39		8.34				Bottom Line				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

																																																																																										15.61		6.39														1		2		3

																																																																																																										1		2		3		4		5		6

																																																																																						Chi-square cell values																				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19

																																																																																										1.31		3.19														1		2		3																																																										14714246085747501000000000.00

																																																																																										0.53		1.31				14.85		0.0001

																																																																																																										Like colours cancel each other out																																																														0.0064		P Value

																																																																																										chi-square =				6.33												The numbers come from a complex formula which is below

																																																																																										p =				0.003151

																																																																																																										In a 2 x 2 table

																																																																																																												X1		X2

																																																																																																										http://www.quantpsy.org

																																																																																																										.

																																																																																																										n1! Is every number from 1 to 22 multiplied (the yellow row)

																																																																																																										n2! Is every number from 1 to 9 multiplied (the green row)

																																																																																																										Once the top and bottom lines of the formula are done you cancel them out as far as possible

																																																																																																										See?   I have highlighted the first 1 to 22 (yellow) and there is a corresponding yellow in the bottom line

																																																																																																										what is left is multiplied one to the other to give a top line total and a bottom line total

																																																																																																										These are then divided and the result is shown (p value)
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				f																																																																		0		f

		3																																																																				0

		4		a				1		1																																																												2		a

				b												1		1				1		1		1		1		1		1										1		1		1		1		1								1		1		1		1		1		1		19		b

				c								1								1																				1																														3		c

				d																														1		1		1												1		1		1		1														7		d

				e																																																																		0		e

				f										1																																																								1		f

		5		a										1		1		1		1						1		1		1										1		1								1		1		1		1		1		1		1								16		a

				b						1												1		1																																								1		1		1		6		b

				c				1				1																				1		1		1		1						1		1		1		1																				10		c

				d																																																																		0		d

				e																																																																		0		e

				f																																																																		0		f

				g																																																																		0		g

				h																																																																		0		h

		6		a				1		1		1		1								1				1		1		1								1		1		1		1												1		1		1										15		a

				b																																																										1				1		1		3		b

				c										1		1		1												1		1		1												1		1		1		1		1										1						12		c

				d																																1																																		1		d

				e																1																																																		1		e

				f																				1																																														1		f

		7		a								1																																																										1		a

				b														1												1		1		1																		1		1		1		1		1		1		1		1		1		13		b

				c										1		1				1		1		1		1		1														1		1		1		1		1																				12		c

				d																																																																		0		d

				e																																																																		0		e

				f				1		1																										1		1		1		1																												6		f

				g																		1																																																1		g

		8		a						1																																																												1		a

				b				1																																																						1		1		1		1		5		b

				c																												1		1		1																		1		1		1		1										7		c

				d										1																																																								1		d

				e								1				1		1		1		1		1		1		1		1								1		1		1		1		1		1		1		1																		17		e

		9		a		I		1		1		1										1				1		1																						1		1										1		1		1		1		12		a

						ii																		1						1		1		1		1		1		1														1																8

						iii										1				1																																																		2

						iv								1																												1		1		1		1								1		1		1										8

						v												1																																																				1

		9		b		I																																																																0		b

						ii																																						1		1																1		1		1		1		6

						iii		1																1		1		1		1		1		1		1		1		1												1		1		1		1		1										15

						iv				1						1				1		1																				1						1		1																				7

						v						1		1				1																																																				3

		9		c		I																				1		1		1		1								1		1		1		1		1		1												1		1		1		1		14		c

						ii		1																1										1		1		1														1		1		1		1		1										10

						iii				1								1		1		1																																																4

						iv								1		1																																																						2

						v						1																																																										1

		9		d		I						1																																														1		1		1								4		d

						ii																1														1		1		1		1																												5

						iii		1		1						1										1		1		1		1		1																																				8

						iv								1				1		1																								1		1		1		1		1		1		1								1		1		1		13

						v																		1																																														1

		10		a						1		1		1		1		1				1				1		1		1		1		1		1		1								1		1		1		1		1		1		1		1		1		1		1		1		25		a

				b				1						1						1				1																																														4		b

				c										1																										1		1		1																										4		c

				d																																																																		0		d

				e																																																																		0		e
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