
ABSTRACT 

 
SOHAIL, SAQIB MIAN. Analysis of Productivity Measures and The Factors Affecting 
Accurate Measurement of Productivity. (Under the direction of Dr. Helumt Hergeth) 

The purpose of the research has been to analyze the factors involved in the measurement of 

productivity at the plant level. The study was undertaken to determine the methods of 

measurement being used at the plant level and observe the accuracy of the system. This was 

achieved by conducting case studies at a weaving and apparel manufacturing facility. The 

results of the case studies have been significant enough to argue the relevance of current 

productivity measures being used for analysis by the U.S Department of Labor. Some of the 

factors such as medical costs, picks per shed that have not been considered in current 

productivity measures should be included to improve the accuracy of the productivity 

measures.  
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1 Literature Review 
 

1.1 Introduction 

The biggest problem at this time facing domestic textile employment is outsourcing 

of manufacturing to lower cost manufacturers around the globe. Processes become more 

labor intensive as products becomes more value added; from yarn to fabric. A major portion 

of higher labor costs can be balanced through savings on logistics and duties related to 

importing textile products. The labor costs can not be termed the only culprit in the low 

competitiveness of the textile industry.  

 

1.2 Productivity Defined 

Productivity measurements help comparing the progress of one company, firm or 

industry with another, locally or globally. Productivity is defined as a ratio of output divided 

by input, i.e., it answers the question how much output is achieved with a certain amount of 

input. Following the formula: 

P = Output / Input 

 

Higher productivity implies that more output is achieved with the same input or that 

same output is achieved with less input. Thus higher productivity means more efficient use of 

input resources. This basic formula is sufficiently abstract and vague to be generally 

acceptable without providing concrete results. 
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The key question when discussing productivity thus becomes “How should one 

measure outputs and inputs?” It might be done by virtue of revenue value, average units (per 

hour, employee, machine, etc) or opportunity cost. There are a lot of ways to define and 

measure productivity, some of which are mentioned below: 

 

1. The quality of being productive.  

2. Economics. The rate at which goods or services are produced especially output per 

unit of labor.  

3. Ecology. The rate at which radiant energy is used by producers to form organic 

substances as food for consumers. (American Heritage Dictionary, 2000) 

 

For a more business oriented definition: 

Productivity: The efficiency with which output is produced by a given set of inputs. 

Productivity is generally measured by the ratio of output to input. An increase in the ratio 

indicates an increase in productivity. Conversely, a decrease in the output/input ratio 

indicates a decline in productivity.  

And:  

Productivity, n 1: the quality of being productive or having the power to produce 

[syn: productiveness] [ant: unproductiveness] 2: (economics) the ratio of the quantity and 

quality of units produced to the labor per unit of time, (WordNet®, 2003). 
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All these different definitions of productivity have one thing in common: there is an 

input and that there is an output. The critical issue that needs to be determined is what the 

inputs for a specific output are. 

It is believed that the cause of productivity level is the direct result of factors such as: 

• Choice of technology- Firms opting for machinery with narrow product focus, high 

output and low manufacturing flexibility or machinery with wide product focus, 

reasonable output and high manufacturing flexibility.  

• Capital/Labor employed for cost/effectiveness- The amount of capital invested in a 

process is a vital input measure. The capital is in the form of purchases made for raw 

material, machinery and maintenance. The amount of labor per process or operation 

can be a good indicator of the efficiency of that process.  

• The type and level of technical and managerial (organizational) know-how- This is 

related to the skill level of the operators and mangers in the organization. This makes 

a huge impact when the organization shifts from commodity products to specialized 

products.  

• Timing of implementation- A lot of methods and standards can be introduced in an 

organization to make it run more effectively but the timing of implementation of such 

methods and standards is very important. Any such program can only be effective if 

the people involved are ready to accept the change. (Abbasi, 1992) 

The calculation of productivity has long been a field of controversy with little value 

placed on the results because they seem to contain so many imperfections. Productivity 

remains one of the most elusive concepts in business and economic literature. It remains 
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elusive because of a lack of definitive theoretical work-mainly at the firm level. (Cliff F. 

Grimes, Accel Team, 2003) 

1.3 Department of Labor’s Method of Measuring Productivity 

 

Industry multifactor productivity measures, which were first released in 1987, relate 

output to the combined inputs of labor, capital, and intermediate purchases. Multifactor 

productivity is free of the effects of changes in the ratio of capital to labor and the ratio of 

intermediate purchases to labor, whereas labor productivity reflects these changes; hence, 

multifactor productivity is preferred to labor productivity as a measure of overall or total 

efficiency. However, due to the enormous data requirements for the measurement of capital 

and intermediate purchases, only a limited number of industry multifactor productivity 

measures have been published. (U.S. Department of Labor, Bureau of Labor Statistics) 

 

1.3.1 Labor Productivity Measures 

A better understanding of productivity measures can be achieved by investigating the 

current methods of measurement. For this purpose the U.S. Department of Labor provides 

data on the measurement systems being employed for official publications. 

The indices of output per hour measure the changes in the relationship between 

output and the hours expended in producing that output. To calculate a labor productivity 

index, an index of industry output is divided by an index of labor hours: 

where: 
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                = the index of output in the current year,  

 

         = the index of labor input the current year,  

 

t = the current year, and  

o = the base year.  

For an industry producing a single uniform product or service, the output index is 

simply the ratio of the number of units produced in the current year divided by the number of 

units produced in the base year. Similarly, the employee hour index equals hours expended in 

the current year divided by hours expended in the base year. 

More typically, industries produce a number of different products or perform a 

number of different services. For these industries, output is calculated with a Tornqvist 

formula: 

                     

where:  

   = the ratio of output in the current year (t) to previous year (t-1)  
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n = number of products,  

= the natural logarithm of the radio of the quantity product i in the current 

year to the quantity in the previous year, and      

  wi,t = the average value share weight for product i  

The average value share weight for product j is computed as:  

                  

where:                   

and                        price of product i at time t 

   

The Tornqvist formula yields the ratio of output in a given year to that in the previous 

year. The ratios arrived at in this manner then must be chained together to form a series. If t = 

3 and the base year is denoted by o, then 

        

The resulting chained output index, , is used in the productivity formula. The 

employee hour index for an industry with multiple products is calculated in the same manner 

as in the single-output case. (U.S. Department of Labor, Bureau of Labor Statistics) 
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The measures of output per hour relate output to one input—labor time. They do not 

measure the specific contribution of labor, capital, or any other factor of production. The 

measures reflect the joint effect of a number of interrelated influences such as changes in 

technology, capital investment per worker, capacity utilization, intermediate inputs per 

worker, layout and flow of material, skill and effort of the work force, managerial skill, and 

labor-management relations.  (U.S. Department of Labor, Bureau of Labor Statistics) 

1.3.2 Multifactor Productivity Measures 

 The industry multifactor productivity indexes calculate productivity growth by 

measuring changes in the relationship between the quantity of an industry's output and the 

quantity of inputs consumed in producing that output, where measured inputs include capital 

and intermediate purchases (including raw materials, purchased services, and purchased 

energy) as well as labor input.  

A Tornqvist index is used to calculate multifactor productivity:  

                    

where:  

ln = the natural logarithm of the variable  

A = multifactor productivity  

Q = output  

K = capital input  
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L= labor input  

IP = intermediate purchases input  

wk, wl, wip= cost share weights  

The weights are the means of the cost shares in two adjoining time periods.  

 

where:                       

                                  

                                 = price of input xi in period t 

The Tornqvist formula yields growth rates which are differences in logarithms. The 

antilogs of these rates are chained to form the index. (U.S. Department of Labor, Bureau of 

Labor Statistics) 
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1.4 Productivity Review  

Data from the U.S Department of Labor show that labor productivity has been 

increasing thus, a corresponding reduction of labor costs is expected. However the industry 

continues to lose business on the basis of product cost. This leads to other areas that need to 

be identified as contributors for low cost competitiveness. Figures 1, 2 and 3 show the overall 

productivity numbers of the manufacturing industry including textiles. 

 

 

 
Figure 1: Out per hour 
Duration:   index, 1992=100 
Measure:    Output Per Hour 
Sector:     Manufacturing, Durable Goods 
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Figure 2: Unit Labor Costs 
Duration:   index, 1992 = 100 
Measure:    Unit Labor Costs 
Sector:     Manufacturing, Durable Goods 
 

 

 
Figure 3: Output per Person 
Duration:   index, 1992 = 100 
Measure:    Output Per Person 
Sector:     Manufacturing, Durable Goods 
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Comparison of figure 2 and 3 shows that output has been steadily increasing but the 

reduction in unit labor cost is not as steady and the magnitude of increase in output is higher 

than the reduction in unit labor costs. One of the reasons could be the wage bargaining 

between employees and employers. It can be observed that the wages have not been 

increasing at a high rate during the period observed in figure 2 while productivity has been 

increasing at a good rate thus reducing the overall labor cost per output. It can be seen in 

figure 3a and 3b that overall wages have in fact been decreasing over time thus providing a 

higher rate of increase to productivity numbers. 

 

 
Figure 3a: U.S. Total Industry:   NAICS 3132 Fabric mills 
Type: Total Wages (in thousands) 

 

Figure 3b: U.S. Total Industry:   NAICS 313 Textile mills 
Type: Total Wages (in thousands) 
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The above figures (U.S Department of Labor) are further supported by numbers of the 

textile industry that shows similar trend in the productivity area. The following figures 4 and 

5 use SIC codes to represent the productivity numbers till 1999, after 1999 the system has 

switched to NAICS method of categorizing industries which was used for figures 1, 2 and 3. 
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Out put per employee indexes
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Figure 5: Employee Output (U.S. Department of Labor) 

 

NAICS is the first industrial classification system used in the United States to employ 

a unified economic concept to define industries. Under the new system, industries are 

classified on the basis of their production or supply function—establishments using similar 

raw material inputs, capital equipment, and labor are classified in the same industry. 

This approach creates more homogeneous categories that are better suited for economic 

analysis. 

 

The following primary concepts were used in the development of NAICS. First, a 

production-oriented conceptual framework was used—as described earlier, establishments 

engaged in similar production activities are classified together. Second, new categories in 
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NAICS focus on emerging industries, services in general, and industries that produce 

advanced technology. 

Third, as much as possible, continuity with the former system was maintained to avoid 

breaks in time series. (John B. Murphy, 1998) 

 

1.5 Productivity in Textiles 

Every industry goes through its ups and downs with the textile industry being no 

exception. The misconception lies in the way the productivity problem is perceived and 

solved. This misconception is caused by the method of measuring productivity and by 

considering productivity as a major hurdle in improving competitiveness. In the case of U.S 

textile industry it is the method of identifying the problem that is a major hurdle in solving 

the bigger problem of competitiveness. 

 

“Much of the U.S. textile industry is in dire straits. Despite record productivity gains, 

massive modernization programs and the development of numerous innovative products, the 

industry finds itself in one of its deepest depressions ever.”(Devin Steele 2001) 

 The above statement is directly relating productivity gains to improved profits that 

could not be achieved hence the industry is facing a downward trend. As mentioned earlier in 

this paper, productivity has a direct relationship with cost efficiency and an increase/decrease 

of one should have a major impact on the other. According to this, record productivity gains 

in the industry should have been rewarded with efficient production, lower costs, and 

competitive advantages.   
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 This leads back to the points raised in the beginning of this paper. If productivity gains 

are very high then resultant cost reductions should be observed. This further provides reason 

to take a closer look at the measurement of productivity to investigate if the high values of 

productivity are accurate or not.   

1.6 Product Complexity 

  It is important when analyzing a textile company to have information about product 

complexity or the difficulty to produce a certain product. One example of product complexity 

is shown in table 1 where the products are woven fabrics and the measurement of the product 

complexity is done by comparing stop levels. There is more than one method of analyzing 

product complexity as some companies use internal methods like points per loom as is seen 

in Case study 1 in section 5.1.1.3.  

Table1: Product Complexity versus Stop levels 

Style Actual Stop  Standard Stop  

 Level Level per CMPX 

Easy 2.29 1.83 

Easy 2.59 1.98 

Easy 2.27 2.3 

Easy 5.46 3.56 

Difficult 10.12 6.22 

Difficult 12.62 9.2 

Difficult 8.15 6.3 

Difficult 9.97 8.8 

(Batson M. D.1997) 
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1.7 Management’s Concepts of Productivity 

This part of the paper deals with the management’s point of view of productivity, its 

measurement and benefits. Productivity of any process has always been related to direct labor 

input relative to output, which is correct but not complete. The role that the middle and top 

management plays in converting input into output has recently been highlighted especially by 

Peter Drucker. 

 

Peter Drucker has been instrumental in improving the efficiencies of manufacturing 

in United States. While the focus in a manufacturing industry is on the productivity of labor 

less emphasis is given to the "The productivity of the new workforces.”  

(Drucker 1993) 

 The new challenge facing the post capitalist society is the productivity of knowledge 

workers and service workers. Improving productivity of knowledge workers will in fact 

require drastic changes in the structure of the organizations of post-capitalist society and in 

the structure of society itself.  

 

“Forty years ago people doing knowledge work and service work were still less than 

one-third of the workforce. Now such people account for three-quarters if not four-fifths of 

the workforce in all developed countries – and their share is still going up. Their productivity 

rather than the productivity of the people who make and move things is the productivity of a 

developed economy. It is abysmally low.” (Drucker 1993)  
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Peter Drucker identifies knowledge worker productivity as the “biggest of the 21st 

century management challenges.” His view of the consequences of ignoring the primacy 

knowledge is Draconian: “In the developed countries it is their first survival requirement. In 

no other way can the developed countries hope to maintain themselves, let alone to maintain 

their leadership and standard of living….The only possible advantage developed countries 

can hope to have is in the supply of people prepared, educated, and trained for knowledge 

work…. Fifty years from now—if not much sooner—the leadership in the world economy 

will have moved to the countries and to the industries that have most systematically and most 

successfully raised knowledge-worker productivity.” (Drucker 1999) 

 

The above statements of Peter Drucker can be used to help improve the 

competitiveness of the textile industry. It is imperative that textiles industry requires people 

at every level who have a deep understanding of the consequences of their action. Every one 

participating in the process of manufacturing has to become a productive knowledge worker 

to continuously improve processes.  

 

1.8 Why Measure Productivity 

The word ‘Productivity’ often sparks an argument that the U.S has gained a lot in 

productivity and that it is not the problem that has led to the decline of the industry. 

Productivity is not only a tool to represent the outputs of a process but more can be achieved 

by using productivity data. The purpose of measuring productivity is found in the potential 

rewards mentioned below: 
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• For strategic purposes in order to compare the global performance of the firm with 

competitors or similar firms. 

• For tactical purposes, to enable management to control the performance of the firm 

via the performance of individual sectors of the firm either by function or product. 

• For planning purposes, to compare the relative benefits accruing from the use of 

differing inputs or varying proportions of the same inputs. 

• For internal management purpose, such as collective bargaining with trade unions. 

(Cliff F. Grimes, Accel Team, 2003) 

 

It is generally accepted in the U.S textile industry that productivity of manufacturing 

processes is high compared to manufacturers around the world. This is supported by various 

studies, one of which is quoted below: 

 

“For the last 120 years, productivity in making and moving things has risen in 

developed countries at an annual rate of 4%, a 45-fold expansion overall. Now these gains 

are unraveling, but not because productivity in making and moving things has fallen. 

Contrary to popular belief, productivity in these activities is still going up at much the same 

rate.”(Drucker 1991)  

 It is very important to investigate the measures of productivity of the textile industry 

as it sometimes reflects only single process efficiency and not the total productivity 

considering all processes involved. It is also necessary as most of the management related 

studies consider manufacturing processes as similar to each other. This may not be true in the 
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case of the textile industry as the processes involved are affected by a high number of 

variables compared to any other industry.  

“Investment in yarn spinning machinery and technology has made the U.S. textile 

industry the most efficient in the world. In fact, productivity gains in that sector have been 

surpassed only by the U.S. electronics and computers industries.” (Gaylon Booker, 2001)  

High productivity is very important in order to achieve cost-effectiveness but the 

problem lies in evaluating the process of measurement and interpretation of the 

measurements. The problem is how we evaluate the true productivity of any process. Multi-

tasking in the various textile manufacturing processes has further complicated the calculation 

of actual cost of a product. It is very important to separate the labor cost of a specific product 

from the total cost of labor. Labor cost varies depending on the type of the product; if a 

complex new product is introduced in the manufacturing mix then more labor hours are 

expected to be spent to manufacture that product than a regular commodity product. 

(Company 1 Interview) 

The point is further explained by Bridges who gives a fundamental reason for 

measuring productivity:  

"Some type of benchmark (standard, average, mean) should be determined, if none exists. 

How can you be sure of how much is being saved if you do not have a baseline?" (Bridges, 

Bernisha M., 1992) 

Peter Drucker has put it in a more general way: 
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"Without productivity objectives, a business does not have direction. Without 

productivity measurement, it does not have control." (Drucker, 1974)  

So in order to analyze the textile industry it is very important that proper 

measurement analysis is used to validate the current measurements system or provide a 

system that better reflects the condition of the industry. That system would also be able to 

indicate the cause of the problem(s) and give indications to solve them to improve the 

process. Bridges states, 

 "The keystone to implementing productivity improvements is putting everything in 

measurable terms." (Bridges, Bernisha M., 1992) 

It is important to understand the measurement outputs of productivity before 

productivity itself can be measured. Without understanding the measurement process steps of 

process improvement can not be taken. Productivity improvement is tied to productivity 

measurement, which is tied to the measurement of the work. The first step is measuring 

work. 

  A measurement system serves two basic functions for productivity improvement 

programs. First, people perform to measures when rewards are linked directly to those 

measures. Productivity measurement can itself be a productivity improvement program. 

Keeping score can lead to improvement in the score; we must keep score on the right factors 

to meet company goals. Second, the value of planned programs can be estimated only if 

specific measurement is possible. The effect of managerial changes can be determined 
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subject to the net result on outputs and inputs as given in productivity ratios. (Everett E. 

Adam, Jr., James C. Hershauer, William A. Ruch) 

It is very important that accurate measurement is done at plant level and this paper 

attempts to validate the productivity measurement system being used in the textile industry. 

This is a major concern because there is no evidence of use of a unified productivity 

measurement system.  

 

Different measurement definitions and techniques are surveyed and researched to 

determine the accuracy of the measurement techniques as well as identify a system that could 

be used as a standard for the textile industry. This can be used more effectively to measure 

the competitive impact of productivity. 
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2 Objectives 
 

The literature review provides evidence that further research is required to analyze 

productivity measures and factors affecting the measurement process. The following specific 

objectives served as the basis for the analysis; 

 

1) Identification of the influence productivity has on the textile industry and a specific 

company. 

 

2) Analysis of the available productivity data and the measurement process for 

productivities in the textile industry.  

 

3) Analysis of the relationship between productivity and cost structure of the end 

product. 
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3 Procedure and Methodology 
 

The purpose of this paper was to research published productivity data and compare it 

to current company practices in textiles with a focus on labor productivity using case studies. 

The scope of this research included mainly weaving operation case studies. 

 

Productivity data of U.S Department of Labor was analyzed as a starting point for the 

project. This Department of Labor method was compared to those used at the operations 

level in the textile industry. The research analyzed the published productivity data and 

prepared questionnaires to validate the methodology. 

 

Case studies and plant visits were used to identify how productivity is measured at the 

plant level. Plant visits and interviews were used to compare the plant productivity measures 

with those of the Department of Labor.  
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4 INVESTIGATION OF PRODUCTIVITY MEASURES 
 

4.1 Introduction 

The U.S textile industry shrinks rapidly with increasing outsourcing of 

manufacturing, and the run size or batch size of the manufacturing processes is getting 

shorter to accommodate quick style changes. The product mix is becoming more complex 

with an increasing number of designs corresponding to lower quantities per design. This 

complex product mix is quite contrary to the highly efficient economies-of-scale 

manufacturing setups in the industry that were designed to produce large quantities 

efficiently and cost effectively.  

 

Today’s product mix requires a flexible short-run setup, which often is not 

compatible with the long-run setup for consistent production most manufacturers have. 

Therefore style changing costs are high, and with a downward trend in the domestic textile 

industry it is difficult to justify investment opportunities aimed at improving setup costs and 

style changes, which would make setups compatible with a complex product mix. These 

costs are high because of the corresponding impacts on factors such as number of stops and 

stops per minute (in a weaving shed) with change in style difficulty. This point is explained 

in section 5.1.1.3 of this paper. This unfortunately greatly impedes U.S textile manufacturers’ 

ability to compete on price.  

 

The current economies-of-scale setup increases waste during short runs thus 

increasing product cost. The new style that comes into the manufacturing mix initially runs 
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inefficiently as operators learn to handle the new style. This point is explained in section 

5.1.1.4 of this paper. Economies-of-scale setups also do not allow manufacturers the 

flexibility of design changes over shorter runs. As equipment has become faster and more 

productive it takes longer to change designs and for some narrowly specialized machinery 

makes it difficult to handle different product types. 

 

Most productivity measures however favor economies-of-scale production setups. 

Equipment productivity is frequently only measured and advertised as output, maximum 

output, or more correctly as output per specified input (typically labor, sometimes energy) 

during maximum speed. Higher speed, productivity, and in some cases energy efficiency 

traditionally were the main sales arguments in equipment sales. In many cases productivity is 

expressed as labor productivity expressed in terms of output per labor hour or in some cases 

as number of machines per operator. If we can increase the number of machines per operator 

then it is an indicator of increase in productivity of the labor. Consequently labor 

productivities in the United States and other industrialized countries are extremely high 

today. 

 

4.2 Productivity Measure  

In the most general sense productivity is defined as Input/Output. Total productivity 

considers all inputs, typically expressed in cost numbers, while partial productivities look at 

output relative to a specific input category, e.g., labor hours. Productivity measures serve as 

an analytical tool to evaluate and compare how much output can be produced with a given 
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input of specific production factors. The output is always measured in terms of a physical 

product or service unit, e.g., yards, pounds, dozens, etc. 

 

If output is measured not in physical units but in terms of money (e.g., profit or sales 

volume) the measure is no longer a productivity measure but a profitability measure. 

Profitability can be expressed as a ratio of profit relative to any kind of input, e.g., per 

employee, operator hours, invested capital, sales, or any specific type of cost.  

 

Profitability however is a purely financially based measure and is heavily related to 

the sales price of the output. This makes profitability a good overall measure of economic 

success of a company or business unit, but it also depends on the economic environment and 

competition, issues that are beyond the control of manufacturing operations. 

 

Efficiency on the other hand can be focused on specific operations in a manufacturing 

setting. This measure is usually used to provide information about end of the line processes, 

for example; loom efficiency in a weaving operation. Efficiency generally looks at actual 

production compared to standards. These standards can be based on historical data or 

theoretical assumptions or on the production of similar products. Efficiencies can be used to 

analyze run times versus downtimes, yields of raw material utilization, and they are useful in 

capacity planning as they provide actual through-put times of all processes. 

 

All three categories of measures are relevant in running a company, but they serve 

different purposes. All three aid in analyzing a company and can give direction and feedback 
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for improvement of the overall competitive position of the company. Productivity measures 

specifically help in analyzing the operations side of a company or business. Therefore it is 

important to eliminate market influences on prices etc., and this is why productivity output is 

always measured in physical units rather than money. Of course this makes it much more 

difficult to compare productivities of different businesses or industries. At the macro level 

this leads to using productivity indices, which on a practical level make productivity 

measures less tangible for use at the plant level. There are also some limitations to comparing 

indices of different regions or industries. (Saqib Sohail & Helmut Hergeth, 2006) 

 

 

4.3 Goal of Productivity Measures 

Productivity measures focus on improving operations in a manufacturing plant or 

service company. The focus of this paper is on manufacturing settings. The goal is to 

increase output while keeping the input constant or reduce input for a given output. By using 

specific input categories, productivity ratios can be tailored towards a measure that can be 

influenced by activities in a specific operation.  

 

Specific purposes for productivity measures include: 

 

• For planning purposes, to compare the relative benefits accruing from the use 

of differing inputs or varying proportions of the same inputs. It helps in improving operator 

productivity as it analyzes the operations performed by the operator. It provides information 

on output per labor hour invested in the process. This provides information to improve 
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machine productivities that lead to capacity planning. The improvement in capacity planning 

helps achieve higher throughput with existing capacity thus higher productivity levels.  

 

• For strategic purposes in order to compare the global performance of the firm 

in specific operations with competitors or similar firms. This also lets the management 

compare different product lines within the same organization or compare different plants.  

 

• For tactical purposes, to enable management to control the performance of the 

firm via the performance of individual sectors of the firm either by function or product. 

Substitution factors are one of the most important in productivity measurement. Factors like 

raw material, operator skills and machine investments can be substituted and measurements 

done to observe the differences and perform comparative analysis. An example of this would 

be comparing productivities if we substitute raw material quality. The effects of this change 

will be seen in machine operations as the frequency of breakdowns will definitely change 

keeping everything constant. This is further elaborate ahead in the paper in section 5.  

 

• For internal management purpose, such as collective bargaining with trade 

unions. The measures help perform operator evaluations as the performance can be compared 

to historical data or standards set for that operation using productivity measures.  
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5 Case Study 1: Company 1 
 

As part of the research a case study was conducted at Company 1 to analyze their 

productivity data and methods, and compare them to the measures of U.S Department of 

Commerce.  Company 1 has a spinning facility as well as weaving facility to produce 

finished woven products in-house.  

 

 

5.1 Outcomes of the Case Study 

 

5.1.1 Factors Affecting Productivity 
The case study investigates the factors involved in measuring productivities in a 

complex product mix and seeks to answer the question why higher labor productivities do not 

result in higher price competitiveness. The goal is to highlight the most significant factors 

influencing productivity in a complex product mix environment and to explore alternative 

productivity measures that may aid in optimizing production using available manufacturing 

resources.  

 

One of the advantages of productivity measures over profitability or efficiency 

measures is the ability to focus on specific aspects of an operation. To properly direct this 

focus, it is necessary to single out the main factors affecting overall manufacturing 

productivity in a complex product mix. The following factors can be viewed as significant in 
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the measurement of and influence on productivity in a complex product mix manufacturing 

situation: 

 

5.1.1.1 Labor/Operator Time 
The most frequently used productivity ratios evaluate output relative to labor input, 

e.g., per operator hour or per operator. These calculations are necessary to help in planning 

the necessary labor resources, and they are also used to evaluate how efficiently labor 

resources are used. However there are serious limits when it comes to comparing labor 

productivities of different product mixes. 

 

In Company 1’s manufacturing facilities for woven fabrics, product complexity as 

well as the speed of style changes is very high. One of the problems in measuring labor 

productivity is that the measurements need to take multi tasking of labor into account, 

because the plant is running many product types simultaneously. Some of the products are 

commodity items while others may be specialty or new products (e.g., a complex satin 

weave) that require more supervision. Operators are usually responsible for more than one 

machine and they have to go back and forth on the assigned machines.  

 

In this scenario the operator tends to spend more time on the difficult product than the 

commodity product. Costing of a product should be based on activity performed by the 

operator on a certain product type rather than being distributed over all products running in 

the operations facility. For planning purposes, averaging historic labor requirements over two 
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or more product types may be sufficient. However, comparing labor productivity of different 

plants becomes quite challenging as they may have different product mixes.  

 

In a commodity product scenario, labor productivity is typically improved by 

introducing automation into the manufacturing process. The cost of such an investment is 

then absorbed by improved productivity and increased production in a typical economies-of-

scale scenario. However, non-commodity products are not as easily automated which leads to 

higher investment costs for automation and/or to reduced or limited improvements in 

productivity. Additionally non-commodity products tend to serve smaller markets, so that the 

increase in production is either not desirable because of its impact on prices, or simply cannot 

be absorbed by the market. This dissolves the economies-of-scale scenario. However, labor 

productivity is used heavily to justify investments in labor saving automation, and many cost 

competition analyses focus on labor productivity, praising such investments in high 

production speed equipment. 

 

Within a typical textile plant today there are not just a few, but hundreds or thousands 

of different styles, and many of them may run simultaneously in the same plant as is the case 

in Company 1. As these products and styles are changing, it is necessary for one operator to 

handle different styles at the same time and changing styles over time. In such a situation not 

the fastest (“most productive”) but the most adaptable operator tends to be more appropriate. 

In this case, traditional productivity measures will provide constantly varying results 

depending on constantly varying products, and it might be more appropriate to try to measure 

a rate of adaptability. 
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As a sidebar it should be added that the issue of operators multitasking can also 

provide a problem in labor cost allocation onto these products. Usually they are just equally 

divided over all the products manufactured in the plant, which means they are allocated like 

overhead in a standard cost environment. This easily leads to incorrect labor cost allocation, 

magnified by the fact that many textile and apparel companies then use direct labor cost to 

allocate various overheads. Such cost misallocations create a major problem in a cost 

competitive setting. 

 

5.1.1.2 Employee Turnover 
Employee turnover is a very important issue facing today’s textile industry and it 

affects Company 1 similarly. It was found during the case study that employee turnover has 

an influence on traditional operator productivity because of the learning curve new 

employees go through, as well as on product cost due to increased recruitment and training 

cost. The increase in labor wages from standard average wages in the plant is found to be in 

the range of 40-45% when an employee is re-hired for the same job. This increase in wages is 

primarily based on employee’s concerns of job security.  

 

 If a company gains the reputation of having high turnover rates this may additionally 

result in the need to offer more attractive compensation packages. The same is true for any 

other factors that cause a perception of instability in the manufacturing environment or in the 

employment situation.  
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It was observed during the case study of Company 1 that textile industry companies 

are faced with the issues of a perception of an instable environment. This is due to the 

continued and well-published overall decline in the industry’s employment levels. While this 

typically would result in a labor surplus in traditional textile regions, it also leads to the best 

skilled operators seeking employment outside of the textile and apparel industry with little 

chance of getting them to return. However, more complex product mixes require higher 

skilled operators as they need to be able to handle a range of changing styles and products, 

and the number of these highly skilled workers is shrinking which is making the hiring 

process difficult for the industry. At the same time a sense of insecurity develops among the 

operators when they observe the high employee turnover. This may keep them on the edge 

and looking for permanent options outside of the industry, keeping them from giving 100% 

effort in their current position.  

 

The negative effect that employee turnover has on operator productivity is magnified 

in a complex product mix environment. It was also observed during the case study of 

Company 1 that training of new operators tends to be more expensive and takes longer due to 

the higher skill requirements in a complex product mix, and during these training times 

productivities tend to be lower. This can also be seen in section 5.1.1.4 in figure 6 in this 

paper.  

 

5.1.1.3 Product Complexity 
An individual product can be more or less complex. The less complex a product is, 

the higher the productivity rate. In Company 1 the learning curve for simple products takes 
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less time for operators to achieve an optimum level. Less complex products can also be 

automated more easily, and more complex products tend to be more error prone because of 

their higher number of operational steps. This leads to a lower yield of first quality output 

and to more frequent interruptions of the production process. Less complex products also 

tend to result in better raw material utilization. Machines producing more complex products 

tend to run slower, mostly as machine parts have to move more in order to create a complex 

pattern or style. 

 

Indirectly, in Company 1 complex products tend to be produced in lower numbers 

than commodity products, which reduces the opportunity for achieving optimum levels in the 

learning curve and makes automation investments less attractive because the cost savings 

through the automation may not reach break even quantities.  

 

Waste is another factor that is affected by a complex product. An example for this 

would be the difference between a complicated jacquard design and a plain sheeting fabric. If 

there is a major fault during the production of the sheeting fabric no more than 1-2 inches of 

the fabric has to be removed as waste from either side of the fault. According to the case 

study of Company 1, for a normal sheeting fabric the cumulative faults per million picks are 

1.5. If for example, a jacquard fabric that has a design that completes on 6-7 inches and a 

major fault occurs on the 5th inch, the whole length of the design becomes waste thus 

reducing the productivity of the process. The amount of waste depends on the position of the 

fault and the length of the design pattern repeat. This significantly increases the amount of 
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waste, thus reducing productivity. Additionally identifying and possibly correcting a fault 

within a complex design is not as easily possible and takes more time.  

 

It has already been studied that with increasing product complexity the cost of 

production increases. Table 1 in section 1.6 shows that how stop level increases with change 

in product type from an easy style to difficult styles that has also been observed in Company 

1. Complexity in company 1 is defined as the number of stop levels above average stop 

levels of a standard commodity product such as 250 count cotton 60 warp, 60 filling with 122 

ends and picks per inch. The average total stops per hour for a commodity style are in the 

range of 1.9 to 2.4. A complex product in Company 1 is 230 count cotton sateen that has 

stops per hour in the range of 5.6-6.5. Also in Company 1 the use of points per loom defines 

a difficult product. The points per loom are calculated by using stop level data (this 

calculation was not provided by Company 1). The increase in points per loom shows the 

difficulty of the style as seen in Table 2. The points are compared to standard points 

calculated using historical data of similar products (see Appendix C).  

Table2: Product Complexity versus Points per loom 

Style Actual points per 

loom 

Standard points per 

loom 

T-3F Luxury (Easy) 10.98 11.43 

T-3J Luxury (Easy) 3.38 7.79 

T-97 230 count Cotton Sateen 

(Difficult) 

284.36 293.64 

T-3K 180 MC Blend DP 40/60 

(Difficult) 

71.1 97.72 

(Based on data in Appendix C) 
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5.1.1.4 Product Mix 
Product mix is one of the most important factors influencing productivity in a 

complex product mix. The case study of Company 1 showed that manufacturing productivity 

tends to decrease for a number of reasons as product mix complexity increases. 

 

As shown earlier labor productivity will go down as an operator supervises several 

products of different product complexity. It was found during the case study of Company 1 

that a complex product mix requires higher skill levels for the operators as they need to be 

able to run a variety of products and handle more style and product changes. Running 

multiple products and changing products over time increases production interruptions due to 

stoppages or process quality problems (e.g., yarn breaks, missed picks, etc.), and due to an 

increased number of setup changes. Table 1 in section 5.1.1.3 also provides an example of 

stop levels increase with style changes.  

 

When styles of products change, the equipment typically has to be set up differently, 

which depending on the type of change can lead to long downtimes. After the equipment has 

been set up for the new style, the equipment has to be calibrated and first samples have to be 

tested. The more automated and faster the equipment is, the more sensitive the calibration, 

and in many cases the more complicated the setup of new styles. This interruption causes 

downtimes which reduces productivity. At the same time, setup, calibration, and testing 

require raw materials, so an increase in number and variety of styles will reduce the raw 

material yield for the company. Even simple changes like a minor change in yarn number for 

the filling yarn will require resetting, recalibrating, and testing. Changes in weave structure 

or warp yarn are even more complex. Any change in structure or material choice can cause 
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increase in stop times. This increase in stop times results in a reduction of overall 

productivity.  

 

In addition to the interruption of the production process itself, starting the production 

of a new style requires some adjustment on the equipment and some gaining experience with 

the new product by the operator. Each time a new product starts up the operation goes 

through a learning curve, while a consistent commodity product will maintain a high level of 

productivity (see Figure 6). The introduction of new products provides a new challenge for 

the operators who go through another learning period to become efficient in producing the 

new products. The data used has been extrapolated over 20 weeks in figure 6 using data of 

one week from company 1. This data has been extracted from Appendix B where the weekly 

production report shows the results of various fabrics manufactured during that week. Data 

for complex and changing products was extrapolated by using efficiency data from five (5) 

different products that were described by the company 1 manager as complex. Based on the 

total yardage the products had run and the feedback provided by the company 1 manager, the 

efficiency was assigned to a corresponding week in figure 6. Five (5) different that actually 

ran simultaneously were put into sequence for figure 6 to show the effect of introducing new 

complex products. The complex products can be seen with lower efficiencies compared to 

their standard efficiencies calculated by company 1. The new products being run in the 

Appendix B were highlighted by company 1 during visit of company 1. The actual efficiency 

of these products is used in figure 6. For the commodity product the end-efficiency of week 1 

was extrapolated over 20 weeks in figure 6. 
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Figure 6: Learning Curves for Commodity and Complex Products Introduced In the System 

 

In an interview during the case study of Company 1 it was stated by JN of Company 

1 that for decades the emphasis of new equipment has been increased speed, production, and 

a higher degree of specialization. Due to vast discrepancies in hourly wages between 

industrialized and developing countries, increased machine productivity focused on reducing 

labor requirements, which results in a larger number of machines being assigned to one 

operator. Thus the chances of one operator simultaneously supervising several different 

operations and styles have drastically increased.  

 

As a result of lower labor costs in parts of the world, U.S. manufacturers began to 

outsource their commodity products to lower wage regions, while trying to manufacture 



 39

complex products in-house with capabilities of mirror manufacturing their commodity 

products. This has a negative effect on average productivity because the highly automated 

mass production equipment in the U.S. is not designed for an increasing frequency of product 

style changes.  

 

5.1.1.5 Raw Material 
Another factor was observed during the case study of Company 1 that has significant 

influence on manufacturing productivity is the raw material used in the process. It was 

observed during the case study of Company 1 that higher quality raw materials make 

processing easier, result in fewer errors and stops, and will therefore lead to higher 

productivities. The case study of Company 1 showed that efficiencies of the weaving 

operation can go down by as much as 25% with a change from normal cotton to organic 

cotton for the same style end product (see Appendix B). If a better quality raw material is 

substituted then productivity goes up as break downs decrease. The problem with this is that 

the cost of the raw material tends to go up as well as the raw material quality improves. 

 

The case study company 1 also showed that in order to reduce setup times, it may 

become desirable to use the same raw materials for different products, what requires that the 

raw material quality level for the most demanding product or style becomes the standard for 

all or many products. Alternatively a company might try to use specific raw material qualities 

for each product or style to reduce raw material costs. This will increase setup costs, may 

increase raw material waste (i.e., lower yield), and will increase the complexity and cost of 

raw material storage and administration.  
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5.2 Discussion 

 

Productivity measures as an indicator of competitive strength need to be considered 

with caution. Using labor productivity to compare different companies or industries is fairly 

meaningless unless they are producing very similar product mixes and calculate their 

productivities in the same fashion. This point is further established in the paper with a case 

study analyzing cost structures in section 6 (Case study: Cost Analysis of single pick 

compared to multiple pick insertion per shed). 

 

On the other hand the comparative measure might not be used for the whole process 

but to provide relevant information on specific portions of a process when new complex 

products are introduced into the system. Specific productivity measures may help to identify 

sources of inefficiency within the system that slow down the system due to the introduction 

of a new complex product.  

 

When focusing on the system at a very broad or aggregate level productivity 

measurements will provide an insight into production capabilities of the system. For such a 

capacity analysis it is necessary to consider and include setup times, downtimes, etc. 

However, when comparing productivities to evaluate labor efficiency or the efficiency of 

other inputs it is relevant to compare only the run time efficiencies of the new complex 

product with any commodity product. This way the measure does not include any style 

change times or setup times incurred when the new complex product is introduced since they 

are outside of the roam of control for the operator.  



 41

 

Within a complex product mix environment it may however be quite relevant to 

analyze the productivity of setup changes to identify areas for improvement. A general 

comparison of setup productivities for commodity products versus complex products is not 

necessarily useful just as comparing the productivity of setup changes in a plant producing 

extremely long runs of the same product with a plant running many short runs is not 

necessarily beneficial. This is relevant because the product mixes being run at the plants may 

be different and affect the measurement of productivity because a sateen fabric would have 

different stop levels than plain sheeting fabrics. In these cases the specific product mix needs 

to be analyzed to determine which areas of the process are most critical to the overall success 

of the operation because if a plant is running more of one kind of a product then the setup 

changes are relatively lower than a plant that is running a homogenous mix of different 

products. Specifically designed productivity measures for these aspects can then help in 

identifying areas that are candidates for improvement such an example is shown in figure 7.  

 

 

Figure 7: Different Measures of Productivity (Paul Schreyer and Dirk Pilat 2001)  
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The goal of productivity measures is not to reduce the complexity of the product mix 

– a complex product mix is usually dictated by the market or makes the products particularly 

attractive to the market. Rather the goal is to reduce process complexity while maintaining 

increased product mix complexity. This can be achieved if more emphasis is put on the 

productivities or in this case efficiency of setup times as it seems to be the major cause of 

concern in the complex product mix.  

 

The method of productivity measurement at Company 1 is based on comparison 

analysis of efficiencies and analysis of stop levels. Company 1 has derived a standard 

formulation that provides numbers for a certain fabric type and the corresponding estimated 

stop levels. The estimated stop levels are based on historical data available and includes 

tolerances. The comparison of actual efficiencies of the operations is done with standard 

calculated efficiency of the operation. Stop levels are similarly compared to the standards and 

analyzed to observe differences from standard.   

 

There is a wide range of productivity measures, mostly distinguished by the type of 

input factor considered. These productivity measures are very useful in identifying areas for 

improvement and providing meaningful performance feedback at different levels of an 

enterprise. Productivity measures at a more aggregate level can provide information on the 

substitution effect of different input factors, leading to improved input factor allocation. 

Productivity measures are not useful in providing meaningful comparisons of commodity 

product manufacturing plants with complex product mix plants. 
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In the complex product mix scenario productivity measures should focus less on 

manufacturing and labor productivity and more on productivities evaluating issues of specific 

relevance to complex product mixes, e.g., productivity of setups, etc. Relevant labor 

productivity analysis in these cases is better reflected by the approaches towards knowledge 

worker productivity. Using traditional labor productivities may lead to suboptimal 

investment decisions as manufacturing efficiency is not the only relevant factor for changing 

complex product mix scenarios.  

 

The criterion that is used to measure and solve productivity problems for a normal 

manufacturer running commodity styles over a long run, i.e., large batch sizes, cannot be 

applied to a complex product mix situation such as Company 1. One of the reasons would be 

that the cost structure at Company 1 is not activity related and it does not help determine the 

labor cost for specific operations, which in the end results in inaccurate calculation of labor 

productivity. The labor cost is not operation or activity related. The cost should be preferably 

distinguished for amount of time spent on a certain product. If more time is spent on a 

complex product then a commodity product then more of the labor cost should be assigned to 

the complex product. In the current system cost is divided over all products, which might not 

be the most accurate way to calculate cost in such a scenario. The usual labor hours observed 

to determine productivity may not be the issue in this scenario  

 

It is to be expected that Company 1 will show lower productivity levels compared to 

a plant running commodity products when conventional productivity measures are used. 

These productivities cannot be compared unless both plants are measured using similar 
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inputs and outputs while running similar products. This requires a comparative analysis 

where the inputs and outputs take into consideration only the production efficiency whatever 

the style produced. Thus it becomes important to exclude setup times and setup changes from 

a comparison and only compare actual running or productive times. In such a scenario stop 

levels would be the one main indicator of productivity of that process. The stop levels 

increase as a new complex product is introduced in the system as seen in table 1 in section 

5.1.1.3 of this paper. This increase in stop levels corresponds to the new product and helps in 

identification of problems and improvement of the process. The changes made to the 

manufacturing of the new product can be tested by observing the stop levels, which should 

decrease with improvement in the process thus improving the productivity of the process as 

well. This does not eliminate the differences of input factors, but it puts them on the same 

scale. Essentially this provides a somewhat improved comparability, like total factor 

productivities compared to single factor productivities.  

 

At the same time it needs to be pointed out that the overall productivity of complex 

product mix scenarios should be expected to be lower than the productivity of commodity 

production situations. This affects the facility both in cost and comparison as the facility is 

then compared to other facilities on the basis of cost analysis of the operations without 

considering the range of products involved. While the lower productivity has a negative 

effect on cost, the wider product range is usually expected to provide higher revenues in the 

market.  

 



 45

In terms of addressing specific areas for improvement, productivity measures should 

be specifically designed to address areas targeted for improvement, for example setup costs 

or setup times in a complex product mix environment. Such measurements may not be very 

useful in comparing different plants, especially if they have very different product ranges. 

However, such comparisons of rather different plants are probably better done by using 

financial measures and profitability analyses. Another method of comparison as mentioned 

earlier is using stop levels in which the major indicators would be stops per hour and minutes 

per stop.  

 

5.2.1 Productivity and Quality 
One of the major problems in measuring productivity is that it is not always related to 

quality. Productivity is taken to be of products of good quality (sellable) and doesn’t take into 

account number of faulty products or waste produced. Any study of productivity should 

measure output as the number of usable, sellable, acceptable goods or services produced. 

There should be a mechanism to monitor the defects, faulty output and include them in 

calculations of non-productivity. It is important to measure the opposite to validate the other 

part. This measurement will also help relate productivity to quality measurement and quality 

measurement of outputs would not be a separate process.  

 

In an interview with Mr. JN the concept and relationship of productivity and quality 

was further discussed. He described a practical approach towards improving efficiency and 

reducing costs that also results in better quality. The concept of Stop-Levels was used in 

Company 1. This measurement helps to better understand the operations. An observation of 
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the Stop-Level number shows the efficiency of the operation and in comparison with a 

standard gives approximate results of how close the operation is to which level of quality. 

For example, in the weaving operation the number of times a loom stops due to some 

problem decreases productivity while at the same time increasing the probability of 

manufacturing faults in the fabric. Stop-Levels give a very good reference to how well the 

process is running. (Company 1 interview) 
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6 Case Study 2: Cost Analysis of single pick compared to 
multiple pick insertion per shed 

 

This case study was conducted to analyze the differences in productivity and the 

effects on raw material, labor and operations cost with changes in number of pick insertions 

per shed. It was decided to choose two fabrics with different pick insertions per shed but with 

similar fabric construction for comparable analysis. The case study was done using 

interviews at Company 1. 

 

6.1 Fabrics 

The following fabrics were chosen: 

 

1. 122 ends per inch, 122 picks per inch, double pick 

2. 122 ends per inch, 132 picks per inch, single pick 

 

The fabrics have similar construction and both are sheeting fabrics, so they are suitable 

for comparison. 

 

6.2 Hypothesis 

In this case study the hypothesis is: Switching from single to double pick will 

increase productivity but decrease the quality of the fabric.  
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If the above hypothesis is true then the official productivity measures used by the U.S 

Department of Labor are flawed as they do not differentiate between the pick type of the 

fabrics. According to the Department of Labor’s categorization the two different fabrics with 

highly contrasting productivities are in the same category thus providing misleading 

information for analysis.  

 

6.3 Production Analysis 

It is important for this case study to note the production parameters that were used as 

the basis of the calculations. Some of the parameters are: 

 

• Machine speed 625 picks per minute 

• Machine efficiency 100% (theoretical efficiency to simplify case study, real 

efficiencies can be found in Appendix B) 

 

The first fabric with double picks per shed would have the following production results; 

 

1250 pick insertions/min @ 625 ppm 

1250 picks x inch   x  60 min  x   yards  =  17 yards per hour          
Min   x 122 picks  hour x 36 inches 
 

The second fabric with single pick per shed would have the following production 

results: 

625 pick insertions/min @ 625 ppm 

625 picks x inch   x  60 min  x   yards  =  7.88 yards per hour          
Min   x 132 picks  hour x 36 inches 
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The above production calculations show that with similar constructions the double 

pick has higher productivity levels as compared to single pick. This is an obvious result of 

the calculation that will provide the basis for further analysis of productivity measures. 

 

6.4 Analysis of Productivity 

The double pick fabric produces twice as much as the single pick fabric with same 

amount of labor and time involved. The problem area for single pick is that the labor hour per 

yard is higher than the labor hour per yard for double pick. If the labor is being paid $10/hour 

in the weave room then for single pick the cost is approximately $1.25/yard, while for the 

double pick cost is $0.58/yard.  

 

Labor productivities also can be seen to increase when switching from single to 

double pick per shed. The same labor is giving more output per labor hour input into the 

system.  

 

6.5 Analysis of Costs 

The cost of labor per yard in this example for single pick is $1.25 and it is $0.59 for 

the double pick fabric. This is a very simple calculation to show how the increase in 

productivity reduces the cost of labor. The cost of materials should remain the same as both 

fabrics have similar constructions, so the amount and weight of material used should be 

similar. 
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It was also observed during the case study that the number of stop levels is higher for 

single pick fabrics (15/100,000 yards) than double pick fabrics (10/100,000 yards) but in 

spite of the 50% difference the number is so low that it is considered negligible in terms of 

maintenance cost. Long term maintenance cost can be higher as it will take twice as long to 

produce the same yardage of single pick fabric compared to the double pick fabric.   

 

The efficiencies during the case study are assumed as 100% but this is generally not 

true at the manufacturing level. The stop levels suggest that single pick fabrics might have 

slightly lower efficiency than double pick fabrics. It can be suggested that with single pick 

there is only one yarn being abraded on all sides by the surrounding warp, while with double 

pick the second filling yarn might provide some protection for both yarns. It can also be 

argued that the second filling yarn also abrades the first filling yarn and vice versa but with 

direction of both yarns being same the abrasion might not be as high as with warp yarns 

going over or under the filling. 

 

Also to produce the same amount of fabric the machine has to run longer for single 

pick fabric when compared to double pick fabric. The long run times for single pick fabric 

provide more opportunity for normal breaks during the weaving operation than when running 

double pick fabrics where total time of production for same amount of fabric may be half the 

time of single fabric.  
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6.6 Discussion 

The above case study provides a simple and interesting observation of productivity. 

In this case the labor, machine and material remained same for both the fabrics, yet a huge 

increase in productivity is observed when switching from single pick to double pick per shed.  

 

This is interesting since no changes were made to the way labor operated. The reverse 

is true when switching from double to single pick per shed as the labor productivity and the 

overall productivity of the process will decrease accordingly. This is of concern to the 

industry if the customer switches from double pick to single pick per shed fabrics. This shift 

may happen because of customer’s perception of difference in quality.  The customer here is 

the retailer/ whole seller and not the customer who is buying the product for his/her 

household. The difference in quality is minimal as similar raw material is being used. This 

switch cuts productivity into half and increases the cost of the product. A problem arises if 

the corresponding selling price does not change proportionally. This puts extra pressure on 

manufacturing to cut costs to remain competitive with producers around the world.  

 

The switch from double to single pick per shed is based on customer perception of 

better quality, aesthetics and hand feel. As mentioned earlier the stop levels for both of the 

fabrics are not very far apart thus the number of defects in both the fabrics are similar hence 

the quality difference is almost negligible. It was observed during the case study that 

customers’ decision to convert on the basis of quality is arguable because no value is added 

to the product in terms of raw material quality or machine use (similar machines are used for  



 52

both products). Also this customer is a retailer or a whole seller and not the end of the chain 

customer who will be using the product.  

 

It is important that single and multiple pick fabrics are categorized separately when 

measuring productivity and costs. Considering both fabrics in one category provides 

misleading and meaningless numbers for analysis.  

 

• Fabrics with different pick insertions per shed should be categorized separately for 

productivity measures. 

• Fabrics with different constructions (plain weave, sateen, etc) should also be 

categorized separately to useful productivity measures. 

• Cost competitiveness of the U.S textile industry decreases when switching from 

double pick to single pick for negligible quality improvements.  
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7 Case Study 3: Company 2 
 

7.1 Introduction 

This case study deals with productivity and efficiency measures used in an apparel 

manufacturing organization. Company 2 specializes in manufacturing shirts. The shirts can 

be manufactured in bulk quantities as well as small customized orders. Company 2 is set up 

to run small production runs (as low as 12 shirts per order) for majority of its production. The 

product mix is complex and the style change velocity high.  

 

Company 2 has an advantage that they are closer to the market than any of their 

competitors around the world so are better equipped to respond to changes in style or design. 

They also export the shirts to Japan on the basis of a marketing strategy that emphasizes the 

shirt carrying a ‘Made in U.S.A’ label.  

 

7.2 Productivity Measures 

Company 2 uses a similar method of productivity measurement to the method of 

Company 1. The basic criterion for measurement at Company 2 is based on the stop times 

during the processes. This can be viewed as a derivative of efficiency measurement in the 

reversed.  

 

Company 2 has comparative data available for all the processes in the manufacturing 

department. This data was compiled using time and motion studies as well as GSD (Garment 

Sewing Data) technology to find standard times for each process. The loss of time is 
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measured at each process and then compared to the standard data for that process. The 

measured data has to lie within a certain range (not specified) of the standard data. This range 

serves as an indicator of productivity of the process.  

 

This method utilizes efficiency calculations and from these calculations productivity 

is derived to monitor or improve the process if necessary. It can be stated that productivity is 

observed as the amount of time spent off-standard and the corresponding loss of output in 

that time period compared to the inputs during that time.  

 

7.3 Factors affecting Productivity 

The factors involved in this scenario are again similar to those at Company 1, even 

though the manufacturing processes and setup of the processes is completely different.  

The following factors are affecting the loss of productive time; 

 

• Set up time 

This is the time to set up a style for a production run. The sequencing of operations is 

based on the style of the shirt.   

 

• Wait time 

It is the time it takes material to move at the end of one operation to the start of next 

operation. This is the time the next operator has to wait before the material arrives at his/her 

station. This time can be affected by re-work of a certain operation as that operation has to be 

repeated.  
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• Re-work 

A faulty operation performed during the production has to be fixed, hence re-work. This 

re-work can be done using two different methods. One is to send the faulty piece back to the 

same station where the fault occurred, second is to send the faulty piece to a specialized fault 

mending operation.  

 

• Change of operator 

The operators at Company 2 have training in performing more than one operation. The 

operators can switch from one station to another without losing their efficiency but the time 

spent on setting up for the new operation affects the time lost compared to standards.   

 

7.4 Cost Structure Analysis 

The cost structure at Company 2 is very peculiar as they are assessed by comparison 

with the budgeted cost of productions and not productivity or efficiency numbers. The 

allocated cost of operations includes all costs of running the plant such as wages, overheads 

and even medical insurance.  

 

Company 2 has an overhead factor of 2.7 on operator wages or direct labor cost. This 

extra amount includes overheads such as management salaries and medical insurance for all 

employees in the plant. The major portion of the overhead cost is caused by medical costs 

(exact amount not specified). Medical cost becomes a large part of product cost thus reducing 

Company 2’s competitiveness in the international market. Considering an overhead burden of 

270% indicates that productivity gains in manufacturing play a relatively minor part in terms 
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of cost competitiveness. Especially if production levels are decreasing, overhead cost can 

cause significant problems as they tend to remain fix.  

7.5 Discussion  

While comparing the case studies of Company 1 and Company 2, it can be observed 

that even though the plant setups and processes are different similar productivity indicators 

are being utilized. It was observed while analyzing the case study that at industry level, 

productivity is measured more or less using the same indicators and similar factors are 

involved that affect productivity. Company 1 and Company 2 both utilize comparison with 

standards for analysis of operations and productivity.  

 

The extra charge of overheads and medical costs is a huge amount that raises the cost 

of a product to a level where it becomes difficult for Company 2 to compete with 

manufacturers around the world on the basis of price. Company 2 emphasizes their quality 

levels (only 2% rejects) and throughput times than the cost of their products. 
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8 Conclusions 
 

The research project showed that productivity data used by the Department of Labor 

may be misleading when used to analyze competitiveness.   

  

The criterion that is used to measure productivity for a normal manufacturer running 

commodity styles over a long run, i.e., large batch sizes, cannot be applied to a complex 

product mix situation. At the company level productivity measures are: 

 

• not well suited for competitive comparisons 

• well suited for process optimization 

• well suited for capacity planning 

  

The research provides significant arguments that overall productivity of complex 

product mix scenarios should be expected to be lower than the productivity of commodity 

production situations. This complex product mix scenario affects facilities both in cost and 

comparison as since they essentially serve different markets. 

 

The research shows that the current productivity measures should not be applied to a 

complex product mix. While at the same time productivities for commodity products can not 

be used for comparison using the current Department of Labor measures as well as reporting 

methods.  
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The above argument is made stronger by the fact that different fabrics are compared 

in same categories by the Department of Labor. Fabric with different specifications such as 

number of picks inserted per shed should be categorized separately to measure productivity 

and costs. Information of both fabrics in one category would provide misleading and 

meaningless numbers for analysis as observed earlier in the paper during case study analysis. 

 

It was also identified in the case study that there are significant corporate and plant 

overhead costs (e.g. medical) that have a great impact on the cost structure. However, 

analyzing these costs was not within the scope of this research. 

 

In all cases, productivity measures by their very nature of using specific physical 

output units serve as a measure of very specific operations. In that respect they provide an 

opportunity for analysis as well as feedback. In an era when production capacity was the 

bottleneck of an organization’s performance, overall performance could be improved by 

focusing attention on the overall production efficiency or manufacturing productivity as the 

key indicator of competitive ability and strength. However, today manufacturing is not 

necessarily the bottleneck of a corporation, and the efficiency of other business aspects as 

well as market forces play a much greater role in defining the competitive strength of a 

corporation.  

 

Of course productivity measures remain an important tool in helping define and 

improve manufacturing, and they are also applied to help measure and improve non-

production labor utilization, or knowledge worker productivity (P. Drucker, 1999). And in 
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terms of manufacturing productivity the focus may have to shift from traditional operator 

productivity towards measures that consider product mix complexity, which in turn is driven 

by market forces more than production variables. 
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9 Recommendations 
 

• Total factor productivities (output/total cost) or the inverse ‘cost per unit output’ are 

better suited than labor productivities in evaluating the competitive situation of 

manufacturing. 

 

• As overhead costs make a large portion of total cost than direct labor cost, their 

investigation becomes more important in determining competitive positions.  

 

• At the firm level it is recommended to modify the economies of scale setup to 

specialized models for shorter product runs and increased product complexity. This 

will also be beneficial in light of the increase in style change velocity at plant level.  

 

• Operation focused costing (activity based) is recommended at plant level where the 

operators are involved in multitasking. This will provide a better estimate of the labor 

cost for a particular product.  

 

• Textile companies involved with manufacturing should invest towards technology to 

make the manufacturing more flexible and following customer demand. One 

suggestion is designing different patterns utilizing the same warp in order to avoid 

time consuming warp changes. This will require use of standard warp threads that can 

be utilized for multiple designs. This can be done by utilizing computerized Jacquard 

machines. Filling pattern changes can be done automatically via computer controlled 

equipment, resulting in less or no downtime for this type pattern change (i.e., 
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productivity stays high in spite of complex product mix). This will provide the 

manufacturing company with flexibility of design changes while keeping productivity 

high and they can charge extra for these designs as they can be customized and 

delivered in small quantities with short lead times. The cost of operations should not 

be very high as the process should be highly automated, but the cost of designing 

patterns that can compliment the manufacturing setup would be high. The number of 

designers required for such a manufacturing setup will be considerably higher than a 

normal manufacturing setup. 
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11 Appendices 
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11.1 Appendix A 

 

11.1.1 Interview of Company 1 
 

Q1) How important is productivity measurement and does it help in being more competitive? 

 

JN: It is a key measurement but it is measured using stop levels in our plant at all levels.  

It helps us in comparing our production operations at different levels.  

 

Q2) How do you measure productivity of each operation?  

a) Do you measure total productivity, and if so, how? 

 

JN: As I told you earlier, we use stop levels to monitor the production but we also compare 

efficiencies of each process with standard efficiencies. This provides information on 

productivity levels of each operation. We also use defects per standard yardage to monitor 

the situation at each operation. Each operation is measured separately and we do not have a 

specific measure to sum all operations.  

 

Q3) How do you measure; 

• Costs 

 

JN: The costs are measured using stop level data. The stop times are translated into costs 

related to time lost because of the stoppages.  
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Q4) How do you measure Output for each operation? 

 

JN: We use the usual way of observing the production numbers of each operation, nothing 

special.  

 

Q5) How do you account for waste in each operation? 

 

JN: We have a weekly production statement that accounts for waste at each process that is 

calculated at each step manually.  

 

Q6) How do you incorporate that waste in efficiency calculations? 

 

JN: The yield of each process already incorporates waste in the calculations.   

 

Q7) What do you consider the most important cost factor in each of the manufacturing 

operations? 

 

JN: The raw material costs are right at the top but one other cost that has been increasing our 

overall cost is the medical and healthcare cost. The medical costs are becoming a major part 

of labor cost.  

 

Q8) How do you compare with your competitors in; 
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• Cost  

• Quality 

• Productivity 

 

JN: We use data from our vendors when it is available to compare our production facilities. 

We outsource some of our production domestically due to lack of capacity to vendors like 

yarn manufacturers. It is easier to get information from these vendors than competitors.  

 

Q9) Do you benchmark any organization for the above? 

 

JN: Yes! We have mutual benefit agreements with our vendors through which both parties 

can take out and implement the best policies. 

 

Q10) Do you see a link between Productivity and Quality? 

 

JN: Of course, with lower stop levels and better efficiencies the quality automatically 

improves. The less the production has to stop more consistent is the quality of the product in 

production.   

 

Q11) What are the changes that you would like to make in the process or measurement of 

process to make it better? 
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JN: We would like to minimize style change velocity as it hurts our productivity numbers. 

We have to change our styles more often than we used to a couple of years ago which 

accounts for more downtime hence loss of production time.  
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11.1.2 Interview of Company 2 
 

Q1) How important is productivity measurement and does it help in being more competitive? 

 

Bill: We have stopped using productivity measurement for competitive purposes because we 

are working on a different structure. We are not competing with any other manufacturer 

because it is not possible to compete on the basis of price but our advantage is close 

proximity to the customer. We use productivity indicators to help us out in improving our 

processes. 

 

Q2) How do you measure efficiency and productivity of each operation?  

a) Do you measure total productivity, and if so, how? 

 

Bill: Our method is inverse of productivity measurement. We compare loss of time to 

observe our efficiencies. We compare operations data with standard sewing data that helps us 

analyze our facility.                                   

 

Q3) How do you measure; 

 

• Costs 

 

Bill: We have a fixed expense budget and we are allowed a certain percentage to go over the 

standard budget. Standard budget is calculated using ideal conditions and we are allowed to 

go over because the top management understands that we can not match the prices of 
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outsourced products. Our costs increase because our orders are low quantity sometimes even 

less than a dozen per style.  

 

Q4) How do you account for waste in each operation? 

 

Bill: There are a couple of ways that we observe waste in our operations. We observe the 

total material input in the process and the total amount out of the process, which is a usual 

way of accounting for waste. We also observe data from each operation and calculate waste 

by comparison of time lost during operations.  

 

Q5) How do you incorporate that waste in efficiency calculations? 

 

Bill: The waste as I told you earlier is incorporated in the calculations by observing the time 

lost during operations.  

 

Q6) What do you consider the most important cost factor in each of the manufacturing 

operations? 

 

Bill: Our labor cost is higher than our competitors plus very high medical costs are a big part 

of the cost structure.  

Q7) How do you compare with your competitors in; 

 

• Cost  
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• Quality 

• Productivity 

 

Bill: It is not possible for us to compete with our competitors in cost. We can easily compete 

in quality as we do a lot of custom production runs that are high quality products. Our 

competitors are also using similar setups so our productivity levels are similar as well. We 

got this information because we have a mutual partnership with a few vendors off-shore. 

 

Q8) Do you benchmark any organization for the above? 

 

Bill: We have a pretty good infrastructure and we compare data with Garment Sewing Data 

(GSD) system. So in a way, we benchmark the standards of the system to improve our 

operations.  

 

Q9) Do you see a link between Productivity and Quality? 

 

Bill: We look at productivity as time spent off-standard (GSD). It has been quite apparent to 

us that the less time we spend off-standard better quality of products are seen getting off the 

production line.  

 

Q10) What are the changes that you would like to make in the process or measurement of 

process to make it better? 
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Bill: I would personally like to separate the medical costs from the cost of the product so we 

can compete on the basis of our operations efficiency because right now with all the 

overheads and medical costs, it is impossible for us to compete.  
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11.2 Appendix B 
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11.3 Appendix C 
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11.4 Appendix D 
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11.5 Appendix E 

 

 


