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Abstract

This is one of several preliminary studies of efficiency and effectiveness and begins with issues raised in the late 1970’s. The debate has waged for over two decades and continues to broaden. While successful resolution may someday come, an area that is promising is that of performance measures at three levels for the firm. Performance measures that capture both internal (efficiency) and external (effectiveness) criteria should prove useful in improving operations. Establishing a common goal and performance measures appropriate at concern, departmental, and work center levels and across functional areas, coordination of actions for both efficiency and effectiveness is enhanced; the concern may enjoy superior performance to peers not employing such a strategy. 

Introduction
The Japanese challenge to global economies began in earnest in the 1970’s and has remained real since. Having learned from Deming and others in the 1940’s and 1950’s, the Japanese had the time and human resources to improve their processes so that they became world leaders in manufacturing efficiency by the mid-1970’s. Recognizing the need for continuous improvement, the Japanese moved from their focus on efficiencies in the thirty years after World War II to a focus on effectiveness from the mid 1970’s until today. Playing catch up, companies in the path of the Japanese manufacturing juggernaut embarked on crash courses in Japanese management techniques focusing on efficiency in the 1980’s and this evolved to a concern for effectiveness by the 1990’s. However, the Japanese were further out on the learning curve, one they were defining,  and competitors were required to play catch up. “When it comes down to real competitive advantage, it is not about efficiency, it is about effectiveness” (Thornton, 1991). 

Schonberger sounded the siren for North American (NA) manufacturing in the 1980’s; others who raised the alarm in NA include Goldratt and Deming. These three focused on manufacturing as the base of the industrial economy and provided tools and techniques to change the way to make things. NA reactions to Japanese competitors were followed in the mid 1980’s by Europe’s recognition of the Japanese threat; Europeans followed actions similar to those of NA companies but were later in the learning curve.

As in the early 1990’s, the shift from effectiveness back to efficiency may be taking place globally at the beginning of the new millennium as the world’s economies growth rates slow or recession occurs. Refocusing on efficiency, with its primary tools working on cost cutting, has a short term horizon, but consumes management’s energies and pulls attention from the long-term need for increased effectiveness; cheap production and lean production are not synonymous. This “business cycle” chain of management actions—cost cutting in times of weak growth or decline then back to effectiveness in times of economic boom—is necessary for survival, but pulls focus away from long-term improvements that might mitigate the effects experienced during business downturns.

Much of the pressure for short-term fixes and actions is the result of pressures from the world’s financial markets, which demand improvement quarter over quarter continuously. The accounting numbers used to report results of operations to “the street” are those derived using financial accounting concepts. These financial accounting concepts have a powerful influence on the internal, or managerial, accounting concepts companies use to run their day-to-day operations. Much dissent has been heaped on managerial accounting and the industry has sought to make some change, the most powerful of which was the invention and use of Activity Based Costing in the mid-1980’s. ABC and derivative tools maintain the focus of the managerial accounting field largely on costs and their “efficient” means of achieving profits rather than improving effectiveness in achieving company goals.

There are several key factors that will move manufacturers toward continually improved effectiveness in working toward company goals. These are

· performance measures geared toward competitive manufacturing

· focus on constraining operations

· appropriate investments in people and equipment.

By addressing each of these areas, manufacturers will change their cultures and achieve world class status.

Drucker (1954) wrote that the purpose of a business is to create customers. Schonberger’s (2001) six customer requirements are a good baseline from which to build a world class manufacturer. These are 

1. high degree of flexibility (mass customization),

2. high quality (meets or exceeds expectations for life, serviceability, etc.),

3. high service level (physical good is only part of what is bought),

4. low response times (lead times are accurate and deliveries made when needed),

5. low lifetime costs (per item payment is fair but minimal),

6. low variability (consistency in product and service delivery).

 Table 1. Attaining Effectiveness Through Meeting Customer Requirements 

	
	Performance Measures
	Focus
	Investment

	Flexibility
	Blanket purchase order Due date performance

Inventory-dollar-days

Throughput-dollar-days lost

Operating expenses
	Delivery date

Constraint utilization

Buffer holes

Employee knowledge
	Supply chain partnerships

Training

Flexible equipment

Surge capacity

CAD/CAM

	Quality
	SPC/inspection

Inventory-dollar-days

Raw material compliance

Operating expenses
	Customer requirements

Raw material specifications

Employee knowledge
	Training

Accurate equipment

CAD/CAM

	Service level
	Due date performance

Inventory-dollar-days

Buffer holes

Operating expenses
	Drum-buffer-rope

Employee knowledge
	Training

Flexible equipment

Surge capacity

	Response time
	Due date performance

Inventory-dollar-days

Lost sales (lead time to long)

Operating expenses
	Throughput

Location

Employee knowledge
	Training

Flexible equipment

Surge capacity

CAD/CAM

	Lifetime costs
	Raw materials quality 

SPC

Throughput

Operating expenses
	Design

Vendor certification

Employee knowledge
	Training

CAD/CAM

Raw Material

Accurate equipment

	Variability
	Raw materials quality

SPC

Operating expenses
	Constraint

Certified vendors

Process capability
	Training

Accurate equipment

CAD/CAM


Performance measures direct activities so that performance measures that capture these six requirements will pull the plant toward world class status. Goldratt’s operating performance measures of throughput, inventory, and operating expense along with a derivative measure, throughput dollar days, direct improvements that help effectively achieve the six requirements. The concern and all its operations, not just production, must be viewed as a system to reach high levels of effectiveness. Major functional areas include accounting, engineering, finance, human relations, marketing/sales, production, and purchasing.

Flexibility

Marketing/sales may offer a wide variety of products and services when there is flexibility in the production system and those subsystems that support it. Purchasing needs to be able to buy from vendors in quantities actually needed for individual orders and with delivery dates timely enough to schedule the production to meet the finished product due date. Production needs a system that will allow for diversity in manufacturing capabilities which requires well- and cross-trained employees, work cells, and flexible capital equipment. It is important that, to meet market demands, not capacity but production flow be matched with demand. Surge capacity at non-bottlenecks is required for the needed flexibility in production. This excess capacity at most work centers allows attention to focus on the bottleneck and simplifies the scheduling process which can then be used more accurately and quickly by marketing to promise achievable due dates. The use of CAD/CAM enhances the flexibility of the company. Throughput is enhanced by producing only items that are sold and therefore generate cash as completed and in turn reducing operating expenses. The percentage of run time is increased versus wait, queue, and set up times, which are minimized to improve throughput. Inventory, treated as a liability, not an asset, is reduced by minimizing work in process through streamlined, focused scheduling of the bottleneck operation and use of gaiting operations to hold releases of materials until actually needed for production of goods sold. Throughput-dollar-days capture the cost of having all inventories (raw materials, WIP, and finished goods) and help reward low inventories and punish high inventories. Workforce task and process training, the availability of flexible equipment integrated with CAD/CAM capabilities and surge capacity are needed to achieve high levels of flexibility.

Quality

Vendors have a significant impact on the quality of production in a plant: garbage in, garbage out holds. Exacting raw material specifications and vendor certification of desired capabilities improves quality coming in and work center inspection insures adequate quality within the production process.  Inspection should be based in Statistical Process Control (SPC) concepts and written records maintained. In the production facility, a focus on quality is critical as goods both come to the bottleneck and after they have passed through this work center that has no spare capacity to “rework” goods; quality must be built in. Operating expenses, especially rework, are best controlled by having a process that builds it right in the first place so there are no costs of not having quality products. Taguichi’s Social Costs seeks to minimize waste and building products right the first time minimize waste of labor, materials, and, most importantly, time. With the customer the true arbiter of quality, establishing the acceptable level of quality for different markets will impact the throughput of the facility. A well trained work force working with accurate equipment that is CAD/CAM compatible maximizes quality and reduces human error.

Service Level

By focusing the plants actions on a single work center, scheduling of work is simplified and due date performance is enhanced. The use of inventory-dollar-days as a performance measure that directs sales, engineering, purchasing, and production efforts has the effect of minimizing lot sizes and non-production time. With shorter non-production times, lead times can be shortened improving due date performance. Operating expenses are minimized by working only on sold work in the quantities needed. Subordinating all actions in and out of the facility to the schedule of the bottleneck, established as part of a drum-buffer-rope production schedule, helps meet promised due dates at specified quality levels. All non-bottleneck activities and future sales are coordinated based on the capacity of the bottleneck, which is maintained at high utilization rates by appropriately sized buffers. Excessive buffer holes provide management with valuable information about system problems and direct attention to areas where intervention is most critical. The plant must invest in workforce training so that it can effectively use investments in flexible equipment with adequate surge capacity to meet changes in customer demands.

Response Time

Achieving low response times results from coordinating activities based on the bottleneck schedule. Goods can be purchased for delivery, sales can promise due dates, and HR can staff the facility based on the bottleneck schedule. The effectiveness of these actions can be measured by due date performance and lost sales (due to unacceptably long lead times). In addition, inventory-dollar-days provides feedback on the levels of inventory in the system and the rate at which it is passing through the system. Operating expenses are minimized by working only on sold products; large production runs, which save set up time at non-bottlenecks but are paid for in increased wait and queue times, are eliminated. A focus on throughput, with its time sensitivity, helps speed sold production through the system. Synchronous production is a big aid in improving throughput and this is facilitated by training the workforce in process issues—educating them as to the big picture for the company. Investment in flexible equipment with adequate surge capacity that is CAD/CAM capable will aid in reducing response times. A key element in response time is location; facilities located great distances from customers have a more difficult time in achieving low response times without high (air, express, etc.) freight costs. Investment in smaller local facilities close to customers improves response times without increasing transportation, inventory, and storage costs.

Lifetime Cost

Quality is a key component of lifetime costs and, as stated earlier, the quality of raw materials is important in overall product quality. Another lifetime cost is that of producing the good. The costs of raw materials and production costs can be minimized by simplifying the design of the product, one means of which is to reduce the number and/or variety of components. Differing levels of product quality are available to meet differing customer expectations, but the bottleneck focus of the factory prioritizes, using a contribution margin per constraint time, that only what is ordered be produced—throughput is an important performance measure.  Since there is no time to produce items not sold, there is minimal finished goods inventory leading to minimization of inventory costs, including aging of items before delivery; this would be especially important in industries with time stamps on products. In production, SPC is used to assure compliance to design. Operating expenses are minimized by minimizing warrantee costs but lifetime costs should address the cost of repairs and maintenance incurred by the consumer and building goodwill which increases throughput. Elements that are the focus of reducing lifetime costs are product and process design and also vendor certification, each of which offers room for product improvement. Investments in workforce training and empowerment can lead to improved product/process design. CAD/CAM capabilities, coupled with accurate equipment improve production quality.

Variability

The quality of raw materials has an impact on production as does the number of raw materials—three size nuts and bolts could be replaced with one, five lengths of wire could replace twenty —used in the production process. SPC determines the compliance with design standards. With emphasis on the level of quality of work in process coming to the bottleneck, process capability should be strengthened so that variation from specification is minimized. Lower variation coming into the bottleneck results in lower variation of products leaving the bottleneck and being completed in downstream work centers. Operating expenses are reduced by having few parts and better compliance with expected standards. The constraint provides focus for quality control—check it before the constraint and maintain it afterwards. Certified vendors reduce the variability of raw materials and a well trained workforce reduces variation once the materials are in the plant. Investments in training and CAD/CAM capable equipment that is capable of needed accuracy also reduce variability from specifications.

Summary

Using customer requirements as a foundation for system design and capabilities, the effectiveness of a manufacturing facility can be enhanced. Enhancing efficiencies should be tailored so that effectiveness is improved, not for the sake of cost cutting. Reality dictates that companies respond to financial market forces in short term situations, and there need be no disconnect between long- and short-term goals. Keeping an eye on the goal requires the use of performance measures, key among which are throughput-dollar-days and operating expenses. Focusing on system bottlenecks and the processes used to manage them efficiently leads to system effectiveness. Investments in work force training, flexible/accurate equipment and CAD/CAM capabilities will allow the system to effectively serve its customer in an efficient manner.
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Figure 1. Learning curves of Japanese, North American, and European manufacturers
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