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This paper proposes an experiential approach to learning manufacturing planning and control procedures and concepts. Students cast in various organizational roles develop and use a spreadsheet model in a hypothetical firm to detect and respond to operating issues in purchasing, warehousing, logistics, quality, engineering changes, and marketing practices. An In-basket methodology guides students through a sequence of issues and experiences supported by a Material and Capacity Resource Planning spreadsheet. Data definition skills, spreadsheet skills, and problem driven learning are the goals. A senior level undergraduate course in production planning and control is the setting. 

Learning Manufacturing Planning and Control by Developing and Using a Spreadsheet MRP System, C. David Wieters, Department of Management, College of Business Administration and Economics, New Mexico State University, Las Cruces, New Mexico, dwieters@nmsu.edu
INTRODUCTION


Operations Planning and Control course content offers many opportunities to develop the student's problem solving skills. Alternatively, the content can be presented as a set of procedures and information processing systems.  The latter can easily bore students who have not had the manufacturing experiences needed to appreciate the issues involved.  This paper illustrates a role-playing, problem-driven approach to make the Production Planning and Control course a more active learning experience. 

TEACHING/LEARNING METHODOLOGY


Production planning and control can be viewed vertically in a top-down, hierarchical fashion. However, the actual design and delivery of products requires strong cooperation horizontally across the functional disciplines. A problem based approach permits weaving both vertical and horizontal issues into the study of planning and control. Master scheduling assignments that require consistency with higher level aggregate production plans provide the vertical dimension while cross-discipline team roles encourages students to address the horizontal, cross-departmental issues.


Students will adopt roles in a hypothetical organization that produces a specific product chosen for the semester.  By varying the products over time the project formats and reports can retain their originality and freshness without major reworking of the course structure. In teams of 5 or 6, students will deal with issues ranging from aggregate planning at the corporate level down to problem solving on the shop floor.  Assignments will be driven by memos, meeting notices, and excerpts from operating reports.  Lectures, demonstrations, in-class simulations and outside readings provide the tools and concepts that students will need to address the problem situations. Many of the problem settings will be supported by spreadsheets templates for doing time series forecasting, master planning, MRP and CRP, and PERT/CPM analyses.


The students are sent to a hypothetical training program for an update on aggregate planning. A memo explaining why they are going to the training forewarns them of the assignment they can expect when they return. This program covers level and chase strategies and simple resource planning. Since this is an in-house program, they are asked to identify product lines that exhibit stable, seasonal and growing demand patterns.  Moreover, they will identify a set of key resources, one each in facilities, human resources, purchased parts, materials or services. Upon completing their training the student teams are assigned (Meeting Notice for Five-Year Planning) to use this information to prepare a five-year aggregate plan for their plant.  They will be provided five-year sales projections, planning factors and current staffing, facility, and supplier capacity levels. It will be left to the students to recognize lead-time issues. The reports should defend a selection of a level or chase strategy and identify capacity issues arising in the next five years. Next the students will face the disaggregation problem.

 The teams undertake a second training seminar on the components of demand that go into the master schedule.  This brings in the roles of marketing (demand forecasting and promotions), engineering (test samples and product line changes), inventory (current stock and internal customer needs), and purchasing (supplier capabilities). The seminar also addresses the key resources available from the aggregate plan for the products included in the master schedule. In this way, we alert the teams to the need to keep the master schedule vertically consistent with the aggregate plan. Projected available balances and lot sizes are covered, but the planning horizon is given without explanation. As with the previous training, the teams will return to work to find a new task assignment.  A master planning team (same groups, different roles) will setup a master production schedule for their plant. Marketing reports will provide forecast and promotion needs. Other reports will provide planning factors for converting aggregate plans and resource requirements as required by various members of the team. The student reports consist of an MPS for a product line having one or more end items and documentation that the MPS is consistent with the aggregate production plan. This assignment is initiated by a memorandum calling for a Master Schedule Meeting.

Converting the master production schedule into a detail materials plan is next. Since an organization without and MRP system is still likely to have a parts list and inventory files, this information can be provided to the student teams.  Given that information alone, they are asked to develop a detail material plan as described in a Memo on Detailed Material Plans. Based on a survey course on operations management or assigned reading, they are likely to develop this plan manually. Upon completing the detail material plan they receive a cycle count report that significantly reduces the finished goods of an end item, thus requiring a revision of their plans.  This should be enough to motivate the mastering of the MRP spreadsheet that supports this class.  This spreadsheet facilitates much of the remaining problem solving incidents.

A variety of day-to-day problems can now be introduced via memos to various team members and analyzed with the spreadsheet. Cycle count adjustments have already been addressed, but the power of the computer can be demonstrated by confirming their manual analysis. Marketing can receive a customer request to increase an order size, or speed up delivery. Engineering change notices are introduced. Scrap reports, modifications to lot sizes, safety stocks and lead times can be introduced. Students must identify the consequences of these events and recommend corrective actions. Routine transactions can be processed such as releasing orders and allocating material, issuing stock, and receiving materials. However, MRP alone does not help the students identify overload situations. Therefore capacity management is considered next.

Rough-cut capacity planning and CRP are introduced and applied to the Master Production Schedule and the Detailed Materials Plan using spreadsheets. This module uses the approach described by Vollmann, Berry and Whybark [1997:124-7].  They provide a clear progression from simple to complex, from factors based on easily available accounting data to fully implemented MRP and shop floor control systems. Thus the increasingly heavier data and computational requirements become clear. An appreciation for the challenges and weaknesses of MRP and CRP provides a basis for looking at Theory of Constraints and JIT.  Viewing "The Goal" and then applying the concepts to Goldratt's simulations brings out the complexities of job shop operations and the role of bottlenecks. By reducing component lead-times, setups and lot sizes in the MRP spreadsheet one can dramatize the impact of JIT on inventory and manufacturing lead-time.

The final task assigned to the team is to plan for the implementation of an ERP system. This is to motivate a project planning experience requiring the identification of tasks and relationships needed to apply PERT/CPM. Assigned reading of Goldratt's The Critical Chain adds a practical and enriched understanding of the complexities of project management and shared similarities with job shop and MRP environments.

EXPECTATIONS
If this proposed course structure achieves its goals, students will learn many of the key concepts and approaches of standard texts in production planning and control. Beyond that, students will have a strong understanding and appreciation of the multiple disciplines and functional areas that need to work together in running operations. The In-Basket problems that remain focused on the semester's product and organization provides a flexible method of linking together the topics. It is hoped and expected that these linked problems will help the students to assimilated and retain the knowledge they have mastered. Finally, based on end-of-course evaluations, hands-on type activities seem to be valued by today's students. 
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