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Foreword 

By William W. Cooper 

University of Texas at Austin 

As the title suggests, this is a book on uses of DEA (Data 
Envelopment Analysis) to evaluate performances of firms in the 
service industries. It is more general than this, however, and better 
described as a user friendly introduction to DEA w îth examples in the 
service industries that can help a potential user evaluate DEA for 
applications that might be of interest. The applications in this book 
are accompanied by explanations and advice on what needs to be done 
to ensure success in uses of DEA. 

As an introductory treatment, the book begins with a review of 
established methods that are already available and widely used for 
evaluating performance efficiencies and effectiveness. The topics 
covered include accounting techniques such as the use of standard 
costs with associated "red" or "black variances" that signal deviations 
below and above "efficient" performances. The discussions extend to 
the use of "balanced score card" approaches to determine the 
"effectiveness" of performances relative to goals established for 
programs intended to implement a corporate strategy. One 
shortcoming of all of these methods is that they tend to be "one at a 
time measures" - as is also the case for customary ratio measures 
such as "return on cost" or "return on net worth," etc. 

By contrast, DEA simultaneously considers all inputs and all 
outputs that may be of interest and arrives at an overall efficiency or 
effectiveness score. Moreover, this is accomplished by evaluating the 
performance of each entity relative to a collection of entities in ways 
that extend commonly used "benchmark" procedures. In this way 
DEA identifies a subset of entities best designed to serve as 
benchmarks for each entity and uses them to evaluate its performance. 
This results in overall scores such as "90% efficiency," which means 
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that the evaluated entity is 10% short of what it should have been able 
to accomplish. However, this overall score is only one aspect of what 
is revealed in the DBA solutions. Among other things, the sources and 
amounts of inefficiency in each input and output are also revealed so 
that a path to achievement of full (100%) efficiency is thereby 
obtained. 

The mathematics underlying DBA models and their uses is kept to 
a minimum in this book. Only one of the several DBA models is 
formulated mathematically. The DBA literature refers to this model 
as the CCR (Chames, Cooper, Rhodes) version of an "envelopment 
model." This name derives from the way the model ^'envelops" the 
data in order to locate a frontier where the best (i.e., 100% efficient) 
performers are located. This frontier is then used to evaluate the 
performances of other entities. 

To each such envelopment model there is an associated "dual" 
model referred to as the "multiplier" model. This model provides 
further information in the form of "weights" assigned to each input 
and output. These weights are referred to as "multipliers" in the DBA 
literature in order to emphasize that they are not preassigned values 
like the weights customarily used in the construction of index number 
of prices, productivities or cost, etc. That is, the weights in DBA are 
determined from the data by this multiplier model for each of the 
entities that is evaluated. 

Sherman and Zhu make extensive use of this dual (multiplier) 
model to increase the possibility of successful use of DBA. For 
example in addition to the efficiency scores, these weights can be 
reported for management review where it may be found that the 
weight assigned by the model to output A, for example, exceeds the 
weight assigned to output B. If this is not satisfactory it can be dealt 
with in a manner that does not require management to assign precise 
values to these weights. Instead they only need to say that they 
believe output B should receive a greater weight than output A. DBA 
can be made to take this information into account and then determine 
a precise numerical values for a new set of weights. The result of this 
recomputation can again be reviewed by management for the 
inefficiencies that are then identified. Also identified are new weights 
for all inputs and outputs. That is, in general, the changes are not 
confined to weights for products A and B but extend to other products 
as well. These results provide insights into relations between inputs 
and outputs that would not otherwise be apparent. 
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It is to be noted that DEA models provide "best estimates" for each 
entity being evaluated. The results therefore differ from the "average" 
of all performances that are used in customary statistical analysis. 

Turning to more sophisticated approaches like statistical regression 
formulations, DEA is much less demanding in its requirements. For 
example, unlike ordinary statistical regressions, DEA does not require 
a user to stipulate the form of the relations (linear, nonlinear, etc.) that 
are supposed to relate inputs to outputs, etc. DEA has therefore lent 
itself to uses in many applications that have resisted attempts to 
evaluate performances by other approaches. Examples include 
evaluating performances of air force units or court and police 
performances. 

In this book, these DEA properties are exploited and explained in 
terms of commonly used computer codes instead of the underlying 
mathematical models. Numerical examples and actual applications 
accompany the expositions. Results and managerial reactions are 
described that cover a variety of service industry applications. 

One such example applies DEA to the numerous branches of a 
large U.S. bank in an application that resulted in substantial savings 
along with output increases and input decreases. Emphasized in this 
(and in other applications) is the use of quality measures, such as 
customer satisfactions, that play large and important roles in the 
service industries. 

Evaluating hospitals is another example provided in this text 
because quality there plays a critical role. In fact, quality is a multi­
dimensional and complex concept that required careful attention in the 
example application that is described in terms of a Health 
Maintenance Organization that utilizes panels of physicians ranging 
from general practitioners to specialists in many different specialties. 

Turning to government services, an example is supplied which is 
based on work done with the Canadian Department of Supply and 
Services which, like the U.S. General Services Administration, serves 
as a procurer of supplies and services for the Canadian government. 
Here it was necessary to incorporate political considerations and to 
deal with initial skepticism (and even hostility in some quarters) en 
route to successful outcomes that are described in this book. 

An emphasis on quality also appears in yet another unusual 
application in which DEA is used to evaluate the "quality of life" in 
American cities with results that compare favorably with Fortune 
magazine rankings (and provide added insight) based on the data 
obtained from the magazine's survey. 
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Finally, a use of DBA to evaluate "hedge fund" performances is 
described in order to illustrate how elements of "risk" as well as 
"return" can be incorporated in DBA analyses. Here the managerial 
use extends to "funds of hedge funds," which is to say that several 
hedge funds under a common fund are evaluated so that shortcomings 
in each of their performances may be easily identified for managerial 
attention. 

There is, of course, much more that can be done in dealing with the 
service industries that now constitute nearly 80% of U.S. economic 
activity. This book provides a good (user friendly) start that will 
undoubtedly lead to further applications. Still further prospects also 
come into view. For instance, this last chapter (on hedge funds) 
provides a start toward uses of DBA in the knowledge-based-
information economy toward which the U.S. is now transiting.^ 

W.W. Cooper 
University of Texas at Austin 
The Red McCombs School of Business 
University Station 1, B6500 
Austin, Texas 78712 
January 2006 

^ For a good description of the transformation of the U.S. economy from manufacturing to 
service and now to a information based economy see Kozmetsky and Yue (2005). 



Preface 

How do you manage profitability of a network of hundreds or 
thousands of bank branches disbursed over several states and 
countries? How can a managed care organization manage the quality 
and costs of the thousands of physicians providing health services to 
millions of plan members? What methods would enable a government 
to ensure that the multiple offices serving citizens across a country are 
operating at low cost while meeting the required service quality? In 
each of these three service settings, many service providers deliver a 
complex set of services to a diverse set of customers. Managers of 
these organizations seeking excellence use benchmarking to identify 
and adopt best practices. Reapplying benchmarking in service 
organizations results in continuous improvement by allowing service 
units to learn from methods that have proven effective in other service 
units. This book presents a map of alternate ways to improve service 
productivity, quality, and profitability, and provides an in-depth guide 
to using the most powerful available benchmarking techniques to 
improve service organization performance—Data Envelopment 
Analysis (DEA). 

Data Envelopment Analysis (DEA) is a proven technique to help 
managers improve service performance. DEA first appeared as a 
research tool in 1978 (Chames, Cooper and Rhodes) and was used to 
evaluate educational programs for disadvantaged students in a series 
of large scale studies undertaken in U.S. public schools with support 
from the Federal government. Attention was centered on Program 
Follow Through—a huge attempt by the U.S. Office (now 
Department) of Education to apply principles from the statistical 
design of experiments to a set of matched schools in a nation-wide 
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study (Charnes, Cooper and Rhodes, 1981)^ While DBA was 
originally designed for evaluating performance of non-profit 
organizations where market prices are not available, researchers soon 
realized that other organizations also had operating issues that are not 
adequately analyzed using financial measures. Banking seemed to be 
one likely business setting that could be analyzed with DBA. With 
bank services as the focus, DBA first appeared in management press 
in the Sloan Management Review by Sherman in 1984. Banks around 
the world such as Bank Boston (now Bank of America) and U.S. 
BankCorp, as well as brokerage firms and mortgage banks, have 
realized substantial cost savings from DBA since the early 1990s 
(O'Keefe, 1994; lida, 1991; Bank Technology Report, 1992). 

An example from the banking industry will illustrate the reason 
banks and other organizations have found DBA particularly valuable. 
Imagine that you are responsible for 1500 or more bank branches 
operating in 10 states in the U.S. Would you be interested in knowing 
that some branches are using more than twice the resources of other 
branches while offering the same or lower quality service than the less 
costly branch? DBA locates the best practice branches that are low-
cost and high quality. It then identifies the high cost branches that 
could reduce operating costs while maintaining or improving quality. 
It is uniquely able to compare each one of these 1500 branches to 
every other branch and simultaneously considers all the types of 
resources used and all the types of transactions and services provided 
by each branch. Frequently the result is that there are many branches 
that are using substantially more resources than other branches 
providing a similar volume and mix of services, which was not 
apparent to management using other sophisticated analytic techniques. 
If the inefficient branches identified with DBA are aligned to approach 
the best practice branches identified with DBA, the bank can reduce 
operating costs enough to visibly increase earning per share; 
moreover, these savings would be annual rather than one-time 
benefits. Specific changes in the way services are offered, the layout 
of the branch and the way jobs are defined are identified through this 
methodology. DBA detects savings opportunities that will endure 
because they result from installing best practice methods derived from 
the best service providers in the network. This is in striking contrast 
to what is experienced in some organizations that achieve 
dysfunctional savings from across-the-board layoffs and expense cuts. 

^ For a brief background and history of DEA, please refer to chapter 1 in W.W. Cooper, L.M. 
Seiford and J. Zhu (2004), Handbook on Data Envelopment Analysis, Kluwer Academic 
Publishers, Boston 
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In the above branch network, DEA identified specific excess resources 
in specified branches totaling over $100 million per year. Removing 
these resources results in real enduring savings and aligning branches 
with best practice branches, in contrast to cutbacks that stress the 
operations of the organization and which are often reversed after the 
crisis that spurred the across-the-board cuts subsides. 

As the manager of this branch network, what would your reaction 
be to new information that many branches are substantially overusing 
resources and could operate at much lower cost without sacrificing 
quality and quantity of services? 

• You could say you do not believe it, as you are already using 
some of the most sophisticated branch management 
techniques. 

• You could try to deny it because it could raise questions about 
why you did not locate these excess costs earlier. 

• You could conclude that it is plausible but that you will not 
implement these changes because your personal rewards for 
achieving substantial cost savings are inconsequential. 

• Alternatively, you could consider the strengths and 
weaknesses of your current management systems and consider 
how this analysis complements your techniques. If it captures 
dimensions missing in existing analyses, which is usually the 
case, it will offer new opportunities to reduce costs and 
improve profitability. 

• You also could look at examples of sets of best practice and 
inefficient branches identified with DEA and examine the 
validity of that conclusion. When managers with no 
knowledge of how DEA works have compared branches in 
this way, even where inefficient branches were reported to be 
using more than twice their required resources, they have 
found the results to be compelling, as well as, surprising. 

Generally, the conclusion is that the identified weak branches are 
using excess resources, that this excess has gone unnoticed by analytic 
techniques in use, and that guided by DEA there are ways to improve 
many of the weak branches to generate substantial and enduring cost 
savings. All of the above responses have been encountered in 
applications of DEA and several of these are detailed in this book. 

For several reasons, banks with large branch networks and even 
those with fewer than 50 branches are not able to identify the low cost 
branches and continue to incur waste and diminished earnings. This is 
the type of question that confronts Bank of America as it acquired 
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Fleet Boston, Royal Bank of Canada as it acquires U.S. branches, and 
virtually any bank with a branch network spread over many states and 
countries. 

How can management be unaware that some branches are incurring 
excess operating costs compared to their own branches? First, the 
branches may be geographically far apart—as much as 3000 miles— 
and bank analytic systems (and politics) do not encourage and 
sometimes do not even allow such comparisons. While benchmarking 
with less powerful methods than DBA does occur, generally only 
branches in the same regions or district, or with the same manager are 
compared. Second, the techniques most widely used provide a sense 
that the branches are already well run, because 1) techniques to 
identify best practices cannot consider and analyze the complex set of 
branch transactions, and/or 2) the techniques only identify average, 
not the best practices. 

Existing techniques such as queuing models and staffing models do 
not consider the complex mix of services and resources used by a 
bank branch and are unable to address the more complex services such 
as accepting loan applications and opening new accounts. Existing 
techniques also fail to consider the full range of services provided by 
the bank branch or other service unit, resulting in a splintered measure 
of operations and overlooking the synergies of balancing the mix of 
services and responsibilities assigned to service providers. These 
methods have been used for years and those using them have forgotten 
or never knew about the assumptions and weaknesses of these 
techniques that result in no adjustment to compensate for these 
weaknesses. If the individuals that evaluate and manage service costs 
and quality were asked what are the assumptions behind the models 
and methods used, it is likely that when key assumptions are identified 
and reconsidered, it may be surprising to realize the nature of the 
assumptions and how they result in sub-optimal operations. For 
example, widely used queuing models make assumptions about wait 
time and about the time it takes for each transaction. They assume 
each transaction is independent, which is rarely true for the majority 
of bank transactions. 

DEA has generated substantial cost savings and productivity 
improvements beyond those achieved with other management 
techniques in diverse service organizations. Many banks have 
achieved costs savings with DEA while maintaining and improving 
service quality. DEA has identified new ways to manage health 
services to provide care at lower cost while maintaining quality. DEA 
has reduced the cost of government services in the government of 
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Canada. In one case, the realized benefits were so substantial that one 
manager described it as "benchmarking on steroids!" Users have 
acknowledged the benefits of DBA in news articles, journals, and 
professional publications. Early users had to employ internal or 
external experts familiar with DBA and its underlying mathematics— 
linear programming. The need for this type of expertise has been 
eliminated and the field is open for service managers seeking new 
insights about ways to improve their operations and competitive 
advantage via unique analytic capabilities of DBA. This book provides 
the roadmap for managers to understand DBA, evaluate its value to an 
organization, and apply and analyze the results to identify specific 
ways to improve performance and profitability. 

Often new methods of managing services are identified via DBA. 
For example, some banks hold the view that retirement community 
branches and small branches are naturally less efficient—retirees like 
to chat with service providers and small branches have minimum 
staffing levels that burden their operations. DBA has been used to 
develop best practice small branch models that are as or more efficient 
than large branches. Other applications have demonstrated that there 
are best practice retirement community branches that can serve as 
models for other similar branches and they can be as productive as the 
large urban branches. In fact, many large urban branches have been 
identified with DBA as under-performing, but they were previously 
never challenged to improve performance because existing financial 
performance measures erroneously report them as best practice 
branches. 

Similar issues confront other services environments. Both discount 
and retail brokerage firms have separately compared their office 
activities and wondered how it could identify the best practice office 
systems. The government of Canada has multiple offices providing 
similar services across Canada. Responding to the clamor for 
streamlining government costs of operations, they applied DBA to 
identify ways to provide the same service level and reduce operating 
costs where there is excess compared to best practice offices. In 
health-care, new insights about managing hospital costs, nursing home 
costs, and physician practice pattern costs have emerged from this 
technique. 

This book guides managers and other readers in the use of DBA as 
a benchmarking technique to 1) identify high cost service units, 2) 
identify specific changes to each service unit to elevate their 
performance to the best practice services level providing high quality 
service at low cost, and 3) guide the improvement process. Bvery 
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assertion and method described herein is supported by an application 
to an organization that sought to improve performance. Areas where 
DBA is beneficial and where it can provide only limited benefits are 
discussed in the context of results and managements' reaction to the 
DEA findings. 

Most of the benefits of DEA have been discussed only in technical 
academic journals. Recently, this technique has become accessible to 
any and all managers with access to Microsoft® Excel spreadsheet 
software (Excel). This volume includes step-by-step guidance to 
enable readers to apply DEA with Excel to their organization. This 
book also provides ready-to-use DEA software for Microsoft® Excel 
Add-In to run DEA analyses on any set of organizations of interest to 
the reader.) 

We provide an overview of the chapter contents to help readers 
already familiar with aspects of DEA to focus on those chapters that 
may offer valuable added insights. 

Chapter 1 provides an overview of key existing management 
techniques for improving service organization performance. This 
suggests the landscape of methods against which a manager can 
evaluate the value of using DEA. Situations in which DEA would be 
superfluous and less insightful than other methods are identified along 
with examples of DEA offers superior insights but where yet other 
tools need to be developed. 

Chapters 2 through 5 offers managers with the DEA foundation 
information on how to apply DEA, and how to interpret DEA results 
to benefit a service organization. Chapter 2 explains the basic logic 
behind DEA and where it is most powerful and where it is limited via 
simple examples of different ways to measure productivity. This 
chapter is ideal for those first learning about DEA. While the simple 
examples given may seem a little tedious and elementary, 
misunderstanding of basic concepts has resulted in misapplication of 
DEA and erroneous conclusions about ways to improve service 
performance. Consequently, we encourage even those managers with 
some background in DEA to review this chapter. 

Chapter 3 offers a clear explanation of how DEA works, the 
computations that generate results, and the concepts that drive 
productivity analysis. This provides the foundation for the reader to 
understand appropriate ways to apply and benefit from DEA. 
Examples used here build in complexity, but they maintain a level 
where one can visualize the solution provided by DEA to allow one to 
anticipate its value with a full complex data-base where one could not 
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otherwise locate the productivity improvement paths identified with 
DBA. 

Chapter 4 introduces DEAFrontier software contained with this 
book and provides a step-by-step guidance on using this software with 
Microsoft® Excel to generate the solutions to the problems already 
analyzed in the previous chapters. This will enable a manager to run 
the DBA analysis to gain confidence in the software, the layout of the 
data and the solutions, and the interpretation of the DBA solution. 
This can then be adapted to any application and related data available 
to the reader. 

Chapter 5 describes several of the many extensions to DBA. We 
discuss selected DBA approaches that are likely to be useful to 
managers, such as a returns to scale DBA model and a model that 
increases the power of the analysis by constraining some of elements 
in the analysis via input of management preferences, expertise, or 
other knowledge about the variables. Another particularly important 
DBA extension is described in depth in Chapter 7a method for 
including service quality in the analysis. This is an example of DBA 
adapting to the recognition that service quality is a critical element in 
measuring and managing service organizations. 

Chapters 6 through 9 give detailed case studies of applications of 
DBA, indicating the problem being analyzed, the way DBA is applied, 
management's response to the analysis and the impact of the analysis. 
The applications include banking (Chapter 6), quality adjusted DBA 
(Q-DEA) applied to a bank (Chapter 7), physician practice pattern 
analysis (Chapter 8), and government services (Chapter 9). Three of 
these studies generated real documented benefits to the organization 
and one includes explicit management feedback on the benefits. 

Chapters 10 and 11 describe new DBA uses that are in early stages 
of development, which have the potential to create new highly 
attractive options to analyze quality and to evaluate risk-reward 
tradeoffs in organizations. Chapter 10 describes an analysis of the 
quality of life in major cities using Fortune Magazine data. The 
concepts and value of DBA are illustrated and may form the basis for 
new breakthroughs in analyzing and managing service quality beyond 
the level suggested in Chapter 7. Chapter 11 describes assessments of 
hedge funds to identity those providing the greatest return for a given 
downside risk level. While the value of hedges fund performance 
measurement is substantial for investors and fund managers, the 
broader concept of measuring the balance of risk and reward with 
DBA may prove valuable to other industries that are challenged with 
the need to balanced risk and reward. 
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The authors are grateful for the comments and suggestions made 
by Dr. Greg N. Gregoriou on chapter 11. The authors also wish to 
thank Dr. W.W. Cooper for his numerous comments and suggestions 
on an earlier version of the book. However, any errors in the book are 
entirely our responsibility, and we would be grateful if anyone would 
bring any such errors to our attention. You are also invited to email or 
call with questions about the content of the book and methods of 
applying DBA. We would be interested in hearing about successful 
and problematic applications you encounter. Our objective to develop 
a book that would help users apply DBA and any suggestions and 
corrections are very welcome. Our email addresses are: 
h.shermand@neu.edu and jzhu@wpi.edu. 

David Sherman and Joe Zhu, February 2006. 
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Chapter 1 

MANAGEMENT OF SERVICE ORGANIZATION 
PRODUCTIVITY 

1.1. INTRODUCTION 

This chapter is designed to help service managers answer the 
following questions about their organization. 

1. What methodologies can enhance productivity while 
maintaining service quality in your service organization? 
Based on a survey of literature and practice, we review the 
most widely used methods with reported benefits. Other 
methods may be in use that were not identified in our 
survey. 

2. What are key characteristics of your service organization 
and what does that suggest about the most effective 
available techniques to improve and manage performance? 

3. Are you using methods that are proven to be valuable in 
your service organization? 

4. Would Data Envelopment Analysis (DEA) be a technique 
that would be of value in your organization? 

5. How does DEA compare with other service management 
techniques and what are the relative strengths and 
limitations of these techniques? 

The chapter begins with a review of basic performance 
terminology and concepts. 



2 Sherman and Zhu 

For readers interested in an explanation of basic and alternative 
DEA models, and computer programs, these topics are covered in 
Chapters 2, 3 4, and 5. 

How should a service organization be managed? What skills and 
techniques are needed to develop a well-run service organization? 
How can service organization productivity be managed and improved? 
Interest in these questions has been propelled by growth in the service 
economy and greater recognition that service organizations are 
particularly difficult to manage with the more common and accessible 
management techniques. The manufacturing economy that spawned 
most current management literature emanated from the industrial 
revolution of the 19th century. That was an economy where service 
businesses, service organizations, and government (the largest service 
organization) comprised a small percent of economic activity. 

Currently, over 80% of the U.S. economy is service oriented (see, 
Kozmetsky and Yue (2005)). Included are some of the most 
influential elements in our economy beginning with government, and 
encompassing health care, financial services, education, arts, 
telecommunications, law, accounting and other professional services 
firm, and product repair organizations. Many early management 
techniques that emanated from manufacturing have been adapted to 
service businesses such as use of standards and budgets, activity based 
management, production planning models, etc. Other techniques have 
proven effective in service organizations such as balanced scorecards, 
critical success factors, and six-sigma methods. The challenge of 
managing services is sufficiently broad and complicated to make it 
worth considering any new methodology that can rationalize and 
enhance performance. At the same time, if there were one clear 
comprehensive method available that ensured outstanding 
performance, all service organizations would adopt that method. In 
this book, we seek to make substantial visible headway in improving 
service performance, advancing the field. 

1.2. PRODUCTIVITY DEFINED VIS-A-VIS 
EFFECTIVENESS AND EFFICIENCY 

To provide a foundation for discussing methods to improve service 
productivity and the use of DEA, the relationship of productivity to 
two key performance concepts is defined, as these are universal but 
sometimes confused as to their boundaries. Effectiveness is the ability 



Chapter 1, Management of Service Organization Productivity 3 

of the organization to set and achieve its goals and objectives; i.e., to 
do the right job. Efficiency is the abiUty to produce the outputs or 
services with a minimum resource level required; i.e., to do the job 
right. While one can address effectiveness and efficiency as separate 
criteria and separate foci, for a manager they are closely related and 
indeed efficiency can easily be viewed as a part of effectiveness. For 
example, a business may include as one of its goals a profit objective 
and achieving that objective will depend on efficiency among other 
things. Effectiveness will also naturally include quality objectives, 
which places constraints on the extent to which efficiency can be 
improved at the cost of quality. This quality-cost tradeoff is 
particularly sensitive in service organizations. 

In contrast to the manufacturing environment, there are fewer 
objective ways of determining the quality of a service. How do you 
determine when an audit is really complete and up to the quality 
standard, whether the patient needs one more day of hospital care, or 
whether the advertising campaign is as successful as it should be? 
More resources almost always increase the cost and, if the output units 
are unchanged, result in lower efficiency. However, more resources 
can increase or decrease effectiveness. For example, frequently more 
hospital days and tests can be detrimental to a patient reducing the 
effectiveness of the care. At the same time, under treatment or under-
care can damage the health of the patient as well. These are issues 
that drove the development of managed care in the US. (While many 
would agree that managed care has improved the effectiveness by 
providing access to the types of needed care and by limiting 
treatments, it is not clear that this has improved efficiency considering 
in the continued increase in health care costs at a rate exceeding 
inflation.) 

Productivity is commonly defined as the ratio of outputs to inputs 
and is consequently focused on the efficiency of production. The 
terms efficiency and productivity will be used interchangeably in this 
book, but we note a few caveats with respect to use of these terms. 
First, the term efficiency can be a more "loaded" term in the sense that 
it may be interpreted as a value judgment of a manger's performance. 
While this may often be true, inefficiency is not necessarily the result 
of poor management performance, particularly when it is not due to 
elements controllable by a manager. Causes of inefficiency may be 
managerial, technological or socio-economic. 

The term productivity is somewhat less sensitive, possibly because 
it has been less used as a value judgment term to describe a manager's 
performance. Efficiency is to some degree also viewed as having a 
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narrower meaning i.e. you did not work hard enough or fast enough. 
The term "efficiency experts" has negative connotations in some 
environments and the term " productivity expert" has not come to be a 
common term though many management consultants could be 
characterized in that way. Finally, whichever term is used, the level 
of productivity/efficiency is not divorced from effectiveness issues 
and is specifically constrained by the type of service to be provided 
and the expected minimum quality that is required to allow the 
organization to attain its goals and objectives. Productivity 
management is a responsibility that can only be done well if it does 
not alter or violate the quality standards of the organizations. One 
could easily improve the productivity of any educational institution by 
increasing the number of students per class. This could have adverse 
impact on the quality of education, reputation of the institution, 
desirability of the institution, ability of the institution to attract 
donations, or other outside funding etc. This would not necessarily 
represent "good" management of productivity but rather "different" 
management resulting in higher efficiency and lower quality. It may, 
however, represent good management if there were adequate evidence 
that the reduced quality would be immaterial for all intents and 
purposes or if lower service quality expectations would continue to 
satisfy the service organization clientele or constituents. 

1.3. COMPONENTS OF PRODUCTIVITY 

Productivity is comprised of several components that 
independently influence overall organization efficiency. The 
components are 1) price efficiency, 2) allocative efficiency, 3) 
technical efficiency, and 4) scale efficiency. 

Price efficiency requires purchasing the inputs that meet the quality 
standard at the lowest price. A service organization could increase its 
efficiency if it could buy its inputs (human capital and material) at a 
lower price without sacrificing quality. 

Allocative efficiency is the use of the optimal mix of inputs to 
produce the products or services. This relates to capital labor tradeoffs 
such as the bank's use of automatic teller machines and Internet 
banking versus reliance on tellers or customer service representatives. 
This also relates to the question of whether the mix of capital 
equipment or the mix of labor is optimal. For example, in a hospital, 
there may be alternate staffing patterns which use more nursing 
service and fewer housekeeping services and vice versa. The optimal 



Chapter 1. Management of Service Organization Productivity 5 

mix is constrained by quality standards and the relative cost of these 
alternative inputs. 

Technical inefficiency exists when it is possible to produce more 
outputs with the inputs used or where it is possible to produce the 
actual outputs with fewer inputs. For example, one hospital found that 
instead of administering intravenous feeding on a decentralized basis 
by personnel on each floor, a centralized group of specialized 
personnel could provide this service. This change improved the 
quality of this service in terms of expertise and proved to require 
fewer resources resulting in a higher level of technical efficiency. 

Scale efficiency is the component that addresses the optimal 
activity volume level. Producing more or less goods or services than 
the optimal level results in added costs solely due to volume or size. 
Inefficiencies due to scale arise due to overextended management 
control, operations at a level where fixed costs are high, etc. For 
example, a hospital will tend to need one administrator regardless of 
how small it is, which will tend to make the cost of administering a 
small hospital more costly than a somewhat larger hospital. The scale 
issue can, however, be easily oversimplified or misunderstood. For 
example, hospital research has examined scale efficiencies and has 
frequently focused on the number of beds as the way to measure scale 
size. Such analysis tends to suggest that hospitals are more 
economical at the 300-bed range but that scale effects are small. 
Regardless of whether those results are accurate for any group of 
hospitals, they say nothing about the optimal number of open-heart 
surgery cases, liver transplants, face-lifts etc. The scale efficiency 
issue relates to each service or type of service provided. Ignoring 
these facets could result in overlooking or mismanaging very 
influential scale efficiency dimensions. 

Other components of productivity have been suggested such as 
financing efficiency. Rather than list other possible components, the 
three components discusses above, widely recognized in economic 
literature, essentially encompass other possible productivity 
components. For example, financing efficiency is largely an issue of 
borrowing or soliciting equity at the lowest cost. Others can 
convincingly argue that unless these other components are explicitly 
segregated, they may be overlooked. 

The key point is that productivity management is a 
multidimensional problem and that each component requires 
management attention because they are independent or at least partly 
independent of other components. Hence, knowledge that the service 
organization is well-managed, efficient, or productive with respect to 
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one component such as technical efficiency does not mean that 
productivity cannot be further improved by increasing price efficiency 
by seeking lower cost inputs. 

While these may appear to be and are elementary concepts, there 
are numerous examples of service and other organizations that fail to 
explicitly recognize, analyze, and manage all of these components, 
resulting in missed opportunities to improve the performance of the 
organization. When evaluating techniques to manage productivity, it 
is important to explicitly consider which component of productivity 
are encompassed by that technique, and which components are not 
considered and therefore require other approaches to comprehensively 
manage productivity. 

Multiple outputs or services provided - Many service units tend 
to have a diverse and changing set of services offered. Even the fast 
food restaurants, with contained and prescribed service procedures, 
are continually changing and expanding their menu to add variety and 
to offer different levels of nutrition. Managing a large number of 
services that change over time is a challenging task notwithstanding 
the other issues that will be discussed below. Bank tellers, for 
example, help process transactions, which include deposits, 
withdrawals, savings bond purchases and redemptions, bank check 
preparation etc. Each of these categories can be further segregated into 
other service transaction types. For example, is a deposit with one 
check the same as a deposit with 5, 10, or 50 checks? A Government 
purchasing agent may buy materials through a standing purchase order 
negotiated once a year and buy other materials with a one-time 
negotiated purchase contracts. Again, within these categories are other 
differences. Are purchases of armaments and defense materials 
different from maritime purchases, service purchases, and purchases 
of equipment like snow removal machines. Hospitals and physicians 
treat many types of patient diagnoses, which have been categorized 
into groups as large as over 10,000, or as small as 20-30 categories. 
Does each of these diagnoses need to be separately analyzed, 
evaluated, and managed? Alternatively are groups of these patient 
diagnoses similar enough to manage them as a group without unfairly 
or irresponsibly ignoring differences that if separately managed could 
lead to important productivity improvement opportunities? 

Where there are many services provided and a variety of resources 
used to provide the services, as in the hospital setting, use of 
techniques that are not able to recognize and consider all the resources 
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and services can generate erroneous views of the performance of the 
service providing units, such as the hospital, the physician, the 
brokerage branch. Data Envelopment Analysis (DEA)'s unique 
ability to analyze performance explicitly considering a large number 
of resources and services makes it particularly powerful and attractive 
for this type of service operation. 

Multiple versus Single Location Service Provider - Managing 
multiple service offices or providers presents added complexity over 
single site services. The services offered in different locations may 
result in adjusting service systems to varying sets of constraints 
arising from customers, regulations and location differences. While 
most US banks had branch networks with fewer than 500 offices, US 
bank mergers have generated branch networks with over 2000 offices, 
a number that has been common in Europe and dwarfed by the State 
Bank of India, which manages over 8000 branches. Managed care 
organizations have grown to include thousands of physicians. 
Evaluating the productivity of these health care service providers is 
another challenging area that demands powerful service management 
techniques. 

Data Envelopment Analysis (DEA) has been applied to branch 
networks of over 1500 offices and to managed care organizations with 
over 1000 physicians. It is ideally suited to compare large numbers of 
services, and only the computer and the software limit the number of 
service units that can be analyzed. While large data sets with many 
resources and services have been run on supercomputers, other 
applications have generated valuable insights with as few as seven 
hospitals. DEA is generally more effective with large number of 
units. With only a few units, benchmarking by examining the raw 
data and basic ratios or relationships between data elements may 
prove to be the most effective way to analyze the service organization 
performance. 

Absence of efficient standards - Developing (truly) efficient 
standards is not practical and possibly not achievable in many service 
organizations. Even if efficient standards could be established for any 
one type of service, the numerous types of services can make this a 
cumbersome if not overwhelming task. This is primarily due to the 
professional judgments required to determine how and when a service 
will be provided. At one extreme, frequently encountered in health 
care, the professional can argue that no two services are alike due to 
differences in the patient and the service providers' judgments. 
Similar arguments are encountered if one asks a purchasing agent why 
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two seemingly similar contracts take different amounts of time. Some 
banks have standards for the time required to keypunch a check 
document. Those same banks do not have standards for the time and 
resources needed to process the withdrawal, which requires the issuing 
of a check along with several other procedures. While one cannot 
generalize, several financial and government institutions that have 
attempted to develop service transaction standards have found that the 
updating of standards has been cumbersome leading to outdated 
and/or incomplete standards over time that limit their value as a 
productivity management tool. In some organizations, a poor standard 
may be more useful than no standard as a benchmark of productivity 
over time. It allows the management to track whether the service times 
are increasing or decreasing even if there is no basis to know what is 
optimal. However, there are also many cases where the tracking of 
standard to actual have led to complex analyses that have been too 
difficult to interpret and have resulted in non-use of the standard as a 
management tool to control productivity. 

Further complicating the service management problem is the 
existence of activities to train, develop, and update personnel about 
new services, new procedures, etc. Standards for such procedures are 
not estimable for all intents and purposes but do nevertheless require 
investment of resources and therefore impact productivity. 

For a standard to be meaningful, it must reflect the resources 
needed to produce an output. The input output relationships are not 
well defined for most services because of the judgment issues. If the 
production function, i.e. the process of converting resources into 
services, were known, then a standard could be established and used 
as a powerful tool to manage productivity. A further problem is that 
this difficulty in identifying the efficient production function results in 
attempts to use historical data and designating the historical mean or 
median resource level as the standard. These historical standards are 
not necessarily efficient standards and may result in a belief that the 
organization is efficient when it is really only as inefficient as it was 
last year. This approach prevails in areas like health care, many 
government activities, and many service organizations that have made 
serious attempts to measure and manage productivity. 

Where there are objective efficient standards, DBA is unnecessary, 
as there are other direct ways to assess and manage the productivity of 
the service units. Where the standards are not objective, or based on 
historical actual resource levels, DBA can assist in developing 
standards. In short, DBA identifies best practice service providers. 
Studying these best practice providers can provide the basis for 
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developing standards that reflect the most efficient methods in 
practice. 

The bottom line is a hard and clear call of frustration that emanates 
from managers of all the types of service organizations. How can they 
manage the operation in a manner that can be defended as rational and 
effective? How can they be accountable for productivity with 
inadequate tools to accomplish this task? 

Seeking ways to manage service has, out of frustration resulted in 
use of "seat of the pants", incomplete and arbitrary approaches that are 
adopted out of necessity in the absence of more comprehensive 
approaches. An interesting compensating result of this frustration is 
that we can observe these managers devoting enormous energies to 
find ways to manage their service organization in a way that will 
promote productivity and avoid many of the problems discussed 
above. Though it is difficult to generalize and while service 
organizations have a full range of management talents, these 
organization are not necessarily poorly managed and their productivity 
is not necessarily low. While more powerful management approaches 
can improve their productivity, competitive pressures combined with 
astute managers applying seasoned judgment and using techniques to 
motivate personnel has produced many well-run service organizations. 
This book endeavors to offer an approach that can assist in further 
improving performance for a broad set of service organizations. 

1.4. TAXONOMIES OF SERVICE ORGANIZATION 

There are several sets of dimensions that have been used to classify 
and describe service organizations. No one dimension alone proves 
adequate to determine the most appropriate management techniques. 
For example, one dimension that will be considered is 
professionalism. How much of the way the service is provided 
depends on professional or skilled judgment? One common way of 
identifying a professional is by their credentials, e.g., certified public 
accountant, attorney, engineer, and physician. This would exclude 
functions that do not require the same strict minimum levels of 
training and licensing. Nevertheless, many firms have functions that 
require judgments comparable in importance and complexity to those 
individuals in the above "Professions". Consequently, professionals 
also perform these other functions, where the term "professional" is 
more broadly defined. Examples of this would include a chef in a 
restaurant, a purchasing agent that is making quality versus cost 
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tradeoff judgments in selecting a vendor, and a loan officer in a bank. 
The techniques appropriate to manage a professional such as a 
physician may be similar to those used to manage certain types of 
professionals and inappropriate for other types of professionals. 

Ideally it would be possible to classify the service organization in a 
way that would help select the most appropriate management 
techniques. Several taxonomies for classifying service organizations 
have been identified from the literature and by practitioners. These 
can help define the more appropriate productivity management 
techniques. For example, recognizing that a particular government 
service like law enforcement cannot be evaluated with a profit 
measure would suggest that productivity tools that rely on profit and 
return on investment criteria could be inappropriate. However, other 
approaches like Best Practice reviews, and Zero-Base budgets may be 
appropriate because they do not rely on profit measures. 

Classification by type of institution. 
Several types of institutions can be characterized as service 

organizations: 
A. Government 
B. Non-profit organizations 
C. Service businesses (service is a primary product) 
D. Service businesses supporting other primary business activities 
E. Internal service organizations supporting the organization and all its 
activities. 

These are not mutually exclusive and will become apparent as each 
category is further described. 

A, Government 

Government programs, which include such diverse activities as 
collecting taxes, providing health and welfare benefits to particular 
groups of citizens and providing for national security for all citizens 
are comprised of numerous services. Examples of service activities 
found in government include 

• Purchasing - procurement of a wide range of materials and 
services ranging from basic office supplies to defense 
equipment. 

• Disbursement - arranging for payment for payroll, pensions for 
retirees, welfare benefits, vendors etc. 

• Tax collection and processing 
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• Regulation of various activities to protect the public in areas 
such as securities, stock markets, drug development and 
testing, and transportation. 

• Public Education (programs and institutions) 
• Personnel programs to hire and train government employees 
• Criminal justice systems and Courts of Law 
• Public Health and Welfare programs and Institution such as 

hospitals, clinics 
• Economic development programs. 

The range of complexity and diversity within this partial list of 
government services requires a variety of management tools rather 
than any single tool to achieve effective and efficient operations. 

B. Non-Profit Organizations 

Most non-profit organizations are service oriented and share with 
government the objectives of maximizing program services with 
available resources rather than profit maximization. 

Non-profit organizations include: 
• Arts organizations including museums, orchestras etc. 
• Educational institutions 
• Hospitals, health clinics, health maintenance organizations and 

other health plans 
• Research facilities 

C Services Businesses providing services to customers/clients for a 
fee as their primary business activity. 

These include the professional service firms. Examples of service 
businesses are 

Accounting firms providing audit, tax, and consulting services 
Actuarial benefits firms 
Law firm 
Hospitals (for profit) 
Education (for profit) 
Management Consulting 
Engineering 
Architecture 
Software development 
Restaurants 
Hotels and Resorts 
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• Banks 
• Insurance Companies 
• Other Financial institution 
• Airlines 

D. Service Businesses that sell services directly or indirectly to 
customers as a secondary or support activity. 

This category is segregated from services business to emphasize 
their existence usually within a non-service dominated business and to 
emphasize the need to view this as a service business even if and in 
spite of the fact that the primary business may be defined as 
manufacturing. These apparent differences between service and 
manufacturing may be and have often been overlooked to the 
detriment of the service organization that is being evaluated and 
managed as though it was a manufacturing business. Examples of this 
set of organizations include 

• Customer service offices to support business products e.g. 
warrantee, installation, and repair service to support 
manufactured products such as computers, automobiles, 
climate control systems, etc. 

• Consulting, software development, installation and training 
services to support the marketing and customer use of 
company products. 

• Call centers. 

E. Internal Service organization within a service or manufacturing 
business. 

Most of these have parallel activities in the other service categories 
e.g. in house vs. outside legal services. They nevertheless require 
explicit attention in management of the business. Examples of these 
services include 

• Purchasing 
• Accounting 
• Data processing 
• Personnel 
• In-house counsel 
• Facilities management and maintenance 
• Clerical support 
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1.5. CLASSIFICATION BY CHARACTERISTICS OF 
INSTITUTION 

This first classification by service type immediately raises issue 
about which characteristics are cormnon and peculiar to each category 
and what are the management implication of these similarities and 
differences. Several constraints, characteristics, and other cultural 
factors influence the options available about ways to manage 
productivity. One set of descriptors that capture many of these key 
characteristics are as follows. 

1. Complexity of organization objective - constituents 
2. Complexity of outputs and inputs 
3. Availability and usefulness of Profit, and return on investment 
(ROI) measures 

1. Complexity of objectives 
Complexity of the organization objectives and the composition of 

the constituents influence the breadth of issues a manager must 
contend with in managing a service unit. Government and nonprofit 
tend to have multiple constituencies. Government constituent include 
the voters, legislators, receiver of services, and special interest groups. 
Non-profit constituents include the taxpayers that effectively subsidize 
these institutions, the service receiver, the donors, the board, the local 
and federal government, and special interest groups. 

In contrast, businesses have somewhat less complex objectives in 
that shareholders and trustees focus on profitability and Return on 
Investment (ROI) subject to satisfying the specific constraints and 
demands of government regulations. While managing a service 
business is a highly complex task, the key issue is whether the 
shareholders are satisfied with their investment performance.. 
Generating continued high profitability and ROI vis-a-vis competitors 
is a clear comprehensive measure of successful performance for 
service as well as most businesses. 

For example, the purchasing function in a business needs to 
balance price and quality as well as the tradeoff between inventory 
carrying cost and delivery time to procure needed material. Carrying 
larger inventories uses more cash but reduces the potential for losing a 
sale due to stock out of inventory. A lost sale is not as apparent on the 
financial statement as the higher inventory level that reduces return on 
assets and ROI. 
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Indeed, shareholders can challenge a business that compromises 
ROI to meet other objectives. For example, in 2004, the profitability 
of Wal-Mart, the largest retail business in the world, was criticized 
because they are believed to underpay their workforce and provide 
minimal health and other benefits. As long as Wal-Mart continues its 
high profitability and ROI, it need not respond to these demands. If 
consumers stopped purchasing goods from Wal-Mart, because of 
these employment practices, higher wages might be needed to retain 
these consumers and maintain high profitability. In contrast, some 
investors criticized Costco, a discount retailer that uses the club 
membership model, because they pay higher wages and provide more 
generous benefits than Wal-Mart, depriving shareholders of higher 
profits that could be generated with lower wages. Costco's practice 
may be viewed as more humane, an effective method of retaining a 
reliable workforce, and some may be willing to pay higher prices to 
support this type of management policy. Nevertheless, this practice 
does leave Costco at risk for a takeover by a management group that 
would change these practices and boost profits and ROI. 

Government purchasing functions have added concerns such as 
support of small business, fair access of all suppliers, support for 
minorities, country of origin of the product vis-a-vis trade policies 
with foreign suppliers. Further complicating this complexity is a 
tilting of the priorities as the elected leaders and their appointees 
change. 

2. Complexity of outputs and inputs 
When all outputs are sold at arms-length to customers, competitive 

market prices for these services are generally established. These prices 
reflect the consumers' opinion about the value of services provided. 
For most service businesses, this is a key measure of the value of their 
activity, which allows one to compare the outputs of service 
organizations on a total and to some extent on a per unit basis. In 
comparing two banks, one that has greater fees from checking 
accounts might be considered superior for its greater market share, 
which suggests that customers prefer these services or find those fees 
to be more attractive. Two law firms may have different hourly billing 
rates, which suggest the value placed on their respective services. 

In government, many services are not sold or even priced for the 
customer. Even when fees are established, they may not represent 
competitively establish market prices. What is the cost of a criminal 
trial, a tax audit, establishing a new law, or crime prevention? This 
inability to measure the output with a relatively objective quantitative 
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measure like market price adds to the difficulty of managing service 
units. Similarly, internal service units within a business have similar 
problems. What is the value or price of computer analysis, handling a 
personnel matter like medical insurance inquiry, or of reviewing a 
contract by in-house counsel? 

In the government or nonprofit setting, this is further complicated 
by the multiple objectives. For example, even if a certain service 
could be valued, is it appropriate to provide that service? While this 
question may be an obvious concern when one considers government 
health insurance to finance abortions, this is also an issue in more 
common question such as how much snow removal is enough and 
how long a wait is tolerable for taxpayers to register a motor vehicle 
or to obtain other licensing services. 

While most inputs or resources used have market prices and are 
measurable for all service organizations, there are government and 
non-profit inputs that don't have competitive market prices. Examples 
of this include donated services, which may or may not have been 
purchased if not donated, and donated equipment. This adds to the 
complexity of evaluating productivity in these organizations. 

Consider again the bank example. While many bank services have 
market values, many others of their services do not. For example, 
providing information on an account, visiting a safe deposit box, and 
cashing a check are services with no fee. Here and in the government 
and non-profit settings, these services need to be considered in 
evaluating and managing performance. 

5. Accessible and meaningful measures of profit and return on 
Investment (ROI) measure 

A business that generates what is perceived as a good return on 
investment over time and in comparison with its competitors would be 
characterized as successful with outstanding performance. This means 
that they are producing attractive products and services that can be 
sold profitably with a reasonable base of investment funds. While one 
could argue that a business could and should achieve greater profits 
and ROI though improved productivity management, these managers 
may counter argue that their productivity is good enough and this 
view may well by supported by investors, analysts, compensation 
consultants and bond raters. While the conclusion that high ROI and 
high profitability reflect outstanding performance, these measure can 
prevent managers from identifying inefficiencies that could further 
increase profits. Several DBA studies highlight the way insights from 
DBA provide a view behind the income statement, as will be 
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explained in detail in later chapters. DEA identifies areas where 
productivity can be improved in very profitable service organizations. 
These productivity improvements can lead to even more impressive 
performance. 

Where profit and ROI measures are not available, other measures 
of performance are often relied on. These tend to be less 
comprehensive and less widely accepted. The adequacy of these 
surrogate performance measures lends themselves to debate and 
managers have greater difficulty evaluating and defending their 
performance with these alternative performance measures. Examples 
of these alternatives include meeting budgeted expenses and revenues, 
achieving budgeted cost per unit of service, and achieving operating 
goals such as number of service units provided, amount of employee 
training provided, etc. The performance measures selected would 
naturally reflect key objectives of management. 

The lack of profits and ROI measures primarily occurs in services 
organizations where market prices for outputs and/or inputs are 
unavailable. Government services are subject to this problem as are 
internal service organizations particularly where the appropriate 
amount of inputs cannot be objectively established. Here, the input 
costs are often described as discretionary costs because judgments of 
managers is relied on to set the amount of inputs that will be used to 
provide the service generated. 

Where the profit and ROI measures are unavailable, managers are 
confronted with the frustrating task of locating alternative ways of 
evaluating productivity that are comprehensive, meaningful, and 
defensible. DEA is one of several methods that can help fill this gap in 
measuring and managing organization performance where profit 
measures are not available or meaningful. 

Internal services often have no market prices making it difficult to 
evaluate them based on profit and ROI measures. The growth in 
outsourcing represents services where a market price was identified 
and a cost minimization decision was made which translates into 
profit improvement. Are data processing services, call centers, or 
legal services better provided in house just because they are less costly 
or are they better provided by outside parties that specialize in these 
services? When in-house service is more costly, are there other 
characteristics of these services that compensate or require that more 
costly approaches be selected over lower cost alternatives? While the 
answers to these questions can be highly dependent on external factors 
including politics and policies on international competition, the 
economic analyses require market prices to measure the profit impact 
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of these options. Where these types of outsource prices are not 
available, management needs to seek and rely other measures of 
performance that may be more qualitative, judgmental, and less 
widely accepted. 

1.6. OTHER DIMENSIONS OF THE SERVICE 
BUSINESS TAXONOMY 

There are several other characteristics that influence the v ây a 
service organization performance can be measured and managed. 

Professionalism 
The role of the individual in determining the way a service is 

provided and resources are used to provide this service differs. This 
may be described as the degree of professional judgment. High 
degrees of professional judgment are common in the professions such 
as physicians, lawyers, accountants, management consultants, 
architects etc. Similarly high levels of judgment are associated with 
educational and creative activities such as artists, museum curators, 
and professors. 

At the opposite extreme are services where unskilled labor is 
employed and who exercise minimal discretion and professional 
judgment in providing a service. Examples of this include fast food 
restaurants where personnel are given specific duties and where the 
human resources are essentially used like machinery in that the 
performance is relatively predictable and the amount of resources can 
be engineered or programmed as in a many manufacturing 
environments. This programming is typically accomplished through 
training processes and highly detailed operating procedures. 

This relatively low professional judgment area lends itself well to 
manufacturing management techniques. This part of the service 
business spectrum is already well served by traditional management 
techniques such as standard cost systems. 

The middle group of service organizations encompasses a wide 
range of professional judgment levels for which a pure ranking would 
be difficult, controversial, and also of marginal value in prescribing 
the most appropriate management techniques. What is important is 
that this middle group shares the need for management techniques 
tailored for the service environment. For example, dentists have more 
predictable methods of treatment than physicians but there remains a 
great deal of judgment. Loan officers also apply professional 
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judgment within a relatively clear set of analytical approaches. Bank 
customer service representatives or tellers also apply judgment even 
though they handle a more repetitive and predictable set of 
transactions. While many would agree a teller has less judgment 
latitude than a loan officer, it would be difficult to say just how much 
less. It would also be difficult to agree on whether the dentist or loan 
officer exerts greater professional judgment. 

Even at the high professional judgment level, there will naturally 
be wide ranges of activities. A standard will or real estate purchase 
and sale agreement requires less judgment by the attorney than an 
elaborate multibillion-dollar leveraged buyout of a public company 
that may include a complex range of legal issues. Hospitals care for an 
illness such as arthritis, cancer, or a mental disorder is highly 
judgmental. It is difficult to get two or more respected physician to 
agree on the type, amount, and timing of treatment for any one patient 
or any one patient type. Yet, complex life saving surgery such as 
coronary artery bypasses and other common heart surgery procedures 
have been found to be quite predictable requiring a surprisingly (at 
least to the laymen) narrow range of professional judgment in 
administering the procedure. 

Management consultants that install data processing systems may 
also be characterized as exerting much professional judgment. 
Nevertheless, the consultants involved with developing corporate 
strategy exert yet greater levels of judgment, as there tends to be no 
short-term success test like "does the system work?" Hence, 
professionalism is a dimension that impacts the way a service firm can 
be managed. Yet we are not likely to have a neat rank-ordering of the 
amount of professionalism in various organizations. 

Role of productivity 
Improved productivity can benefit all organizations. There are, 

however, several service organizations where this is a secondary 
concern and others where it is immaterial for the success of the 
organization. 

Productivity is critical to a service business like fast food 
restaurants that operate on low margins and where profits can be 
severely reduced by small increases in production costs. At the other 
extreme, a research organization, an experimental health care program 
like artificial heart implants typically use as much resources as are 
needed and are initially concerned primarily with the effectiveness of 
the program. Many government programs such as court systems also 
fall in this category, but there is increasing interest in explicitly 
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considering productivity as at least a secondary level of management 
concern. Other examples of the kinds of organizations that place less 
emphasis but still consider productivity include management of 
artistic and educational institutions where quality of the service 
heavily outweighs the importance of the cost of producing the service. 
Professional firms paid based on time incurred, such as many law 
firms, are concerned with costs primarily when they appear to be 
excessive compared with competition. Banks naturally focus on ways 
to generate new funds at low cost and lending these funds at a higher 
rate. If a bank does not do this well, it would not survive regardless of 
how efficient they were in handling the deposit and loan transactions. 
Of late, banks have developed keen interest in managing the 
productivity of their operation because that also needs to be well 
managed to assure that they are sufficiently profitable to continue to 
attract investors, lenders (bond holders) etc. 

Governments have also experienced the shift toward productivity 
consciousness. While legislators will still use as much time and 
resources as is needed to enact "good" laws, and while we are aware 
of no murder trial has yet been cancelled due to lack of funds, 
government programs are not automatically funded because they meet 
political or social needs. Those that are funded are expected to be 
managed in a way that minimizes waste and achieves program 
objectives to an acceptable degree. Today, accountability of 
government managers clearly extends beyond attainment of political 
and social program goals to the issues of productivity. 

The degree to which managers will seek formalized and more 
powerful tools to measure and manage productivity naturally will 
depend on the importance of productivity in that service environment. 
Moreover, the lack of concern or emphasis on productivity in service 
organizations in the past (partly because the needed techniques were 
unavailable) no longer suggests that it will be relatively unimportant 
in the future. 

Extent of customer/client contact 
The degree to which services are performed independently of the 

customer influence the way the service organization needs to be 
managed. Greater autonomy and flexibility in scheduling and 
standardizing the processing of services occurs when customer 
involvement is low. Indeed, if the customer involvement can be 
reduced, this will give new possibilities to provide services at lower 
costs. Much of the move to provide customer service through the 
internet via a fixed elaborate set of transaction options has reduced the 
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influence of the customer on the transaction and thereby reduced the 
uncertainty of resources in term of service provider time and other 
materials required to provide customer services. Extreme examples of 
the recognized impact of reducing customer involvement are cases 
where banks added a charge for using a human teller. The earliest 
application of this fee was rapidly met with a cartoon with the caption, 
"they want to charge me for being treated like a human being." 
Several airlines are also adding a surcharge for tickets purchased from 
an agent instead of using an Internet website. Customers are 
encouraged to use the options embedded in the website or incur added 
costs if they want to influence the available options through telephone 
discussion with a service representative. 

Significance of quality, appropriateness, and effectiveness issues vis-
a-vis productivity. 

While no service organization would admit to an objective of low 
service quality, the relative importance of quality may be very low 
making productivity a dominant concern. More importantly, where 
quality is of key importance, productivity may be of marginal concern. 
For example, one test or measure of quality may be the level of 
customer complaints. If the customers expect low quality service or do 
not have the initiative to complain, then the quality objective may be 
easily met and the key question may be how to provide these services 
at lower costs. In other cases, such as health care, the quality may be 
managed to achieve a high minimum standard that is governed by the 
professionals e.g. physicians and nurses; here the question become 
how to provide services at lower cost while meeting this minimum 
quality standard. 

Quality is multi-dimensional and is at least as complex as 
productivity management in service organizations. Until 1999, most 
health maintenance organizations did not measure physician quality of 
care. New initiatives to measure quality of hospital care, nursing home 
care and other health services are only gaining momentum based on 
initiatives that started after 2000. 

The quality of audits of shareholder reports has clearly been poorly 
managed, which is one of the reasons one of the oldest and once 
highly respected firm, Arthur Andersen, evaporated in 2002. 
Regardless of the technical reasons for Arthur Andersen's demise, 
their association with many unreliable audits, including Enron and 
WorldCom, severely destroyed confidence in their audit opinions. 
The reputation of professional service firms and the quality of their 
service is the most important and possibly their only truly valuable 
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asset. Impairment of their reputation is sufficient to destroy their cHent 
base. Consider whether you would return to a physician that has been 
found to have serious and repeating erroneous diagnoses and 
mistreatment of illnesses. Low quality audits can go undetected until 
a business encounters difficulty and the inaccuracies in reported 
earnings and cash flow become visible. Consequently, Sarbanes-
Oxley legislation established an auditing oversight organization, the 
Public Company Accounting Oversight Board (PCAOB). Their initial 
review of the (final) big four accounting firms audits identified 
significant deficiencies in all of the big four's audit procedures. 
Moreover, there is evidence of deficiencies far beyond the level 
identified by the PCAOB. Pressure to improve audit quality has 
resulted in increasing the audit procedures, audit review processes, 
and expanded review of internal controls. While the fees have 
increased to cover added professional time required for audits, there 
still are no clear quality measures to assess the success of these efforts 
and there are questions about whether the quality improvements will 
prevent future debacles such as those that generated these changes 
(Enron and WorldCom bankruptcies). 

Quality is prevalent and the dominant or primary dimension that 
needs to be managed in many service environments, beginning with 
health care and extending to government services. However, most 
DEA productivity studies have not addressed quality. The discussion 
of DEA includes a version of quality adjusted DEA (Q-DEA) which 
addresses this gap, provides a model to incorporate quality, and an 
example of the successful applications of this concept in practice. 

Utilization of Equipment and other Capital assets to provide service 
Professional service organizations naturally use fewer fixed asset 

than airlines and hospitals. Those service organizations that rely 
heavily on equipment naturally need to factor this resource into their 
productivity management approaches. Specifically, capital budgeting 
decisions are of key importance both to overall productivity and to 
human resource management in capital-intensive service 
organizations. 

Capital budgeting techniques used in business are fully applicable 
to the service units both with respect to its strength and weaknesses. 
In addition, there are strong parallels between this type of service and 
robotics manufacturing in that large front end costs are incurred that 
will lock organization into a particular technology after which the 
human resources will have limited control over how the production 
process operates. As techniques to control robotics production evolve, 
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they may provide useful guidance to service units that require heavy 
front-end fixed asset investments. 

Examples in government are decisions about the type of snow 
removal equipment, data processing, or defense equipment to be 
purchased. These decisions will directly impact the number of 
personnel and the capabilities of personnel that will be required to 
provide service using these kinds of equipment. In fact, some of the 
gaming found in business where they lease instead of purchase 
equipment to preserve cash and limit reported liabilities have been 
found in government. The US Department of Defense proposed a 
lease arrangement for certain types of aircraft in 2003 which made it 
more palatable or politically feasible to gain approval in the budgeting 
process. 

While selecting discount rates in corporate investment analysis 
requires accepting a set of judgments and estimates about the cost of 
debt and equity, for government projects there is added controversy 
about appropriate discount rate. (Generation issues appear in this 
controversy, where zero discount rate suggests that there is no cost 
and places the burden on future generations. An arbitrary 10% or 
other percentage may be proposed to circumvent complex arguments 
about the appropriate cost of capital.) Some effort to consider the 
timing of costs and benefits in a discounted cash flow analysis is 
warranted for discretionary, large dollar capital investments by 
governments. 

Readiness, the military fourth dimension: To complete the picture 
of service management issues, three dimension have been considered: 
1) profitability and ROI, 2) productivity or efficiency, and 3) quality 
or effectiveness. These three are interrelated and universal issues in 
service and other types of organizations. There is one other dimension 
that explicitly applies to defense related services that we note to 
complete our view of the universe of service issues. Readiness is a 
dimension that military and related organizations explicitly consider. 
For example, consider the operation of a military hospital that services 
aircraft carriers. This hospital may have very low occupancy during 
peacetime and it may provide high quality care but be highly 
inefficient during peacetime because it continues to maintain the 
ability to service an aircraft carrier full of wounded soldiers at all 
times. Yet, if the military is required to participate in combat, the 
carrier may appear with little notice with more wounded than that 
hospital can accommodate and it would need to be able to manage this 
challenge and provide the wounded with the care they need and 
deserve. Readiness, the fourth dimension, is one that is not well 



Chapter 1. Management of Service Organization Productivity 23 

addressed and is one that is explicitly considered in the military and 
increasingly by businesses trying to cope with the threat of terrorism. 
While this term may not have been used, readiness was one dimension 
that was poorly managed in the government response to the significant 
hurricanes (such as Katrina) in 2005. Methods of developing adequate 
readiness and measuring this dimension are also needed for other 
homeland security services. It is a dimension that is not addressed in 
this book and one that also required development of new management 
techniques. 

The characteristics that impact the way productivity can be 
managed in a service organization discussed in this chapter are 
summarized in Table 1-1. These characteristics will lead to a profile 
for any service unit that will suggest the types of productivity 
management techniques that are most appropriate. We now proceed to 
investigate the spectrum of service productivity management 
techniques and provide a description of their capabilities and 
limitations. 

Table 1-1. Characteristics of Service Organizations that Influence Productivity Management 
Environment complexity 

Multiple objectives 
Multiple constituents/customer types 
Regulatory controls 

Output complexity 
Multiple vs. single output 
Availability of a market price for each output 
Rate of change in numbers and types of services provided 
Multiple vs. single location service providers 

Input complexity 
Input choice constraints 
Multiple vs. single input 
Availability of input market prices 
Use of equipment and other capital assets in providing service 

Is an efficient standard available? 
Is a profit and return on investment (ROI) measure available? 
Professionalism or skill level 
Importance of productivity per se in the service organization 
Extent of customer contact and involvement in service delivery 
Importance of quality, appropriateness and effectiveness vis-a-vis productivity 
Utilization of equipment and other capital assets 
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1.7. SERVICE PRODUCTIVITY MANAGEMENT 
TECHNIQUES 

Techniques widely used to manage productivity of service 
organizations have been identified based on a review of the Uterature 
in the fields of accounting, management control, and operations 
management. This set of techniques has been amplified by a 
nonrandom survey of approaches used by management consulting 
firms and techniques actually employed by service businesses. While 
this list is unlikely to be exhaustive, it encompasses most techniques 
that are used. Some techniques in use are referred to by other titles 
and are essentially variations on the techniques described in this 
chapter. 

Service organizations often employ several of these techniques and 
different parts of the organization may be using different sets of 
techniques even for similar types of services. Rarely is any one 
approach sufficiently comprehensive and adequate for use alone. 
Moreover, any one or group of techniques will not necessarily be 
equally useful for all organizations providing similar services because 
of other differences in the environment, resources available, 
leadership style, and organization culture. Hence, this is yet another 
aspect of management where a contingency approach will naturally 
prevail. That is, the most appropriate approach must ultimately be 
tailored to the organization needs at the time the productivity issues 
are to be addressed. As is too often pointed out by consultants, if a 
technique is employed and is not effective, the weakness may be in 
selecting an inappropriate technique and the techniques may be 
flawed. However, another source of failures is in misapplying the 
technique, in which case a consultant or outside expert should be 
employed to improve the results next time around. 

The following discussion of alternative service management 
techniques is offered to encourage readers to consider what type of 
assistance they need to improve their targeted service business. 

The management tools that have been successfully used to evaluate 
and manage service productivity are described in this chapter. They 
include the following 

• Standard Cost Systems 
• Comparative Efficiency Analysis 
• Ratio Analysis 
• Profit and Return on Investment Measures 
• Zero-base Budgeting 
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• 

• Program Budgeting 
• Best Practice Analysis or Reviews 
• Data Envelopment Analysis - the focus of the balance of this 

book 
• Peer Review 

Management Review, Management Audit, Operational 
Reviews, Comprehensive Audit 

• Activity Analysis, Activity Based Management Functional 
Cost Analysis 

• Process Analysis 
Staffing Models 
Balanced Scorecards (BSC) 

• 

The questions for managers to consider in reviewing these options 
include 

• Which combination of these techniques is most appropriate? 
• Are the important productivity issues addressed with this 

combination of techniques? 
• Are there service productivity issues overlooked by these 

techniques where new methods need to be developed? 

1.7.1 Standard Cost Systems 

Standard costing is a natural place to begin. If a good standard cost 
system is available, most of the productivity issues can be resolved 
and managed without the need for other approaches. 

The standard cost of a unit of service should reflect the efficient or 
"should be" cost of providing a service at or above a specified quality 
level. When this type of standard is available, the manager compares 
the actual cost to the standard cost for all services provided to 
determine whether the organization is producing these services 
efficiently. This analysis would also be performed for each type of 
service provided to determine which, if any, services are inefficient. 
The analysis of the variances of actual resources used from standards 
can provide specific information about which types of inefficiencies 
are present (e.g., price, mix, technical, or scale.) 

This approach is dealt with at length in the management accounting 
literature, but the focus is skewed towards manufacturing rather than 
the service environment. The use of standard cost in manufacturing is 
fully justified by its ease of use in accounting systems to trace activity 
in monetary units in the production process and to assign values to 
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inventory. Use of standards as a control tool in manufacturing might 
even be vievŝ ed as a secondary, albeit significant, benefit. In service 
organizations, the use of standards as a control tool would be the 
primary benefit, although standards also have applicability to service 
businesses for valuing unbilled services (i.e., work in process 
inventory). There is increasing evidence that misuse of standard cost 
data instead of cost analysis tailored to analyze specific business 
problems has led to poor or dysfunctional manufacturing decisions. 
Similar problems can occur and no doubt have occurred in service 
organizations. This is particularly important when the standard is not 
a true efficient or optimal standard. 

The efficient or optimal standard referred to above is sometimes 
termed an engineered standard or engineered cost because it can be 
precisely determined based on a detailed understanding of the 
production process and the way labor, materials, and capital 
equipment should behave and interact to produce the specified 
outputs. Time and motion studies might be used to determine what 
resources will be required to produce a product. Other factors such as 
the learning curve of the organization and its employees and seasonal 
changes in the content of a product (e.g., cane sugar vs. corn syrup in 
soft drinks), will alter the efficient standard and therefore also should 
be considered. Management techniques to analyze manufacturing 
variances from standard are relatively well developed and described in 
most of the widely used cost accounting textbooks. 

Most standard cost systems do not, however, use efficient 
standards and are consequently not sufficient for productivity 
management. A decreasing portion of manufacturing can calculate and 
utilize engineered standards of the type described above. Most 
systems use historical standards that develop the standard cost and 
time benchmarks based on past performance with adjustments for 
known changes in inputs, input costs, and production methods. The 
key difference is that the historical cost is not necessarily an efficient 
cost. The historical standard reflects actual costs in prior periods, 
which may include a mixture of efficient and inefficient production 
costs. If the efficient costs were known (i.e., which production run or 
set of services was efficiently generated), then the historical standard 
might be developed by reference to just these efficient production 
results. But they are often not known and are rarely known for 
services. Hence, past history for various time periods is usually used 
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to establish the standard adjusted for known changes in production 
processes. 

Comparison of actual cost to historical standard cost indicates 
whether operations are above or below efficiency levels of the past. 
Such analyses do not really indicate whether the operations are 
efficient, since there is no efficient standard. (A more negative view of 
this is that such analyses only indicate whether the level of 
inefficiency is above or below the historical level of inefficiency). The 
use of an historical standard cost system is still highly beneficial in 
that it highlights areas where costs are above or below the expected, 
budgeted, or standard level. This allows management to determine 
what types of actions are needed to improve control of operating costs 
and/or to revise their expected costs and assess the implications for the 
organization (e.g., change in profits, cash flow, etc.) 

Widespread use of historical costs may be justified on several 
grounds. First, if engineered costs cannot realistically be developed, 
this technique represents a practical second best approach. Second, the 
historical cost may be considered close enough to efficient costs, 
although research may be needed to support this view. The potential 
benefit from improving efficiency over the historical standard may be 
so small that the historical standard is deemed to be adequate. Of 
course, management does not have any gauge to measure these 
potential benefits. Management may have yet other justifications for 
relying on the historical standard. This may reflect management's high 
regard for the middle manager's abilities to economically produce 
their product or service outputs and/or the reliance on competition to 
motivate management to operate as efficiently as their capabilities 
allow. 

While some question the degree to which standards are used today, 
one of the authors completing a DEA study with one of the five 
largest US banks in the late 1990s observed continued development 
and use of standards. The management consulting firm hired by the 
bank was sending staff to branches with stopwatches to estimate 
processing times. This effort was done to develop time standards for 
transactions. Many banks also have such standards, which are often 
outdated due the cost and effort of revising these as services and 
procedures change. These standards are used for pricing of internal 
services and staffing. While there is evidence of continued use of 
standards, the efficacy of these standards to manage productivity is 
not always apparent and can be the basis for false confidence in the 
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organization's productivity. Periodic review of standards and their 
benefits in managing services is warranted for organizations using this 
methodology. 

1.7.2 Comparative Efficiency Analysis 

If engineered or efficient standards are not available, the 
approaches used to evaluate productivity generally utilize some type 
of comparative efficiency analysis (CEA). Comparative efficiency 
analysis requires that performance be compared against judgments, 
opinions, past history, other organizations, etc. to assess the efficiency 
of operations. This situation is pervasive in service organizations 
where the efficient standard rarely exists. A few caveats are in order to 
recognize what happens in the realm of CEA. 

1. The standard benchmark will have some inherent flaws. Using 
this benchmark to assess performance may suggest operational 
problems when the real problem is the flawed benchmark. 

2. While the first caveat is an elementary concept ~ the standard 
may need to be revised when variances are observed ~ it can 
be easily forgotten or overlooked during the analytical phase. 
That is, the historical standard may come to be viewed as an 
accurate, efficient standard over time and its inherent flaws 
may fade in memory. 

3. Sometimes historical standards are developed for purposes that 
are unrelated to productivity management and adapting these 
for productivity assessment can be misleading and even 
dysfunctional. 

A common example of this is that costs of services are often 
developed to establish transfer prices for these services. This 
process usually has the objective of allocating and/or billing 
all costs to users. It is generally understood that almost all 
transfer prices have somewhat arbitrary and judgmental 
elements. These transfer prices and their underlying costs may 
eventually be viewed as the standard cost, even though there 
was no attempt to estimate efficient cost when the transfer 
price was established. 
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With this understanding of the potential Umitations of comparative 
efficiency analysis, we proceed to consider individual CEA techniques 
widely used in service and other organizations. 

1.7.3 Ratio Analysis 

Productivity measurement naturally evokes the concept of a ratio 
of outputs to inputs. If an efficient standard were available, the ratio 
of standard to actual resources used would represent an efficiency 
ratio. A ratio of actual output to efficient output equal to 1 or 100% 
would mean the process is operated at maximum efficiency. Where 
standards are not available, ratios are often used as a gauge of 
operating performance. Cost per transaction, cost per unit of output, 
amounts of resources per unit of output, units of resource A used per 
unit of resource B used; these are examples of ratios that may be 
calculated and analyzed. Often many different ratios are calculated to 
focus on different aspects of operations. Ratios are generally used to 
compare various dimensions of performance among comparable units 
and within a single unit over time periods. 

For example, two hospitals or the same hospital over two time 
periods might compare cost per patient or cost per day of care. 
Assume Hospital A had costs of $300 per day and Hospital B has 
costs of $350 per day. What does this ratio tell the manager about 
productivity? Several possibilities exist, some of which are listed 
below. 

"A" is better managed and is more efficient at providing care. 
"A" treats less severe and/or less resource consuming patient 
illnesses. 
"A" can buy inputs at lower cost but is no more technically 
efficient than "B". 
"A" is operating at a volume level where there are scale 
economies. 
"A" does not provide program services that "B" offers such as 
health improvement classes, nurse training, etc. 
Some combination of the above and other reasons. 

In fact, "B" with its higher costs may be more efficiently operated 
than "A" but has an output mix of severe cases and other services that 
results in a higher cost per day. Even after we have considered these 
factors and reach a conclusion about whether "A" is more or less 
efficient than "B", there is the possibility that neither is very efficient. 



3 0 Sherman and Zhu 

Beyond this is the question of whether the knowledge that "A" is more 
or less efficient than "B" is helpful to the manager in improving "B's" 
efficiency. If "B's" costs should be cut $25 per day to make it 
efficient, how does "B's" management determine where these 
reductions should be made? 

To compensate for the inability of one ratio to capture the output 
mix differences and to segregate the types of inefficiencies, other 
ratios are often developed resulting in a set of ratios providing a 
profile of the operating results. In hospitals, the other ratios might 
include nurses per patient day, ratio of high-risk patients to all 
patients, cost per meal, housekeeping cost per bed-day, etc. This ratio 
profile provides insight into the components that may require attention 
to improve productivity. For example, if the purchase price of certain 
resources used is relatively high, management may focus on this 
potential price inefficiency for cost reductions. 

Several limitations of ratios are apparent when a set of ratios is 
used. First, it is difficult to interpret the complexity of a set of ratios 
intended to evaluate the organization. For example, if the cost per 
patient is high and the ratio of high to low resource intensive patients 
is also high, the latter will explain some of the higher cost. What is not 
known is whether this explains all of the higher cost. Finally, when 
comparing similar organizations or one organization over several time 
periods, the ratios present a range of actual operating results. There is 
no objective point above or below which the unit is efficient or 
inefficient. Consequently, use of ratios to identify inefficient units 
requires a judgmental separation of the efficient and inefficient level. 
Typically, some arbitrary rule of thumb is adopted to establish this 
cutoff; one might say that units with costs more than one standard 
deviation above the mean are inefficient. Since this is arbitrary, it is 
difficult to defend this as a meaningful cutoff and there is no 
assurance that some or many of the units with costs below this cutoff 
are not also inefficient. This type of ratio analysis is similar to, but 
less precise than, the variance analysis applied to standard cost 
systems. 

Despite some limitations, ratios are nevertheless very helpful in 
many instances and their use in tandem with other techniques can 
result in very powerful actionable insights that management can use to 
improve productivity. Indeed, when organizations provide only one 
type of service that meets the quality standard and use one type of 
input, ratios of output to input provide significant insights into which 
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units are inefficient. The unit with the highest output to input ratio 
would be the most efficient unit (assuming there are no unusual 
aberrations or data problems) and units using more resources could 
reasonably be challenged to either meet the efficiency level of the one 
most efficient unit or justify their higher resource utilization. 

1.7.4 Profit and Return on Investment Measures 

Profitability (defined as income divided by revenue) and return on 
investment (ROI; defined as net income divided by invested capital) 
are two ratios that are widely used in analyzing business performance. 
They apply to services as well as manufacturing businesses. In many 
service businesses most of the investment is in human resources 
(rather than in capital equipment), which is not capitalized as an asset 
for financial accounting purposes but rather is reflected as a period 
expense. Training and hiring costs reduce current income resulting in 
downward pressure on ROI. The result is that ROI in many services 
behaves differently from manufacturing and more capital intensive 
businesses. . This difference is not important to investors who focus 
on the risk and return on monies they invest in the business and expect 
a fair ROI on all of their investments. This difference is, however, of 
importance to managers who may be responsible for both service and 
manufacturing activities, since these differences need to be understood 
to evaluate, manage, and allocate resources among these business 
units. 

The profitability and ROI ratios both have limitations and benefits 
in business performance evaluation, as discussed below. 

1. The ROI measure is a comprehensive measure in contrast to 
profitability, which ignores the amount of invested funds used 
to generate profits. High ROI over time reflects effective and 
efficient operations. 

2. Comprehensive measures like ROI are more meaningful than 
the profit measure for overall performance evaluation. 
Consequently, ROI is widely used to measure business 
performance that is the type of measure a manager might seek 
for government and non-profit organizations, if possible. 

3. Both profitability and ROI are potentially subject to a short-
run bias (i.e., this year's performance can appear to be strong 
by sacrificing long term performance). For example, delayed 
training and hiring or deferred development of new service 
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products will boost current profits but delay benefits from 
these activities. Even the more comprehensive measures like 
ROI need to be constrained to balance short-term and long-
term performance. Resource consuming activities like training 
and marketing that benefit future periods will tend to make 
ROI appear lower but this does not necessarily represent 
reduced productivity. 

4. Increased productivity will tend to increase profitability and 
ROI over time. However. ROI and profitability ratios will not 
necessarily be sufficient to locate areas of poor or outstanding 
productivity. For example, banks that are very profitable may 
be unaware of significant cost-saving possibilities, which 
could further boost profits. 

1.7.5 Zero-base Budgeting 

Zero-base budgeting (ZBB) and the subsequent topic, program 
budgeting, are strongly associated with government. Many of the 
concepts apply to other organizations that produce services, and are 
particularly valuable where there are no comprehensive measures of 
profitability and where there are not objective market prices for 
services provided. Departments within an organization, such as human 
resources and information systems, share the characteristic of not 
selling outputs and not having objective market prices may enhance 
their performance through use of ZBB and program budgeting. 

Service organizations that lack the standards needed to develop a 
budget that objectively determines the revenues and expenses 
nevertheless develop budgets as a planning tool to reflect their 
operating plans to estimate financial resources needed and as a control 
tool to measure whether the organization is achieving its goals and 
where adjustment are needed to attain these goals. Because the 
amount of funds used is largely based on management judgment, they 
are often referred to as discretionary costs. The actual results are 
compared with the budget to understand where and why they differ 
from the budgeted figures and to assess the extent to which the 
organization is meeting its operating plans. The variances of actual 
results from the budget can be used by management to activities that 
require added management guidance, areas of where the performance 
exceeds expectations which the organization might expand and other 
changes needed to achieve organization objective. The budget is 



Chapter 1. Management of Service Organization Productivity 33 

typically based on historical cost levels adjusted for known changes in 
the cost structure or procedures. Achieving this budget does not 
necessarily assure a high level of productivity. 

Zero-base budgeting (ZBB) or a zero-base review is an approach to 
help managers develop budgets where standards are not available. The 
objective is to ensure that the budgeted cost level is rational and 
efficient. In essence, ZBB is a mechanism by which management can 
closely examine and reconsider the resource levels used by operating 
units for which there are minimal benchmarks regarding what is 
efficient and effective performance. 

Managers of each department under ZBB are asked to separate 
their department activities into decision units. Each decision unit 
assembles a decision package, which outlines the functions, goals, and 
costs of the decision unit. Managers must devise various programs, 
which will enable the decision unit to attain its goals, and these 
programs are included in the decision package with the most feasible 
program identified as such and the alternatives listed. 

Each decision package is evaluated in light of the costs and benefits 
of the proposed program and then ranked in order to select those that 
are most important to the organization. The ranking process will 
determine where resources will be allocated. Resources are typically 
allocated to the highest ranking decision packages. The benefit of this 
approach is that it focuses management attention on a review of what 
functions are performed and why, as well as the costs and benefits of 
these functions to the organization. After considering the value of 
each of the ZBB budget packages with respect to the current 
objectives of the organization and resource constraints, management 
must approve or reject each package. The result of this review may be 
to increase or decrease the activity and cost level. Hence, ZBB does 
not necessarily lead to increased productivity or reduced costs. 
Rather, ZBB seeks to balance productivity, quality and other 
management priorities to achieve the organization's goals. While ZBB 
analysis often is judgmental and qualitative , it is designed to help 
management match their priorities with the resources allocations and 
thereby rationalize the budget. The process of ZBB forces 
management to justify the expenditures under review for the 
upcoming year rather than simply applying an inflation adjustment to 
the prior year budget. ZBB has been subject to criticism because of 
the time and other costs associated with it and due to some questions 
about its ultimate effectiveness. Nevertheless, several large 
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corporations have found ZBB to be beneficial in managing internal 
staff functions and have described it as a preferred tool. 

Variations on ZBB have been adopted to pressure management to 
improve productivity. For example, management could increase the 
annual department budget by inflation less some fixed percent (i.e., 
inflation minus 2%). Improved productivity may result particularly if 
there have been no efforts to manage productivity in the past. 
Nevertheless, this approach can also result in a cutback in service with 
no change in productivity, which may be a dysfunctional result. In 
cases where variable costs are 50% of the total cost, a 1% cost 
reduction in variable costs may result in a 2% reduction in service 
resulting in a more dramatic result than was anticipated. It also may 
be demoralizing to departments that are already highly efficient and 
cannot readily reduce their budget level without incurring negative 
side effects, such as decreased quality of service. ZBB represents one 
way to avoid such across-the-organization arbitrary pressures to 
reduce cost. 

Application of ZBB has evolved into a focus on the expenditures 
above a certain point, such as 50% of the prior budget. This allows 
required and statutory activities over which management has little 
control to be automatically approved without specific review. In 
addition, the substantial effort required for a detailed ZBB review has 
led to its use on a cyclical basis where each service is reviewed every 
3 to 5 years (see, for example, Pyrrh (1973) and Brown (1981) for 
further discussion of ZBB). In addition, to manage the effort and costs 
of ZBB, it can be cycled to different departments of the organization 
so that only a small percentage of the organization is subject to this 
analysis in any one year. 

An example of a variation of ZBB used by a local non-profit radio 
and TV station illustrates the way the concept might be adapted to a 
service organization's objectives. They request that each departmental 
report on what would change if the department budget was cut 5% and 
10%o, and what would be added if the budget were raised 5%, This 
process is used to determine which sets of budgetary changes are most 
consistent with the organizations current objectives. Similar 
adaptations have been used by museums and other non-profit 
organizations. 

ZBB is most appropriate for service areas where little or no direct 
revenue is generated and when it is most difficult for managers to 
determine the efficient and effective amount of resources needed to 
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meet the service volume and quality objectives. Areas where 
revenues and/or more specific output units can be measured are more 
effectively managed through program budgeting techniques as 
described below. 

1.7.6 Program Budgeting 

Sometimes referred to as Program Planning and Budgeting 
Systems (PPBS), program budgeting is designed to indicate the 
resources used to provide specific services or groups of services 
identified as programs of the organization. A comparison of the 
program costs with its estimated benefits is the basis for reallocating, 
augmenting, diminishing, adding or deleting programs. Management 
defines the programs based on their goals and objectives and analyzes 
them consistent with these definitions. For example, a graduate 
business school might treat the masters of business (MBA) as the 
program. Another business school that has a lock step first year and 
electives in the second year might define the first year of the MBA as 
a program. Similarly a hospital might define organizational 
department like radiology and operating rooms as programs. 
Alternatively, they may view all elder care as a program resulting in 
combining the costs and revenues from several departments to 
describe the economic value of the program. 

The objective of program budgeting is to assess each program by 
evaluating the resources used in comparison with the revenue 
generated or the services provided. Program budgeting indirectly 
affects the productivity of an organization in several ways. The 
primary is improved resource allocation to augment the benefits 
generated with available resources. Program analysis may suggest 
areas where the cost of the program is not justified by the benefits. 
Such programs may be discontinued or scaled down. Resources may 
be redeployed from discontinued programs to increase the 
productivity of other programs. Additionally, program budgeting can 
improve productivity by segregating one program's costs and benefits 
from those of other programs and activities in the organization, which 
can sharpen the focus on ways to improve the management of each 
program. While program budgeting is not solely focused on 
productivity, it generates actions to enhance productivity. In a service 
business that sells its services to outside customers, a program budget 
analysis would be a product line analysis for those marketed services. 
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For example, an accounting firm might consider the profitabiUty and 
long-term benefits of its audit product line (or program) versus its tax 
services. Within the audit area, it may further consider specific 
industry audit profitability. A program review of non-commercial 
services in the same firm might be focused on training programs, 
practice development marketing programs, recruiting programs, etc. 

Program budgets lend themselves to direct correspondence with 
responsibility assignments in an organization. Consequently, this can 
be an effective tool to monitor and control operations over time. This 
requires that the accounting system be adapted to the program 
structure so that revenues and costs can be captured and reported on a 
program-by-program basis. Adding the program codes to each 
transaction and revising coding procedures accordingly can readily 
accomplish adapting accounting systems to a program budget. In this 
way, the program budget becomes a standard against which changing 
productivity can be measured and analyzed to some extent. 

1.7.7 Best Practice Analysis 

When the efficient standard is unavailable and an historical 
standard is either not feasible or unlikely to be reliable, a "best 
practice" review approach may prove to be a useful alternative. This is 
a process by which individuals, groups, or organizational units that 
provide similar services compare their operating methods, outputs, 
and resource utilization to establish a standard that will be used as a 
benchmark for efficient operations. The best practice standard 
represents the collective views of service providers about the most 
effective and efficient way to provide this service. It is the result of 
analysis, discussion, and to some extent negotiations about how the 
service should be produced. Essentially, this is an attempt to develop a 
standard that is efficient in resource utilization and effective in 
meeting quality and service objectives of the organization. It requires 
the sharing of information among service providers, and consequently 
it is less likely to be implemented across competing business 
organizations. This approach does lend itself to governments where 
the nature of competition does not tend to limit data sharing and where 
much of the information is already in the public domain. 

Professionals such as health care providers have employed best 
practice analysis to create treatment protocols for specific illnesses. 
These have been formally adopted hospitals as their "standard of 
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care". Here the objective is to ensure effective care while containing 
costs. If a physician or hospital staff follows this standard care, the 
patient is believed to be receiving reasonable treatment. If a patient 
experiences an adverse reaction that triggering a malpractice law suit, 
adherence to the standard of care provides some evidence that the 
treatment is within norms condoned by health professionals. The 
standard of care also provides one basis for negotiating fees for health 
services. Of course fee negotiations and malpractice claims are also 
influenced by many other factors. Even these standards are not 
necessarily reflecting the most efficient or effective way to treat a 
patient, which is why hospital standards of care will differ and why 
physicians may choose a treatment pattern that differs from the 
standard if they believe their patient requires another treatment 
pattern. 

Best practice reviews are costly in terms of human resource time 
required. However, the result is a standard that each participant's 
service units will strive to achieve. Inasmuch as it is based on actual 
operating experience, this standard will be achievable, although 
significant operating changes in each organization may be required. 

The most serious limitation is that the benchmark developed is a 
best practice rather than an efficient one. It is not explicitly designed 
to locate new ways to provide services with new technologies. Such 
possibilities may, however, be identified via this process and these 
findings can yield significant productivity improvement. 

The key benefit of best practice reviews is their ability to address 
service activities for which it is extremely difficult to develop 
standards because of heavy reliance on judgment and situation 
specific characteristics in determining how a service will be provided. 
One example of this approach is the development of medical care cost 
and procedure standards by physicians within groups of U.S. 
hospitals. This has provided significant insight about what various 
illnesses should cost for treatment. 

This best practice review process also occurs informally and 
formally within other service organizations such as architectural firms, 
money management firms, and software development firms. Meetings 
held to critique and develop ways to achieve effective results at 
minimum cost are frequent occurrences. Formalization of this process 
with a focus on productivity can result in a very specific best practice 
profile as has been achieved in the health care setting in selective 
applications to date. 
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1.7.8 Data Envelopment Analysis (DEA) 

Data Envelopment Analysis (DEA), a quantitative technique is 
used to establish a best practice group of units and to determine which 
units are inefficient compared to the best practice groups and the 
magnitude of inefficiencies present. Consequently, DEA clearly and 
objectively indicates which units should be able to improve 
productivity and the amount of resource savings and/or output 
measures that these inefficient units must achieve to meet the level of 
efficiency of the best practice units. 

Through use of linear programming, DEA obtains these insights by 
comparing the set of actual outputs achieved with the set of actual 
inputs used by organization units providing a similar set of services 
but naturally with varying volume and mix of services. It directly 
incorporates multiple inputs and outputs, which means that the results 
will be explicitly sensitive to the complexity and mix of outputs. It 
can incorporate outputs that have no clear price or market value, like 
training and new service development, which will benefit future 
periods but which consume resources in the short-term. Like the best 
practice review, it compares units that provide similar services; it does 
not locate new technologies to improve productivity except where 
individual units have adopted new technologies that make them 
relatively efficient. Unlike the best practice review, it is highly 
objective and focuses primarily on technical and scale efficiency. A 
key attribute is fairness in that the units that are found to be inefficient 
are located after considering their mix of inputs and outputs. A 
second benefit is that it provides strong indications of what type and 
amount of changes in inputs and outputs are needed to make 
inefficient units efficient. 

The basics of DEA will be described in detail in Chapter 2. At this 
point, the primary characteristics that are of note are that it is a best 
practice technique that can objectively locate real productivity 
improvement possibilities without the need for any standards and that 
it identifies best practice and inefficient units by comparing their 
actual operating results. DEA does require data on resources used, 
services provided, and other descriptive data be available in contrast 
to best practice reviews and peer reviews that can be completed with 
qualitative data. (We should note that qualitative data or information 
could be incorporated into DEA. See, e.g.. Cook (2005) and Cook and 
Zhu (2006).) 
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1.7.9 Peer Review 

Peer reviews are designed to allow an organization to benefit from 
the knowledge and expertise of outside professionals who are 
experienced in providing specific services. These consultants have a 
broad scope of knowledge in their fields, which enables them to 
address quality, effectiveness, and efficiency dimensions. In the 
absence of an objective benchmark of efficient and effective 
management, peer reviews can help management examine how an 
organization can improve the way in which it provides and manages 
its services. The input of qualified professionals provides information 
that may improve the efficiency of the organization. Increased 
productivity is only one of several possible outcomes. For example, in 
some cases physician peer reviews have resulted in decreased length 
of hospital stays leading to increased productivity (Churchill, Cooper 
and Govindarajan (1982)). In other cases additional patient tests, 
added treatments, and extended hospital stays have been suggested 
which improve the quality of service and reduce the risk of 
malpractice but at the same time decrease productivity by increasing 
costs. While productivity will not necessarily improve or approach the 
maximum attainable level as a result of this review, it does provide 
management the assurance that the issues of productivity and quality 
have been explicitly considered and that the organization has had the 
opportunity to benefit from the perspective of highly qualified 
professionals. To the extent that these professionals are recruited from 
without the organization, the peer review may be relatively objective 
and representative of the best professional judgments drawn from a 
cross-section of organizations. 

1.7.10 Management Reviews, Management Audits, 
Operational Reviews, and Comprehensive Audits 

This set of processes is tantamount to an elaborate peer review by 
independent individuals outside the organization unit. This differs 
from, and is more comprehensive than, a peer review in many cases 
because the types of expertise employed may go well beyond the 
service provider's profession per se. The team of individuals 
conducting such a review will include not only qualified peers but also 
individuals qualified in other analytical techniques needed for the 
review, such as survey experts to collect customer satisfaction data. 
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statistical experts to analyze the data collected in the review, and 
human resource management experts to evaluate the way 
professionals are managed and motivated. Management audits also 
differ from peer reviews in that results of the audit are presented to a 
third party, usually a more senior management group, in addition to 
the unit being audited. This design results in greater accountability for 
responding to the findings than a more insulated peer review. During 
a management review the independent auditors or reviewers analyze 
financial, operational, and managerial performance to assess the 
efficiency and effectiveness of the organization. The analysis may 
include observing operations, reviewing both internal and external 
financial statements and other operating data, and discussing areas of 
concern with personnel. The credibility and objectivity of the 
management audit are often greater than with the peer review because 
of the independence of the auditors and the broad range of expertise 
brought to bear in evaluating the organization's performance. 
Management reviews are particularly helpful in service environments 
because of the judgmental professional issues associated with the 
service sector. One organization that has developed methods for 
management audits and has applied this to highly diverse types of 
organizations with much reported success is the U.S. General 
Accountability Office (USGAO). The USGAO's methods are 
described in their audit guide referred to as the "Yellow Book" which 
along with examples of many of the studies can be found on their 
website, www.GAO.gov. Other governments, such as Canada, have 
also developed this type of audit and internal auditors for businesses 
have also developed guidelines for management audits in for profit 
and non-profit organizations. 

1.7.11 Activity Analysis, Activity Based Costing (ABC) and 
Activity Based Management (ABM) 

Activity Analysis: is a technique that compares the way the 
resource of employee time is used among similar units to establish a 
profile of the normal, more efficient, and less efficient units. This 
technique represents one powerful approach to define changes in job 
structure or design needed to make all units as efficient as the most 
efficient units. This is an area where terminology can cause 
unnecessary confusion. For example, program budget analysis may 
essentially be an activity analysis applied to an activity that is a 

http://www.GAO.gov
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program of the organization. An example of this would be the first 
year of a two-year MBA program where all students have the same 
first year course requirements. Here, all departments, registrar, human 
resources, housing, financial aid, etc. would be asked to estimate the 
amount of personnel time dedicated to this first year program as 
distinct from other programs including the second year of the MBA 
program. The activity analysis will provide an indication of the level 
of effort and human resources devoted to this program. The program 
budget analysis might include calculating the cost of these activities 
including the personnel costs resulting from the activity analysis to 
determining if the benefits of this program are consistent with the 
resources, and whether there are areas where the resources are 
excessive considering the objectives and the implications. Where the 
resources are excessive, alternative such as outsourcing food services 
or housing coordination or increasing fees for specific services such as 
housing might be explored. Here, activity analysis is key to 
understanding the full cost of a program. 

The initial step in the activity analysis is to develop a profile of all 
the functions, tasks, and/or transactions of the organization or part of 
the organization to be evaluated. Each employee is requested to 
estimate the time spent on each of these activities and via tabulation of 
these responses and basic statistical analysis, an array of time 
allocations by personnel type to each of the work functions is 
developed. This analysis indicates where time is expended and by 
whom. Management evaluates these results in light of the 
organization's objectives, the importance of each function, and the 
individuals most appropriate for completing those functions. Analysis 
of these data suggests areas where too little or too much time is 
devoted to certain tasks with respect to the importance of that task. In 
addition, it can identify reallocation of tasks and changes of 
procedures that will more closely align activities with those 
individuals most qualified to perform them. Additionally, the shift will 
emphasize those activities that most benefit the organization. 

In multiple office operations, activity analysis offers a view of how 
offices differ in the way they use personnel. These differences 
analyzed in light of other performance indicators may suggest patterns 
that are more effective, lower cost, and best practices. These patterns 
may then be used to adjust the way the higher cost offices provide 
services. 

Activity analysis relies on the ability of individuals to estimate how 
their time is currently allocated to the designated activities. The 
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accuracy of these data is difficult to determine and naturally must be 
considered in analyzing the results. The array of time spent on 
functions within and without each individual's and each department's 
activities provides insight that can lead to real productivity 
improvements that may not be apparent with other techniques. The 
assessment of which operating procedures and behavior need to be 
altered is, however, heavily dependent on the judgment of 
management rather than objective criteria (Schroeder, 1985). 

Activity Based Costing - Activity Based Management: In the 
early 1990s, a technique referred to as activity based costing (ABC) 
was developed. ABC allocates all costs associated with an activity to 
get a full cost measure of those activities. Activity based costing 
focused on costs of service departments (human resources, 
engineering, data processing, etc.) and other costs such as energy, 
administration, and facilities, not easily traced to the products or 
services. Each department is asked to define the services and activities 
they provide and what drives the costs of their department. For 
example, the human resource department might define activities as 
processing new hires, responding to health benefits questions, and 
compliance with employee reporting regulations. They would 
estimate the amount of their department expenses and personnel time 
are associated with each of the activities (three in this human resource 
example). The drivers of each or the activities would be defined, such 
as number of new hires for the new hire activity, and type of calls for 
the inquiry activity, suggesting that some inquiries are more costly 
than other types of inquiries. 

The ABC process begins by addressing similar questions raised in 
activity analysis, requiring each department to identify key activities 
and estimate the amount of resources related to these key activities 
that support services, products or other administrative departments. 
The amount of resources is then converted to dollar costs to estimate 
the amount of these costs associated with products or services. The 
result is a more precise allocation of all these indirect or less traceable 
costs to the products or services than was available with more crude 
allocation methods used in many accounting systems. The activity 
costs are allocated based on the activity that drives costs - referred to 
as cost drivers. For example, personnel costs might have been 
allocated the basis of number of employees in a department in a 
traditional accounting system. ABC might note that costs are not a 
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function of the number of employees, but that these costs are driven 
by the number of inquiries, injuries, employee turnover (hires and 
fires), and complex employment contracts found in each department. 
The personnel costs associated with activities such as inquiries would 
be estimated and allocated to each department based on the number of 
actual inquiries generated during a period. The result is a more 
precise cost estimate than is available in many accounting systems not 
employing ABC. This method allocates costs common to different 
activities, services or products based on the activity that drives or 
causes these costs. In the human resource (HR) department example, 
management might determine that some departments use much more 
services than others because they have more injuries, turnover, or less 
training. In this case, management can assess whether the higher use 
is justified and valuable. If not, it will suggest an area where 
streamlining the process can reduce HR costs without sacrificing 
services that a valuable to the business. 

The ABC costs can be evaluated by management in comparison to 
the value of these activities. For example, management may 
determine and eliminate excessive human resource time that was 
devoted to activities that add little value, such as handling minor 
health insurance claims. This may trigger exploration of alternative 
methods such as streamlining internal procedures, use of outside 
organizations to process claims, or changes in the arrangement with 
health insurers. 

Another example of the way management may alter operations 
using ABC, which gives rise to the title of activity based management 
ABM, is the way one firm changed their purchase order procedures. 
An ABC analysis determined that after allocating all activity costs to 
purchase orders, the cost per purchase order was about $300. While it 
was well understood that every purchase order did not cost $300, on 
average, the cost per purchase order was $300 and a reduction in 
purchase orders would reduce the time and other costs associated with 
this activity. They adjusted their internal procedures to authorize 
department to make purchased below $300 without requiring purchase 
orders. Management concluded the control benefits over small 
purchases were not significant enough to warrant a cost equal to the 
purchase. In addition, they incorporated this analysis in their 
accounting system to allow them to track the cost of purchase orders 
over time to monitor whether the costs were increasing or decreasing. 
Note that ABC and ABM are a type of best practice methodology; 
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they attempt to locate and strive for an efficient cost, but they do not 
suggest that the result is efficient cost. 

Consulting firms that conducted activity analysis (as distinguished 
from activity based costing) would be focusing on what resources are 
used to support a program, a department, or to produce a product or 
services. Activity based costing focusses on similar issues but 
attaches costs to these resources so they could be summed to develop 
costs of activities. Activity analysis was completed primarily to 
assess whether the amount are reasonable or seem excessive 
considering the objectives and value of the activity. Using activity 
based costing (ABC) to assess of the relative value of activities and 
identify ways to improve operations by lowering costs is referred to as 
activity based management (ABM). One key advantage of ABM is it 
coverts the activities to costs making it a system that can be 
incorporated in the accounting system of a business and which can 
easily be translated into earnings and ROI implications. 

Each of these methods have a different advantages and limitations, 
and share the objective of assessing how resources that are used to 
advance multiple objectives in an effort to develop more efficient 
operations and boost profitability. They help analyze how resources 
are used different programs, products, and services to identify ways to 
provide products and services with fewer resources while maintaining 
quality standards. 

1.7.12 Process Analysis 

Process analysis or process flow analysis encompasses the review 
of work procedures, methods, or systems used to provide services. 
This entails detailed review of each procedure required to provide 
each service as well as the development of flow charts or other 
diagrammatic materials that enable the analyst to review the process. 
Alternative procedures, alternative design of the job function, and 
alternative layout of the service facilities are considered to seek ways 
to streamline the process to make it more effective in meeting service 
objectives and in reducing resource requirements (Schroeder (1985)). 

1.7.13 Staffing Models 

Staffing models are widely used and are based on a set of analyses 
and assumptions using the methodologies described in this chapter as 
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well as other approaches such as queuing models. The staffing model 
reflects the amount and level or functional expertise of personnel 
needed for a particular type of service provided at various volume 
levels of activity. This approach essentially represents a standard for 
the human resource requirements of the service unit. Questions that 
warrant management scrutiny are how staffing model was developed 
and does it provide a standard that, if achieved, ensures high 
productivity? If this model reflects a type of efficient or engineered 
standard, it would be a useful model by which to allocate human 
resources to the service unit. 

If the model is based on historical staffing levels and/or is not able 
to fully account for the mix of services provided and mix of resources 
used, then it will not ensure high productivity. Rather, it will promote 
homogeneity among service units and in some cases may result in 
under-allocation of resources, which can impact other dimensions 
such as quality. 

Staffing models enable managers to quickly assess the need for 
resources based on a projected level of activity. It also allows 
comparison of actual staffing levels with the model to determine 
where excess resources are being utilized. Different models are 
needed for each type of service organization. Consequently, such a 
model would tend to be developed primarily for services where there 
are multiple offices or applications that justify the cost of developing 
the model. As noted, this does not represent a distinct methodology 
but reflects use of other methodologies. In practice, the underlying 
assumptions and methodology need to be reviewed to ensure that they 
continue to be relevant as the organization objective and operations 
change. While it is hard to generalize, staffing models have been used 
without revision past their point of relevance. Management may not 
be aware of or recall the assumptions behind the model and the extent 
to which they continue to be reasonable assumptions. As one 
considers which techniques make sense to manage their individual 
service business, another question to evaluate on a regular basis is 
what are the assumptions behind any staffing model in use? 

1.7.14 Balanced Scorecards (BSC) 

The balanced scorecard has been adopted by many businesses, 
government and non-profit organizations and is focused on managing 
the performance of these organizations. This is not a productivity 
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management technique, but we believe its wide adoption makes it 
useful to clarify how the BSC relates to the methods discussed in this 
chapter and to DEA. 

The BSC converts or redefines the strategy of the business into to a 
set of performance criteria and related targets. Progress in achieving 
strategic objectives is measured by comparing the actual results on 
each of the performance criteria against the target and this forms the 
basis for evaluating areas that require management efforts to remedy 
shortfalls and areas where the organization achieving its objectives. 
The performance measures are divided into four key areas: 1) 
financial, 2) customer, 3) internal business processes, and 4) learning 
and growth. Individuals in a business and business units have 
scorecards indicating the measures applied to their performance and 
the reward system is directly tied to the performance against the 
individual or department BSC targets. 

For a corporation, the common and overriding goal is the financial 
goal related to the shareholders and this, as described earlier, is 
focused on achieving outstanding ROI over a long period of time. 
The other three elements are needed to support and generate the high 
ROI, including maintaining and developing profitable customers, 
developing new products and services that are innovative and 
attractive to customers, and developing the human capital to continue 
this cycle. Non-profit and government organizations do not share the 
ROI objective and need to seek other financial goals such as 
maintaining solvency, meeting budgets, minimizing operating costs, 
and in some cases, maximizing profits of some of their operations. 
For these organizations, the BSC highlights the fact that financial is 
but one of several sets of key areas of concern. 

The productivity management methodologies covered in this 
chapter are not replacements or substitutes for the BSC. Rather, they 
are the techniques that would be used to boost financial results by 
reducing operating costs and to identify best practice internal 
processes to improve efficiency and reduce costs. For activities that 
are analyzed using productivity management methodologies, 
development of best practice targets may be derived from these 
analyses. Meaningful and objective targets are critical to the BSC, as 
meeting a target that is not efficient can provide a false sense of 
achievement. 

For example, DEA has been applied to identify ways to manage 
physician practice patterns. For a health plan, the benefits of this can 
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be to reduce the cost of care, which would contribute to the improved 
financial performance by improving the internal business processes 
i.e. helping physicians provide high quality care with fewer resources. 
In one health plan, it was noted that they are very concerned about 
managing costs, as cost increases result in the need to boost prices in a 
competitive and very sensitive market. At the same time, the plan 
identified another strategic concern that might be categorized in the 
customer satisfaction quadrant of the BSC ~ concern about under-
care. The health plan was concerned that pressure on physicians to 
keep costs down may result in some providing too little care, too few 
tests, too little preventive measures or immunizations etc. While 
using DEA to advance the financial objectives, they noticed the ability 
to use other information from DEA to deal with this customer quality 
issue. DEA identifies physicians that have low cost and low quality. 
The health plan is focusing on these physicians to determine if they 
are achieving low cost by providing under-care. This has the potential 
to improve the customer satisfaction, to help management learn about 
the practices of their service providers and to improve their business 
processes. 

Productivity management methodologies generate insights into 
best practices and efficient standards, which can be used to set targets 
for related BSC performance goals. 

Readers involved with service businesses and familiar with the 
balanced scorecard are likely to think of other ways the productivity 
methodologies discussed in this chapter can help an organization 
define and meet its BSC targets. 

1.8. CONCLUSION 

A wide range of approaches to manage productivity in a service 
organization have been noted in this chapter. For any one service 
activity, some of the techniques described may not be appropriate. 
Other services may require use of a combination or blending of 
techniques to achieve improved productivity. We believe most 
service organizations can enhance their productivity through 
applications of some of these techniques and that there are not other 
methods that we were able to identify as of the publication date of this 
book. The balance of this book focuses on the application of DEA to 
services. 



Chapter 2 

DATA ENVELOPMENT ANALYSIS EXPLAINED 

The purpose of chapters 2 and 3 is to provide a clear explanation for 
managers who may have no background in linear programming about i) 
what DEA is, ii) how to apply DEA to identify paths to improve service 
performance, Hi) how the reader can try DEA using Microsoft® Excel, 
and iv) how to use the Excel Solver based DEA software - DEAFrontier. 

2.1. INTRODUCTION 

Data Envelopment Analysis (DEA) is a very powerful service 
management and benchmarking technique originally developed by 
Chames, Cooper and Rhodes (1978) to evaluate nonprofit and public 
sector organizations. DEA has since been proven to locate ways to 
improve service not visible with other techniques. Yet there is an 
anomaly surrounding this developing methodology. One of the largest 
US banks located over $100 million of excess annual personnel and 
operating costs, enough to affect their earnings per share and these 
savings were not identifiable with other techniques in use. While 
other banks have also realized improved profits through initiatives 
driven by DEA, we could not locate more than 10 banks in this 
category. While businesses have no obligation to report their internal 
methods, DEA has not been widely adopted by banks. Why is DEA, a 
method that can generate new paths to improved profits not used when 
other less powerful techniques continue in use? We believe that 
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greater adoption of DBA will only be possible when it is more 
accessible, a key objective of this chapter and this volume. Moreover, 
every service organization can benefit from DBA in different ways 
and DBA can be adapted to help improve service productivity. 
Increased use by service managers will identify new strengths and 
benefits that can be derived from DBA along with gaps and 
weaknesses. The latter can set the agenda for future research on 
adapting DBA and will help identify areas where this methodology is 
inappropriate and ineffective, allowing managers to identify these 
types of applications of DBA. 

Linear programming is the underlying methodology that makes 
DBA particularly powerful compared with alternative productivity 
management tools. DBA has been widely studied, used and analyzed 
by academics that understand linear programming. * 

Managers have not widely adopted DBA to improve organization 
performance, in part, because most DBA publications are in academic 
journals or books requiring the ability to understand linear 
programming and supporting mathematical notation. In fact, some 
managers trying to use DBA based on their understanding of academic 
publications have misunderstood the way to apply DBA. They 
erroneously attribute weak results to the technique when the problem 
is often due to the misapplication of DBA. 

This chapter explains what DBA does, how DBA evaluates 
efficiency, how DBA identifies paths to improve efficiency, 
limitations of DBA, and how to use DBA. This will enable managers 
to explore and assess the value of using DBA in their service 
operations. 

What does DBA do? 
1. DBA compares service units considering all resources used 

and services provided, and identifies the most efficient units 
or best practice units (branches, departments, individuals) 
and the inefficient units in which real efficiency 
improvements are possible. This is achieved by comparing 
the mix and volume of services provided and the resources 
used by each unit compared with those of all the other 
units. In short, DBA is a very powerful benchmarking 
technique. 

2. DBA calculates the amount and type of cost and resource 
savings that can be achieved by making each inefficient 
unit as efficient as the most efficient - best practice ~ units. 
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3. Specific changes in the inefficient service units are 
identified, which management can implement to achieve 
potential savings located with DEA. These changes would 
make the efficient units performance approach the best 
practice unit performance. In addition, DEA estimates the 
amount of additional service an inefficient unit can provide 
without the need to use additional resources. 

4. Management receives information about performance of 
service units that can be used to help transfer system and 
managerial expertise from better-managed, relatively 
efficient units to the inefficient ones. This has resulted in 
improving the productivity of the inefficient units, reducing 
operating costs and increasing profitability. 

The above four types of DEA information prove extremely 
valuable because they identify relationships not identifiable with 
alternative techniques that are commonly used in service 
organizations. As a result, improvements to operations extend beyond 
any performance improvements management may have achieved 
using other techniques. 

To appreciate the power and limitations of DEA in improving 
efficiency, a few basic examples are described to establish various 
ways of defining efficiency. We believe these basic examples can be 
helpful for one inexperienced with DEA and interested in getting a 
sense of what DEA can and cannot do. If you are already familiar 
with basic DEA concepts, you may want to go to section 2.4.2 where 
the basic DEA model is presented and explained and section 2.4.3 
where instructions to run DEA on Microsoft® Excel are provided. 

2.2. BASIC EFFICIENCY CONCEPTS 

Efficiency can be simply defined as the ratio of output to input. 
More output per unit of input reflects relatively greater efficiency. If 
the greatest possible output per unit of input is achieved, a state of 
absolute or optimum efficiency has been achieved and it is not possible 
to become more efficient without new technology or other changes in 
the production process. 
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Technical and Scale Efficiency 

For example, in operating an automobile, we might measure ratios 
such as cost per mile or miles per gallon (MPG). We can determine 
the efficiency in terms of miles per gallon of auto A with its particular 
engine properly tuned by reference to the engineering specifications. 
Assume that auto A actually operates at 15 miles per gallon and its 
efficient miles per gallon is 20 miles per gallon. We can conclude that 
auto A is inefficient and that it is operating at 75% efficiency (15 
MPG/20 MPG). This represents technical inefficiency in that excess 
resources are used - gasoline - to produce a unit of output-one mile of 
travel. Auto A should be able to increase its miles covered per gallon 
to 100/75 or 133% of its current miles covered (or decrease the fuel 
used to cover one mile by 25%). Note that regardless of the price of 
gas, improving the technical efficiency would reduce gas costs, 
possibly as much as 25%, Also, note that as long as this is the 
technology used, this auto could not travel more than 20 miles per 
gallon, so that if the auto covers 20 MPG, it is at maximum efficiency 
of 100% and it is not possible to exceed 100% efficiency for the given 
technology. 

Even in this simple case, we might raise questions about conditions 
that influence fuel usage like road conditions, level vs. uphill travel, 
and the quality of the gasoline before concluding that the engine needs 
tuning. We will assume that these valid concerns are not issues for 
this introductory discussion. 

If auto A actually traveled at 20 MPG, we could consider it to be 
100% efficient. Auto B, designed to operate at 30 miles per gallon, 
which actually travels at 25 MPG, is operating at 25/30 or about 83% 
efficiency. If we compare actual performance, however, A is seen as 
less efficient than B (20/25 or 80% as efficient as B). In this case, we 
know that A cannot become as efficient as B with the technology and 
production methods used in A. This may be due to the size of A - i.e., 
it may be a heavier auto, which would mean that scale issues are a 
factor - or B may use a more advanced technology. Auto A would 
have to either change technologies or reduce its size to achieve higher 
MPG efficiency. This comparison of A and B does not allow us to 
observe that B is also inefficient with respect to the technology it 
employs. In order to gain some insights about B's inefficiency, it is 
necessary to compare autos of the same type that have better tuned 
engines and therefore operate at more than 25 MPG. 
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Key Point 1: When we focus on service organizations^ we generally 
cannot determine what the engineered, optimum or absolute efficient 
output-to-input ratio is. This is in contrast to the auto example where 
it was possible to determine the efficient engine performance. 
Consequently we cannot determine whether a service unit is 
absolutely efficient. We can, however, compare several service unit 
output-to-input ratios and determine that one unit is more or less 
efficient than another - benchmarking. The difference in efficiency 
will be due to the technology or production process used, how well 
that process is managed, and/or the scale or size of the unit. 

Price Efficiency 

We might choose to use cost per mile instead of the MPG measure 
of performance. One auto of type A, (Al), might be operating at 20 
MPG using gasoline that costs $1 per gallon, resulting in a cost of 5 
cents per mile. Another auto of type A, (A2), might travel 20 MPG 
but pay 80 cents per gallon, resulting in a cost of 4 cents per mile. Al 
is then only 4/5 or 80% as efficient as A2, but this is not due to 
differences in the way the engine is tuned or the technology employed. 
Rather it is due to price efficiency; A2 buys its fuel (input) at a lower 
cost. Again we don't know if A2 is absolutely efficient because it may 
be possible to buy gasoline at a price below 80 cents per gallon. 
Nevertheless, we know that Al is inefficient and could do better in 
terms of price efficiency. However, if a manager misinterpreted the 
higher cost of Al and requested the mechanics tune the engine to 
improve the performance and lower cost per mile, it would just waste 
the cost of the tune-up, as the engine is already 100% efficient. The 
cost per mile, similar to the information on operating expenses in an 
income statement, provides no indication of the reason the costs are 
higher or lower than other units or past periods. DBA allows a 
manager to look behind the accounting information to separate excess 
costs due to technical and scale efficiency from price efficiency to 
understand what type of actions they can initiate to reduce cost and 
improve profitability. 

We realize the price of gasoline can be three times the hypothetical 
in the US and that the gallon cost might be replaced by the cost per 
liter in Europe. We note this to assure the reader that the intent of the 
book is to provide usable practical guidance in applying DBA and that 
the simple illustrations should be accepted as a means to learning how 
DBA works. Actual applications with real data that yielded 
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substantial verifiable benefits are provided in the latter part of this 
book beginning with Chapter 6. 

Key Point 2: If inputs and/or outputs are measured in dollars rather 
than physical units, the efficiency differences we observe can be due to 
price efficiency as well as scale and technical efficiency. If we use 
both methods, physical and dollar measures, we can begin to 
segregate price from technical and scale efficiency. To understand 
which units are inefficient and how to improve them, we need to 
separately measure all the types of inefficiency present, DEA is one 
method of separating technical and scale efficiency from price 
efficiency, enabling it to locate methods of improving profitability of 
service organizations that already appear relatively profitable based 
on accounting measures reflected in an income statement, 

AUocative Efficiency 

Consider two employees, John and Mary, who each own two autos, 
one of type A and one of type B, and they can use either one or both 
for business transportation. If they use their respective A and B cars in 
different proportions, they may have different travel costs. Assume 
both A autos get 20 MPG, both B autos get 25 MPG, and all gas is 
purchased at $1 per gallon, so that the As cost 5 cents per mile and the 
Bs cost 4 cents per mile. If John uses only B and Mary uses A and B 
equally, John's cost is 4 cent per mile while Mary's cost is 4.5 cents 
per mile. Comparing these travel cost ratios, we could conclude that 
Mary is less efficient than John. His costs are 4.5/5 or 90% of Mary's 
and Mary is thus only 90% as efficient as John. This is an example of 
allocative inefficiency, which results from an inefficient mix of inputs 
- cars - used to produce the output - miles traveled. Note that both 
cars A and B are equally efficient with respect to MPG and input 
price. Note that a manager trying to reduce travel costs without the 
ability to segregate different types of inefficiency could erroneously 
suggest that Mary's cars need tune-ups or that she should try to find 
lower price gas, while Mary and John are already using efficiently 
tuned autos and paying the same price for gas. One way to reduce 
costs is to change the mix of use of Auto A versus Auto B. This 
conclusion requires the ability to segregate allocative efficiency from 
price and technical efficiency. We will illustrate ways DEA can assist 
in this type of analysis in the subsequent chapter. 
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Key Point 3: When more than one input and/or output are involved in 
the production process^ inefficiencies can also be due to the mix of 
inputs used to produce the mix of outputs^ which is referred to as 
allocative efficiency. 

2.3. RELATIVE WEIGHTS AND COSTS FOR INPUTS 
AND OUTPUTS 

Consider another scenario represented in Table 2-1. John and Mary 
use each of their cars to cover the miles needed to accomplish their 
respective assignments. Number of miles traveled is the output. There 
are two inputs: usage of car A and usage of car B. This car input 
could be measured in dollars costs or in amount of input units such as 
fuel, hours of use, or even miles. 

Table 2-1. Car Usage Example with Price and Allocative Inefficiencies 

Car 

A 
B 
Total 

A 
B 
Total 

# miles 
traveled 

80 
20 
100 

40 
160 
200 

MPG 

20 
25 

20 
25 

Actual Inputs 

Cost per 
gallon 
John 
LOO 
LOO 

Mary 
1.50 
1.50 

Total 
Cost 

$4.00 
$0.80 
$4.80 

$3.00 
$9.60 
$12.60 

Cost per 
mile 

0.05 
0.04 
0.048 

0.075 
0.06 
0.063 

Actual 
Output 
# of miles 

100 
Miles 

200 
Miles 

How can these two employees' efficiency with respect to the use of 
automobiles be evaluated? One common approach is cost per mile. 
This would suggest that John is more efficient than Mary as his cost 
was 4.8 cents per mile versus 6.3 cents per mile for Mary. This 
reflects the cost and amount of inputs used. From Table 2-1, we can 
observe that cost per mile is influenced by the cost per gallon. Indeed, 
John is more efficient than Mary because he pays less per gallon. This 
ratio analysis could be concluded at this point; and Mary could simply 
be told to use John's gas supplier or one with comparable costs. This 
would be a sub-optimal result, however, because it overlooks the car 
utilization; i.e., price efficiency is dealt with but we have not 
considered whether other efficiency improvements are possible such 
as changing mix of type A and type B automobiles used. Another 
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level of ratio analysis would be to compare the physical inputs with 
the outputs: there are two inputs, car A and B; how much of these are 
used? Since a ratio can include only one numerator and one 
denominator, the simplest approach is to add up the inputs and outputs 
to get one input and output number. 

John's inputs are 20 miles of A and 80 miles of B totaling 100 car 
units or miles of input. This yields an output-to-input ratio of 100/100 
= 1. Mary's corresponding output-to-input ratio is 200/(160 + 40) = 1. 
This ratio makes John and Mary appear equally efficient even though 
we can observe that this is not an accurate conclusion. 

The problem is that this ratio does not reflect the different usage 
levels of cars A and B by John and Mary. Note, however, that if Mary 
does finally buy gas from John's supplier, her cost per mile will be 2/3 
its current level, or 4.16 cents per mile, which is lower than John's cost 
of 4.8 cents per mile. Mary will then appear more efficient than John. 
There remain inefficiencies that are not observable using both the 
cost-per-output ratio and combined the physical input-to-output ratio. 
In this example we can see that Mary used more of car B, which had 
higher MPG than car A. Mary was more efficient because of the mix 
of physical inputs used. 

To make the efficiency ratios sensitive to the input and output mix, 
we would have to weight the inputs by their relative values. For 
example, we know that B uses 80% of the gas that A uses and 
therefore the cost per unit of B is 80% of A. 

Applying this relative value weight to A and B usage, we calculate 
adjusted input to output efficiency ratios for John: 100/([80][1] + 20 
[0.8]) = 100/96 = 1.04 and for Mary: 200/([40][l] + [160][0.8]) = 
200/168 = 1.19 

Only after the inputs are weighted by relative values and costs, 
does the ratio reflect Mary as more efficient. She gets 1.19 miles per 
weighted car input unit while John only gets 1.04 mile per weighted 
car input unit. 

The relative weights needed to value inputs (and outputs) are often 
not available. This is particularly true for service organizations. 
Without these weights, ratio analysis may be only marginally helpful 
and possibly misleading in multiple-output, multiple-input 
applications. This inability to identify reliable relative weights for 
different inputs and outputs limits the ability to use operating ratios to 
gain insights into ways to manage and improve performance. DBA 
has the ability to analyze relative performance when such weights are 
not available making it particularly effective in service environments 
where these weights are not available. This attribute - the ability to 
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incorporate multiple inputs and outputs in their natural units without 
knowledge of the relative weights - makes DEA uniquely suited for 
evaluating many service organizations and providers. 

Key Point 4: Ratios can provide very useful managerial information 
about efficiency; however, they are incapable of accommodating 
multiple inputs and outputs when accurate objective relative weights 
for inputs and outputs are not known. 

We noted earlier that car A could expect to operate at 30 MPG if it 
were properly tuned to its engineered efficiency level. The above 
analysis yields no hint of this type of inefficiency - whether John 
and/or Mary would be more efficient by having their cars tuned. This 
would require that we have an efficient standard to compare with 
actual results for a complete evaluation. The efficient standard is 
generally not available in service environments. Consequently, there 
will often be possibilities for efficiency improvements that will not be 
apparent from available analytic techniques including DEA. 

Finally, in proceeding with the DEA discussion, note that the 
easily observed causes of inefficiency in this simple example will not 
be readily observable in service units where several inputs and outputs 
are involved and where there may be 20 or 200 or 2,000 service units 
or providers being evaluated instead of two. DEA addresses many but 
not all of these problems and it has the ability to complement common 
analytical tools like ratio analysis to find ways of improving 
performance that are otherwise invisible as will be illustrated in the 
balance of this chapter. 

lA. DATA ENVELOPMENT ANALYSIS 

2,4.1 How DEA Works and How to Interpret the Results 

We now illustrate how DEA is used to evaluate efficiency by 
means of the simplified bank branch example noted in Table 2-2. This 
analysis assumes only one type of transaction (one service such as 
check cashing or receiving deposits) and two types of resources used 
to process these transactions - bank teller hours (H) and supply dollars 
(S). This example was selected because it lends itself to graphic 
description, and because it is simple enough to be analyzed without 
DEA. Hence, the results can be compared to an independent analysis 
of efficiency. Note that DEA is most valuable in complex situations 
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where there are multiple outputs and inputs, which cannot be readily 
analyzed with other techniques like ratios, and where the number of 
service organization units being evaluated is so numerous that 
management cannot afford to evaluate each unit in depth. 

Table 2-2. Illustrative Example of Five Bank Branches 

Service Unit 
Bl 
B2 
B3 
B4 
B5 

Service Output 
Transactions Processed (T) 
1,000 
1,000 
1,000 
1,000 
1,000 

Inpui 
Teller Hours (H) 
20 
30 
40 
20 
10 

tUsed 
Supply Dollars (S) 
300 
200 
100 
200 
400 

Assume that there are five bank branches (Bl, B2, B3, B4, and B5) 
and that each processes 1,000 transactions (e.g., deposits) during one 
common time period (e.g., week, month, year) by jointly using two 
inputs: tellers measured in labor hours (H) and supplies measured in 
dollars (S). (See Table 2-2 for a summary of the outputs and inputs.) 

The problem facing the manager is to identify which of these 
branches are inefficient and the magnitude of the inefficiency. This 
information can be used to locate the branches that require remedial 
management action, to reward the more efficient managers, and/or to 
determine the management techniques used in the more efficient 
branches that should be introduced into less efficient branches. While 
the manager can observe the number of transactions processed and the 
amount of resources (H and S) used, he or she does not know the 
efficient output-to-input relationship. That is, the efficient amount of 
labor and supplies needed for each transaction is not readily 
determinable. The problem is illustrated in Figure 2-1. 

In this example, it can be observed that Bl and B2 are relatively 
inefficient. Bl produced the same output level as B4 but used 100 
more supply dollars (S) than B4. B2 also produced the same output 
level as B4 but achieved this by using 10 more teller labor hours. 
With the information available in Table 2-2, it is not possible to 
determine whether B3, B4, or B5 is more or less efficient. While 
information about relative prices might allow one to rank B3, B4 and 
B5, the finding that Bl and B2 are inefficient would not change. That 
is, Bl and B2 should be able to reduce inputs without reducing 
outputs regardless of the price of the inputs. 
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Figure 2-1. Graphic Representation of the Five Bank Branches 

DEA compares each service unit with all other service units, and 
identifies those units that are operating inefficiently compared with 
other units' actual operating results. It accomplishes this by locating 
the best practice or relatively efficient units (units that are not less 
efficient than other units being evaluated). It also measures the 
magnitude of inefficiency of the inefficient units compared to the best 
practice units. The best practice units are relatively efficient and are 
identified by a DEA efficiency rating of ^ = 1. The inefficient units 
are identified by an efficiency rating of less than 1 (^ < l)^ DEA will 
provides an efficiency rating that is generally denominated between 
zero and 1, which will interchangeably be referred to as an efficiency 
percentage between the range of zero and 100%. The upper limit is set 
as 1 or 100% to reflect the view that a unit cannot be more than 100% 
efficient. Models in chapter 4 will describe a type of DEA analysis 
that allows the upper limit to exceed 1 or 100% for particular 
applications. Hence the computer DEA output may indicate the unit 

^ The symbol 0 is used to denote the efficiency measure (score) consistent with the 
original DEA literature. 
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efficiency 0= 0.43, which may also be referred to as a 43% efficiency 
rating. 

Table 2-3. DEA Results for Five Bank Branches 

Service Unit 

Bl 
B2 
B3 
B4 
B5 

Efficiency Rating (0) 
85.7% 
85.7% 
100% 
100% 
100% 

Efficiency Reference Set (ERS) 

B4 (0.7143) B5 (0.2857) 
B3 (0.2857) B4 (0.7143) 

Table 2-3 reports the results of DEA applied to these five branches. 
DEA identified the same inefficient branches that were identifiable 
through observation of the data. Bl and B2 have efficiency ratings 
below 100%, which identifies them as inefficient. In addition, DEA 
focuses the manager's attention on a subgroup of the bank branches 
referred to as the efficiency reference set in Table 2-3. This efficiency 
reference set (ERS) includes the group of service units against which 
each inefficient branch was found to be most directly inefficient. For 
example, Bl was found to have operating inefficiencies in direct 
comparison to B4 and B5. The value in parentheses in Table 2-3 
represents the relative weight assigned to each efficiency reference set 
(ERS) member to calculate the efficiency rating (0), Figure 2-1 
illustrates this using B2 as an example. (If a service unit's efficiency 
rating is 100%, then this unit is its own ERS and we generally do not 
report it as an ERS, which is the reason B3, B4, and BShave not 
reported ERS in the Table 2-3.) 

DEA has determined that, among the five bank branches, B5, B4, 
and B3 are relatively efficient. In this simple case, the solid line in 
Figure 2-1, which locates the units that used the least amount of inputs 
to produce their output level, represents this. These three branches, 
B5, B4 and B3 comprise the best practice set or best practice frontier. 
No indication is provided as to which if any of these three is more or 
less efficient than the other two. As noted earlier, all three could be 
somewhat inefficient. The best practice units are those that are not 
clearly inefficient compared with other units being evaluated. 

DEA indicates that B2 is inefficient compared to point e on the line 
connecting B4 and B3 in Figure 2-1. One way for B2 to become 
efficient is for it to reduce its inputs to 85.7% of its current level. This 
would move B2 onto the relatively efficient production segment at 
point e in Figure 2-1, which reflects the use of 25.7 teller hours (0.857 
X 200) and use of 171 supply dollars (0.857x200). DEA provides 
information to complete the calculation suggested in Figure 2-1. This 
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is illustrated in Table 2-4. (In Table 2-4, the inputs and outputs of the 
ERS branches B3 and B4 are multiplied by the weights derived by 
DBA noted in Table 2-1, 0.2857 and 0.7143, respectively. These are 
then added together to create a composite branch that provides as 
much or more services as the inefficient branch, B2, while also using 
less inputs that B2. These ERS weights are generally referred to as 
Lambda - X - values in the DEA models described below.) 

Table 2-4. Inefficiency in Branch B2 Calculated by DEA 

Outputs 
Outputs & Inputs of 
B3 

Efficiency 
Reference Set 

Outputs & Inputs of for Service Unit 
B4 B2 

Transaction 
Processed(T) 

Inputs (0.2857)x 

1,000 

40 

100 

Teller Hours (H) 

Supply $(S) 

The composite for B2 can then be compared with the inefficient unit B2 as follows: 

(0.7143) X 

"1,000" 

20 

200 

= 

"1,000" 

25.7 

171 

(T) 

(H) 

(S) 

Column 1 

Composite 

Outputs & Inputs 

(from above) 

1,000 

25.7 

171 

Column 2 

Branch B2 

Actual 

Outputs & Inputs 

1,000 

30 

200 

Column 2 -

Column 1 

0 

[Excess Inputs 
<̂ Used by 

29 [Branch B2 

Table 2-4 indicates that a mixture of the operating techniques 
utilized by B3 and B4 would result in a composite hypothetical branch 
that processes the same number of transactions (1,000) as B2 but that 
requires fewer inputs than B2. Hence, by adopting a mixture of the 
actual techniques used by B3 and B4, B2 should be able to reduce 
teller hours by 4.3 units and supply dollars by 29 units without 
reducing its output level. A similar calculation can be completed for 
each inefficient unit located by DEA analysis. These potential savings 
located with DEA, not identifiable with other available techniques. 
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have been converted into substantial real savings for service 
organizations. 

At this point it must be re-emphasized that DBA results are most 
useful when there are multiple outputs and inputs, and where the type 
of intuitive analysis that could be applied to verify the DBA results in 
the above example would not be possible. Nevertheless, the efficiency 
rating, the efficiency reference set, the analysis performed in Table 2-
4, and the ability to determine alternative paths that would make an 
inefficient unit efficient would all be readily available to management. 
Applications to numerous organizations suggest that the 
representation in Table 2-4 is one of the more direct ways to 
summarize and explain what DBA has achieved and its implications 
for management. The manager can see that a combination of existing 
branches results in a more efficient use of resources while providing 
the same services (outputs) as the inefficient branch. This can be 
adequate evidence to cause the manager to question why can't the 
inefficient branch 2 be as efficient as branches 3 and 4. While the 
weights applied to branch 3 and 4 to get the composite directly come 
from the DBA linear programming formulation, the manager does not 
need to know how those weights were developed and how DBA 
determined that branch 3 and 4 were identified as BRS branches that 
should be compared with branch 2. 

In summary, the interpretation of DBA results tends to proceed in 
the following order 

• The efficiency ratings are generated as in Table 2-4. Units that 
are efficient (^ = 1) are relatively, and not strictly, efficient. 
That is, no other unit is clearly operating more efficiently than 
these units, but it is possible that all units, including these 
relatively efficient units, can be operated more efficiently. 
Therefore, the efficient branches (B3, B4, and B5) represent 
the best existing (but not necessarily the best possible) 
management practice with respect to efficiency. 

• Inefficient units are identified by an efficiency rating of 6> < 1. 
These units (Bl and B2) are strictly inefficient compared to all 
other units and are candidates for remedial action by 
management. In fact, the inefficiency identified with DBA will 
tend to understate, rather than overstate, the inefficiency 
present because of the nature of linear programming which 
seeks to maximize the efficiency rating. . 
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• The efficiency reference set (ERS) indicates the relatively 
efficient units against which the inefficient units were most 
clearly determined to be inefficient. The presentation in Table 
2-3 summarizes the magnitude of the identified inefficiencies 
by comparing the inefficient unit with its efficiency reference 
set. 

• The results in Table 2-4 indicate the following: B2 has been 
found to be relatively less efficient than a composite of the 
actual output and input levels of B3 and B4. If a combination 
of the operating techniques used in B3 and B4 were utilized by 
inefficient B2, B2 should be able to reduce the number of 
hours used by 4.3 units and the amount of supplies used by 29 
units while providing the same level of services. Of course, 
management can also use DBA to identify other methods or 
combinations of methods to improve the efficiency of 
inefficient units. 

2.4.2 The Mathematical Formulations of DEA 

The linear programming technique is used to find the set of 
coefficients (w's and v's) that will give the highest possible efficiency 
ratio of outputs to inputs for the service unit being evaluated. 

Table 2-5 provides a DBA mathematical model. In the model, 
j = number of service units (SU) being compared in the DBA analysis 
SUj = service unit number j 
0 = efficiency rating of the service unit being evaluated by DBA 
y^j = amount of output r used by service unit j 
X.J = amount of input / used by service unit j 
/ = number of inputs used by the SUs 
r = number of outputs generated by the SUs 
u^ = coefficient or weight assigned by DBA to output r 
V. = coefficient or weight assigned by DBA to input / 

The data required to apply DBA are the actual observed outputs 
produced y^j and the actual inputs used x.j, during one time period for 
each service unit in the set of units being evaluated. Hence, x.j is the 
observed amount of the ith input used by the jth service unit, and y^j 
is the amount of rth output produced by the jth service unit. 

If the value of 0 for the service unit being evaluated is less than 
100%, then that unit is inefficient, and there is the potential for that 
unit to produce the same level of outputs with fewer inputs. The 
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theoretical development of this approach is discussed in detail in 
Cooper, Seiford and Tone (2000) and Zhu (2003). Rather than 
reproduce this discussion, DBA will be explained with several simple 
applications and with emphasis on how to apply it, how to interpret 
the results and the implications for managing productivity. 

Table 2-5, DEA Mathematical Model 

Objective Function 
s 

Maximize 9 = ^^y^Q^^^y^^^-^^ry. ^ l ! ^ 
v,x,, + v^x,^ +... +v^x^ 'X-^Xo ' ''I'^lo ""m-^mo TVX-

/=1 

(Maximize the efficiency rating 0 for service unit o.) 
This is subject to the constraint that when the same set of u and v coefficients is 
applied to all other service units being compared, no service unit (SU) will be more 
than 100% efficient as follows: 

SUl 

SU2 

m < 

< 

1 

1 

SUo 

U,yu+"2y22+- + "ryr7 

^ly^„+'^2y2o+•••+'^ryro ^ 5 ^ ^ ^ J 

Sv,.̂ ,, 

5Uj '^^y^J+l^2y2J+••• + "ryrJ ^ S"-^-^- ^ J 

V,X,j+V^X,j+... + V^X^j f^^^^^^ 
i=X 

w,, ..., u^. > 0 and v,, ,.., v̂  > 0 

DEA differs from a simple efficiency ratio in that it accommodates 
multiple inputs and outputs and provides significant additional 
information about where efficiency improvements can be achieved 
and the magnitude of these potential improvements. Moreover, it 
accomplishes this without the need to know the relative value of the 
outputs and inputs that were needed for ratio analysis (see Key Point 4 
above). 
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Assume that the DEA evaluation would begin by evaluating the 
efficiency of bank branch B2 in Table 2-2. Based on the DEA model 
(Table 2-5), the problem would be structured as described below using 
the data in Table 2-2. 

Calculate the set of values for u j , v j , and V2 that will give branch 
B2 the highest possible efficiency rating: 

x/r • • n WXIOOO) 
Maximize 0 = ^̂^ 

Vi(30) + V2(200) 

This is subject to the constraint that no service unit (in this case 
bank branch) can be more than 100% efficient when the same values 
for wj, vj , and V2 are applied to each unit: 

Bl M,(1000) 

Vj(20) + V2(300) 

B2 u,{\000) 

Vi(30) + V2(200) 

B3 ^^(1000) 

v^(40) + v,(100) 

B4 ^^(1000) 

Vj(20) + v,(200) 

B5 w,(1000) 

< 1 

< 1 

< 1 

< 1 

< 1 
Vi(10)4-V3(400) 

DEA calculates the efficiency rating for B2 to be 85.7% and the 
value for vj = 1.429 for hours, V2 = 0.286 for supply $s, and wj = 
0.0857 for service units. DEA would be rerun for each branch in the 
objective function as was done above to branch B2. 

Management is provided with alternative paths to improve the 
efficiency of bank branches in Table 2-2. For example, for branch B2, 
one path suggested in Table 2-4 (or model (2.2)) is for B2 to reduce H 
by 4.3 units and to reduce S by 29 units. Other paths can also be 
ascertained from the model (2.1). For branch B2, we have an optimal 
value of u = 0.000857 for transaction outputs, vl = 0.01429 for teller 
hours (H) and v2 = 0.00286 for supply dollars (S). This means that for 
each reduced teller hour, the efficiency of B2 increases by 1.43%. For 
each supply dollar decrease, the efficiency of B2 will increase by 
0.286%. For B2 to become relatively efficient, it must increase its 
efficiency rating by 14.3 percentage points (100-85.7%). Hence, B2 
can become efficient by decreasing H by 10 hours (10 hours X 
1.43=14.3%) or by decreasing S by 50 units (50x0.286%=14.3%), or 
by some combination of these reductions in H and S. Of course. 
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management would choose a particular set of operating changes based 
on an evaluation of cost, practicality, and feasibility for that particular 
organization unit. 

Note that optimal multipliers calculated by DBA are objectively 
determined weights that may not correspond to relative values that a 
bank would assign to outputs and inputs. This is actually a strength 
and is not a weakness of DBA. A bank branch located as inefficient 
using DBA is so identified only after all possible weights have been 
considered to give that branch the highest rating possible consistent 
with the constraint that no branch in the data set can be more than 
100% efficient. Hence, any other set of weights applied to all branches 
would only make an inefficient branch appear equally or less efficient; 
that is, DEA gives the benefit of the doubt to each branch or service 
unit in calculating the efficiency value. In addition^ DEA will not 
erroneously locate an efficient unit as inefficient. 

Managerial perspective on the DBA formulation: One of the two 
common forms of basic DBA is presented above and the other 
common form, referred to as the dual model, is presented below. 
These and other models are presented in detail to ensure that they are 
available to readers who want to understand how the model works. 
The manager will not need to understand these to be able to use them. 
However, there are a few observations that stem from the model that 
can be very useful for managers to understand as they use DBA. 
1. DBA gives the ''benefit of the doubt" to each unit being evaluated 

trying to make it look as efficient as possible in comparison with 
the other units. This means that the inefficiencies noted would 
tend to understate the actual inefficiencies that may be present. 
This is manifest by the maximization function in the DBA model 
above and in most DBA models. This bias makes this a tool that 
managers can use with confidence. When a DBA analysis is 
determined to be complete in terms of using appropriate inputs 
and outputs, it offers paths to achieve real improvements in 
performance. The amount of the improvements that are 
technically available would be at least as great as the amount 
identified with DBA. Indeed, the conservative nature can 
occasionally result in all or almost all the units being assigned an 
efficiency rating of one. This result is understandably 
disappointing to managers, as it suggests that DBA can find little 
opportunity to increase efficiency of the organization. At the 
same time, when DBA points to inefficiencies, they are real, often 
substantial, and generally not identifiable with other techniques. 
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2. The weights are assigned by DBA to make each service unit look 
as efficient as possible. In the above example, we did not know 
the relative value of teller hours versus supplies. DBA calculated 
a weight for these for B2 based on the linear program 
formulation. The weights calculated for hours was vj = 1.429 and 
V2 = 0.286 for supply dollars ($s). These weights when plugged 
into the above model suggest that the BRS branches B3 and B4 
have efficiency ratings of 1.0 or 100% and B2 has an efficiency 
rating of 0.857 or 85.7%. Roughly, this means B2 is using about 
15% excess resources based on the DBA analysis compared with 
B3 and B4 and these savings would be achievable if B2 operated 
more like B3 and B4. 

When the manager of B 2 is informed that their unit is not 
performing as well, the manager could question whether the 
weights used for the inputs of hours and supplies are accurate 
weights, particularly since these weights are not known in 
practice. That manager can be challenged to find any other set of 
weights that if applied to all the branches would make B2 look 
more efficient while not allowing any other branch to be more 
than 100% efficient. They would fail this challenge. The set of 
weights calculated already make B2 appear as efficient as 
possible compared with the other branches. Any other set of 
weights applied to all the units would result in B2 having an even 
lower efficiency rating than the current rating of 85.7%. This also 
means that if we substitute another set of weights that are 
believed to be more reflective of the market than the weights 
assigned by DBA, the inefficiency will be greater and the 
potential benefits of improving the inefficient units to approach 
the best practices will be greater than estimated with the model 
above. (Readers are encouraged to explore the impact of using a 
different set of weights.) 

3. Relative weights: The weights assigned to the inputs and outputs 
have managerial and analytic value. In DBA models discussed in 
chapter 5, influencing these weights allows the manager to 
substantially increase the DBA insights about ways to improve 
performance. 

The weights information has also been used for analytic purposes, 
sometimes overestimating the information content of these 
variables. For example, the values v^ = 1.429 for hours, V2 = 
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0.286 for other expenses define the slope of the line between B3 
and B4 in Figure 2-1. The slope is -5, which is vi/v2. This has 
been characterized as a rate of substitution suggesting that the 
units operating in this segment of the efficient frontier, B3,B4 
could substitute $5 of supplies for one teller hour. This describes 
the slope of the actual line. There are some DBA user that will 
interpret this slope as the actual rate of substitution or the 
efficient rate of substitution for these inputs. If a manager were 
planning to use these variables to derive rates of substitution, 
careful testing and analysis of the results will be needed before 
one can rely on these data in this way. At this point, it is sufficient 
to caution users about misuse of this part of the DBA information. 
We will clarify the issues in the next Chapter when we have a 
more elaborate example to illustrate the potential value and 
misuse of these weights. 

We should also note that multiple optimal weights are very likely 
to be present When we solve the DBA model, weights generated 
by computer runs can be different from each other. We do not 
recommend use optimal DBA weights (or multiplier) directly. 

To run DBA on a standard linear program package, the fractional 
forms in Table 2-5 are algebraically reformulated as follows^: 

s 

Maximize 9 = u^yxo-^^iyio^-"^^ryro (= Z^r)^ro) 

Subject to the constraints that̂  

m 

^lyij -^^2y2J -^ '--^^ryrj ^^l^lj -^^2^2] -^ "'-^^m^mj 

" This expression maximizes the numerator for the unit being evaluated, trying to 
assign it the highest possible productivity rating. 

^ This expression sets the denominator for the unit being evaluated equal to 1. This is 
related to the Charnes-Cooper transformation (Charnes and Cooper, 1961). 
Although we use the same (weights) notions, the weights in this model are 
actually different from the ones in Table 2-5. Interested reader is referred to the 
first chapter in Cooper, Seiford and Zhu (2004) for the transformation involved. 
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The above expression in standard mathematical notation is: 

s m 

That is, the DBA model presented in Table 2-5 is actually 
calculated as 

Maximize ^u^y^^ 
r=\ 

subject to 

Yj^ryrj^Yj^i^ij < 0 , y = l , . . . ,n (2.1) 

m 

u,, V. > 0 

where, we assume that we have n service units. 
To obtain the information provided in Table 2-4, one needs to 

employ the dual linear program to model (2.1). That is, 
min^ 

subject to 
n 

Y^j^ij ^ ^io i = 12,.,„m; {a) (2.2) 

n 

Y^j-yrj^yro r = l,2,...,^; {b) 

Zj>0 7 = l,2,...,n. (c) 

The dual is seeking the efficiency rating, minimize 0, subject to 
the constraint (a) that the weighted sum of the inputs of the other 
service units is less than or equal to the inputs of the service unit being 
evaluated and (b) that the weighted sum of the outputs of the other 
service units is greater than or equal to the service unit being 
evaluated. The weights are the /I (lambda) values. The other service 
units with non-zero lambda values are the units in the efficiency 
reference set (ERS). For example, in Table 2.4, DBA was evaluating 
B2 and the A value for B3 was 0.2857 and for B4 was 0.7143. The 
efficiency rating 0 for B2 was 85.7%. 
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The result is the weighted sum of the inputs was 25.7 Teller Hours 
which was 85.7%, the efficiency rating of the amount used by B2 and 
the weighted sum of the Supply $s was 171 which is 85.7% of the 
amount used by B2 meeting constraint (b) above. The weighted sum 
of the outputs, transactions processed, was 1000, which is equal to the 
output of B2. When the 6 is below 1 or 100%, the above situation 
results where there are groups of ERS units that produce as much or 
more outputs and use less inputs offering a path to improve efficiency 
of the inefficient units. When DBA tries to minimize 6 for the 
service unit being evaluated and it cannot find /I weights that will 
generate an efficiency level below 1 or 100%, this defines a relatively 
efficient unit where there is no opportunity to improve efficiency 
compared with the performance of other service units in the data set. 

In DBA, model (2.1) is referred to as "multiplier model" where u^ 
and V. represent output and input multipliers (weights), respectively. 
Model (2.2) is referred to as "envelopment model". We next illustrate 
how to solve DBA models (2.1) and (2.2) via Microsoft® Bxcel 
Solver and how to obtain the information on the Efficiency Reference 
Set. 

2.4.3 Solving Envelopment DEA Model as a Linear 
Program in Spreadsheets 

This section describes the process of incorporating the DBA 
analysis into a Microsoft® Bxcel spreadsheet (Bxcel). This should 
prepare a new DBA user to apply it using Bxcel with or without the 
software program included in this volume. We believe this is also 
useful for two distinct reasons. First, it demystifies what is happening 
in other elaborate DBA codes or programs to emphasize that this is not 
a highly complex process and that it is understandable at the level of 
basic algebra. Second, the process is inputting or recording the 
equations into this excel program helps familiarize the user with the 
basic relationships-equations in the DBA model. 

The programming elements described below are referenced to the 
basic DBA model to allow the reader to create and run a DBA 
program that runs on Bxcel. This involves a few steps that may utilize 
Bxcel capability unfamiliar to the reader, but which can readily be 
used to develop a working DBA program if the following steps are 
carefully followed. The process involves the following steps: 

1. Install and enable the Bxcel spreadsheet to use a program that is 
referred to as an "add-in". The "add-in" that will be enabled for 


