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Abstract
This study was designed as a quantitative research project to test whether the Ministry of Defence (MOD) had improved upon a reported 54% success rate in delivering materiel too demanding units on time (NAO 2012).

To test this hypothesis a convenience sample unit was chosen and during a defined study period, data was extracted from the MODs consignment tracking system.  This interval data was subjected to statistical analysis for comparison against KPIs listed within the MODs SCPT tables.  Goldratt’s Theory of Constraints suggested that system of processes would contain a constraining element that dictated the efficiency and effectiveness of the whole.  It was hoped that by analysis relationships between variables as defined by the individual process KPIs and overall success rates a constraint could be identified.

During analysis a chi2 test was conducted the overall success rates and together with a p value of less than 0.05 the hypothesis was accepted as the sample showed a 58% success rate, deemed to be representative of the MODs overall performance.  However Pearson’s r correlation testing in conjunction with chi2 at the p value concluded that all variables had strong positive correlations, regardless of success or failure with regards to overall performance.  It was therefore not possible to identify a constraint.

There were multiple limitations identified with the dataset generated by the study, for which it recommended that further research is conducted with a greater scope and larger sample set.















Introduction
Background
The Ministry of Defence (MOD) sets out its supply chain policy and methodologies in documents called Joint Service Publication (JSP) 886 and Joint Defence Publication (JDP) 4-00.  The MOD is in an unenviable position of being required to conduct a delicate balancing act between Just In Case (JIC) and Just In Time (JIT) or lean methodologies.  Given the raison d’être of the United Kingdom’s (UK) Armed Forces the MOD must by necessity hold inventories in accordance with JIC methodologies because to do otherwise would expose personnel to exceptionally high levels of risk, however the way the MOD is funded requires it to continually justify and reduce the levels of inventory held (Grey 2009, Rinsler 2010,  Harrison and van Hoek 2011, MOD 2012, 2015, 2014a, NAO 2012).
The MOD comprises three services that operate in different environments; on land, at sea and in the air; necessitating nuanced adaptations to the Joint Support Chain (JSC) for each service.  For the British Army the primary objective of the JSC is to support land based troops in their UK government directed missions, usually in foreign countries; known as a theatre; and sometimes involved in armed conflict.  In order to achieve this support the British Army operates a four stage JSC, starting from primary depots located within the UK and projected forward to the troops on the front line (Grey 2009, MOD 2012).  

The British Army JSC has two distinct phases, initial force projection and then sustainment.  Initial force projection requires inventory to be held under a JIC methodology to enable support for the frontline troops during a predefined period.  This period allows the British Army to establish cost effective transit routes into the country whilst at the same time gathering data on usage to ensure that the correct stocks are held within theatre for sustainment.  Utilising the inventory provided for initial force projection follows the same process route as utilising stocks during sustainment (Army 2015 and MOD 2015).    

The process begins when an individual front line soldier requires an item and places a requisition upon their own Quartermaster’s (QM) department at echelon, if the requisition can be satisfied then a stock replenishment requisition is raised otherwise the original requisition is transmitted rearwards.  Echelon requisitions are transmitted to the unit’s nominated supporting Royal Logistics Corps (RLC) regiment that holds the secondary depot Custodial Account (CA) within the Brigade Support Group (BSG).  If the requisition can be satisfied the item is transported forward and a stock replenishment requisition raised; otherwise the original requisition is again transmitted rearwards.  A number of BSGs are supported by another larger RLC CA located within the Joint Support Area (JSA), where the process of transporting stocks forwards and raising stock replenishment requisitions or transmitting the original requisition rearwards is repeated.  Echelon, BSG and JSA comprise the three lines of supply within the deployed theatre which is supported by the fourth line of primary depots within Strategic Base (SB) (MOD 2012, 2015, 2014a and Army 2015). 

Contained within JSP886, Vol3, Part1, are annexes detailing what the MOD terms Supply Chain Pipeline Times (SCPT) for each country or region, these are the MODs Key Performance Indicators (KPIs) against which on time deliveries are measured (MOD 2014b).  In 2012 the NAO stated that the MOD failed to meet these KPIs to the Afghanistan conflict in 46% of deliveries, citing that only half of these failures could be attributed to a lack of stock at primary depot.  If this report is accurate an investigation into the reasons for failure in the other 23% of cases would appear to be appropriate, and Goldratt’s Theory of Constraints (TOC) may go some way to providing answers.  In his seminal 1984 work “The Goal” Goldratt identifies a phenomenon he terms the constraint, this is the process within a system that dictates the ultimate output and efficiency of the entire system.  Incorrectly identified; or even ignored; constraints have the effect of acting like roadblocks within a supply chain, causing deliveries to arrive late (Smith 1995, Goldratt and Cox 2004, de Souza and Pires 2010 and Kaihara 2011).

Aims and Objectives of the Study
This paper will concentrate on the JSC as it applies to the British Army because the author has been employed, and therefore has experience, within the Supply Chain Management (SCM) field within the British Army’s JSC.

This study aims to investigate the current status of on time deliveries within the MOD utilising their own KPI metrics as the comparison baseline.  Having held informal conversations with staff working at various British Army units and LCS Donnington, the author believes that this study will validate NAO’s 2012 findings.  The author will record all deliveries to a single British Army unit over a three-month period, as this is the author’s current duty station and he has access to the data system required to investigate each delivery.  The author will harvest data from the system to investigate not only performance against delivery timeframes but also individual process KPIs within the distribution system, in an effort to identify those process elements that could be labelled as the constraint.  The author has devised the following hypothesis to test during this study:
	HA	The MOD achieves a greater than 54% success rate in making on time 	deliveries.
	H0	The MOD has failed to improve on the 2009 - 2010 success rates of 54% on 	time deliveries.
	H0A	The MOD is failing to reach a success rate of 54% of on time deliveries.   

This study is primarily aimed at assisting the MOD in understanding if there are constraints within its inventory dispatch and delivery systems and processes, so that adaptations could be implemented to realise efficiencies.  The author would suggest that the premise and methodologies are applicable to any company that employs distribution and delivery chains, such as TESCO home delivery.  Thinking a little further afield it is possible to imagine that this study could be applicable to the emergency services as an aid to evaluating and understanding how their response times are affected by their call handling and routing processes not just the road traffic conditions encountered by response crews.   
The remainder of this report is formatted as follows:
· Chapter 2 is a review of relevant literature.  It begins with a discussion of the MODs policies, processes and Logistics Information Systems (LogIS) technology before making a comparison with current academic literature on supply and distribution chains.  The chapter continues with a discussion of Goldratt’s TOC and its application within supply chains before discussing the selection and use of KPIs.
· Chapter 3 is a detailed review of the author’s research methodology, including a discussion of the academic literature pertaining to data types and research methods.
· Chapter 4 is a presentation and analysis of the data obtained during the research phase of the study.
· Chapter 5 concludes by evaluating the study in terms of its aims and objectives, the limitations of the methodology and impact upon the subsequent results analysis before ending with the author’s recommendations for further study.   













Literature Review
British Army Joint Support Chain (JSC)
The British Army’s Joint Support Chain (JSC) is designed, around a forecasted “pull” methodology, to position inventories as close as is tactically practicable to the point of consumption in order to speedily support the frontline soldier (Harrison and van Hoek 2011, MOD 2012 and 2015 and Army 2015).  To achieve this, the British Army has adopted a four step inventory staging process which stretches from the UK to wherever in the world the United Kingdom government chooses to deploy its Armed Forces (Army 2015 and MOD 2015).  

The first step of the JSC is known as the Echelon System and is itself divided into four stages, with the individual soldier occupying the very forward edge called the F Echelon.  At this stage of the JSC the individual soldier carries on their person all of the items required for their specific tasks on their person, this ensures that very few spares or consumables are managed at F echelon.   Immediately behind F is A1 echelon, at this stage a small inventory is held in a single small vehicle; usually a Land Rover; comprising mostly of essential spares and consumables.  The inventory managers located at A1 echelon are responsible for the not only the immediate resupply of the individual soldier at F echelon, but for the transmission of replenishment requests rearwards and the collection of deliveries from tactical exchange points.  To the rear of A1 echelon is A2 echelon, this is the point furthest forward in the deployed space that policy driven inventory management processes would occur and whilst the stock of inventory held is larger and more diverse than that held at A1 it is still limited in scope as well as size.  A2 typically holds those unit equipments that are not required on the current tasking, a stock of spares both fast and medium moving items (FMI and MMI) for those equipment repairs that can be carried out within predefined equipment care policies and FMI and MMI consumables to support the frontline soldier and their equipments.  Doctrinally, A2 is physically collocated with the second line of supply but have the task of arranging the larger field tactical resupply of both A1 and F echelons.  The last of the echelons is B, doctrinally collocated with the third line of supply, and holds the unit’s larger stocks of none technical equipments, spares and consumables (MOD 2012, 2014a and 2015 and Army 2015).

The British Army organises into operation and administrative entities called Brigades, these consist of all the combat units required to fight the enemy as well as the Combat Support (CS) and Combat Service Support (CSS) units required to sustain this force in the field.  CSS units as well as the brigade headquarters are located at the second line of supply called the Brigade Support Group (BSG), the inventory management functions of the supply chain takes place with secondary depot Custodial Accounts (CA) operated by Royal Logistic Corps (RLC) units.  Within the BSG there are two types of RLC unit, those that specialise in spares for the repair of equipments; equipment support; and those that manage all other types of equipments, spares and consumables; general support.  Although these inventories are larger than those held within the echelons, they are still small enough to be stored on a relatively small number of heavy goods vehicles.  From a tactical and doctrinal perspective both A2 echelon and the BSG must be mobile enough to follow the F echelon forward as the operational situational evolves and dictates.  Elements of the general support RLC unit in the BSG deploy forward in conjunction with the A2 echelon during the latter’s tactical field resupply of A1 and F echelons to distribute the bulkier combat consumables known as Combat Supplies (CSups) (MOD 2012, 2014a and 2015 and Army 2015).

When a sufficient number of brigades are deployed to an operation a third line of supply is sent to provide in an depth inventory support function, in a region known as the Joint Support Area (JSA), which is controlled by a larger RLC general support CA unit.  The supply function of this unit manages a large inventory as well as controlling and co-ordinating distribution flow, whilst the transport elements move resupply inventory forward to the BSG and ensure that deliveries to theatre are moved from point of disembarkation; whether that be sea or air ports; to the supply functional area.  The concept is that each line of supply within the operational theatre will be able to resupply those in front, across dependency relationship hierarchies if required.  The last line of supply is the primary depots managed by Logistics Commodities and Support (LCS) located within the United Kingdom Strategic Base (MOD 2012, 2014a and 2015 and Army 2015) as shown below in figure 1.

Inventory management and resupply is facilitated through the use of Logistics Information Systems (LogIS) connected through a secure communications network (MOD 2015).  In the deployed space, that is JSA forward, a system called Management of the Joint Deployed Inventory (MJDI) is utilised for inventory management purposes however in SB the inventory management system is Base Ordinance Depot Management System (BODMS) (MOD 2015).  Whilst they are capable of electronic communications, visibility of item availability in SB is difficult from the deployed space (MOD 2012, 2014a, 2015).

 (
Fi
gure 1: British Army Joint Support Chain (JSC) adapted from MOD 2012 and 2015 and Army 2015
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Bowersox et al (2002) open their book by describing typical supply chain processes that have a 15 to 30 day lead times; provided “everything went as planned”; which is almost an exact description of the British Army’s JSC (MOD 2014b).  They attribute this supply chain management methodology as an accepted practice of the 20th century based on experiences unchanged since the industrial revolution creating business practices that were designed to overcome challenges that have ceased to be important, only because there weren’t any other options.  However they later claim that prepositioning inventory and designing efficient transport methodologies adapted to the operating environment; much like the methodology employed by the British Army’s JSC; whilst being Supply Chain Management (SCM), is a central pillar of the Logistics Management discipline.  This latter claim is echoed by Christopher and Towill (2002) who state that supply chains must be developed as bespoke solutions to the needs of an individual organisation as it exists in its operating environment at that time.

Rutkowski (2010) maintains that organisations the world over consistently misunderstand the term “best practice”, believing it to mean “better than all other practices in all situations”.  Rutkowski argues that the term actually means that the practice is most beneficial for that particular organisation in its current operating environment given the resources available. He states that this misunderstanding causes organisations to “jump on the bandwagon” of any practice; or fad; that has been demonstrated to provide benefit, imposing it upon their systems without conducting any analysis first.

Christopher (2010) maintains that modern competitive supply chains are designed based on a principle he calls the 4 Rs;
· Reliability: in order to fully employ a JIT methodology, organisations require suppliers that can guarantee OTIF (On Time In Full) deliveries.  Supply Chain managers must therefore continuously monitor their systems design and controls to ensure that handoffs between processes don’t become bottlenecks.
· Responsiveness: is the ability of supply chains to respond with shorter lead times by shipping smaller quantities faster, directly to the point of use whilst eliminating non-value adding stages.
·  Resilience: the ability of supply chains to withstand disruption.  Lengthy and complex supply chains are particularly vulnerable to disruption, especially as outsourcing increases.  Resilient supply chains require strategic buffers, which paradoxically lean methodology attempts to eliminate as waste.
· Relationships: competitive supply chains maintain effective and efficient communications and relationships between all stakeholders at every level.
  
The design of the British Army’s JSC enables resilience, whilst allowing the potential for responsiveness and reliability; however the controls imposed by government and MOD policy dictates how effective the relationships in the system can be and ultimately impact the JSCs overall effectiveness.

Goldratt’s Theory of Constraints (TOC)
In 1979 Dr Eliyahu Goldratt; a physicist; began developing what he terms the Theory of Constraints (TOC) from the Optimized Production Timetables (OPT) systems that were marketed as software designed to create peak manufacturing production output (Rahman 1998, 2002, Mabin and Balderstone 2003, Watson et al 2007).

In 1984 Goldratt published a seminal piece of work called “The Goal”, an academic paper masquerading as a fictional novel; in much the same way as the ancient Greeks Socrates and Plato would use allegory to prompt their students to think for themselves; The Goal encourages the reader to apply its messages to their own situation (Rahman 1998, 2002, Mabin and Balderstone 2003, Goldratt and Cox 2004 and Watson et al 2007).

Goldratt and Cox (2004) maintain that in any system with a process chain the output from a discrete process feeds subsequent processes and operations, and as each discrete element would normally require different resources and time to complete then one or more individual process will constrain the whole chain.  In order to maximise the efficiency of the system this constraint must be correctly identified and closely managed whilst the system continues to be monitored, as Goldratt and Cox (2004) claim that action taken to manage a constraint can have the adverse impact of creating another constraint in a separate process within the chain (Perez 1997, Rahman 1998, 2002, Mabin and Balderstone 2003, Goldratt and Cox 2004 and Watson et al 2007).

According to Goldratt and Cox (2004) the effect of the constraint on the efficiency of the system and the businesses balance sheet is multiplied by a managerial obsession with, misunderstanding and misapplication of Key Performance Indicators (KPI).  In his novel the example cites a series of KPIs that indicate all processes are performing at peak efficiency whilst the financial bottom lines and customer feedbacks are proving that the business is in danger of collapse.   Goldratt and Cox (2004) maintain that the answer to this conundrum is to re-examine which parts of the chain are measured against KPIs whilst management accepts that a trade-off is required for the system as a whole to be operating at peak efficiency (Goldratt and Cox 2004 and Taylor and Ortega 2004).

Traditionally each process in a chain is deemed to be successful if it is producing its maximum output for as much of its operational duration as possible.  Goldratt and Cox (2004) highlights that for every unit of output from each process there is a resource cost, as well as a financial cost in most cases, to be borne if that output is not consumed by either a subsequent process or a customer.  When combined with the constraint this has the effect of producing large volumes of output that are unusable and require storage, as well as mandating frequent interventions to interrupt the flow of the process chain to ensure that sufficient volumes of finished product is produced to meet customer requirements, which itself incurs resource and financial costs.  Goldratt and Cox (2004) insist that in order for the whole system to operate at maximum efficiency, the constraint must produce the maximum output possible to feed subsequent process as often as is viable whilst those processes in front of the constraint only provide that output that can be utilised when it can be used.  This means that many of the bespoke processes in the system chain will; according to KPI metrics; be inefficient, even idle and this state must be accepted for the greater good (Perez 1997, Rahman 1998, 2002, Mabin and Balderstone 2003, Goldratt and Cox 2004, Taylor and Ortega 2004, Watson et al 2007).

Within the British Army’s JSC the process chain is as follows:
1. Requisition is transmitted
2. Available stock is located to satisfy the requisition and issue vouchers produced
3. Issued stock is selected and checked (picked)
4. Issued stock is packaged and delivery agency tasked 
5. Package is dispatched with delivery agent by the supply function
6. Delivery agent transports package to customer, may require multimodal transport and multiple delivery agents if customer is overseas
7. Customer receives package and carries out inventory management accounting activities
At a superficial first glance it could be claimed that the transit times from issuing depot to customer would constitute the constraint, however the MOD has produced a set of KPIs called the Supply Chain Pipeline Times (SCPT).  Each country or region of the globe has its own unique SCPT (see fig 2) that accounts for the delivery distance and complexity of potentially multiple delivery agents (MOD 2012, 2014a, 2014b, and 2015 and Army 2015).

Process Flow through the JSC
Goldratt and Cox (2004) advocate conceptualising and breaking down the complete process chain in order to accurately identify not only the constraints within a system, but also the appropriate KPIs to measure.  Harrison and van Hoek (2011) support this approach when measuring time within the supply chain, recommending that a researcher follows a product through all the individual process stages and interviews an employee with a wealth of experience at each process, to enable a time based process map to be developed.  Figure 2 below illustrates the process flow of all requisitions submitted through the JSC.

 (
Figure 2
: Process flow of 
all 
requisitions 
submitted through the
 JSC
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For this study a time based process map will be overlaid on Figure 2 by utilising the MODs Consignment Tracking system called VITAL (Visibility In Transit Asset Logging).  This system works utilising a Russian Doll methodology to identify each individual item as a package that is recorded, reported and forwarded at each node within the supply chain (MOD 2009).

All units within the MOD are assigned a three letter code on the VITAL system to identify them as a node, most of which are designated as consignee recipient only nodes.  All other nodes have the capability to create and input data onto the system (MOD 2009).

Once a units requisition reaches an issuing unit with sufficient available stock and the requisition passes validity screening, then an individual item issue order is raised.  Once the stock has been picked, verified and packed, the issue order is transmitted to the VITAL system and the package details created.  Once transport has been arranged the individual packages are collated, both physically and if necessary on the VITAL system, and dispatched to the next node again both physically and electronically (MOD 2009).    



Key Performance Indicators (KPIs)
Many authors have written extensively about KPIs without actually defining them (Rahman 2002, Goldratt and Cox 2004, Braithwaite 2010, Gupta 2012, Barrow 2013 and Gurd and Ifandoudas 2014) to name but a few.  It is possible to conclude from these authors that KPIs are measurements to assess the processes an organisation considers to be strategically vital to the success of the system as a whole.  In recent years however organisations have tended towards control policies that require every process or stage to be measured and reported, this has resulted in massive amounts of data that is not analysed and therefore doesn’t have any impact upon a process or the system as a whole (Goldratt and Cox 2004 and Crail 2015).  Not only are organisations; businesses in particular; over measuring but their metrics are stubbornly rooted in outdated quantitative accountancy and profit models (Rahman 2002 and Braithwaite 2010). 

Smith (1995) claims that more organisations are now moving away from these “traditional” measures as they provide an incomplete data set for the complete operational costing, whilst at the same time ignore completely the metrics that matter most to their customers.  Both Rahman (2002) and Braithwaite (2010) advocate that performance measures should take a systems approach and consider more qualitative metrics, such as customer satisfaction, to achieve strategic goals with balance and without conflict.  Barrow (2013) describes the Balanced Scorecard (BSC) model as being designed to achieve just this principle, with the manager responsible for making the decisions about which metrics should take strategic primacy at any given point in time.  

Gupta (2012) takes Smith’s argument and examines TOC and BSC to determine how they are interpreted and implement by managers.  He concludes that both are misunderstood and viewed as competing theories to be manipulated until either can be used to support a manager’s viewpoint, allowing them to dictate the KPIs used in order to ensure the metrics support their decisions.  This is the behaviour that Goldratt and Cox (2004) illustrate as disastrous to an organisations overall performance.  Gurd and Ifandoudas (2014) argue that TOC concepts allow for managers to implement KPIs that maximise local conditions provided overall strategic requirements are achieved, which Barrow (2013) attributes to the managers role in BSC methodology.  Mangan and Christopher (2005) specifically target the power and role than managers perform in any system, pointing out that “you can’t do anything without the right people”.  This argument about people can be extended away from just the managerial roles examined by Gupta (2012), Gurd and Ifandoudas (2014), Mangan and Christopher (2005); people at all levels of the organisation are capable of adversely impacting upon the system regardless of which technologies, processes, policies or KPIs are implemented (Goldratt and Cox 2004 and Willis 2015)

MOD 2014b states that the primary strategic KPI for the British Army’s JSC is always the Required Delivery Date (RDD) specified on a unit’s requisition, that is the date the unit requires their requisition be delivered by; the secondary KPI is the total delivery time permitted within the SCPT table, these tables bring together all other tertiary KPIs.  A requisition’s RDD combined with the unit’s operational status dictates the Supply Priority Code (SPC); which is used to determine the processing order as well as the priority with which deliveries are pushed through the delivery network, whilst the SCPT table dictates the maximum time allowed for each process within the system.  The KPIs listed within the SCPT tables are as follows:
· Demand Transmission Time (DTT):  the time allowed for a requisition to be transmitted through the JSC to the point at which it will be fulfilled
· Demand Processing Time (DPT):  the time allowed for unit staff to scrutinise requisitions and input them to in service LogIS if required
·  Materiel Handling Time (MHT):  the time allowed for warehouse picking and packing process to be completed including updating the current in service Consignment Tracking (CT) LogIS and the tasking of suitable transportation services
· Time For Distribution (TFD):  the total time allowed for all transportation providers to deliver the packaged materiel to the requisitioning unit
Each of the times listed above are measured in either hours or calendar days, however the LogIS used at primary depot has been programmed to consider only working days (MOD 2014b).  For units stationed within the United Kingdom; including Northern Ireland and the Scottish Islands; the total SCPT for a routine replenishment or unit sustainment requisition is 7 days (see fig 2) which is to be achieved through the use of an outsourced Third Party Logistics (3PL) contract (MOD 2014b).

The SCPT for a particular theatre is further sub-divided by whether the unit is considered to be involved in operations or peacetime activity.  Operations are described as those tasks received from the UK Government that are of strategic importance and usually involve some form of enemy activity, whereas peacetime activities are any other tasks or activity involved in exercise or unit day to day activities (MOD 2015).  The operational SPCs are 01, 02, 03 and 04, with the remainder being non-operational (MOD 2014a and b).  These SPCs are then grouped together in order to describe the urgency of the requisition; Urgent, Priority or Routine; and during all stages of the JSC staff are required to process the requisition in the correct order, with operational requisitions taking precedence (MOD 2014a and b).  The processing order should therefore be SPC 01, 05, 02, 09, 03, 13, 04 then 16. (See fig 2 below)
[image: ]
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Figure 3
: Extract of Annex A to MOD 2014b, SCPT Table for the United Kingdom
)

Outsourcing and Third Party Logistics (3PL) 
There are two prevailing views on the utility, purpose and method of outsourcing, these are:
· A transferring of assets, risks and management of business processes that are non-core to a specialist third party 
· A purchasing of specialist expertise in a required business process on an as required basis
(Bowersox et al 2002, Sander 2003, Taylor and Ortega 2004, Rinsler 2010, Christopher and Holweg 2011 and Gurd and Ifandoudas 2014).  Rinsler (2010) maintains that regardless of whichever view is adopted by an outsourcing organisation, they must ensure that there is no question of inferring that they no longer have responsibility for the process.  

Whilst there are many reasons and drivers that compel an organisation to adopt an outsourcing strategy; the majority of which are common across both the public and private sectors; each organisation accepts that there is a third party, another organisation, better resourced and skilled to conduct the process than they themselves are (Bowersox et al 2002, Sander 2003, Taylor and Ortega 2004, Rinsler 2010, Watson et al 2010, Christopher and Holweg 2011).  An organisation that does not adopt an outsourcing strategy must invest resources; such as time, cash and labour; in every process in their chains to ensure sufficient efficiency of the system to produce the desired end state (Taylor and Ortega 2004 and Rinsler 2010).  Organisations that outsource are therefore able to reinvest their savings into those processes that they retain in order to extract as much efficiency as possible (Bowersox et al 2002 and Sander 2003).

When a public sector makes the decision to follow an outsourcing strategy it is usually a financial decision, designed to enable cash savings to be extracted by the dominant stakeholder; the national government; which is not reinvested in the organisation in the same manner as within private sector.  Outsourcing releases the requirement for capital assets; and their subsequent maintenance and operation; whilst over a period of time reducing the pension burdens as the staff leave and become eligible for reduced pension scheme payouts (Rinsler 2010).

Once an activity or business process is outsourced to a third party an organisation invariably looses the expertise associated with it, as the personnel leave the organisation either voluntarily or otherwise (Rinsler 2010, Watson et al 2010).  This creates a new concern for the contracting organisation in that they lose the expertise required to effective monitor and enforce the contract (Watson et al 2010).   Gray (2009) questions whether the MOD has retained sufficient expertise to monitor effectively its outsourced contract for warehousing and distribution.

In response to Gray (2009) and NAO (2012) LCS has added a 3PL contract to its delivery options, promising delivery of in stock items to any unit location within mainland UK, Northern Ireland or Mainland North Western Europe within seven days of a demand being placed on MJDI (MOD 2012, 2014b).   
 




Research Methodology       
All research is based upon a researcher’s knowledge and assumptions, their understanding and analysis of the sources of this knowledge and assumption.  How this is brought to bear on the research is known as epistemology (Dempsey 2010, Bryman 2016, Charmaz 2017).  Research is also affected by the ontological position of the researcher; that is how they view the relationship between people and social entities (Bryman 2016). 

Qualitative research has the epistemological view that research is conducted to formulate new theories and models or to inform and revise existing theories (Campbell 1998, Bryman 2016, Charmaz 2017).  Its ontological position is that organisations and people are inseparable (Bryman 2016).  Quantitative researches epistemology is that theories and models require deductive testing to add to the existing knowledge base (Bryman 2016).  Ontologically, organisations form separate entities from the people that compose them and the societies in which they exist (Bryman 2016).
 
The differences between qualitative and quantitative research extend beyond these idealistic standpoints into the practical realms of organising research methods to collect and analyse data (Bryman 2016).  There are many different methodologies and tools available for conducting research all of which can be described as either qualitative or quantitative (Bryman 2016, Charmaz 2017).  
   
Qualitative Methodology
A qualitative research strategy is generally employed to provide vast amounts of rich picture data from the words and opinions of people, details that may be missed by a researcher focusing upon quantifiable data (Campbell 1998, Pope et al 2000, Gill et al 2008, Bryman 2016).  Qualitative data however requires time consuming analysis and interpretation in order for it to make sense (Pope et al 2000).  It is because of this that qualitative studies are not required to be statistically representative of a population, attempts to do so may only succeed in providing a data set that is unnecessarily cumbersome for the researcher (Pope et al 2000).  

Many researches take the epistemological view that qualitative research is a cyclic process, in that assumed knowledge derives a research question and methodology which generates data that in turn informs the knowledge base as it is analysed and refines the research methodology for the collection of a subsequent data set and the process begins again (Pope et al 2000, Uri 2015, Bryman 2016, Charmaz 2017).  Inductive analysis of qualitative data requires a deep, coherent reflection of both the data and method utilised as this will further develop focused lines of enquiry that will result in solid conclusions and models (Pope et al 2000).  Qualitative researchers don’t attempt to quantify the data set instead they attempt to assign codes; labels for data fragments; and categories; abstract terms for clusters of codes; to responses in attempt to describe a social phenomenon (Pope et al 2000, Charmaz 2017).  The codes and categories assigned are an attempt on the part of the researcher to define the data set at that point in time (Charmaz 2017).  As each new data set is analysed new codes and categories can emerge which requires previous data sets to be reanalysed (Uri 2005, Charmaz 2017).  

Grounded Theory
The term Grounded Theory was coined by Glaser and Strauss in the 1960s to describe the methodologies used to conduct this circular analysis of qualitative data (Pope et al 2000, Uri 2015, Charmaz 2017).  Since then many different variations of Grounded Theory have been proposed to describe how the researchers epistemological assumptions effect the methods chosen to conduct their studies, all of which share the key point of inclusivity; that is codes and categories are added as the data set is analysed rather than attempting to use existing ones to fit the data (Pope et al 2000, Uri 2015, Charmaz 2017).  All variations of Grounded Theory have a different view as to the effect of knowledge and its sources upon the analysis of the data collected (Charmaz 2017).

Objectivist Grounded Theory (OGT) believes that research and its methodologies don’t affect the responses given by participants and as such has no impact upon the data collected (Uri 2015, Charmaz 2017).  OGT views knowledge underpinning the research method as impartial and having no weight in the analysis of the data (Uri 2015, Charmaz 2017).  The research conclusions are able to explain social situations and predict future social structures as well as add to the knowledge base for future research (Uri 2015, Bryman 2016, Charmaz 2017).

Constructivist Grounded Theory (CGT) assumes that the researcher’s epistemology inherently impacts the research methodology, analysis and conclusions (Uri 2015, Charmaz 2017).  CGT recognises that choice of words and language used has an impact during qualitative ethnographic data collection (Charmaz 2017).   In order to reduce these impacts OGT proposes that significant reflective practice is conducted at every step of the study and the research should be subjected to further testing from a different epistemologies (Charmaz 2017).  The research conclusions are valid for that time, under those conditions and provide abstract understanding not definitive explanation (Uri 2015, Bryman 2016, Charmaz 2017).

Situational Grounded Theory (SGT) views reality as composing of shifting non-linear change, complexity and unpredictability (Uri 2015).  This leads to an individual’s responses to any given situation evolving as they learn from experience (Charmaz 2017).  

Ethnography
Ethnography is the term used to describe a researcher that immerses themselves in the social setting being studied in order to observe and listen to the context so that an understanding of the cultures and norms related to the study can be achieved (Campbell 1998, Uri 2015, Bryman 2016, Charmaz 2017).

Organisations build their own cultures and norms (Moran and Lynch 2017) which together with experiences build a knowledge base that when written down, becomes the authoritative version of what the organisation knows (Campbell 1998).  New entrants to an organisation bring their own epistemology interpretation to the authoritative literature (Campbell 1998), however strong organisational cultures will often subject new entrant to conform or leave type pressures which leads to personnel becoming over time champions for the culturally accepted interpretation of the organisations authoritative literature (Uri 2015, Moran and Lynch 2017).  

A researcher conducting an ethnographic study of their own organisation can have the epistemological account of their experiences influenced by institutional ethnography whilst an external researcher can bring their own epistemological perspective to the research (Campbell 1998, Uri 2015, Charmaz 2017). Literature reviews add to the epistemological challenge faced by ethnographers during both the research and analysis as bias could be designed into the methodology and context be omitted from subjects responses in favour of current theories and structural explanations (Dempsey 2010, Uri 2015).  As grounded theorist recognise, language is important (Charmaz 2017) and organisational champions will be fiercely protective in the face of ethnographic researchers and methods who miss interpret the context of the response or organisational subtleties and ambiguities (Dempsey 2010, Uri 2015, Moran and Lynch 2017).  Generalising social structures from ethnographic research can give an illusion that the context is fully understood, particularly from auto-ethnographic research, as the data is often not subjected to reflective practice as well as under analysed (Dempsey 2010, Uri 2015, Charmaz 2017).

Interviews and Focus Groups
Interviews and focus groups remain the most common tools utilised within qualitative research methodologies (Gill et al 2008, Bryman 2016).  These tools are used to record responses given by selected individuals to research themes or questions with these tools every word spoken forms the data set for analysis (Campbell 1998, Pope et al 2000, Gill et al 2008, Dempsey 2010, Uri 2015, Bryman 2016, Charmaz 2017).

There are three fundamental types of interview; structured, semi structured and unstructured (Gill et al 2008, Bryman 2016).  In structured interviews the researcher prepares by drafting a series of questions, predominantly open ended, and recording each participant’s responses verbatim (Gill et al 2008, Bryman 2016).  Essentially this type of interview is an orally administered questionnaire, designed test the epistemological and ontological basis for the research (Campbell 1998, Pope et al 2000, Gill et al 2008, Dempsey 2010, Uri 2015, Bryman 2016, Charmaz 2017).  Of the three interview types structured interviews are the least resource consuming to administer, transcribe and analyse, however the rigid format does not allow the researcher to stray from the script and explore new or interesting lines of enquiry and can lack depth (Gill et al 2008, Bryman 2016).  Semi structured interviews attempt to overcome these weaknesses by removing the script, the questions remain but the researcher has notes on which theme each question represents allowing for responses to be explored (Gill et al 2008, Bryman 2016).  Unstructured interviews are the most time consuming to transcribe and analyse as they are the most difficult to administer (Gill et al 2008).  With this type of interview the researcher notes the themes they wish to explore and has a conversation with their participant, this presents difficulties if the topic is unclear to the participant (Gill et al 2008).  In this manner the researcher follows and builds the richest picture possible of their participant’s responses which makes unstructured interviews ideal for identifying different perspectives to existing theory or developing new models (Gill et al 2008, Bryman 2016).

During my service in the Army I have had many conversations with different colleagues and members of supply chain staff from different business units within the JSC, all prior to commencing this research.  These conversations can be classed as unstructured interviews as they explored themes of general interest that have subsequently contributed to my epistemological and ontological perspective.  This perspective has been used to commence this study.  Adapting and formalising these interviews within the scope of this research would have been prohibitively resource consuming, requiring accurate memories and subsequent tracing of everyone previously spoken to.  Many of these individuals may not be employed by the MOD at this time, and as such data protection legislation would prohibit discloser of contact information.

Focus groups are prepared in a very similar way to semi structured interviews, however the posses a flexibility to transform into unstructured interviews (Gill et al 2008).  Interviews are conducted one on one between the researcher and participant, focus groups however have multiple participants, a researcher to facilitate and guide the discussion with a second researcher to observe non verbal responses and data whilst recording the responses given (Gill et al 2008, Bryman 2016).  It would be wrong for a researcher to perceive a focus group as an efficient method for collecting large volumes from similar participants simultaneously (Gill et al 2008).  Social cultural demographics of the participants can adversely impact the quality and quantity of data, particularly in organisations where social professional statuses are derived from hierarchical positioning (Gill et al 2008, Moran and Lynch 2017).  The researcher’s task in focus groups is to ensure that this does not happen whilst harvesting differences in opinion (Gill et al 2008, Bryman 2016).  A strength of focus groups lies with participants challenging and being able to justify responses in a manner not possible with interviews, in this way rich pictures can be derived from data on collective views (Gill et al 2008, Bryman 2016).  

Within my study organisation, institutional epistemology had overtaken all staff to the point that a singular view was expressed all as to delivery timeframes.  This rendered focus groups ineffective for the collection of analysable data and as such was not considered as an appropriate research methodology.            

Quantitative Methodology
Quantitative research methodology is a method of organising research as well as collecting and analysing data (Carter et al 2007, Alwood 2012, Crowe and Sheppard 2012, Haneef 2013, Bryman 2016).  These methodologies deductively test a hypothesis or concept formed from literature reviews through experimental research that quantifies data for statistical analysis (Crowe and Sheppard 2012, de Beuckelaer and wagner 2012, Haneef 2013, Bryman 2016).  Once a hypothesis or concept has been gleaned from the literature review a quantitative researcher will be required to develop an indicator; a method to quantify ambiguous data such as causes of job satisfaction; or measure; term applied to something that can be unambiguously counted such as age; to quantify the data (Alwood 2012, Haneef 2013, Doostparast and Emadi 2014, Bryman 2016).  

Population and Sampling
Once a quantitative research strategy and methodology has been chosen the researcher must then identify the sources available to collect the data from (Gill et al 2008, Uri 2015, Bryman 2016, Charmaz 2017).  The term population is used to define an identified source of data to be collected in accordance with the measure or indicator required for subsequent analysis (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).   Invariably the populations in experimental research are too large for a researcher to practically or economically gather data from and would yield a data set that is exceptionally cumbersome to analyse (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).  Studies that utilise the whole of a population are called censuses (Bryman 2016).

To overcome the economic and resource difficulties of population sizes, researchers can opt to sample that population (Gill et al 2008, Uri 2015, Bryman 2016, Charmaz 2017).  Samples are a portion of a population chosen for inclusion in the study, with the aim that the sample can be described as representing the population as a whole (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).  There are two umbrella terms for all types of sampling, probability and non-probability sampling (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016) with the former being more likely to generate a truly representative sample of the population (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).
 
Probability sampling covers a range of methods to ensure that an individual within the population has as much statistical probability of being included in the sample as any other individual (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).  

In simple random sampling each individual within the population is assigned a number, the researcher decides how many individuals to include in the study and consults a random number table or generator to select the desired number of individuals (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).  Systemic sampling is a variation on simple random sampling, where the statistical probability of being included is calculated by dividing the number of individuals required (n) by the population size (N); ie 450 ÷ 9000 = 20.  Once each individual has been assigned a number then the researcher selects the appropriate individual from the list, ie every 20th individual (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).  Stratified sampling segregates the population by an identifiable characteristic and selects a statistically appropriate number of individuals, utilising the result of the probability calculation, from each characteristic to be included in the study (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).  Multi-stage cluster sampling is a method of sampling from a geographically dispersed population.  Each individual is assigned to a group according to a selected criterion and these groups are clustered into manageable units.  Each cluster is assigned a number, as per the random sampling, and a pre-determined number of clusters selected at random.  The researcher can then select from the resulting list the most convenient clusters to sample from in order to gain a representative sample (Alwood 2012, Crowe and Sheppard 2012, Doostparast and Emadi 2014, Bryman 2016).  These methods are designed to attempt to eliminate sample bias; the term for intention or unintentionally selecting a sample that is likely to produce the results a researcher would like (Carter et al 2007, de Beuckelaer and Wagner 2012, Bryman 2016).

Bryman (2016) claims there are two main types of non-probability sampling; that is sampling techniques not based probability techniques; these are convenience sampling and quota sampling.

Convenience samples are simply a sample of the population that the researcher has convenient access to (Alwood 2012, Crowe and Sheppard 2012, Bryman 2016).  This type of sample may not always be representative of the population as a whole and therefore makes it difficult to generalise conclusions from the data, it does however remove many of the difficulties with regard to resource requirements (Alwood 2012, Bryman 2016).  Quota samples work in a similar method to the stratified sample, in that a population is assigned to characteristic groups and a quota of respondents selected, unlike stratified sampling however the selection of individuals to participate is at the discretion of the researcher (Alwood 2012, Crowe and Sheppard 2012, Doostparast andEmadi 2014, Bryman 2016).  Detractors of non-probability sampling are quick to point out the potential for sample bias in the data collected (Carter et al 2007, de Beuckelaer and Wagner 2012, Bryman 2016).           

The literature review for this study has yielded a hypothesis for testing that lends itself to a measure.  The number of days it takes for delivery of an item can be unambiguously counted and statistical analysis can be conducted to compare this number against KPIs and the conclusions of previous research.  The population for this research is the VITAL package, dispatch and arrival data for every unit within the MOD, which potentially is tens of thousands of individual entries per day.  A mixture of quota and convenience sampling was chosen, the unit at which I was employed as the VITAL node supervisor. This role required me to access the system and input the arrival data daily, making it economical and simple to mine the data required for this study. Orr (2015) suggests that the following calculation can be utilised to determine the minimum sample size required:
 n= 4p(100-p)/l2  Where n is the sample size, p is an estimate of positive responses (for this sample I would take the 54% quoted by NAO 2012) and l is the limit of accuracy, taken to be + or - 5%.  This equates to a sample size of 398 entries.
Forecasting the duration of the study based on this number could prove difficult therefore I decided that the quota for this study would be three months worth of packages arriving at the unit as this represents a quarter of all the units’ activity in a given year, provided more than 398 packages were recorded.  
In accordance with the quantitative research measure chosen certain process dates recorded on the VITAL system were extracted into a Microsoft Excel spreadsheet, these processes correspond with the process map at figure 2 and KPIs from figure 3.  This is an example of primary data as the research obtains the data directly from its source rather than secondary research which integrates existing data or evidence from previous studies (Haneef 2013, Bryman 2016).

Analysis of Results
Initial univariate analysis, a single variable at a time, of the dataset was conducted on the total delivery time defined in this study as being the number of days between issue and arrival at unit.  Analysis consists of identifying the percentages of those deliveries that arrived within the 7 day delivery KPI each month and the overall percentage of all deliveries during the sample period.  This is presented in a Table 1 and Graph 1 below, the statistical significance (p) has been calculated as 0.0460.  As this is within the 95% confidence interval, generalisations about the MODs performance against SCPT can be drawn from this sample (Rumsey 2011, Bryman 2016).  This data generates a chi square test score of 0.0000 indicating that the data is statistically relevant.

	 
	Y
	N
	Total
	% On time

	March
	142
	86
	228
	62.28

	April
	98
	78
	176
	55.68

	May
	72
	64
	136
	52.94

	Total
	312
	228
	540
	57.78

	% On time
	57.78
	42.22
	 
	 


 (
Table 1: Percentage of deliveries achieving the KPI of 7DD
)
   


 (
Graph 1:  Percentage of On Time Deliveries
)

The raw dataset reveals a data range of 263 days and a standard deviation of 21.75, both of which are quite high for a sample set of 540 entries over a three month period.  Closer examination shows that 9 individual entries represent the biggest outliers each with a delivery time of over 100 days shown in Table 2 below.

 (
Table 2: Collected package data for the 9 biggest outliers in the dataset
)[image: ]  

Three of these data entries can be excluded from the dataset by virtue of their despatch depot. Cyprus has a different theatre code to the sample unit, and therefore a different SCPT table.  These issues require the use of the Reverse Supply Chain (RSC) side of the SCPT table, and international multimodal distribution chains (MOD 2014b).

The remaining packages; with the exception of AFA27003620; meet the TFD KPI of 3 days.  These lines taken alone could potentially be explained by closedown activities for the Christmas break leading to paperwork remaining un-actioned and subsequently forgotten about.  However, if package ID AFA27003620 is taken into account another explanation could be offered.  If this depot was in a stock out position when it received the demand an issue may have been made in order to earmark expected replenishment stock.  Further investigation of the inventory records for this depot would be required to ascertain if this hypothesis is accurate.

Ignoring these 9 lines from the dataset dramatically reduces the margin of error and standard deviation, shown in Table 3 below; however the percentage of on time deliveries only rises from 57.78% to 58.76% with no change to p.

 (
Table 3: Comparison of Margin of Error and Standard Deviation
)[image: ]	


The responses from the sample are definitive measurements of a calendar day and therefore the dataset is comprised of interval type variables, defined by Bryman (2016) as:
	“Variables where the distances between the categories are identical across the range”
During bivariate analysis; the analytic comparison of variables to establishing statistical relevance of relationships; the variable type of dataset determines the most appropriate tool (Rumsey 2011, Bryman 2016).  For two sets of interval data, Pearson’s r is suggested by Bryman (2016) as the most appropriate tool.

To conduct a Pearson’s r the number of packages that failed a KPI (MHT or TFD) were compared with the overall totals failing SCPT for each month.  Additionally the time that a package is held at depot awaiting dispatch was considered for comparison.  As this variable is not listed in the SCPT tables it has been assumed that tasking a distribution agent (from fig 2) is a concurrent activity to MHT, all packages that have more than a 3 day interval between issue and dispatch were considered to fall into the category of delayed dispatch.  Table 4 below shows the data, Pearson’s r value and a chi2 test value for each variable

 (
Table 4: Pearson’s r relationships fo
r KPI failure and SCPT failure
)[image: ]      

Pearson’s r demonstrates a strong positive relationship between packages that fail a single KPI variable and the total that fail SCPT.  However the chi2 test suggests that only those packages that fail TFD is statistically relevant, meaning that the relationship between failing MHT, or delaying dispatch, and failing SCPT could occur by chance.

When conducting a Pearson’s r between those packages that failed a variable and those packages that achieved overall SCPT, an equally strong positive relationship is returned, suggesting that a single variable alone is unlikely to result in a package failing to meet SCPT.

From these relationships it is difficult to identify a single point within the process flow (fig 3) that corresponds with a constraint.  This data does however justify Goldratt and Cox’s (2004) assertion that the implementation of an excessive number of KPIs is counter-productive as they are often ignored.       











Conclusions
The MOD has adopted a SCM strategy that enables it to balance the twin requirements of a lean cost effective inventory with agile resilient positioning of materiel to quickly and efficiently support deployed forces.  In order to provide deployed forces with the support they require technology and communications have been harnessed to increase the visibility of available inventory and speed the transmission of demands to an issuing depot.

The range of activities, locations and number of units within the MOD has necessitated a priority system for sorting, processing and dispatching materiel through the JSC, with higher priority demands loaded onto faster distribution assets.  This system of priorities is rationalised within a series of tables that detail the allowable time to distribute demands to the unit worldwide and the KPI timeframes for each process, known as SCPT.

In 2012 the NAO conducted a study to ascertain the MODs success against their SCPT for the Afghanistan conflict and concluded that the MOD achieved a 54% on time delivery rate.  The Afghanistan theatre was at the receiving end on a complex multimodal international distribution network that could be impacted by the twin threats of enemy action and changing diplomatic relations between countries.

Goldratt and Cox (2004) suggest that the implantation of an excessive number of KPIs within a process is counter-productive as measuring does not lead to monitoring and staff ignores some KPIs in favour of others.  This proposition seemed to be supported by informal unstructured interviews conducted with various members of staff from units at various lines of supply within the JSC.

This lead to the development of the following hypothesis:         
HA	The MOD achieves a greater than 54% success rate in making on time deliveries.

Goldratt’s TOC proposes that within any system of processes there will be one that limits the effectiveness and productivity of the whole.  By creating a conceptual process map and monitoring the whole system a researcher could identify the constraint within the system and then control it to maximise the overall system efficiency.

A quantitative methodology that extracted primary interval data from the VITAL system generated a dataset for analysis against the hypothesis and attempt to identify possible constraints.

Statistical analysis revealed that the MOD achieved a 58% success rate against SCPT for the study period for the unit sampled and that this result was within the 95% confidence interval.  Combined with a chi2 test this indicated that the sample dataset was statistically relevant and therefore representative of the population as a whole.  Within the dataset were 9 obvious outliers that significantly increased the margin of error and standard deviation.  Conducting Pearson’s r test for correlation between individual process KPI failure variables and overall SCPT failure demonstrated strong positive correlation, although conducting testing between process KPI failures and overall SCPT success revealed a similar strong positive correlation.  A chi2 indicated that these results could have occurred by chance.  

Whilst the research enabled the hypothesis to be accepted and null hypothesis to be rejected it was unable to provide any reliable data or insight into possible constraints.  The data could however support a claim that individual KPIs are indeed ignored in favour of achieving SCPT success.       

Limitations
This study set out to investigate the MODs performance against it own KPI as stated in the SCPT tables of MOD (201b), the overall KPI for the UK mainland is delivery within seven days of a unit raising a demand.  In this study the collection of data commenced when an issue order had been raised against a unit’s demand for materiel, the dataset does not therefore measure complete performance against the KPI.  This study is unable to show how many demands were raised by the sample unit during the research period, which demands were held in a stock out position or which demands were subjected to time delays for vetting and verification checks.  The SCPT quoted in fig 2 allows a KPI of 24 hours for vetting and verification of demands therefore the 37.77% of packages that arrived on the seventh day after issue would be in danger of becoming SCPT failures if demand date were to be considered.

The unit chosen for this study was chosen on the basis of convenience sampling which despite the three month research period may have led to a relatively small dataset from which to draw conclusions.

Recommendations for further study
This study’s methodology could be improved upon by expanding the scope to take on board the limitations and sample multiple units in different geographical locations, within the UK and internationally based.  Sampling units based overseas would include those deployed on an operational footing and thus provide a useful contrast between high priority and routine supply chains.  Including overseas units within the sample would also enable comparisons between complex multimodal international distribution networks and condensed UK road network based distribution channels. 

Expanding the study’s scope to account for the limitations would involve identifying all demands raised by the chosen unit(s) on the day the research commences and recording the date time group (DTG), this is the date and time that the demand was actioned on MJDI and thus the moment that the SCPT “clock” starts.  The demand dates associated with every package arriving at that unit(s) the day the research commences can be extracted from VIATL and confirmed on MJDI.  A new study’s end date would have to be decided, this would represent the last date for which demand data is recorded but the study would not finish until all these demands had been received by the unit.  

It was noted during the study that many of the packages dispatch were recorded as “Direct Dispatch” on the VITAL system.  Utilising the Direct Dispatch functionality traditionally assumes that the receiving unit does not have access to the VITAL system and therefore records the package as having arrived at that unit the same day it was dispatched (MOD 2009).  In this study this potential problem was alleviated by the annotating the date that the package was “arrived” by the unit on the VITAL system, any future study would have to recognise this difficulty within their research methodology design.    
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