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Abstract

The balanced scorecard (BSC) is an accepted methodology for putting strategy into
action. The BSC provides a comprehensive performance measurement for an
organization with respect to both financial and non-financial perspectives, including the
triple bottom line of planet, people, and profit. Through various implementations to
companies, organizations, and sectors, balanced scorecards have been used widely both
for strategic purposes, as well as for more tactical focus for auditing current performance.
BSC implementation is particularly adequate when integrated with the operational
processes of the organization. The integration between the strategic plan and the financial
and operational plans proceed via the business process model that covers the operational
processes associated with the objectives of the organization in the strategy map. In this
way, BSC is a tool for real-time monitoring of performance as well as providing the
crucial linkage to the organization’s strategy that enables the proper implementation of
the organization’s strategy. Data envelopment analysis (DEA) has been widely applied
for measuring the efficiency of a specific decision-making unit (DMU) against a
projected point on an efficiency frontier. DEA is therefore particularly suitable for
measuring the organizational efficiency based on the BSC indicators, which are defined
as Key Performance Indicators (KPIs). In the commercial fisheries sector, sustainable
strategy of fisheries organizations can be gained by running the current operations more
effectively, and by integrating processes enabling adaptation to change. The efficiency
frontier of the DEA model can be used to calculate the efficiency of fisheries operations.
The proposed research is undertaken as part of the Canadian Fisheries Research Network
(CFRN) to investigate the application of BSC and DEA for defining commercial fisheries
performance evaluation variables with respect to the objectives of environmental
sustainability, economic viability, and social and cultural stability in compliance with,
and in the absence of, performance monitoring alleged in the Fisheries and Oceans,
Canada Integrated Fisheries Management Plans (IFMP). The combination of BSC-DEA
methodologies is developed in this research as a required performance monitoring system
suitable for IFMPs for analyzing the relative efficiency of commercial fisheries case
studies across Canada towards incorporating best sustainable practices in the industry.

Key words: Balanced Scorecard (BSC), Key Performance Indicators (KPI), Data
Envelopment Analyses (DEA), Integrated Fisheries Management Plans (IFMPs),
sustainability, triple bottom line, commercial fisheries industry sector.
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1. Introduction

This document presents the master’s thesis of the author in partial fulfillment for the
degree of M.Sc. in Systems Science. The research presented in this thesis presents the
problem of the monitoring of the multiple perspectives of sectorial performance of
alternative commercial fishing operations over time. This research is in support of
integrated management of common property commercial fisheries, which are within the
mandate in Canada of federal government department of Fisheries and Oceans, Canada.

A common-property resource is the property of no one person, but by definition, of all
people in common. The living resources of the ocean are viewed as common property to
coastal states. However, when these living resources are harvested, they have market
value and are thereafter treated as private property. Commercial fisheries seek ways to
increase the productivity in their valued marine subsystems. Thus, productivity
assessment and evaluation in commercial fisheries organizations are very important.
Productivity performance includes two main factors: 1) efficiency and 2) effectiveness. In
order to assess productivity, commercial fisheries seek to control these two parameters
toward achieving organizational objectives. In this study these two factors are controlled
and measured by BSC (effectiveness) and DEA (efficiency). Thus, these two factors
helped us to define the productivity concept and describe the fact that we measure
productivity by linking this factor of BSC and for overall performance evaluation DEA.

1.1 Background and Motivation

In order to access secure, sustainable future fisheries’ performance, efficiency and
effectiveness are identified as the two key elements of productivity. Fisheries
sustainability covers all sides of productivity including the social and cultural,
environmental, and economic aspects of fisheries. Balancing sustainability strategy plays
a pivotal role in terms of solidifying the future sustainable state of commercial fisheries
productivity and performance. Analyzing the performance gaps by knowing the current
status of commercial fisheries regarding, their productivity, and their strategy for the
future, would lead to this balance. Thereafter, the comparison of small-scale fisheries
sectorial practices before and after the introduction of efficiency regulations in parallel
with their current situation would be a starting point toward planning for a balanced and
sustainable future. In the case of small boat fisheries, defining fisheries problems by
financial measures alone overlooks their non-financial and sustainability-relevant
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perspectives. Collectively, these measures are prominent due to their potential to be
modified and improved by converting to measurable indicators.

The challenge of managing food supply to match the increasing planetary needs while
maintaining the ecological system has become more challenging than at any time in the
past. New products and production methods, fragmentation and outsourcing of
production processes, and changing value chains are characteristics of today’s global fish
markets (OECD, 2010). According to The State of World Fisheries and Aquaculture
(FAO, 2014), capture fisheries and aquaculture supplied the world with about 145.1
million tonnes of fish products in 2009, as shown in Table 1.1 below.

Table 1.1 World fisheries and aquaculture production and utilization. Source: (FAO, 2014)

2007 2008 2009 2010 2011 2012

(Millron tonnes)

PRODUCTION

Capture

Inland 10.1 10.3 105 13 11 116
Marine 80.7 79.9 79.6 778 826 79.7
Total capture 90.8 90.1 90.1 89.1 93.7 913
Aquaculture

Inland 29.9 324 343 36.8 38.7 419
Marine 20.0 20.5 214 223 233 247
Total aquaculture 499 52.9 55.7 59.0 62.0 66.6
TOTAL WORLD FISHERIES 140.7 143.1 145.8 148.1 155.7 158.0
UTILIZATION'

Human consumption 1173 1209 123.7 128.2 131.2 136.2
Non-food uses 234 222 221 199 245 21.7
Population (billions) 6.7 6.8 6.8 6.9 7.0 71
Per capita food fish supply (kg) 17.6 17.9 18.1 185 18.7 19.2

Note: Excluding aquatic plants. Totals may not match due to roundina.

This impressive development has been driven by a combination of population growth,
rising incomes and urbanization, and facilitated by the strong expansion of fish
production, more efficient distribution channels and as a whole, more productive
processes (FAO, 2014). Therefore, fisheries would aim to maximize their productivity by
considering their strategies as a bottom line of their performance as an active sector of a
global trend.

The BSC is a strategic managerial tool composed of a collection of measures, arranged in

12
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groups, and denoted as scorecards of the organization’s performance. The measures or
the key performance indicators are aimed at providing managers or decision makers with
a comprehensive view of the major aspects of their organization. BSC combines financial
and operational measures, and focuses both on the short- and long-term objectives of the
organization (Hosseinzadeh et al., 2010). The key to achieve the current objectives and
continuous improvement is dependent on the ability of the organization to measure
consistently and constantly the performance of value-added processes within an
enterprise (Braam & Nijssen, 2004). Thus, over the last several years, many organizations
have adopted a variety of performance measurement systems (PMS) (Fernandes et al.,
2006) (Prajogo & Sohal, 2004). One of the PMS methods that have been widely applied
is Data Envelopment Analysis (DEA). DEA is an analytical method that can be used to
measure the relative efficiency of a set of production systems, or decision-making units
(DMUs) on the basis of observed inputs and outputs, which may be expressed with
different types of metrics (Najafi et al., 2009)

Fisheries and Oceans Canada (DFO) uses Integrated Fisheries Management Plans
(IFMPs) to identify performance outputs for individual fisheries management plans.
However, the full integration of Canadian fisheries into the IFMP framework was
incomplete and for those IFMPs that had been developed, the content was highly variable
between plans. The IFMPs template provides a brief overview of economic conditions
and social, as socio-economic dimension and due to the lack of practical performance
determinations, there are some examples such as pacific salmon, which is unable to
deliver on the template requirements. Aligning all the IFMP processes with strategic
goals and measuring the efficiency by focusing on strategic criteria can result in a step
forward toward determining the performance of commercial fisheries and a basis for
comparison between fisheries case studies, which operate within the commercial fisheries
sector.

1.2 Research Question and Research Objectives

Limiting fishing effort has been accomplished by limiting harvest efficiency. This
approach to fishery management sustains most of the characteristics of a common
property resource, but conflicts directly with fishing business management. While the
commercial fisheries industry strives for greater efficiency and production, the Canadian
public regulator (Fisheries and Ocean, Canada) typically, and in the name of
conservation, attempts to reduce the rate of exploitation of fish stocks and harvesting
production of the industry by restricting efficiency.

13
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This research project aims at developing a BSC framework to align the performance of
commercial fisheries with its associated business strategy in order to enhance the
organization’s efficiency while focusing on strategy. Furthermore, case studies from the
commercial fisheries are examined using publicly available data in an effort to identify
the most efficient fisheries sector using the DEA approach. The DEA provides a clear
view of efficient performance in comparison with other comparative fisheries case
studies.

The following research questions were therefore proposed for this study:

1. How can the Balanced Scorecard (BSC) be designed to apply to the commercial
fisheries harvesting sector and what are the corresponding Key Performance
Indicators (KPIs) that are appropriate and available (from existing data) for
measuring fisheries harvesting sectorial performance?

2. How can DEA be used to determine the multiple perspective efficiencies of
fisheries harvesting sectors, and what are the efficiency benchmarks and the
relative efficiency of selected commercial fishery case studies?

3. How can the BSC-DEA methods be applied to improve the multiple perspectives
of performance measurement of commercial fisheries harvesters as required for
the Integrated Fisheries Management Plans?

The objective of this research is to compare the relative efficiency of sectorial fisheries
harvesters for different fisheries case studies as a paradigm of the industry to deliberate
each other’s relative performance using the quantitative techniques of BSC and DEA.
The results enable the relative comparison of commercial fishery operations toward the
overall goal of sustainable fisheries systems. Several steps are taken to achieve the
proposed thesis objectives and to provide the means of answering the research questions.

These steps consist of:

1. Developing an appropriate and a generally applicable BSC model for application
to a broad range of commercial fisheries case studies for the east coast and west
coast fisheries in Canada. Defining the set of KPI’s for each perspective in the
BSC model, as well as for the recognition of the triple bottom line of
sustainability, i.e., ecological/ ecosystem sustainability, economic viability, and
social and cultural stability.

2. Measuring, evaluating, and comparing the suite of fisheries case studies according
to their relative efficiency, and determine areas of best practice among case
studies under investigation.
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3. Preparing suggested performance management reports for a revised [IFMP that
includes a comparison of harvesting efficiency among the sectors (i.e., gear types)
of the fishery.

This study combines the BSC and DEA approaches to identify a comprehensive view to
all the financial and non-financial processes taking place in the commercial fisheries
industry in Canada.

1.3 Thesis Outline

An outline of the key components presented in each chapter of this thesis is as follows:

Chapter 1 — Introduction: The current section provides the background information to
commercial fisheries global market as well as the motivation for this study.

Chapter 2 — Literature Review: A literature review of the concepts examined in this
study will be presented in this section. Areas of interest include terminologies,
approaches to preparedness, preparedness measures and indicators, and evaluation and
preparedness modeling. Chapter 2 also presents applications of the study and a summary
of the literature reviewed.

Chapter 3 — Methodology: The methodology section of the thesis will examine the tools
and potential methods required to develop the framework mentioned as part of the
objectives.

Chapter 4 — Analysis and Results: An overview of the analysis method and modeling
approach will be shown in this section. The sample cases will be used as an example to
show the results.

Chapter 5 — Conclusions and Recommendations: The outcome as well as
recommendations for Balanced Scorecard and Data Envelopment Analyses approaches
will be discussed in this chapter.
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2.Literature Review

This chapter of the, thesis reviews the literature of on the research methodologies of
Balanced Scorecard, Data Envelopment Analysis, and the application area on commercial
fisheries in Canada, The literature review is divided into four main sections, namely:
(2.1) Balanced Scorecard; (2.2) Data Envelopment Analysis; (2.3) commercial fisheries
systems; and (2.4) Canadian commercial fisheries case studies. These sections are further
subdivided into particular subareas of interest relevant to the thesis research.

2.1 Balanced Scorecard

The balanced scorecard is a strategic planning and management system that is used
extensively in business and industry, government, and nonprofit organizations worldwide
to align business activities to the vision and strategy of the organization, to improve
internal and external communications, and to monitor organization performance against
strategic goals.

The balanced scorecard (BSC) approach was first introduced by Kaplan and Norton in
1992 as a performance management tool (Kaplan & Norton 1992). Its aim was to present
management with a concise summary of the key performance indicators (KPI) of the
business, and to support alignment of business operations with the defined strategy of the
organization. The authors’ intention was to keep a score of a set of Key Performance
Indicators (KPIs) that could maintain a balance between objectives and performance
perspectives. Kaplan and Norton provided a medium to translate the strategy of the
company into a set of related objectives and their performance measurements.
Furthermore, these measures effectively communicated a powerful, forward- looking,
strategic focus to the entire organization. The fact that companies mainly relied on
traditional financial accounting measures was a motivation for Kaplan and Norton to
convert a ‘narrow and incomplete picture of business performance into a comprehensive
one’ (Fernandes, Raja, & Whalley, 2006, p. 625)

As a result, they suggested that financial indicators must be put into account with non-
financial indicators that reflected customer satisfaction, internal business processes, and
the level of learning and growth in the organization. Their BSC was designed to
complement the ‘financial measures of past performance with measures of the drivers of
future performance’ (Fernandes, Raja, & Whalley, 2006) (Kaplan & Norton, 1996).
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By adopting a ‘holistic’ view of the organization, managers, who were being
overwhelmed with data, would spend more time on decision-making according to the
results of data analysis. The original balanced scorecard framework included the
following four organizational perspectives: (i) the financial perspective; (ii) the customer
perspective; (iii) the internal-business-process perspective; and (iv) the learning and
growth perspective. These perspectives represent three major stakeholders of any
business (shareholders, customers, and employees), thereby ensuring that a holistic view
of the organization is used for strategic reflection and implementation. The success of the
Balance Scorecard framework depends on the perspectives themselves and the measures
chosen to be consistent and flexible with the corporate strategy and changes that might
occur in the long term (Fernandes, Raja, & Whalley, 2006) (Kaplan & Norton, 1992)
(Kaplan & and Norton, 1996).

BSC requires that companies categorize KPIs in four perspectives and develop
performance measures within each of these categories as shown in Figure 2.1 below. This
figure requires completion of Objectives, measures, targets, and initiatives for each of the
four BSC perspectives that arise from the Mission and Vision of the organization. In this
way managers can track and measure objectives with feasible activities. Thus, BSC can
provide a practical framework not just a strategic framework like a potential idea.

Identification of the ‘strategic objectives’ is based on interviews with mangers by internal
or external consultants. Then, specific measures can be developed for these objectives
through meetings with executives and experts in the industry (Fernandes, Raja, &
Whalley, 2006) (Garca Valderrama et al., 2008) (Banker, 2004).
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Figure 2.1 Four perspectives for the preparation of a Balanced Scorecard for an organization.
Source: Kaplan and Norton (1996).

Once managers and decision makers define initiatives toward reaching the firm’s targets along

each perspective, then the organization has a balanced approach to reaching its overall strategic

objectives.

2.1.1 Perspectives

According to the BSC theory, the original framework has four perspectives that can

summarize all feasible and non-feasible aspects of an organization. There are some
examples in Kaplan and Norton (2004) that have more than four perspectives in their

scorecard, but the majority of them followed the four perspective original framework. In
this section, each of the four perspectives of the Balanced Scorecard are examined and

described.
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2.1.1.1 Customer Perspective

Managers need a clear idea of their targeted customer and business segments, and select a
set of core outcome measurements for these targeted customers. These outcome measures
represent the current situation of the company’s processes. Managers must also identify
what customers in targeted segments need, and according to these requirements choose
the value proposition. They then define objectives and select measures from among three
classes of attributes that, if satisfied, will enable the company to develop its business with
these targeted customers. The three classes of customer attributes are:

1. Product and service attributes: functionality, quality, and price

2. Customer relationship: quality of purchasing experience and personal
relationships

3. Image and reputation

By selecting specific objectives and measures across these three attributes, managers can
focus their organization on delivering a superior value proposition to their targeted
customer segment (Kaplan & Norton, 1996).

This perspective focuses on identifying the customer and market segments in which the
business unit will compete and the measures of the business unit’s performance in these
marked segments.

2.1.1.2 Internal Process Perspective

In the internal-business-process perspective, managers identify the critical processes that
are value-added considering the objectives of shareholders and targeted customer
segments. In comparison with conventional performance measurement systems, Balanced
Scorecard enables - further than monitoring cost, quality, and time-based measures of
existing business processes - the demand for internal process performance to be derived
from the expectations of specific external constituencies.

The innovation process plays a pivotal role in the internal-business-process perspective. It
highlights the importance of first identifying the characteristics and opportunities of
market segments that the organization needs to satisfy with designing and developing the
products and services for those targeted segments. This approach enables the organization
to focus more on research, design, and development processes. The operations process
remains important and organizations should identify the cost, quality, time, and
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performance characteristics that will enable it to deliver superior products and services to
its targeted current customers (Kaplan & Norton, 1996).

The measures focus on the internal processes that will have the greatest impact on
customer satisfaction and achieving an organization’s financial objectives. In the Internal
Process perspective of the Balanced Scorecard, the key processes that have a value
adding impact on the whole system are identified in order to continue adding value for
customers and, ultimately, shareholders.

2.1.1.3 Learning and Growth Perspective

The ability to meet ambitious targets for financial, customer, and internal-business-
process objectives comes from the organizational capabilities for learning and growth.
There are three enablers for the learning and growth perspective: (1) employees, (2)
systems, and (3) organizational alignment. Strategies for superior performance will
generally require significant investments in people, systems, and processes that make the
foundation of any organizational improvement. Consequently, objectives and measures
for this perspective should be an integral part of any organization’s Balanced Scorecard.

A core group of three employee-based measures (satisfaction, productivity, and retention)
provide outcome measures from investments in employees, systems, and organizational
alignment. The drivers of these outcomes are, to date, somewhat generic and less
developed than those of the other three balanced scorecard perspectives. These drivers
include summary indices of strategic job coverage, strategic information availability, and
a degree of individual, team, and departmental alignment with strategic objectives. The
absence of company-specific measures indicates the opportunity for future development
of employee, systems, and organizational metrics that can be more closely linked to a
business unit’s strategy (Kaplan & Norton, 1996).

Human resources are the most valuable organizational resources that can add crucial
value to the business processes. This perspective identifies the infrastructure that the
organization must build to create long-term growth and improvement. The result of
measures in the Learning and Growth perspective of the Balanced Scorecard trace the
impact of the human resources on the other aspects of an organization, and eventually
managers can modify this foundation to gain its effect on the organizational structure.
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2.1.1.4 Financial Measures

Financial Objectives represent the long-term goal of the organization to provide returns
based on the capital invested. The Balanced Scorecard makes the financial objectives
explicit, and customizes them in different stages of business unit’s life cycle. The
scorecard enables senior executives of business units to specify not only the metric by
which the long-term success of the enterprise will be evaluated, but also the key financial
performance to create and to drive the long-term outcome objectives. Indicators of the
financial perspectives are customized to the industry, the competitive environment, and
the strategy of the business unit (Kaplan & Norton, 1996).

Every indicator selected for each perspective interacts with each other in the whole
system as a link of cause-and-effect relationships, ending in financial objectives, that
represents a strategic theme for the system under investigation. As a result, the BSC
framework is not a group of isolated or even conflicting objectives. The framework tells
the story of the strategy, translating to the long-run financial objectives, linking these to
the sequence of initiatives that must be taken with financial processes, customers, internal
processes, and finally employees to deliver the desire performance (Kaplan & Norton,
1996).

Summarizing the readily measurable economic/financial consequences indicates whether
a company’s strategy, implementation, and execution are contributing to the profit
bottom line improvement. Financial measures are a critical component of the Balanced
Scorecard framework, and are considerable especially in the for-profit commercial
environment. The measures in this perspective indicate whether strategy execution, which
is detailed through key performance indicators chosen in the other perspectives, is
leading to improved profit bottom-line results. “The causal paths from non-financial
objectives on the scorecard should be linked to financial objectives. This procedure
implies that strategy is translated into a set cause and effect relationships, which are
crucial because it allows the measurements in nonfinancial areas to be used to predict
future financial performance. Thus, the financial measures are about past performance
while non-financial measures are the drivers of future performance. The validity of the
model relies, however, on the assumption that the cause-and-effect relationship exists
between the objectives and their measures in each perspective” (Fernandes et al., 2006,
p.626) (Kaplan & Norton, 1996) (Kaplan & Norton, 1992) (Eilat et al., 2006)
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2.1.2 Interrelationships among four perspectives of BSC

In order to achieve objectives in the financial perspective of BSC framework, all
objectives and measures in other perspectives should be linked (Gosselin, 2005);
(Laitinen, 2005); (Kim & Davidson, 2004). To achieve a synergetic effect, firms should
emphasize the cause and effect relationship among the KPIs in each perspective. Olve,
Roy and Wetter (2000) discussed that improved value in human resource and
development capital should be the leading indicators of improvement in customer capital
and profitability. These authors develop a cause and effect model that indicates that the
measures of human resource development would influence the internal business process
of the firm directly and from there that customer and financial aspects can be affected
(Najafi et al., 2009). These interrelationships are shown in Figure 2.2.

Customer Perspective
Internal Process
Perspective

il

Learning and Growth
Perspective

Figure 2.2 Cause and effect relationships among the BSC Perspectives. (Niven, 2001)

Figure 2.2 shows that each perspective would have an impact on each other. As a result,
synergetic effects driven from these perspectives could integrate all aspects of an
organization. On the other hand, Paul Niven’s analogy of the Balanced Scorecard is that
of a tree (Figure 2.3).
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Figure 2.3 Cause and effect. Source: (Niven, 2001)

In Figure 2.3, the Learning and Growth perspective are the roots, the tree trunk is the
Internal capabilities of a firm, targeted Customers are the branches, and the leaves
represent financial perspective. It is a continuous cycle of renewal and growth in any
organization or dynamic system. As in nature, leaves (finances) fall to fertilize the ground
and root system, which stimulates knowledge, skills, and growth throughout the
organization. In this respect, the Learning and Growth perspective is the foundation on
which all other perspectives are built (Niven, 2001).

BSC comprehensive perspectives would make it possible for managers to monitor and
ensure that the objectives of the organization's strategy will be implemented and
achieved. It also allows to monitoring the evolution of organizational decisions taking
into account a set of key indicators. In this respect, each activity in the organization must
be belonged to each particular aspect of the strategy to help the organizations to achieve
full success. BSC can complete the traditional approach of measuring the financial
success of organizations in the way that organizational vision and strategy are converted
into goals, strategic indicators, targets and initiatives and that its unfolding occurs
through other perspectives beyond the financial, with the focus of maintaining long-term
sustainability (Gomes & Romao, 2014) A Balanced Scorecard framework describes the
strategy through the objectives and Key Performance Indicators that have been chosen for
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measurement. These measures link together in a chain of cause-and-effect relationships
from the KPIs in the Learning and Growth perspective to improved financial performance
drivers as reflected in the financial perspective.

However, this framework contains a serious failure in its construction, once it focused
management strictly on a set of pre-defined indicators and measures and they are not able
to respond to simple and fundamental question, such as “what our competitors are
doing?" (Kennerley & Neely, 2003). Also, BSC does not monitor competition or
technological developments. This implies that does not take into account the uncertainty
inherent risks involved in the events that can threaten this strategy. The effect of this
control model can lead to serious dysfunctional behavior and loss of control over the
implementation of the strategy (Norreklit, 2003).

In this study, we applied BSC to balance our KPIs with all specific perspectives by
strategy map however, another use of this method as a measurement tool is scoring which
needs some improvements. In addition to the advantages, BSC needs to be completed by
other performance measurement methods in terms of its targets and projections because
this method can describe and measure the current situation of the company and
understanding future steps would not be possible without making comparisons with the
same active sectors in a specific industry. Data Envelopment Analysis as a proper
complementary efficiency measurement tool has been described in next section. Also, the
Key performance indicators that are defined in each perspective and balanced according
to the quantitative and qualitative goals would make a bridge between these two methods.

2.2 Data Envelopment Analysis

Data Envelopment Analysis is a managerial tool for measuring efficiency using linear
programming techniques (Charnes, 1985). There are many studies in DEA terminology
and applications. This review section considers the most important related publications to
the method under investigation for the proposed research thesis.

Recent years have seen a great variety of applications of DEA (Data Envelopment
Analysis) for use in evaluating the performances of many different kinds of subsystems
engaged in any industry. One reason for this is because DEA has opened up possibilities
for application in cases that have been resistant to other approaches due to the complex or
often unknown nature between multiple inputs and multiple outputs involved in systems
often-reported in non-commeasurable units. Determining the efficiency of some
applications extend to evaluating the performances of organizations, institutions, cities,
regions and countries with many different kinds of inputs and outputs that include for
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instance, "social" expenditures as inputs and various "quality-of-life" dimensions as
outputs which, in turn, have led to dealing with more important issues at the global level
(Cooper et al., 2007).

DEA has also been used to supply new insights into activities (and entities) that have
previously been evaluated by other methods. For instance, studies of the best practices
with DEA have identified inefficiency in some of the most profitable organizations that
served as the benchmarks base on their profitability as the only criterion (Cooper et al.,
2007).

A critical concept in DEA approach is efficiency. “DEA considers a decision making unit
or DMU is efficient if it complies with the Pareto-Koopmans efficiency, which implies a
DMU is efficient if and only if it is not possible to improve any input or output without
worsening some other input or output” (Fiallos, 2013).

The basic DEA model computes the virtual efficiency score as the ratio of a weighted
sum of outputs to a weighted sum of inputs. These weights used are not determined by
human judgment but by solving a linear programing model. Thus, they are derived from
the data and not from expert opinion. Alternatively to most scoring schemes where a
single structure of weights is used to evaluate each unit’s performance, the weights in the
DEA virtual efficiency score differ across DMUs. This is because for each individual
DMU, a model is run to calculate a set of weights for each input and output. These
models can be interpreted as the set of most favorable weights for a specific DMU, in
order to maximize its own virtual efficiency score (Cooper et al., 2007).

For each DMU, DEA calculates a measure known as the virtual efficiency score.
Depending on the type of DEA model, this score can be interpreted as the required
modification (in %) of inputs or outputs to transform an inefficient DMU into an efficient
one, or as a value that summarizes all the inefficiencies found in a DMU’s inputs, outputs
or both (Fiallos, 2013).

Based on the ideas of Farrell (1957), the primary work "Measuring the efficiency of
decision making units" by Charnes, Cooper & Rhodes (1978), applied an input/output-
oriented model (the CCR model) using linear programming to estimate an empirical
production technology frontier (Ebnerasoul, Yavarian, & Azodi, 2009). Later in 1984
Banker, Charnes, and Cooper (1984) introduced the BCC model allowing the breakdown
of efficiency into technical and scale 