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Abstract
This paper should be of interest not only to academic OR departments, but also to potential client organisations and students who are contemplating taking a Masters course, as an account is provided of how the Department of Management Science at Lancaster University prepares Master’s students for careers as OR practitioners. A significant aspect of this preparation is a 4-month consultancy project for an external client, which has been a key component of the Master’s course for over 40 years. 
Following an historical background, the nature of the OR projects is described, together with summaries of recent typical projects. Our arrangements for setting up and managing projects follows, including the difficulties that have arisen from changing client organisational cultures, the increasingly multinational make-up of the student cohort and the competition for projects from similar courses. Supporting activities used to prepare students for projects are described, followed by discussion of the tricky problem of allocating students to the available projects. Finally the requirements for supervising students during the project are discussed, including the dissertation requirements, which include a strong element of reflection so as to enhance the project-learning experience.
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1. Introduction
This paper gives an account of how the Department of Management Science at Lancaster University prepares Master’s students for careers as OR practitioners. A crucial aspect of this preparation is a 4-month consultancy project for an external client that is carried out by students, following the 8-month taught part of the course.  Project assessment counts as a third of the programme’s assessment.  The project enables students to gain experience of real world problem solving and working with clients to achieve a successful outcome. The clients benefit from cost-effective OR consultancy and expert support from academic staff. Various supporting activities that are provided to help prepare the students for the project experience are also described in this paper.
First of all an historical background to the provision of this project experience in the Department is given and the nature of the OR projects described, together with summaries of typical projects from recent years. Our arrangements for setting up and managing projects – which have evolved over many years – follows, including the difficulties that have arisen from changing client organisational cultures, the increasingly multinational make-up of the student cohort and the competition for projects from similar courses. Activities used to prepare students for projects are described, followed by the tricky problem of allocating students to the available projects. Finally the requirements for supervising the students during the project are discussed, as well as the guidance for the final project dissertation – which includes reflecting on the project experience to enhance learning and understanding.
This paper should be of interest primarily to academic OR departments who already set up (or could set up) external client-based projects for their students and also to client organisations who could benefit from cost-effective OR consultancy plus access to academic expertise. It also provides for students who are contemplating taking a Master’s course an appreciation of the value of those courses that provide a rich project-based experience.  In Cochran’s recent survey of OR teaching (2009) he comments that “other instructors strive to give their students ...(a) complex and realistic modelling experience.  Many of these students look outside their classrooms to organisations with problems”.  This paper is offered with precisely that perspective in view.
2. Historical Introduction  
Projects, 4-month consultancy studies carried out in organisations, are an integral part of Lancaster’s Masters programmes.  Such an emphasis on the practical aspects of Operational Research can be traced very clearly back to the founding of the Department in 1964, and to the founding Professor, Pat Rivett (Rand 2011).   The 1960s were exciting times for Universities in Great Britain.  Seven new Universities were established: Sussex, Essex, East Anglia, Kent, Warwick, York and Lancaster.   Although Lancaster was the last of these “new” universities to be announced, it preceded both Kent and Warwick in its date of opening: the University’s first students arrived in October 1964.  
Operational Research was one of the founding departments of the University and Rivett, who had been president of the Operational Research Society in 1962-63, took up the first established chair in OR at a British University.   The department started with Alan Mercer and Mike Simpson as Rivett’s colleagues.  Rivett had visited the United States, and been significantly influenced by Russ Ackoff (Kirby and Rosenhead 2005).  The Masters course that he designed was taught on the basis of Ackoff’s Case Institute model, with instruction in the methodology and techniques of OR, accompanied by supervised practical projects in collaborating organisations.
Mercer recalls (Mercer 2005) that “from 1964 to 1967, Lancaster was simply an incredible place to be, with both Pat and Mike on different occasions describing the period as the most stimulating in their lives. Lancaster was unashamedly modelled on Ackoff’s ideas, with industrial practice by postgraduate students being of paramount importance. Clients were charged significant fees for these services, so that, in the first academic year of 1964–1965, sufficient monies were raised to pay the salaries of newly recruited staff and to support entirely all the Masters’ students, no Research Council studentships being available.”  An introduction to an article, published in the local newspaper, the Lancaster Guardian, as part of a supplement introducing the University to the local population, says that Professor Patrick Rivett’s Department “will undertake consulting work (of a pioneering kind) for industry or government; two projects are already underway.”  In the article, based on a script of a broadcast that Rivett had given at peak time on BBC TV on 3rd October, 1963, he says “we will undertake paid consulting work for industry, studying Operational Research problems that are of a new type.  University and business must come together, not just by industry giving money to universities, but also by business and university working together on common problems.  This is the way to get the full impact of the scientific method on business problems, with all the implications this has for increasing productivity, efficiency and our standards of living.”  Thus, not only were students able to gain experience of real world problems, but client organisations would benefit greatly from the application of OR methods.
For over forty years, projects have continued to play a significant role in the training of Operational Researchers by means of the Masters programme.  Of course, over that time there have been changes.  It is not true that every project conducted now is of a ground-breaking nature, but students are still required to investigate real problems for the organisations concerned, for which the organisations make a small, though not insignificant, contribution to the Department’s income. 
3. The Importance of Projects
Several authors have extolled the virtue of introducing students to real-life problem solving in external organisations.  Most vocal amongst these has been Gene Woolsey (for example, in the context of MBA curriculum, see Giauque and Woolsey, 1981).   In few cases do the educational programmes, or the nature of the involvement with outside organisations, match the Lancaster experience. Bajgier et al. (1991), for instance, describe a course taught at Drexel University in which undergraduate and graduate students undertake projects in an inner-city neighbourhood for which there is no cost.  Eaves (1997) discusses a course at Stanford University, part of their MS programme, which is based on students undertaking sponsored projects. Ragsdale (2000/01) describes projects carried out as part of a spreadsheet modelling module at Virginia Tech. Ahire (2001) refers to undergraduate and MBA Operations Management projects, assessed at 25-30% of the module, carried out at Indiana University South Bend. Armacost and Lowe (2002/03) present undergraduate, multi-student, projects, at US Air Force Academy, which are free to the organisation and arise in a limited catchment area.  Larson (2002) refers to doctoral, not MSc students, doing an “OR Practicum” at MIT.  Fraiman (2002) mentions student field projects, for, what appears to be, doctoral students. Grossman (2002) describes projects for 500 undergraduate students, carried out in largish groups at the University of Calgary.  Bradley and Willett (2004), of Cornell University, describe lots of 3-day Kaizen projects at a single company, with preparation on the course beforehand.  
Mingers (1991) presented results of a survey of OR groups in UK organisations, who were asked what they wished to see in OR MSc programmes.  Live project work was seen as the most desirable component of such a programme, with a score of 4.4 out of 5 (the overall average was 3.2).  Williams and Dickson (2000), who were involved with delivery of such a programme at Strathclyde University, report on an educational environment that is closest to the Lancaster experience. Strathclyde’s three week mid-course internships are unique, but they also have a 3 month project, with similar arrangements to Lancaster, but they do not charge for it other than expenses. (Other OR Departments at UK universities, e.g. Warwick, Southampton, have similar project arrangements but these have not been reported in the literature.)
The staff of Lancaster University’s Department of Management Science fully endorses the exhortation arising in these papers that students should be exposed to real-life problems. Masters consultancy projects have supported this practical ethos of the Department in several ways:
a) students benefit by having access to real world problems and the opportunity to practice the skills they have developed during the taught part of the course;
b) staff benefit by not only the opportunity to provide their research expertise to real world problems but also to ensure that their research programme is relevant to practical application.  Many papers have been published as a result of the supervision of projects, including Mercer and Rand (1984), Wright (1987), Ashton et al. (2005), Gunal et al. (2008), Teunter and Duncan (2009) and Hendry (2009).
c) The client organisation benefits by having access to relevant research expertise and also cost-effective consultancy from the student – and in many cases the student is recruited by the client organisation.
Thus projects that are in each academic supervisor’s area of expertise are preferred; a win-win situation. However, in practice this is not always possible and the academic supervisor will act as project manager but with access to relevant expertise from colleagues.
3.1 The Nature of Projects
OR is interpreted broadly in the Department and so the teaching covers not only advanced statistics (including data mining) and the full range of analytical OR techniques, but also problem structuring approaches – the so-called ‘Soft OR’. Indeed Peter Checkland (Checkland 1999) developed the well-known and widely used Soft Systems Modelling approach to messy problems whilst a senior professor in the Systems Department at Lancaster, which was merged with what had become the Department of Operational Research and Operations Management to form the Department of Management Science in 1994. Consequently, the nature of projects has varied across this spectrum, which can best be illustrated by some examples (given below). The main constraint on the nature of a project is the available time in which to complete it, namely 16 weeks. In practice this reduces to about 13 weeks as far as the client is concerned since the last 3 weeks are reserved for writing up the academic dissertation.
3.2 Typical Projects
The following set of recent projects illustrates the range of problems studied.
Data Systems for Key Performance Indicators at a Freight Company 
A data collection system was designed to enable Key Performance Indicators (KPIs) to be calculated for external benchmarking purposes.  One of the simplest KPIs, fuel consumption, was shown to be the most critical. Proposals were made for comparing fleets comprising different types of vehicles. 
Developing Tools for the Planning Department at a soft drinks manufacturing, distributing and marketing company (A G Barr)
A new planning database was developed and implemented to enable better control of materials and stock, and a quicker response, when compared to the existing spreadsheet system. In addition three database tools were developed to help planners improve budgeting and identify potential stock problems. 
Investigation into Waste Reduction at a high volume industrial baker (Peter Hunt’s Bakery Foods) 
This project aimed to help an established high-volume industrial bakery reduce waste within the factory (e.g., time/labour and materials such as pastry and fillings), which then represented a substantial drain on resources. The project first highlighted the sources and causes of waste (in the bakery and in the packing area) before making recommendations to help the company reduce waste. In the bakery (the main source of the waste), recommendations included the use of statistical process control to improve quality checking procedures and standardising set-up operations using new templates. In the packing area, a simulation study demonstrated the cost-effectiveness of an extra packer. 
Improving the Utilization and Cost of Relief Workers at a Security Company (Vision Security Group – VSG)
The aims of this project were to examine the utilization, and costs, of relief workers, who provide cover for absences of permanent workers and are used on short-term contract work. Absence records were analysed for the previous two years in order to quantify absence causes and the utilization of both permanent and relief workers. Annual leave, which peaks in March (the end of the leave year) and additional cover for short term contracts, which peaks in December, were found to be the main two causes and new performance indicators for better control of relief workers were proposed and implemented. 
Sub-National Crime Modelling  (Home Office)
Crime-modelling at the sub-national level was investigated with an emphasis on modelling the socioeconomic drivers of crime, in order to understand the effects of regional characteristics on crime levels for the purpose of localised target setting by policy makers and intervention for local partnerships. The project work involved a cross-sectional empirical research study based on multiple linear regression modelling. The client reported that the results of the study made a real contribution to understanding of the geographical distribution of crime, including a promising approach to violent crime modelling.
Forecasting Demand for Slow moving Inventory (Logistics Analysis and Research Organisation (LARO), Royal Air Force)
This project focused on experimenting with novel forecasting methods for items with slow moving demand in order to improve inventory control. The inventory in question was consumable spare parts used by the RAF and the motivation was to make sure that the spare parts which are most likely to be needed are kept in stock.  The aim was to reduce investment in inventory, with no degradation of service level.  The methods chosen for investigation were Croston’s method, variations on Croston’s method and Bootstrapping.  These techniques were assessed in a number of ways and two improvements to their application were discovered.   First, the estimation of the lead time demand distribution from the per-period demand distribution could be improved.  Second, strong evidence indicated that dropping the assumption of a Normal distribution for the lead time demand distribution and using instead the actual distributions produced during Bootstrapping or approximating an Erlang distribution would improve stock level accuracy further.  These results were new to the field (Teunter and Duncan, 2009).

A Study of Ward Based Inventory Issues at a large hospital (University Hospital of South Manchester NHS Foundation Trust (UHSM)) 
This Hospital serves a local population of approximately 470,000 people. The aim of the project was to look at issues concerning the supply of medicines stocked in the wards, via the Pharmacy. Demand data for each drug was analysed, leading to the identification of optimal top-up levels for each drug, which should lead to significant savings compared to the current levels. An Excel template was also developed, to enable optimal top-up levels to be investigated at all wards.  This project was one of several at the Trust, which are described in Hendry (2009).
Forecasting the Number of TV Viewers for a Media Company (ITV)
The aim was to improve the company’s system for forecasting the number of viewers, which is critical to profitability. An initial exploration revealed that current time series in use have three overlaying seasonal patterns, hourly, daily and annual. It was found that splitting the time series into weekdays and weekends increases the accuracy but if pre-processing is not an option, modelling the time series with combined seasonal patterns, i.e. combining the hourly and daily into one weekly seasonality, can also increase the accuracy. 
Credit limit management strategies for a Credit Card Company (Barclaycard)
The aim of this project was to develop a robust forecast of the credit losses of a Barclays lending product so as to improve credit limit management strategies. Initial analysis confirmed that customer response after a credit limit increase differs according to customer segment, demonstrating that segmentation is crucial. Several techniques were combined to enable a more accurate loss forecast, which was validated on current trends. The approach can be applied to other products.
Assessing the cost-effectiveness of a new device for detecting colorectal cancer (ScHARR, the Sheffield School for Health and Related Research)
This project was carried out for ScHARR which had a contract to evaluate a new device, developed by Colonix Ltd. Colorectal cancer accounts for over ten percent of all cancer deaths in England and Wales. The work involved structuring the diagnostic process and then formulating a model to assess its cost benefit in comparison with alternatives. The clients congratulated the student on her treatment of a complex and challenging problem, which resulted in identifying clear potential clinical benefits.
3.3 Benefits to Clients
It is not always possible to quantify the likely benefits to clients as the projects summarised above illustrate. Where this is possible the value far outweighs the project cost to the client. For example, each year several projects are carried out in the credit and risk area for financial services companies. Usually an improved scorecard is developed which results in dramatic savings when applied to the millions of customers involved. But the most common measure is client satisfaction, which is almost universally positive, with many clients offering regular projects, subject to their budgetary position. Furthermore many clients recruit the student at the end of the project, since observing actual performance on the job is a powerful way of evaluating competence! And whilst we accept that the main cost to the client for in-house projects is the value of their own supervision, even this can be turned to an advantage, by allowing junior staff to gain experience of staff supervision. 
Lancaster’s project success can also be validated externally. Each year the Operational Research Society awards the May Hicks Prize for the best project conducted by a student on an MSc in OR programme in the UK.  Students from Lancaster have won this prize or been runner-up several times.  In 2007 the prize was awarded to Jessica Headey (for the colorectal detection device project above) with another Lancaster student, Matthew Archbold, receiving one of two runners-up prizes.  The judges praised the very high standard of all entries and the significant impacts made upon their clients: “The variety and challenge of the work undertaken reflects highly on the vibrancy and health of OR in the UK and the talent of those entering the profession.”
4. Current Arrangements for projects 
The Masters programme runs from the end of September/beginning of October each year, to the middle of the following September.  The taught part of the programme is completed by the end of April, allowing the projects to start in the middle of May.  The dissertation arising from the project is required to be submitted by the middle of September, with the last three weeks reserved for writing the dissertation.  Therefore, effectively the project is of some 13 weeks duration.   
Some clients prefer students to be based on their premises as ‘part of the team’ during the project period. They will expected to work the same hours as permanent staff and follow the organisation’s working practices, policies and culture. This can be a rich learning experience for the student by allowing them to observe closely how analytical groups operate and better understand real world complexities. Alternatively, students are based in Lancaster, enabling the student to have more regular contact with the academic supervisor. The student will still be expected to arrange meetings with the client (sometimes with the supervisor – see below) to discuss progress and to collect relevant data.  Occasionally projects are carried out for organisations outside the UK.  
The financial arrangements are that a fee (£2,900 + VAT in 2013) is charged per student, plus expenses.  Two-student projects are desirable, for reasons of ease of supervision opportunities to tackle larger scale problems and because they enable matching of complementary student skills.  For example a student with good communication skills can be paired with one less good but who is strong technically. For these reasons, a discount is given.  However, the most significant cost to the organisation is the value of the company supervisor’s time. Each year there are some students whom the faculty deem to not be suitable to be allowed direct contact with a client organisation.  This may arise as a result of poor performance in the taught part of the course and/or because their English language ability has not developed as expected.
4.1 Setting up projects 
Other authors have commented on the process of generating projects.  Armacost and Lowe (2002/03) and Bradley and Willett (2004) present situations where projects are generated within very few organisations.  Ahire (2001) talks about students finding projects.  Grossman (2002) describes a situation not too dissimilar from that in Lancaster, where faculty generate projects and make some use of alumni. Fraiman (2002) discusses how projects were generated at Columbia Business School at the start, and how this process has been sustained, making use of annual day conferences.  In the early days of the Lancaster Department good links were established with local organisations and consultancy studies were carried out, with regular projects being provided each year. However the decline of manufacturing in the region (and widely in the UK) plus competition from OR Departments at other universities, necessitated seeking project clients throughout the UK and occasionally overseas.
In January each year, all staff in the Department are encouraged to approach existing, previous and potential clients to seek projects. An External Liaison Manager coordinates this process and keeps track of previous clients – who are also reminded to ensure that an appropriate budget is in place. Sadly one or two good projects are lost each year because a budget has not been sanctioned. The most fruitful contacts have proved to be OR managers (who will understand the range of possible project opportunities) and management specialists, who might be able to use relevant research expertise directly. Thus projects have been carried out for production managers, supply chain specialists, marketing managers, credit and risk managers, etc., as can be seen from the list of typical projects above.
The Department has had a very strong Alumni group – the Skein Association – for 50 years, many of whom are good clients as they have progressed in their companies. Thus the membership list is a very useful for identifying potential project clients. 
4.2 Current Issues in Setting Up Projects
Our current experience is that there are four areas of difficulty: maintaining client contact; issues with timing, costs and/or resources; project contracts and confidentiality; and choice of student.
The last ten years or so has seen most organisations become more responsive to competition and to changes in the external environment. One consequence is that reorganisations have become ever more frequent, often annually and rarely more than two years apart. One result is that previous contacts (who have set up projects) may not know their role post-reorganisation – or even if they will still have a job. So keeping up with personalities and their responsibilities has to be a continuous process. New contacts will need to be briefed about project costs, benefits and detailed arrangements. In 2003, forty students were given projects with 29 clients but 22 of these clients had not offered projects previously! It is well known in consultancy circles that it is much easier to negotiate a project with an existing client than a new one, so generating suitable projects has become increasingly difficult and time consuming.
Sometimes the timing of projects does not fit with an organisation’s requirements. Ideally a project specification should be agreed by mid-April (at the very latest) but the work cannot start until mid-May nor be completed until August. The cost of a project can be a barrier if an appropriate budget is not in place at the right time. The average cost of £3-4,000 per project (including expenses) may seem small in relation to the turnover of a large organisation and indeed to the benefits that are likely to ensue. However, such expenditure can often be regarded as discretionary so that approval at a high level is required. And the OR manager may prefer to raise other, perceived to be more important, issues at that level. 
We can claim with some justification that project benefits will almost certainly be many times the ‘cash’ costs of a project. But we are honest enough to admit that the largest real cost to the client is the ‘opportunity cost’ of the client supervisor’s time in managing the project. We would argue that this task can be a useful developmental one for junior staff but sometimes this resource is not available at the required time.
For many years the project ‘contract’ was simply a description of the aims of the project in a single paragraph and project control was informal. It was accepted that the aims might have to change as the problem context was better understood or as external circumstances or business priorities changed. However, with goodwill on both sides and regular contact between supervisors and the student, any problems, including revising the project aims, could be identified and quickly resolved. It was a proud boast that we were exposing students to real world problems, with all the uncertainties that this involved.
In recent years, health and safety legislation and the popularity of risk assessments has caused most large organisations to formalise such project agreements. Indeed Lancaster University has designed a detailed ‘contract’ for collaboration with external organisations, which we have tailored for our own project purposes.  If the project is in-house, the student will usually be required to sign a confidentially agreement for the client.
Many projects use data or systems that are confidential to the organisation and of commercial value to competitors. We guarantee that such information will not be misused and invite organisations to label project dissertations as ‘confidential’. In such cases, the dissertation will only be seen by the academic supervisor (who also marks the dissertation), by a second marker from within the Department, and by the external examiner. These dissertations are then kept under lock and key in the Department and can only be accessed with the express permission of the client organisation. This has satisfied the vast majority of our clients – though one insisted on making the data anonymous and removing the units from the axes of graphs, which made marking the dissertation quite a challenge! 
Many clients would like to select a student for their project and would be prepared to interview and/or appraise those available. If this were allowed there would be much competition for the best students and it would be difficult to find projects for some students. Thus we allocate students to projects based on their skills and the needs of each project  (a difficult process anyway - see below) and guarantee to clients that they will receive a suitable student who is capable of carrying out the project. This has worked well over the years, with only the occasional problem.
However, if the client has a job vacancy that the student could fill at the end of the project, we do allow the client to select from interested students via their normal recruitment procedures. The selected student will be given a provisional job offer before the project starts and this will be confirmed after about one month into the project, subject to satisfactory progress. The student also has the option to reject the offer at this time and seek an alternative job in another company. Over the years several organisations have regularly recruited analysts in this way: observing performance “on the job” is a better discriminator than many alternative selection processes! In our experience only one student has not had the provisional job offer confirmed and only a handful of students have rejected the provisional job offer. 
In addition many clients attempt to recruit students at the end of the project, having been impressed with their performance. Such recruitment is common but some students will have already accepted jobs with other organisations before the project starts.
4.3 Preparing the students 
Clearly it is not appropriate for students to begin a project without any preparation.  Indeed preparation for the projects and for subsequent careers in Operational Research begins from the first few days of the programme.   A module entitled “Problem Solving and Consultancy Skills” contains several mini-cases, which are designed to give practice in problem solving, writing reports, making presentations, and interviewing managers.   In particular, the distinction between a management report and a piece of academic writing is emphasised.  
Immediately before the projects begin guidance is given on some of the practical aspects of OR consultancy, such as claiming of expenses, dress code on in-house projects etc. A further aspect of this preparation is discussion of academic issues, particularly preparing for the dissertation. This is discussed in more detail below. 
4.4 Allocation of students to projects 
Undoubtedly the most fraught issue concerned with projects, for both staff and students, is the allocation of students to projects.   Armacost and Lowe (2002/03) give an extensive description of their process.  In our case, some projects may be pre-allocated, such as those that need security clearance, those linked with an offer of a job and those rare projects that have been generated by a student.   All other projects are presented to students on one day, at the beginning of May, and they are asked to rank up to six in order of preference, and indicate any that they definitely don’t want to do.
Using this data, students are then allocated to projects, taking into account their preferences, their skills, staff and client requirements etc, with the help of a decision support system, created a few years ago as an outcome of an internal, desk-based, project.     When a good feasible solution is found, it is shared with the faculty, some of whom are likely to object to being allocated one or other of the weaker students!  Usually a further iteration of the allocation is required, before the results are presented to the students.  Very few students are allocated a project that they haven’t ranked in their top six, but when that happens they are, not surprisingly, disappointed.   Sometimes it is possible to make mutually acceptable exchanges of project at this stage, but more often a student has to undertake a project which at first does not appeal. Whilst we do our best to minimise these situations, our experience is that the students concerned still carry out a successful project. 
4.5 Supervising projects 
Before the project starts, the project specification needs to be understood and agreed by the student and client supervisor and the student needs to confirm possession of the required skills. The academic supervisor will brief the student about the project context and arrange an initial meeting with the client organisation, whilst the client supervisor will brief the student about the organisation. If the project is in-house the student may attend a formal introduction to the organisation. 
During the project, as far as the organisation is concerned the client supervisor will ensure that appropriate resources are available, including the provision of necessary data and introductions to colleagues as required. She will also ensure that the outcome of the project is documented as required by the company. This is independent of the University’s dissertation requirements. If the project is in-house the client supervisor will explain relevant company policy e.g. dress code and timekeeping. Such students are usually allowed one week’s holiday during the project period.
The academic supervisor is required to ensure that the student carries out the project as directed and will provide general support to the student, though many problems should first be addressed to the client supervisor. The student will keep the academic supervisor informed of progress every two weeks or so, via informal meeting or by email if the project is in-house. If insufficient progress appears to be being made the academic supervisor will initiate remedial action.
There are usually three milestone meetings involving the supervisors and the student: at the beginning, middle, and towards the end of the project. At the first meeting the emphasis is on an agreed understanding of the objectives of the project and that the required resources are available. At the middle meeting the project outcome should be clear(er), thus enabling remaining tasks to be scheduled. The project objectives may have to be revised, either positively (more can be achieved than was originally expected) or negatively (the project environment has changed or unexpected complexities have been encountered). At this meeting the academic supervisor will encourage the student to start thinking about the dissertation by asking for a draft structure and identifying parts that can be written before the last three weeks e.g. company aspects and the problem context. The final meeting may involve a formal presentation to the client, or otherwise an informal discussion of what has been achieved. Hopefully a follow on project for the next year will have been identified! The academic supervisor should ensure that suitable guidance is given to the student about both Parts (A and B) of the dissertation (see below). Usually the client will accept Part A, the report to the client, as project documentation and the supervisor must ensure that it is of an acceptable standard, so as to preserve the Department’s reputation.
The academic supervisor is also required to liaise with the organisation to determine appropriate project performance marks (see below). In all, it has been estimated that the academic supervisor needs to spend 5 – 10 days on all aspects of project supervision, including guidance on and assessment of the dissertation.
4.6 Assessing projects 
Few authors have commented on the assessment of their student’s interaction with the outside organisations (exceptions to this are Ahire (2001) and Armacost and Lowe (2002/03)). Students are assessed on Lancaster’s projects on the basis of their performance and a written dissertation.  These two components are weighted equally, and together constitute a third of the total assessment on the programme.   Williams and Dickson (2000) comment that, at Strathclyde, “a significant proportion of the marks is set aside for reflection upon the work” as is the case at Lancaster.
4.6.1  Project performance
The project performance mark is determined using a proforma, which includes the following attributes. 
1. Initiative and reliability: the degree to which the student is able to work unsupervised when this is required.
2. Technical ability: the mastery of technical issues displayed by the student during the project.
3. Communications with the client: the effectiveness of the formal and informal ways that the student interacts with the client.
4. Commitment and diligence: the effort and work put in by the student over the whole project period, including the willingness to learn and to appreciate new ideas.
5. Time keeping: the reliability of the student in meeting deadlines and in attending meetings.
6. Preparedness: the degree to which the student is prepared for meetings with the client and the academic supervisor.
7. Problem formulation: the competence shown by the student in developing suitable problem formulations.
8. Other issues: specific to the project and not covered above, to be defined by the supervisor.

Each attribute of performance is assessed on a 5 point Likert scale as follows:
· Excellent
· Good
· Average
· Acceptable
· Unacceptable

To gain a distinction mark for project performance, students must score excellent in the majority of the attributes applicable to their project. Students who have a majority of unacceptable scores will be awarded a fail mark for project performance. Thus, the benchmarks are as follows.

· 85% or more: all attributes scored at excellent
· 75%: no more than two attributes to be scored at less than excellent, none worse than average
· 70%: majority of attributes scored at excellent, none judged worse than average
· 60%: majority of attributes scored at good or excellent, none judged unacceptable
· 50%: no more than two attributes judged unacceptable, below 50% is a fail mark
· 40% or less: a clear majority of attributes judged unacceptable

The client supervisor will normally be consulted: this will be particularly appropriate for students who have been based away from Lancaster.  However, it is the responsibility of the Lancaster supervisor to determine the mark in the light of the feedback from the client.  The course director tries to ensure consistency across the supervisors. 

4.6.2  Dissertation
The first part of the dissertation is a management report, directed to the client’s managers.   Hence, it will normally be non-technical in content and style.  In some cases it is appropriate to include essential technical material in either the body of the report or the appendices.  Teaching and practice in writing management reports is provided in the taught part of the course.
The second part of the dissertation is aimed at Management Science colleagues and, hence, places the work carried out in the wider context of related theory, methodology and any body of knowledge relevant to the particular area of application.  The content of this part can take a wide variety of forms, but a common one might be a review of the relevant literature, with a critical assessment. The main aim is to reflect on the project and consider whether it might have been carried out more effectively, for example, by using different methods and approaches. This should lead to enhanced learning, as advocated by Schon (1983).
5.  Concluding Comments
We believe that providing live consultancy projects with external clients for OR Masters students has proved highly beneficial to the students, to staff in the Department and to external client organisations. The students have benefited through gaining experience of the world of work; by having to communicate with client staff within the culture of the client organisation (and by giving presentations and writing a client report); by better appreciating the potential of OR methods in the real world; and by reflecting on the project experience so as to enhance the learning experience. In addition the availability of a client-based project is known to attract students to the course. Furthermore, it is known that possession of a Masters degree in OR, such as the Lancaster one, provides better job prospects compared to those with first degrees only. Some employers limit recruitment to those with Masters degrees whilst almost all provide a salary premium eg Government OR departments. The academic staff, who set up and supervise the projects, benefit by better understanding the potential and limitations of their research in a real-world situation. And finally, the client organisations benefit from some cost-effective consultancy (which can lead to additional collaborative research with the Department); from the opportunity to provide junior staff with some supervisory experience; from access to academic expertise; and from the possibility of recruiting graduates with relevant analytical skills.
The various activities that we provide to help prepare the students for a live consultancy project have been improved and extended over the years, such that the vast majority of projects are deemed successful by clients. However, we now screen weaker students to ensure that they are capable of carrying out a client-based project. For example, students on in-house projects must have good communication skills. Thus, each year a few students are given research based projects instead. 
The task of generating sufficient projects each year to ensure that all students can undertake a live project has proved onerous.  Ideally, it requires the appointment of a part-time External Liaison Manager to coordinate and supplement the efforts of Departmental staff. It is important to be pro-active and maintain regular contact so as to retain the goodwill of existing clients and much effort is required to develop new clients – as with all OR consultancy. Whilst the ‘product’ is highly valued, there are many reasons, which are outside the control of the Department, why clients are unable to offer projects every year. And given the competition from other universities seeking similar projects for their students, it is likely that the marketing effort for generating projects will continue to rise.
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