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ABSTRACT

Although manufacturing planning and control appears to be a fairly mature discipline, many companies still have significant problems in practice. Field studies in this critical area of manufacturing are surprisingly rare. This paper reports on innovative and extensive fieldwork being conducted with planners, schedulers and controllers in manufacturing organisations in the UK. Methodological issues are highlighted, in particular with respect to the design of field studies, data capture, data analysis and inferences drawn from data.  Emerging themes are discussed on information and knowledge, stimuli and disturbances, computer-based support, job design and the organisation of the scheduling function. 

BACKGROUND

Combining responsiveness with efficient low cost manufacture requires effective planning and scheduling. Although there are significant numbers of people involved in planning and scheduling activities across industry, we actually know little on the optimal level of human involvement in these roles or, more fundamentally, what humans bring to them. Many companies are concerned by the lack of selection criteria or training for these key human resources, and by over-reliance on their skills. 

Computer-Aided Production Management (CAPM) systems have often failed to deliver the expected benefits (Webster 1993). MRP is still the dominant paradigm and accounts for a large proportion of actual systems in industry. Yet, through its various incarnations, problems have been manifest in MRP-based systems from capacity management through to shop floor control (Melnyck et al  1985, Scott 1995). Extensive informal support structures and ‘ad-hoc’ software tend to develop around MRP systems. More generally, software for decision support in planning and scheduling has had limited success. Kenworthy et al (1994) concluded that the main criterion for 'best practice' was the introduction of high calibre, skilled production control personnel to the scheduling environment. 

The extensive research in scheduling theory over the last four decades has not had a significant impact on industrial practice (Buxey 1989, MacCarthy and Liu 1993). Sanderson (1989) reviews research on human factors in planning and scheduling up to the mid-eighties. There were relatively few reported field studies that investigated the reality of industrial practice. In fact there has been a significant gap from the early seminal work of Dutton et al (1972 ) to the pioneering work of McKay (1995a, b) in Canada, who tracked and observed schedulers in the field. Recent work in the Netherlands by Wiers (1996,1997) shows the diversity of scheduling practices and the complexity of scheduling tasks. The paucity of field studies is somewhat surprising given the changes in manufacturing over the last two decades. It is explained in part by the prevalent view in the 80's that computer-based solutions would 'solve' industrial planning and scheduling problems. Changes in work organisation have had effects on decision making at all levels in manufacturing and underline the need for more extensive field studies to investigate planning and scheduling practice. A coherent body of knowledge on the human role in planning and scheduling is lacking. Four generic goals should drive research in this area:

1. Development of flexible hybrid scheduling systems capable of providing intelligent 

decision support by ensuring that people, information systems and modelling structures are mutually supportive

2. Development of context-sensitive frameworks for the optimal design and organisation of planning and scheduling functions with integrated human involvement 

3. Development of approaches for selection, job design and training of planners/schedulers

4. Development of appropriate performance measurement and benchmarking approaches for the planning and scheduling function.

MacCarthy and Wilson (1998) have developed a detailed research agenda to address the knowledge gap and underpin future developments in planning and scheduling.

OUR STUDY

A three year investigation began in early 1997 at the University of Nottingham with six UK companies - British Steel, British Aerospace, Courtaulds Textiles (Meridian), Celestica (D2D), Fisher-Rosemount and Bell-Fruit Manufacturing. The sites targeted within these organisations represent a wide range of sectors, different levels of product and manufacturing system complexity and different approaches to planning and control. The principal goal in the first two years of the project has been to obtain reliable field data on the reality of planning and scheduling in contemporary manufacturing. The work is necessarily inter-disciplinary and the backgrounds of the research team reflect this.

METHODOLOGY AND METHODS

These issues have been insufficiently addressed in previous studies (Crawford et al 1999). The approach depends on the view taken on the nature of planning and scheduling activities. We view planning and scheduling as a continuum of context-based activities. Our emphasis is on those areas where dynamic decision making is most evident. We do not begin with precise hypotheses but we do have defined areas of interest. We have piloted a range of techniques for studying people and activities in the field and now have a well-developed ‘toolkit’ of methods including observation, retrospective decision probes, interviews, questionnaires and an attribute analysis tool. We conduct research with an individual or team in four phases. Phase 1 involves a preliminary investigation and the development of plans for subsequent intensive investigation of actual practice. In Phase 2, an in-depth study takes place, with full observation of planning and scheduling practice over several days, shadowing participants and backed up with off-line sessions.  Phase 3 is a follow-up to re-assess certain issues across several manufacturing and business cycles. In phase 4, analysis and critical review of the empirical evidence is carried out.  This begins after the in-depth study and runs concurrently with phase 3, shaping and guiding it to a degree, with participatory debriefing sessions with the planners and schedulers studied. Once the participant is happy with what has been presented to them, the data are considered valid and can be used for analysis. 

Problems include the definitions of planning and scheduling, selection of appropriate staff and the fact that the activities occur across wide geographical and temporal frames. Investigating performance measurement is also problematic. Researchers must be able to understand and appreciate the technological and business constraints in each environment. Sometimes selected participants find the act of verbalising tasks very difficult. They may not have time to participate in off-line sessions. Often data has to be gathered opportunistically. Piloting of methods helps to develop strategies for dealing with such problems but not all methods work in every environment. Ultimately the methods selected must be feasible, rigorous and adaptable. The volume of data generated and the need for reliable inferences also raise issues for consideration.

EMERGING THEMES
Field data are currently being analysed and will be reported on fully in due course. We note here some emerging themes. It is clear that informal systems enable formal systems to work effectively. MRP-based systems require significant online human support in all environments. Information quality is a major issue with many consequences for the planners and schedulers. Disturbances are not always negative - information 'events' often generate opportunities that can be exploited. Planners and schedulers are often proactive in seeking out information on the current and future status of jobs and resources, material supplies, quality and scrap problems.  Schedulers often work as 'filters' to ensure feasible instructions to the shop floor. Schedulers are often concerned and constrained with labour and shift allocation issues. There is some evidence that sequencing decisions are fluid at shop floor level. IS/IT is a major drag factor across manufacturing with computer systems often failing to support planners and schedulers at all levels e.g. systems failing to generate timely accurate information because of delayed manual entry; systems failing to take into account real constraints; legacy systems that are incompatible and unable to communicate.  Planners and schedulers in reality have a multitude of roles with significant variability in areas and levels of responsibility. We now tend to view the domain more widely by identifying manufacturing controllers who have responsibilities for 'making it happen'. Skill and expertise are important research issues. It is clear that effective controllers use sources of information creatively. This may be an important area for skill development and may also be important for the design of information support systems. Many other issues in job design and organisation of planning and scheduling are emerging from the work. Acknowledgement The authors are grateful to the EPSRC(GR/L/31364) and the collaborating companies for their support  and commitment to the research programme.
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