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ABSTRACT

A limited number of studies have been conducted to demonstrate the potential impact of
managing supply chain (SC) day-to-day practices on improving a company's financial
performance. Previous research in this area has often failed to develop a fully integrated
performance measurement framework which captures the critical link between SC performance
and overall business performance. The inability to describe the applied methodology in detail, to
cover all business dimensions and to incorporate different levels of decision making were factors
found to limit the impact of these frameworks on enhancing organisations performance. This
research proposes a procedure to align SC operational strategy to a company's financial strategy
in the manufacturing sector through developing a framework linking SC operations' performance
to the company's strategic financial objectives.

A SCOR FAHP technique is proposed combining the Supply Chain Operation Reference
(SCOR) model and the fuzzy analytic hierarchy process (FAHP) technique to analyse, assess and
improve the performance of SC operations. Based on the SCOR model, SC processes were
mapped and their corresponding performance measures were identified. The relative weights (W)
of SC performance measures were calculated using the FAHP technique, then a performance rate
(R) was assigned for each measure with respect to a performance rating scale. Finally, the
weighted rates (WR) of all measures were aggregated to calculate a supply chain index (SCI)
which revealed the overall SC operations' performance.

To align SC operations' performance with a company's strategic financial objectives, a
performance measurement method is developed linking SC performance metrics (SCOR FAHP
technique) to a company’s financial performance metrics. The Du Pont ratio was incorporated in
the financial performance metrics. The analysis of this ratio illustrated the priorities of financial
performance factors (revenue, cost and assets) through assessing the contribution of each factor
to the improvement of the company’s profitability and operating efficiency. The Dempster
Shafer/Analytical Hierarchy Processes (DS/AHP) model was employed to determine the relative
importance weights of the five main SC performance measures with respect to the priorities of
financial performance factors.

The appropriate SC operational strategy was formulated with respect to the relative weights of
SC performance measures and the priorities of financial performance factors. To evaluate the
impact of SC operations’ performance on enhancing the overall financial performance, a supply
chain financial link index (SCFLI) was introduced and calculated before and after implementing
the formulated SC operational strategy. A scenario approach was undertaken to illustrate how the
developed method can be applied according to various possible financial results. A software
application system was designed based on Structured Query Language (SQL) database to enable
the real application of the developed research procedure. To demonstrate the applicability of the
research procedure, a case study of a manufacturing company was conducted.

The research provides an original contribution to knowledge by creating a framework linking
SC operations' performance to the company's strategic financial objectives for better alignment
with the company’s financial strategy. This research is also a contribution in that it proposes two
indexes (SCI and SCFLI) to evaluate, monitor and control SC operations’ performance. The
analysis of these indexes provides continuous feedback on SC performance and allows tracing
SC processes that need improvement resulting in more control over daily SC operations.
Moreover, the developed research procedure helps companies to formulate the appropriate SC
operational strategy by considering the targeted financial outcome and proposing the subsequent
plans of action to enhance and control the performance of the relevant SC operations.
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CHAPTER ONE - INTRODUCTION

1.1 Introduction to the Research Topic

Due to the intense domestic and international competition that organisations currently face,
companies will not be able to compete or survive unless they develop strategies to achieve cost
reduction, quality improvement and increased productivity. However the real challenge for
organisations is how to manage the trade-offs between such strategies as they usually work
against one another. For example implementing strategy to achieve cost reduction could
negatively impact quality or result in reduction in productivity. The management of material,
products, information and time flow through the supply chain has a direct impact on the success

of these strategies (Chan et al., 2002).

Traditionally, managers have considered that cutting stocks is all that is required for managing
costs and hence improving performance (Christopher, 2005). Many organisations still rely on
reviewing the financial aspects of their businesses to evaluate business performance. However,
financial measures alone cannot provide a holistic view of the critical success factors (Umar and

Olatunde, 2011).

Financial performance measures are governed by rules and guidelines which make them a
simple and clear source of useful information about financial outcomes and the internal
operations shown in the financial statements (Zuriekat et al., 2011). Although financial
performance measures have been widely used to measure an organisation’s performance, their
ability to capture and reflect the different aspects related to an organisation’s performance is
limited. Financial performance measures are used to measure inputs and outputs through their

codification into financial terms (Neely, 2003). These measures evaluate how well the
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organisation converts inputs into desired outputs without tracing the way in which the various
inputs interact to produce the outputs. The inability to capture the organisation’s processes that
leads to such outputs makes these traditional financial measures unable to cope with the rapid

changes in the business environment (Behn, 2003).

Since supply chain activities begin with a customer order and end when a satisfied customer has
paid for his purchase, supply chain management has become a strategic tool to achieve the
satisfaction of customer demand (Chopra and Meindl, 2007). A supply chain (SC) is a set of a
company’s entire operations directly and indirectly interlinked and interacted to transform inputs
into outputs that are delivered to the end customer. Harrison and New (2002) reported the results
of a major international survey undertaken in 1999 into the relationships between corporate
strategy, supply chain strategy and supply chain performance management in manufacturing
companies across the major industrialised countries. The survey revealed that 90 percentage of
the respondents believed that supply chain performance was important or very important for

achieving competitive advantage in the future (Forslund, 2007).

Managers at different levels should be aware of the connection between supply chain
performance and the company's financial strategy, and how the company's daily actions can
impact the overall financial performance. Presutti Jr. and Mawhinney (2007) stated that 70
percentage or more of manufacturing companies’ expenditures are on supply chain-related
activities, which highlights the potential impact of an effectively managed supply chain in

contributing to overall improvement in financial performance.

Therefore, it is of value to develop a procedure aligning supply chain operational strategy and

the company’s overall financial strategy through linking SC operations' performance to the
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company's financial performance. After that, the impact of managing SC operations’ performance

on enhancing the financial performance of a company will be examined.

In addition, it will be beneficial to illustrate how this procedure can be applied in the
manufacturing sector through conducting a case study within the context of the Egyptian market.
In developing countries, there is still a significant lack of understanding of the concept of supply
chain performance and the implementation of its practices (Saad and Patel, 2006). Although
supply chain management has become essential for achieving business success, the term "supply
chain" and the concepts of supply chain management are still not well known in the Egyptian
market (Abdelsalam and Fahmy, 2009). Moreover, supply chain management is not yet in the
forefront of determining a company’s financial performance which highlights a need for an
applied framework capturing the critical link between an organisation’s SC operational strategy
and its business performance. Understanding the link between SCM practices and financial
performance improvement could help companies to gain competitive advantage through linking

SC performance to the company's targeted financial objectives.

The remainder of this chapter is organised as follows. Section 1.2 defines the research aim and
objectives. The research processes and the methodological tools employed in this research are
illustrated in section 1.3. Section 1.4 identifies the research originality. Finally, section 1.5
outlines the dissertation structure and clarifies relationships between the research processes, the

research methods and the structure of the dissertation.
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1.2 Research aim and objectives

Based on the above discussion, the aim of this research is:

To develop a procedure to enhance the financial performance of manufacturing companies

through managing performance of the supply chain operations.

Six objectives have been identified to achieve this aim:

1-

To review the literature concerning supply chain performance and its link to overall

financial performance.

To propose a technique to analyse, assess and improve the performance of supply chain

operations.

To develop a performance measurement method to link supply chain operations’

performance to the company’s strategic financial objectives.

To design a software application system to measure and evaluate the impact of supply
chain operations’ performance on enhancing the company’s overall financial

performance.

To demonstrate the applicability of the proposed procedure through conducting a case

study of a manufacturing company.

To propose a scenario analysis approach in order to illustrate how the developed research

method can be applied according to various possible financial performance results.
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1.3 Research methodology

The research applies a deductive research approach incorporating both quantitative and
qualitative research methodologies. The stages and processes of the research methodology, by

which the research aim and objectives will be achieved, are illustrated below:

1- Extensive review and analysis of published literature in the following research areas:

- Performance measurement: to review the general issues of a performance
measurement system and discuss the evolution of performance measurement from a
traditional financial performance measurement system to the development of

integrated performance measurement systems.

- Supply chain performance management: to study different performance measurement
systems and frameworks which propose to evaluate SC performance and provide an
insight into the design and implementation of a performance measurement system in a

SC context.

- SC performance financial link: to discuss and analyse published literature that studies
the links between supply chain management (SCM) practices and financial

performance improvements.

2- Proposing a technique incorporating the fuzzy analytic hierarchy process approach
(FAHP) and the Supply Chain Operations Reference-model (SCOR) to analyse, assess

and improve the performance of SC operations.

3- Developing a performance measurement method to link SC operations’ performance to a
company’s strategic financial objectives through demonstrating and utilising the

relationship between SC operations’ performance and the company’s financial
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performance using the Dempster Shafer/Analytical Hierarchy Processes (DS/AHP)

model.

Designing a software (SW) application system based on Structured Query Language
(SQL) database utilising the proposed SCOR FAHP technique in order to enable the real
application of the developed research methodology through measuring and evaluating the
impact of supply chain operations’ performance on the company’s overall financial

performance.

Conducting a case study of an Egyptian bottled water company in order to demonstrate
the applicability of the research method and explore the impact of managing supply chain
operations' performance using the proposed procedure on enhancing the company‘s

financial performance.

Proposing a scenario analysis approach to illustrate how the developed research method
can be applied in various possible financial performance contexts to determine the most
appropriate supply chain operational strategy with regard to targeted financial objectives

under possible scenarios.

The above stages of the research methodology are conducted based on data gathered,

analysed and evaluated from primary and secondary sources. Primary data is collected from

documentation, archival records, direct observations (formal, casual), a series of interviews

(open ended interviews, focused interviews and formal survey) and informants. In addition to

the primary data, secondary data is collected from books, online references and periodicals

and specialised journals in logistics and supply chain management. Also, SCOR model

(version 9) is employed at the stage of establishing the SCOR FAHP technique as a
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secondary source of data to map SC processes and identify the corresponding performance

measurcs.

Figure 1.1 summarises the main phases of the research methodology.

~\
* Performance measurement
*SC performance management
Literature | «SC performance financial link
review J/
\

*Proposing the SCOR FAHP technique

*Developing a performance measurement method employing DS/AHP model to
Conceptual | link SC operations’ performance to a company’s strategic financial objectives
framework J

N
*Designing software application system

*Case study

Application | *Scenario analysis approach

Figure 1.1: The main phases of the research methodology

1.4 Research originality

The following original contributions to knowledge are made through creating a framework
aligning supply chain operational strategy and overall financial strategy for companies in the

manufacturing sector.

1- Proposing a SCOR FAHP technique which provides an effective tool to manage and

quantify SC operations’ performance

The proposed technique introduces an effective tool to analyse, assess and improve the
performance of supply chain operations through quantifying: SC measurement criteria,

environmental uncertainty and the subjective judgements of SC performance evaluators. The
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developed SCOR FAHP technique is derived from Theeranuphattana and Tang (2008).
Theeranuphattana and Tang (2008) proposed a model combining the SCOR model and the
methodology developed by Chan and Qi (2003b) to identify and employ SC performance
measures. Eliciting from this model, the proposed technique combines the FAHP method
with the SCOR model to assess the performance of supply chain operations where the
environmental uncertainty and subjective judgements of SC performance evaluators are
determined and quantified using a fuzzy prioritisation method, adapted from Chang et al.,

(2009).

2- Developing a performance measurement method to link SC operations’ performance to

the company’s strategic financial objectives using DS/AHP model.

A method derived from Presutti Jr. and Mawhinney (2007) is developed to link SC
operations' performance to the company‘s financial performance. Presutti Jr. and Mawhinney
(2007) focused on the performance of both processes and the output of processes. SC
performance metrics measure the performance of SC processes in terms of reliability,
responsiveness, agility, cost and asset management based on SCOR model standard
performance metrics, while financial performance metrics evaluate and analyse the
performance of the outputs of these processes based on the Economic Value Added (EVA)
concept. The Presutti Jr. and Mawhinney (2007) method is developed further in this research
by incorporating Du Pont ratio analysis in the financial performance metrics in order to
analyse the financial performance in terms of efficiency and profitability. To link SC
processes’ performance to the company's financial performance, the developed method
employs the DS/AHP model developed by Beynon et al. (2000). According to the DS/AHP

model, the importance weight of the evaluation criteria is determined with respect to the
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priorities of related decision elements. Using this model, the importance weights of SC
processes’ performance measures can be determined with respect to the priorities of the
company’s financial strategy. Consequently, SC operational strategy is formulated based on
these priorities through linking SC operational strategy to the focus area of enhancing

financial performance.

3- The research introduces two indexes (Supply Chain Index (SCI) and Supply Chain
Financial Link Index (SCFLI)) to evaluate SC operations' performance and link it to the

company‘s financial performance.

- Based on the SCOR FAHP technique, SCI with its operational levels is introduced to
provide an overall view of SC performance. It can be analysed to assess the
contribution of each SC performance measure to the overall SC performance. The
analysis of this index mirrors the detailed performance of SC operations which allow
companies to trace SC operations that need improvement and propose strategies to

enhance their performance.

- Based on the developed performance measurement method to link SC operations’
performance to the company’s strategic financial objectives, SCFLI with its strategic
priorities 1s introduced to measure and evaluate the impact of supply chain

operations’ performance on enhancing the overall financial performance.

4- Designing a SW application system based on SQL database which enables the real

application of the research method.

The developed SW application provides continuous feedback on supply chain performance

and helps to decide the necessary corrective actions through calculating the two indexes (SCI
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and SCFLI). Analysing the indexes offers opportunities for detailed evaluation of SC

operations’ performance resulting in more control over the daily SC operations.

5- Scenario analysis approach is developed to illustrate how SC operational strategy can be
linked to a company's financial performance in various possible financial performance

scenarios.

This approach helps companies to formulate the appropriate SC operational strategy by
considering the targeted financial outcome and proposing the subsequent plans of action to

enhance and control the performance of the relevant SC operations.

1.5 Structure of the dissertation

This dissertation comprises the following chapters:

Chapter 1- Introduction: This chapter presents an overview of the research aim, objectives,
methodology and originality. In addition, it outlines the dissertation structure and clarifies

relationships between this structure and the research processes and methods.

Chapter 2- Literature review: This chapter critically reviews the literature in the areas of
performance measurement systems, supply chain performance management and the link between

SCM practices and financial performance improvements.

Chapter 3- Research methodology: Chapter three identifies the research scope, philosophy,
approach and strategy, on which the theoretical framework is formulated and the methods,

models and techniques used in creating it are discussed.

Chapter 4- Research framework: In this chapter, the scientific framework is formed and

illustrated using a numerical example. The proposed SCOR FAHP technique and the
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performance measurement method to link SC operations’ performance to a company’s financial
strategy are explained with a numerical example demonstrating them. The numerical example
provides a holistic view of how the framework created can be implemented, making the
implementation on the real case study- which presented in chapter five- much easier and more

organised.

Chapter 5- Case study: development and findings: Chapter five presents the case study of the
Egyptian bottled water company. Five major phases were carried out to conduct the case study
namely; case design and preparation for data collection, introductory phase, establishing the

SCOR FAHP technique, implementation phase and data analysis phase.

Chapter 6- Discussion: This chapter discusses significance of the case study findings in relation
to study proposition and to previous research. In addition, the scenario analysis approach is
introduced and explained based on five main alternative scenarios in order to illustrate how the

research method can be applied in various possible financial performance results.

Chapter 7- Conclusion and recommendations for future work: Chapter seven presents the

research conclusions, limitations and recommendations for further research.

Table 1.1 shows how the research processes relate to the research methods employed in this

research and the structure of the dissertation.

Table 1.1: Research processes and the structure of the dissertation

No. Research process Research method | Chapter(s)
To review and analyse the published literature in the areas of | Literature review | 2

1 performance measurement, SC performance management and the link
between SCM practices and financial performance improvements.
Identifying the research scope in order to select the appropriate | Development ofa | 3

) research philosophy, approach and strategy. Then, formulating the theoretical
theoretical framework and identifying the best suited methods, models framework
and data collection techniques for this research.

3 To propose a technique incorporating FAHP and SCOR model in order | Development ofa | 4

to analyse, assess and improve the performance of SC operations. scientific
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To develop a performance measurement method to link SC operations’ | framework to be
performance to the company’s strategic financial objectives through implemented
demonstrating and utilising the relation between SC operations’
performance and company’s financial performance using DS/AHP
model.

To conduct a case study of an Egyptian bottled water company in order Case study 5
to demonstrate the applicability of the research method and explore the | research method
4 | impact of managing supply chain operations' performance using the
proposed procedure on enhancing the company‘s financial
performance.

To design a software application system based on SQL database | Software design | 5
5 | utilising the proposed SCOR FAHP technique in order to enable the and application
practical application of the research method. methodology
To propose a scenario analysis approach in order to illustrate how the | Scenario analysis | 6
developed research method can be applied in various possible financial
6 | performance context and determine the most appropriate supply chain
operational strategy with regard to the targeted financial objectives
under possible scenarios.

To summarise, evaluate and interpret findings presented in chapter five Analysis and 6
7 | through discussing the significance of key findings from the case study | interpretation of
in relation to the research proposition and previous studies. findings

To evaluate the outcomes of the research processes 1 — 7, note limitations of the study | 7
and suggest practical applications and areas for future research

In summary, this chapter introduced the research topic and based on this the research aim and
objectives have been defined. It highlighted the research importance and clarified the original
contributions to knowledge which would be reached on realisation of the aim and objectives. The
chapter also presented the research methodology and processes by which the research aim and
objectives will be achieved. Finally, the outline of the research structure and design was

presented.

The next chapter will synthesise published literature in the related research areas in order to
illustrate how this study would differ from, support, add to or even derive from previous studies.
Based on a literature review, the research gap will be identified in a way that clarifies how this
research will contribute to knowledge. Also, based on this review, the foundation of the research
framework will be created and the best suited data collection techniques for this research will be

selected.
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CHAPTER TWO - LITERATURE REVIEW

2.1 Introduction

Interest in performance measurement and management has notably increased in the last 20
years. Companies have recognised that monitoring and understanding companies’ performances
have become essential to compete in continuously changing environments (Taticchi et al., 2010).
Measuring an organisation’s performance is necessary to evaluate its operations in order to
identify bottlenecks and operations which create waste, determine necessary improvement and

ensure that planned improvements actually happen (Parker, 2000).

Performance measurement can be defined as “the process of quantifying the effectiveness and
efficiency of action” (Neely et al., 1995, p.80; Chan and Qi, 2003a, p.210). Effectiveness refers
to the extent to which customer requirements are met, while efficiency measures how
economically a company’s resources are utilised when providing a pre-specified level of

customer satisfaction (Neely et al., 1995; Shepherd and Gunter, 2006).

Moullin (2002, p. 188) defined performance measurement as an “evaluation of how well
organisations are managed and the value they deliver for customers and other stakeholders”.
This definition links performance measurement to organisational excellence through providing
the performance measurement data needed to assess the extent to which an organisation achieves
excellence and delivers value for customers and other stakeholders. In addition, this definition
covers the four dimensions of the balanced scorecard. Financial aspects and the customer
dimension are included in the delivery of value for customers and other stakeholders, while

internal processes, innovation and learning are reflected by how organisations are managed

(Moullin, 2007).
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From the fifteenth century until the nineteenth century, organisational performance
measurement was based on the results of the accounting system. Identifying profit and
controlling cash flow were the main aspects to dominate organisational performance
measurement (Morgan, 2004). In the early 1900s a turning point was achieved in organisational
performance measurement when William Durant, founder of General Motors, realised that profit
was not the result of accounting practices, but the outcome of a cost stream that spread
throughout the supply chain (Drucker, 1995).

"a set of three or more entities

Mentzer et al. (2001, p.4) defined a supply chain as
(organisations or individuals) directly involved in the upstream and downstream flows of

products, services, finances and/or information from a source to customer".

Strategic supply chain management (SCM) improves the way processes are done and hence
improves long-term performance (Harrison and Hoek, 2005). SCM has been documented to be
positively associated with enhanced competitiveness and improved company performance (Li et

al., 2006).

Traditional performance measurement systems, which rely on financial measures only, do not
fit today's business environment (Umar and Olatunde, 2011). Linking SC performance to a
company's financial performance can present an opportunity for companies to develop integrated
performance measurement systems combining financial and non-financial measures by which

companies can evaluate different aspects of organisational performance.

The remainder of this chapter is organised as follows. The next section reviews the literature in
the field of performance measurement and discusses how performance measurement systems
have evolved. Section 2.3 provides an extensive literature review of performance measurement

particularly in a supply chain management context. Section 2.4 provides an insight on the design
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and implementation of a performance measurement system in a supply chain context. In this
section, a conceptual model is developed and introduced to illustrate SCM integration within
organisation and across the SC. Section 2.5 reviews published studies linking supply chain

performance to a company’s financial performance and section 2.6 concludes this chapter.

2.2 Performance measurement

According to Tangen (2003), performance measurement is an effective tool to develop
competitive advantage and increase the productivity and the profitability of a company. There
are several performance measures which organisations can use to assess their strengths and
weaknesses. The challenge is to choose the most suitable single measure, or a combination of a
set of measures. Appropriate performance measures can ensure that managers adopt a long-term
perspective and allocate the company's resources to the most effective improvement activities.
Many companies still rely on traditional, cost-related measures such as return on investment,
profit margin and cash flow (Zuriekat et al., 2011). However, in today’s business environment it
is vital to combine performance measures to provide a balanced and fair assessment of the

company (El-Baz, 2011; Agami et al., 2012; Bititci et al., 2012).

This section reviews the literature in the field of performance measurement. It starts with
reviewing the literature highlighting the characteristics and the qualifications of an effective
performance measurement system. Then, it discusses the main publications relating to
performance measurement. Finally, it shows how performance measurement systems have
evolved from the traditional financial performance measurement systems to integrated

performance measurement systems incorporating financial and non-financial measures.
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Neely et al. (1995) introduced several qualifications evaluating the goodness of a performance

measure such as:

- Having a clear link between the performance measure and the organisation strategy.

- Being simple to understand.

- Being able to be controlled by either the person doing the measurement or their close

associates.

- Being defined by the supplier and the consumer.

- Providing timely and accurate feedback about realistic targets.

- Being clearly defined and visible.

- Being a part of a feedback loop.

- Being presented in a clear and consistent format.

- Presenting data in terms of trends rather than absolutes and in terms of information rather

than opinion or raw data.

- Being based on an agreed understanding of what is being measured and if possible using

data that is automatically gathered as a part of the process.

Beamon (1996) identified the characteristics of an effective performance measurement system.
These characteristics include: inclusiveness of all pertinent aspects, universality to allow
comparison under various operating conditions, measurability of data required and consistency

with organisation goals.
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According to Tangen (2005) a performance measure should be relevant to the target business
unit, clearly defined, easy to understand, combining financial and non-financial indicators and

using a minimal number of metrics.

Tejas and Srikanth (2007) identified four characteristics to be considered when choosing a
performance measurement metric. The metric should be reliable, valid, easily accessible and

relevant to the processes or people concerned.

Bromberg (2009) discussed some of the challenges hindering the development of a performance
measurement system for the purposes of improving performance and accountability. The
findings revealed that developing a successful performance measurement system requires its

purposes to be clearly set and its targeted outcome clearly identified.

According to Vitale et al. (1994), although an efficient and effective performance measurement
system should incorporate financial and non-financial measures, it should not try to measure
everything. Managers should be able to determine where value is being created and where
investment and improvement are required. The research proposed a six-step methodology
describing how to design and implement an efficient and effective performance measurement
system starting with specifying the goal, then matching measures to strategy, identifying the

measures, predicting the results, building commitment and finally planning the next step.

Neely et al. (2005) reviewed performance measurement system design. The review focused on
three pivots to analyse a performance measurement system. The first pivot was the performance
measures. Regarding this pivot, the study revealed that the most important measures of
manufacturing’s performance are related to quality, time, cost and flexibility. The second pivot
was to deal with the performance measurement system as an entity. In this pivot, the study

reviewed the various dimensions of a performance measurement system and categorised the
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“balanced scorecard” as the best known performance measurement framework. The balanced
scorecard is based on the principle that a performance measurement system should provide
managers with sufficient information to address the financial perspective, internal business
perspective, customer perspective and the innovation and learning perspective. The third pivot
was related to the environment of a performance measurement system. With respect to this pivot,
the study classified the performance measurement system environment into two dimensions, the
internal environment which presents the organisation itself and the external environment to

reflect the market within which the organisation competes.

Bull (2007) categorised an organisation’s performance measurement into three “effs”
dimensional views (efficiency, effectiveness and efficacy) in order to distinguish between three
different strategies: a resource-based strategy, a market-led strategy and a success-led strategy.
A resource-based strategy focuses on measuring costs through assessing how efficiently a
process’ inputs are utilised to produce a targeted output. A market-led strategy assesses how
effectively a company can respond to demand and add value. It focuses on measuring the value
of output generated from given inputs. A success-led strategy focuses on measuring success
through assessing to what extent the inputs produced the required output. It determines the

efficacy level at which a company achieves its vision and intended results.

Parmenter (2007) distinguished between three types of performance measures: key result
indicators (KRIs), the performance indicators (PIs) and the key performance indicators (KPIs).
KRIs reflect an organisation’s performance and determine whether the performance results are in
the right direction towards planned goals through indicating how an organisation has performed
in terms of critical success factors or with respect to the balanced scorecard perspectives.

Although KRIs provide a clear picture of the achievement of the planned goals, they do not
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guide the organisation on what to do to achieve these goals. Both, the PIs and the KPIs identify
what should be done to enhance the current performance. However, the KPIs focus on the
performance aspects that are the most important to dramatically increase performance. This is
why Parmenter recommended that an organisation may have up to 80 PIs but they should have

no more than ten KPIs.
Cagnazzo et al. (2010) classified performance measurement models into six groups:
- Balanced models integrating financial and non-financial indicators.
- Quality models in which a great importance is attributed to quality.
- Questionnaire-based models.
- Hierarchical models where there is a clear hierarchy of indicators.

- Support models that help in the identification of the factors that influence performance

indicators.
- Supply chain oriented models to evaluate a SC context.

Willis and Anderson (2010) argued that determining the exact type and combination of
quantitative and qualitative performance measurement data is subject to the purpose of the
assessment and the availability of data. Also, the context within which the performance
measurement system is developed should be considered which requires the contribution of all
staff within an organisation from the strategic level to the operational levels in order to connect

organisational resources and operations to short, medium and long term strategic objectives.

Although intangible capital represents 80% of the value of the average organisation, most of
the current performance measurement systems were built without considering it. Designing a

performance measurement system addressing the intangible capital requires the following steps:
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prior to designing the system, the company needs to take an inventory of its competencies,
relationships, brands, processes and intellectual property to show how the intangible capital can
be utilised to create value for customers. Then investments in intangible capital are calculated to
generate a report of intangible inventories’ accounts on a quarterly or annual basis for assessment
purposes. Based on this assessment, the priorities of intangibles can be determined to fit the
company’s strategic priorities. Finally, the performance measurement system can be designed
providing performance results of the tangible assets as well as the intangible assets (Adams,

2011(adapted from Adams and Oleksak, 2011)).

Neely and Barrows (2011) developed a new model for the measurement of performance
management in turbulent environment s (PM*TE). The PM*TE model has been engineered to be
used specifically with the challenges of turbulent environments where simplicity, speed and
adaptability are required. Since, the speed of learning is central to success in a turbulent
environment, the PM*TE model enables organisations to deal with performance measurement not
as a controlling process but as a learning process. It focuses on improving the practices of
management itself rather than improving the frameworks and the enabling technologies through
distinguishing between three distinct cycles: the performance management cycle, the execution

management cycle and model enablers.

The model is based on four steps: causal performance modelling, setting up projects, measuring
progress and making decisions. First, a causal business model is built and tested through
identifying performance criteria and success factors and measuring the relationships between
them. Based on the first step, organisations can set up projects that impact success factors. The
model explicitly links projects to performance through conducting specific projects to deliver

high performance. Then performance is measured with key performance indicators to determine
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whether performance criteria and success factors are improved or whether there is a need to
rebuild the causal business model. Finally, based on information created in the previous steps,

decisions can be taken and their impact on achieving performance targets evaluated.

Striteska and Spickova (2012) conducted a review to analyse, compare and summarise the
strong and weak points of the most widely cited performance measurement systems. The review
identified seven performance measurement systems as the most widely adopted performance
measurement systems: the Balanced Scorecard, the European Foundation for Quality
Management (EFQM) Excellence Model, the Performance Measurement Matrix, the SMART
Performance Pyramid, the Performance Prism (PP), Kanji Business Excellence Measurement

System (KBEMS) and Theory of Constraints (TOC).

The literature showed that the Balanced Scorecard and the SMART Performance Pyramid are
two excellent performance measurement systems at the company’s strategic level to clarify
goals, define performance objectives and communicate selected strategies. The Performance
Measurement Matrix integrates different dimensions of business performance (financial and non-
financial as well as internal and external). The main focus of the Performance Prism, KBEMS
and TOC is to respond to changing priorities, while the EFQM model is more suitable for
benchmarking. The study also highlighted that although these conceptual frameworks have a
clear theoretical background, they did not provide guidance on how a company should design its

specific performance measurement system.

The review revealed that further practical research is required to explore how the above
mentioned systems can be translated and tailored to fulfil the company’s specific measurement

needs, particularly at the operational level.
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Bititci et al. (2012) conducted a review synthesis to investigate the readiness of contemporary
performance-measurement literature and practice for the currently emerging context and
predicted future trends, particularly cultural and multicultural aspects of performance
measurement, collaborative organisations, autopoietic networks, servitization, sustainability and

the open source movement.

The review indicated that the real challenge within the emerging context is to develop an
integrated and holistic understanding of performance measurement through: understanding
performance measurement as a social system, understanding performance measurement as a
learning system and understanding performance measurement in autopoietic networks.
Accordingly, the review proposed a holistic systems-based framework identifying the gaps in
knowledge and presenting practical and theoretical challenges for performance measurement in

response to emerging business and global trends.

Another review conducted by Searcy (2012) of key literature published between 2000 and 2010
on corporate sustainability performance measurement systems (SPMS). The review highlighted a
need for additional research to enhance both the practical and theoretical aspects of corporate
SPMSs. It revealed that further research on the implementation and use of corporate SPMSs is
required, particularly empirical research to investigate the factors affecting the success and
failure of SPMS implementation. The review concluded by identifying future directions for

research in the design, implementation, use and evolution of corporate SPMS.

Korhonen et al. (2013) elaborated on the notion of performance measurement (PM) dynamism.
The paper identified the rationale and the levels of PM dynamism and discussed its relationship

to the formal and informal domains of management control. Literature review and an
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interventionist case study were conducted to provide a thorough understanding of how and at

what levels managers need dynamism in performance measurement systems.

The review revealed the dynamic role of performance measurement at four different levels:
decision making, use of measures, selection of measures and within the components of single
measures. A theoretical framework was created based on literature review to illustrate the
rationale and the elements of PM dynamism. To demonstrate how PM dynamism takes place in
practice, a case study of a private healthcare organisation was conducted. Finally, the empirical
findings from case study were aligned with the created theoretical framework, up on which
managerial practice of PM dynamism was suggested to help managers identify dynamism needs

in their performance measurement systems.

Grosswiele et al. (2013) proposed a decision framework for performance measurement systems
(PMS) consolidation considering the informational and economic challenges of information
provision. The proposed framework was constructed to enable the comparison of different
consolidated PMS based on performance measurement system-related requirements extracted
from the management accounting, operations management, and performance measurement
literature. A method for guiding the process of PMS consolidation was developed by which
information processing complexity and costs can be balanced to meet decision makers'

information requirements and to align with corporate objectives.

Feature comparison, prototype construction, and a real-world application were conducted to
evaluate the proposed decision framework. Since the decision framework has not yet been
adopted by the industry, feature comparison was used to discursively evaluate the characteristics
of the framework through comparing it with a checklist of requirements that should be met by an

appropriate decision framework for PMS consolidation. Prototype construction proved that many

43



parts of the developed PMS consolidation process can be automated which enable reducing
manual effort. The real-world application complemented the other two evaluation steps (i.e.
feature comparison and prototype construction) through empirically demonstrating the

usefulness of the proposed decision framework for experts involved in PMS consolidation.

Table 2.1 summarises the main publications reviewed in this section concerning performance

measurement.

Table 2.1: The main publications on performance measurement

No. Author Year Contribution/Approach

1 Neely et al. 2005 | Identified three pivots to analyse a performance measurement system: the
performance measures, the performance measurement framework and the
environment of a performance measurement system.

2 Bull 2007 | Categorised an organisation’s performance measurement into three “effs”
dimensional views (efficiency, effectiveness and efficacy) in order to
distinguish between three different strategies: a resource-based strategy, a
market-led strategy and a success-led strategy.

3 Parmenter 2007 | Distinguished between three types of performance measures: key result
indicators (KRIs), the performance indicators (PIs) and the key performance
indicators (KPIs).

4 Cagnazzo etal. | 2010 | Classified performance measurement models into six groups: balanced models
integrating financial and non-financial indicators, quality models,
questionnaire-based models, hierarchical models, support models that help in
the identification of the factors that influence performance indicators and
supply chain oriented models.

5 Willis and 2010 | Identified three elements to determine the exact type and combination of
Anderson quantitative and qualitative performance measurement data: the purpose of the
assessment, the availability of data and the context within which the
performance measurement system is developed.

6 Adams 2011 | Designed a performance measurement system addressing the intangible capital
through conducting four steps. First, an inventory of the company’s intangible
assets is created. Then investments in intangible capital are calculated to
generate a report of intangible inventories’ accounts on a quarterly or annual
basis for assessment purposes. Based on this assessment, the priorities of
intangibles can be determined to fit the company’s strategic priorities. Finally,
the performance measurement system can be designed providing performance
results of the tangible assets as well as the intangible assets.

7 Neely and 2011 | Developed the PM'TE model for the measurement of performance
Barrows management in turbulent environments (PM*TE). The model focuses on
improving the practices of management through distinguishing between three
distinct cycles: the performance management cycle, the execution management
cycle and model enablers.

8 Striteska and 2012 | Conducted a review to analyse, compare and summarise the strong and weak
Spickova points of the most widely cited performance measurement systems. The review
identified seven performance measurement systems as the most widely
adopted performance measurement systems: the Balanced Scorecard, the
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European Foundation for Quality Management (EFQM) Excellence Model, the
Performance Measurement Matrix, the SMART Performance Pyramid, the
Performance Prism (PP), Kanji Business Excellence Measurement System
(KBEMS) and Theory of Constraints (TOC).

9 Bititci et al. 2012 | Conducted a review synthesis to investigate the readiness of contemporary
performance-measurement literature and practice for the currently emerging
context and predicted future trends. The review proposed a holistic systems-
based framework identifying the gaps in knowledge and presenting practical
and theoretical challenges for performance measurement in response to
emerging business and global trends.

10 | Searcy 2012 | Conducted a review of key literature published between 2000 and 2010 on
corporate sustainability performance measurement systems (SPMS), upon
which future directions for research in the design, implementation, use and
evolution of corporate SPMS were identified.

11 Korhonen etal. | 2013 | Elaborated on the notion of performance measurement (PM) dynamism by
identifying the rationale and the levels of PM dynamism and discussing its
relationship to the formal and informal domains of management control.
Literature review and an interventionist case study were conducted to provide
a thorough understanding of how and at what levels managers need dynamism
in performance measurement systems.

12 | Grosswiele et 2013 | Proposed a decision framework for PMS consolidation considering the
al. informational and economic challenges of information provision. The
proposed framework enabled the comparison of different consolidated PMS
and demonstrated the process by which information processing complexity and
costs can be balanced to meet decision makers' information requirements and
to align with corporate objectives.

According to Gomes et al. (2004), performance measurement evolved through two phases. The
first phase began in the late 1880s and was characterised by a cost accounting orientation and
incorporated financial measures, such as profit and return on investment. However, these
traditional measures failed to measure and integrate all the factors critical to business success.
The second phase was started in the late 1980s and it was associated with the growth of global
business activities and the changes resulting from such growth. In this phase, the emphasis has
been directed to the development of integrated performance measurement systems incorporating

financial and non-financial measures.

Financial performance measures evaluate the results of an organisation’s policies and
operations in monetary terms in order to indicate the extent to which financial objectives have
been accomplished over a given period of time. From a financial perspective, measuring

financial performance relies on financial measures such as operating income, return on
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investment and residual income. These measures are usually obtained from the financial
accounting system and provide information in terms of monetary units or ratios of monetary

units (Eldenburg and Wolcott, 2005).

Financial results are reported in the form of financial statements which provide relevant
financial data for internal and external users through summarising two important financial
aspects related to the business: profitability and financial position. The two basic statements are
the Balance Sheet and the Income Statement. The Balance Sheet shows a company’s financial
position at a specific date through reporting its assets, liabilities and owner’s equity. The Income
Statement reflects the profitability of the company over a specific period of time through
presenting the revenues, expenses and resulting net income or net loss (Weygandt et al., 2010).
However, financial statements do not reveal all the information related to the financial
performance of an organisation. To get a full and detailed picture of the profitability and
financial position of the business, financial statements should be analysed and interpreted

through the use of one or more techniques of financial analysis.

One of the most important and widely used techniques is the ratio analysis. A financial ratio
expresses the numerical relationship between two or more figures derived from the financial
statements or other sources of financial information (Salmi and Martikainen, 1994). Financial
ratios are classified into five main groups: profit ratios, liquidity ratios, activity ratios, leverage
ratios and shareholder-return ratios in order to reveal the financial strengths and weaknesses of a
company in different financial dimensions. The analysis of financial ratios allows the evaluation
of the financial performance of a company compared with the industry average or the company's

prior years of performance (Hill and Jones, 2011).
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However, relying on traditional financial methods and techniques alone to measure a
company’s performance is no longer the norm in large organisations (Basu, 2001). Financial
performance measures are important at the strategic level; while measuring the performance of
day to day operations can be handled better with non-financial measures (Maskell, 1991; Iveta,
2012). Although most companies realise the importance of combining financial and non-
financial performance measures, they have failed to represent them in a balanced framework
(Gunasekaran et al., 2004). A balanced performance measurement framework should reflect a
company’s strategic and financial objectives along with the financial impact of supply chain
performance on an overall company’s performance. Supply chain processes and roles need to be
mapped onto a combination of financial and non-financial metrics aligned to the overall business
strategy and addressing the performance of various supply chain functional areas (Tejas and

Srikanth, 2007).

2.3 Measuring SC performance

SC performance measurement provides the tools to monitor SC operations’ performance and to
reveal the effectiveness of a company’s strategies. In addition, it can provide feedback to enable
managers to diagnose problems and identify success and potential opportunities (Ramaa et al.,
2009). Many researchers have proposed differing performance measures and metrics to measure
supply chain performance (Neely, 2005; Shepherd and Gunter, 2006; Gunasekaran and Kobu,
2007). This section reviews the published research on SC performance measurement systems
where a critical analysis will be provided. The research studies included in the review are

categorised into six main groups according to their common focus:

- Functional based SC measurement system
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- Process based SC measurement system

- Integrated SC performance measurement system

- SC performance modelling

- Prioritisation and choice of SC metrics and measures
- Critical review on SC performance measurement

Section 2.3.1 discusses the shift from functional based SC measurement systems to process
based SC measurement systems in the late 1990s. Section 2.3.2 shows that by the beginning of
the 21% century, integrated SC performance measurement systems were developed, with the
integrated SC performance modelling approach being identified as one of the main approaches to
measure integrated SC performance. Section 2.3.3 illustrates various approaches dealing with the
prioritisation and choice of SC metrics and measures. Finally, the main critical reviews that have

been conducted on SC performance measurement are discussed in section 2.3.4.

2.3.1 Shift towards process focused SC performance measurement systems

Prior to the late 1990s, SC performance measurement systems were functionally focused.
Christopher (1992) developed a function-based measurement system (FBMS) combining
different performance measures to cover different processes in the supply chain. Although this
performance measurement system is easy to implement and can be applied to individual
departments, it does not involve top level measures to cover the entire supply chain. The lack of
these strategic measures hinders the ability to look at the supply chain with respect to a

company’s strategy.

In the late 1990s, the focus in the area of measuring SC performance started to shift from the

functional-focused measurement systems to process-focused measurement systems. Several
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authors suggested implementing business processes in the context of supply chain management
(Cooper et al., 1997; Srivastava et al., 1999; Bowersox et al., 1999; Mentzer, 2001; Morgan,

2007; Naslund and Williamson, 2010; Agami et al., 2012)

Lambert et al. (2005) identified five supply chain management frameworks that recognise the
need to implement standardised business processes across corporate functions and across

companies.

The first framework is the SCOR model. The SCOR model was developed in 1996 by the
Supply-Chain Council (SCC) and has been used by many researchers (Bullingery et al., 2002;
Huang et al., 2004; Hwang et al., 2008; Theeranuphattana and Tang, 2008; Camerinelli, 2009;
Kremers, 2010; Bai et al., 2012; Agami et al., 2012; Kocao glu et al., 2013). This model is based
on five core processes (plan, source, make, deliver and return) and divided into three levels of
process detail (top level, configuration level and process element level) (Supply-Chain Council,
2008). The model attempts to integrate the concepts of business process reengineering,
benchmarking, process measurement and best practice analysis which allows the upper
management of a company to make connections between strategies and measurements and to
concentrate on key processes and measures that have a significant impact on the overall

performance of a SC (Lockamy and McCormack, 2004; Huang et al., 2005).

It includes standard performance metrics to measure the performance of SC processes as well as
a set of benchmarking tools for performance and process evaluation which allow companies to

compare and benchmark their processes against those of other companies (Huan et al., 2004).

The second framework was developed in 1996 by the Global Supply Chain Forum (GSCF)
(Lambert and Cooper, 2000). It consists of three primary related elements: the supply chain

network structure, the supply chain business processes and the management components (Cooper
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et al., 1997). The supply chain network structure consists of the members of the SC, from the
raw materials to the ultimate customer and the links between these members. The supply chain
business processes are the activities that produce valuable output to the customer. Eight supply
chain management processes are included in the GSCF framework: customer relationship
management, customer service management, demand management, order fulfilment,
manufacturing flow management, supplier relationship management, product development and
commercialisation and returns management. The management components determine how the
business processes are managed and structured. The GSCF framework includes the following
management components that support the processes: planning and control, work structure,
organisation structure, product flow facility structure, information flow, management methods,
power and leadership structure, risk and reward structure and culture and attitude (Lambert et al.,

1998).

The third framework developed by Srivastava et al. (1999) includes three business processes:
customer relationship management, product development management and supply chain
management. The fourth framework was a SCM framework introduced by Bowersox et al.
(1999) and focused on three "contexts": operational, planning and control and behavioural. This
framework was further developed by Melnyk et al. (2000) to include eight business processes:
plan, acquire, make, deliver, product design/redesign, capacity management, process
design/redesign and measurement. Mentzer et al. (2001) developed the fifth framework which
focused on the cross-functional interaction within a company and on the relationships developed

with other supply chain members.
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These five frameworks represent different process-based SC measurement systems. However,
only the GSCF and SCOR frameworks were described in the literature in sufficient detail to

allow meaningful comparisons to be made between the two frameworks (Lambert et al., 2005).

Lambert et al., (2005) used four criteria to compare these two frameworks in order to provide
an insight into the approaches to supply chain management that each one takes. These criteria
are: scope in terms of the ties to corporate strategy and the breadth of the activities, the degree of

intra-company and inter-company connectedness and the drivers of value generation.

This comparison indicated that the GSCF Supply Chain Management Framework has a wide
scope as it touches all aspects of the business. It focuses on aligning each of the eight supply
chain management processes with organisational and functional strategies through customer and
supplier relationship management which makes the framework relationship-oriented. In the
GSCF framework, operational measures are tied to the drivers of the company's economic value
added (EVA). This is due to the breadth of its framework and its focus on the corporate strategy

as the main strategic driver.

On the other hand, SCOR processes are developed based on the operations strategy. Positioning
the SCOR processes within operations strategy and prioritising implementation initiatives that
result from the framework will help maximise impact through aligning resources and goals with
operations strategy. The model framework has a limited scope as it focuses only on engaging
partners from the logistics, production and purchasing functions of the supply chain in its five
supply chain management processes. The SCOR model focuses on identifying areas of
improvement in order to provide cost reductions and improve asset efficiency which makes its

framework operational efficiency-oriented rather than relationship-oriented.
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The following table summarises the main differences between the SCOR model and the GSCF
model. However, it should be noted that these two models are not mutually exclusive or can be
used only as two alternative approaches. Section 2.4.2 will discuss in more detail how these two
frameworks can be integrated and applied on different levels of SCM; whether within an

organisational structure or across the SC.

Table 2.2: The main differences between The SCOR Model and The GSCF model

SCOR model GSCF model
Focus Transactional efficiency Relationship management
Processes driver Processes are developed from Processes are aligned with organisational
operations strategy and functional strategies through
customer and supplier relationship
management
Scope Limited scope Wide scope
An analysis using this framework | The GSCF framework touches all aspects
would focus only on engaging of the business
partners from the logistics,
production and purchasing
functions of the supply chain
Drivers of Value Generation | Cost reduction and asset utilisation | Economic Value Added

(Adapted from: Lambert et al., 2005)

2.3.2 Shift towards integrated SC performance modelling approaches

By the beginning of the 21* century, significant attention was directed to the development of
integrated SC performance measurement systems within an organisation and across the SC.
Researchers started to focus on designing systems combining financial and non-financial
measures and incorporating different levels of decision making (strategic, tactical and
operational) in order to set performance targets to reflect company strategy and objectives. SC
performance modelling has been one of the main approaches used to measure integrated SC
performance. Several SC performance models have been developed to evaluate integrated SC
performance and analyse the reasons underlying performance and the relationship between

performance factors.
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Beamon (1999) introduced an integrated framework to measure supply chain performance. The
research identified three types of performance measures as necessary components in any SC
performance measurement system: resources, output and flexibility. Although many researchers
before Beamon discussed the importance of resources and output measures for measuring supply
chain performance, flexibility was limited in its application to SCs. She highlighted the
importance of flexibility, in terms of how well the system reacts to uncertainty, as a vital

component to SC success.

Sabri and Beamon (2000) proposed an integrated multi-objective supply chain model to
integrate strategic and operational analysis of the supply chain. The model provides a
comprehensive performance measurement system including cost, customer service levels and

flexibility in order to evaluate the efficiency and effectiveness within the supply chain.

Gunasekaran et al. (2001) classified SCM systems based on their strategic, operational or
tactical focus. The operational level is concerned with the daily operation of a facility, the
tactical level focuses on the location of decision spots and the objectives of the chain while the
strategic measures require an understanding of the dynamics of a supply chain and development

of objectives for the whole chain.

Frohlich and Westbrook (2001) empirically analysed manufacturers’ SC integration strategies
and tested the relationship between SC integration and performance. Five different SC strategies
were identified through characterising the direction (towards customers and/or towards suppliers)
and degree of SC integration as key dimensions for representing strategic position. The research
used evidence from an international manufacturing strategy survey collected from 322

companies in 23 countries about the practice and performance related to manufacturing strategy.
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The study specified eight different types of activities by which manufacturers can integrate their
operations with suppliers and customers. Then, scales were developed for measuring SC
activities integration by classifying manufacturer into either the upper, middle, or lower quartiles
with supplier and/or customer integration. Accordingly, five different SCM integration strategies
were identified. The results revealed that the widest degree of integration with both suppliers and

customers had the strongest association with performance improvement.

Bullingery et al. (2002) suggested a measurement methodology integrating bottom-up and top-
down performance measures based on SCOR model and balanced scorecards as a hybrid
balanced measurement approach. The method incorporated SCOR metrics into the supply
network scorecards to form an integrated measurement system. The SCOR metrics provided a
bottom-up metric focusing on controlling material and product flows to measure logistics
performance. The adoption of balanced scorecards to supply network scorecards provided a top-
down controlling approach measuring management performance in order to keep the supply
chain on track towards realising business strategy and achieving improvement goals. Together,
the two metrics constitute a holistic instrument for the measurement of logistics process

performance.

Lai et al. (2002) developed a measurement model and a measurement instrument for supply
chain performance in transport logistics based on SCOR model and various established
measures. They introduced a 26-item SC performance measurement instrument reflecting service
effectiveness for shippers, operations efficiency for transport logistics service providers and

service effectiveness for consignees.

Otto and Kotzab (2003) presented a framework to measure the effectiveness of SCM. They

introduced six unique sets of metrics differing between six perspectives on SCM: system
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dynamics, operations research, logistics, marketing, organisation and strategy. Each perspective
follows a particular set of goals, which consequently leads to a particular set of performance

metrics.

Chan and Qi (2003b) developed a process-based model to analyse and manage the supply chain
and measure its performance. In this model, the SC is represented by six core business processes:
supplying, inbound logistics, manufacturing, outbound logistics, marketing and sales and end-

customer processes.

Liang et al. (2006) designed data envelopment analysis (DEA) -based models for characterising
multi-member supply chain operations and calculating the efficiencies of the supply chain and its
members. These models represent a managerial tool enabling the direct evaluation of multi-
member supply chain operations. To illustrate the applicability of the developed models, a seller-
buyer supply chain was used as an example. The relationship between the buyer and the seller
was modelled first in a leader-follower structure and second in a cooperative structure. Non-

linear programming problems were developed to solve these supply chain efficiency models.

Chen et al. (2006) investigated the efficiency between two supply chain members. They
developed two efficiency functions for the supplier and the manufacturer. The results illustrated
the existence of numerous equilibrium efficiency plans for both supplier and the manufacturer
regarding their efficiency functions. Based on these results, a bargaining model was proposed to
analyse the supplier and manufacturer’s decision process and to determine the most efficient

plan.

Wong and Wong (2007) used DEA as a modelling tool to construct two models of efficiency
(the technical efficiency model and the cost efficiency model) for measuring internal supply

chain performance efficiency.
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Theeranuphattana and Tang (2008) proposed a model combining the SCOR model and process-
based model developed by Chan and Qi (2003b) in order to identify and employ SC performance
measures. According to this model, the relative importance of SC performance measures are
calculated from the fuzzy pair-wise comparisons with respect to the changing SC objectives and
strategies, then the performance grades are assigned for these measures. After the performance
grade sets and the relative weights of all the performance measures are determined, the
measurement results of all attributes can be aggregated through the weighted average

aggregation method in order to reveal the overall SC performance.

Charan et al. (2008) employed an interpretive structural modelling-based approach to determine
the key supply chain performance measurement system (SCPMS) implementation variables on
which senior management should focus in order to improve the effectiveness and efficiency of
the supply chain. The model analysed the interaction among the SCPMS implementation
variables through developing a single systemic framework to link the various variables of a
SCPMS. According to this model, the SCPMS implementation variables have been categorised
into “enablers” and “results”. The enablers are the wvariables that help the SCPMS

implementation, while the results variables are the outcome of the SCPMS implementation.

Cai et al. (2009) proposed a framework to solve the iterative key performance indicators (KPIs)
accomplishment problems in a supply chain context. The proposed framework quantitatively
analyses the interdependent relationships among a set of KPIs through calculating the estimated
cost, impact, and risk associated with each alternative set of KPIs. Since it provides a holistic
view of complex relationships among KPIs, this framework can serve as a useful modelling tool
for speeding up performance improvements in dynamic supply chain decision-making

environments and refining the process of selection amongst a large number of KPIs.
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Aramyan et al. (2009) developed a performance measurement model which evaluated the
impact of quality assurance systems on the performance of the supply chain. The model applied
an adapted self-explicated method categorising SC performance measures in four groups:

efficiency, flexibility, responsiveness and quality.

Tipi (2009) emphasised the modelling aspects of SC performance measurement systems in the
simulation context. A simulation model was constructed using discrete event simulation to
address some of the challenges of designing and modelling performance measures for complex
supply chain systems. The model analysis focused on evaluating the way in which performance

measures can be built when simulation is used.

Azevedo et al. (2011) proposed a conceptual model analysing the influence of a set of lean,
agile, resilient and green SCM practices named “LARG practices” on SC performance. This
model offers a checklist to identify possible practices to achieve the strategic goals. It gives
insights on how to make SC’s leaner, agile, more resilient and greener to achieve the operational,

economic and environmental SC performance objectives.

Kotzab et al. (2011) developed a conceptual model identifying antecedents that affect the
adoption and execution of SCM in terms of internal and external integration of business
processes to create value and to improve total performance of the chain. The model identified
three antecedents that affect the level of execution of SCM: internal SCM conditions which are
required for adopting and implementing SCM-related processes within the organisation, joint or
external SCM conditions which are required for adopting and implementing SCM-related
processes across the SC, and SCM-related processes which indicate business activities that
integrate or coordinate different key business areas within a company and with its partners across

the SC.
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Hypothesised hierarchical order of the three identified antecedents was proposed and verified
empirically through conducting a survey of 174 senior supply chain managers representing the
biggest organisations within a central European country. The results revealed that internal and
external SCM conditions are antecedents of the adoption of SCM-related processes, which in
turn affect the level of execution of SCM. The study provided a set of measurement scales that
operationalised constructs within this model and helped companies to focus on those SCM
conditions and processes that need to be prioritised in order to increase SCM adoption and
execution. By adapting the proposed hierarchical order of these three antecedents, companies can

accomplish the full execution of SCM.

Gimenez et al. (2012) conducted a survey to investigate the effectiveness of supply chain
integration in different contexts. Data were collected among manufacturers in The Netherlands
and Spain to measure different dimensions or aspects of supply chain integration and supply
complexity. The results showed that supply chain integration increases performance in high
supply complexity environments, while supply chain integration has a very limited or no
influence on performance in low supply complexity environments. The study concluded that
high levels of supply chain integration are only required in high supply complexity
environments. Since implementing supply chain integration is difficult and costly, companies

should focus on integrating with customers with a high supply complexity.

Deshpande (2012) designed an integrated theoretical framework based on a comprehensive
literature review. The developed framework utilised the interrelationships between SCM
dimensions, SCM performance and organisation performance for effective implementation of
SCM. The framework identified three major dimensions to measure SCM performance: SC

delivery flexibility, inventory cost and customer responsiveness time. The study revealed the
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importance of interactions between elements of supply chain management in order to enhance
the organisation’s ability to meet desired goals. Findings indicated improvements in SCM
performance in terms of delivery flexibility, inventory cost reduction and customer
responsiveness time as a result of managing long-term relationships and implementing

concurrent engineering.

Agami et al. (2012) proposed a hybrid dynamic framework for SC performance improvement
integrating various sciences, methodologies, and tools. Systems thinking, strategic planning,
optimisation, balanced scorecards, SCOR model and theory of constraints thinking were
integrated to develop a process-based approach for measuring, managing and improving SC
performance. The proposed framework contributed to the enhancement of currently existing
SCPM systems by adding two additional steps to the traditional SCPM process, namely:
optimisation and TOCTP implementation. Optimisation was adopted - as an intermediate stage
between performance evaluation and performance management- to identify critical KPIs that
need improvement. Finally, TOCTP tools were employed to suggest the appropriate

improvement strategies for those previously identified critical KPIs.

Bai et al. (2012) introduced a grey based neighbourhood rough set methodology to evaluate,
select and monitor sustainable supply chain performance measurement that can be integrated into
a performance management system. The applicability of the methodology was illustrated in a
case example based on the SCOR model through introducing existing and new performance
measures that cover both traditional business and environmental measurements associated with
the SCOR “sourcing” function. Companies using this methodology can clearly identify and

narrow the key environmental and business performance measures for sustainable supply chains.
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Kocao™glu et al. (2013) proposed the ‘“TOPSIS-AHP-SCOR integrated approach’ for linking
strategic objectives to operations. Based on SCOR model, strategic attributes and performance
metrics suitable for the needs were determined. Techniques for order preference by similarity to
ideal solution (TOPSIS) and AHP were combined to develop a collaborative decision and
evaluation processes. First, TOPSIS was used to normalize performance metrics’ values that
have different units. Then, the AHP was used to analyze these metrics hierarchy and determine
the relative importance of competitive priorities of attributes and performance metrics.
Consequently, the weighted normalized evaluation matrix was constructed and finally, TOPSIS
procedures were conducted to evaluate and achieve the final ranking of the different scenarios’
supply chain performance. The research applied the proposed integrated approach to a problem

of decision making process in a manufacturing company in order to demonstrate its applicability.

This section reviewed previous studies focused on development of integrated supply chain
performance measurement systems. Different approaches and models were proposed to address

SCM integration from different perspectives such as:

incorporating different types of measures (financial and non-financial measures,

quantitative and qualitative measures or operational, economic and environmental

measures)

- covering different business aspects (different processes, different functions or different
dimensions)

- incorporating different levels of decision making (operational, tactical and strategic)

- considering multi-objectives (sustainability, quality assurance, profitability, efficiency,

managing cash flow or improving communication channels)

- addressing different directions (towards customers and/or towards suppliers)
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- covering different domains (within the organisation and across the SC)
The review revealed that these perspectives are not mutually exclusive. An integrated SC
performance measurement system may address more than one of these perspectives. The higher
the level of SCM integration a system can consider, the more successful SCM this system can

accomplish.

Aggregated performance measurement systems aim to present the “bigger picture” - i.e. the
overall performance- which can be easier to interpret and communicate among different players
within the supply chain (Tipi et al. 2008). SCM integration helps eliminate many non-value-
adding activities from internal and external production processes, which consequently reduces
variability and in turn leads to greater efficiency along with faster delivery of finished goods

(Frohlich and Westbrook, 2001). Kotzab et al. (2011) identified four levels of SCM integration:

- Internal level which refers to the integration of SC activities within the focal company.

- Dyadic level which refers to a single two-party relationship between the focal company
and one member of the chain.

- Chain level which includes a set of dyadic relationships.

- Network level which presents a wider level of operational integration within the SC

network structure.

However, the level, type, direction and degree of integration are subject to the purpose of the
assessment and the context within which the SC performance measurement system is developed.
The effectiveness of supply chain integration in terms of performance improvement is influenced
by SC context. Since SC integration is not a one-dimensional concept, the distinct effect of
different dimensions (practices, patterns and attitudes) on different supply chain performance

measures should be considered (Gimenez et al., 2012).
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2.3.3 Prioritisation and choice of SC metrics and measures

Another main aspect to SC performance research has been the prioritisation and choice of SC
metrics and measures. Various approaches have been proposed to deal with the hierarchical
nature of SC performance measures and to handle the complexities of the multi- criteria decision

making problems inherent in SC performance measurement related decisions.

Chan (2003) utilised the analytic hierarchy process (AHP) technique to make decisions based
on the priority of SC performance measures. AHP is a technique used for solving multi-criteria
decision making problems involving tangible and intangible, quantitative and qualitative aspects.
Using this technique, the complex problem is broken down into sub-problems in a hierarchy of
different levels of elements. Then, priorities among the elements are determined and finally, the
priorities of these elements are combined to establish the final decision. In order to use AHP as a
tool to measure SC performance, all relevant performance measures are firstly defined and then
quantified. Then, a pair-wise comparison matrix is used to determine priorities among the
elements of performance measures. Finally, the weights of each element in each hierarchical
level are aggregated to the next level, noting that weighting can be altered according to the

characteristics of different industries.

Hwang et al. (2008) proposed a stepwise regression method to prioritise different SC
performance measures. A case study was conducted based on the SCOR model. The study
specifically focused on the SCOR sourcing processes to identify the important SCOR sourcing

performance metrics using the developed stepwise regression method.

Askariazad and Wanous (2009) introduced a new holistic approach for identifying and
prioritising supply chain performance measures according to their importance in the evaluation

of value-added activities in the entire supply chain. A pair-wise questionnaire based on the AHP

62



methodology was designed to prioritise the main supply chain functions, processes and criteria.
The approach developed helps managers and practitioners to identify the most important,

practical and strategic performance measures in their supply chains.

Najmia and Makuia (2010) combined the AHP and DEMATEL to rank SC performance
measures and identify the most important factors affecting the performance of the supply chain.
DEMATEL is one of the most popular multi-criteria decision making approaches based on the
concept of pair-wise comparison of decision characteristics. According to this methodology, the
appropriate metrics are selected with respect to organisation strategy and then compared with an
ideal supply chain of the same class. The DEMATEL is used for understanding the relationship
between comparison metrics and AHP is used for the integration to provide a value for the

overall performance.

El-Baz (2011) proposed a fuzzy decision making system based on fuzzy set theory and the AHP
technique to deal with SC performance measurement systems in the manufacturing environment.
Compared to currently existing systems which measure general dimensions such as flexibility,
cost, quality and innovation for the company, the proposed system enabled identifying measures
for each department in order to diagnose the strengths and weaknesses of the performance
indicator. A numerical example of a manufacturing company was conducted to aggregate the
effects of different quantitative and qualitative factors on performance into a single indicator.
First, various factors affecting performance were identified. Then, the relative importance
weights of these factors were evaluated using the AHP technique. Finally, data were collected
from the company’s departments in order to determine the performance indicator for each

department using the proposed fuzzy decision making system.

63



Vaidya and Hudnurkar (2013) proposed a multiple criteria approach to evaluate SC
performance. The proposed approach started with assigning importance weights to SC
performance links with respect to the organisational goals using pair comparison method. For
each link in the SC, the various criteria for performance evaluation were identified, then an
importance weight was assigned to each criterion in each SC link. The performance value of
each criterion was evaluated in accordance to set benchmark. Consequently, the performance
contribution for each criterion in each link was calculated as the product of the weight and
performance value of the criterion. Then, links performance values were evaluated as the
summation of performance contributions of all criteria for each link. Finally, the performance
contributions for links were calculated as the product of the weights and performance values of
the links, up on which the performance parameter for the entire supply chain was computed as

the summation of links performance contributions.

The proposed approach can be flexibly modified to suit different supply chain structures and to
apply to any number of criteria. Adopting this approach enables linking performance criteria
with the organisational goals and provides a holistic view of analysing SC performance. A case
study of a manufacturing company was presented to demonstrate the practical benefits of the

proposed approach.

Perera et al. (2013) developed a model to quantify the environmental performance of a
manufacturing company’s SC based on the analytical hierarchy process (AHP) technique as a
multi-criteria decision making approach. The AHP was used along with Expert Choice software
to select and quantify the environmental performance measures. The model was applied to a case
study company to identify the key areas of environmental performance of the company’s supply

chain and to assess various product categories manufactured under those key areas.
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This section illustrated various methods and approaches proposed to identify and prioritise SC
performance measures. The reviewed studies showed that most of researchers have employed
multi-criteria decision making approaches -particularly AHP approach- to deal with the
prioritisation and choice of SC metrics and measures. The review revealed that the process of
prioritisation and choice of SC metrics and measures enables companies to align their SC
performance measurement systems with the organisational goals through identifying the relevant
SC performance measures and assigning their relative importance weights with respect to the

strategic objectives.

On the other hand, companies need to determine the influence weight of each SC performance
measure on the overall SC performance. Although the aggregation of SC performance measures
provides a holistic view of analysing SC performance, companies should be able to drill down to
different measures and different levels of detail in order to trace the contribution of each SC
performance measure to the overall performance, and consequently recommend improvement

strategies for those critical measures that need improvement.

2.3.4 Critical reviews on SC performance measurements

Shepherd and Gunter (2006) critically reviewed articles published between 1990 and 2005 on
performance measurement systems and metrics used in supply chains. This review provided a
taxonomy of SC performance measures and a critical evaluation of measurement systems
designed to evaluate the performance of supply chains. The paper classified the studies as
operational, design or strategy focused studies. Operational studies develop mathematical models
for improving the performance of the supply chain, design studies focus on redesigning the
supply chain to optimise performance, while strategy studies aim to align the supply chain with a

company’s strategic objectives.
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Gunasekaran and Kobu (2007) analysed articles published between 1995 and 2004 on
performance measures and metrics in SC systems. This review revealed the use of over eighty
performance measures. After an alphabetical listing of all these measures, the authors concluded
that some measures were exactly the same where others were practically the same but with
different titles. They removed all the repeating and over-lapping measures leaving 27 measures

representing SCM key performance indicators (KPIs).

They also categorised performance measurement in logistics and SC into seven main

categories:

The first category was the balanced score card which includes four perspectives: financial
perspective, internal process perspective, innovation and improvement perspective and customer
perspective. The second category focused on components of performance measures such as time,
resource utilization, output and flexibility measures. In the third category, the performance
measures were classified according to their location in the supply chain links (Planning and
Product Design, Supplier, Production, Delivery and Customer). Performance measures in the
fourth category were classified based on Decision-making levels (Strategic, Tactical and
Operational). In the fifth category measures were classified according to their nature i.e. financial
or non-financial. The sixth category classified performance measures as quantitative measures or
non-quantitative measures. In the final category, a function-based measure was classified as a

traditional measure while a value-based measure was classified as a modern measure.

Another review conducted by Tipi et al. (2008) to evaluate how supply chain performance
measures are currently selected, modelled and analysed for different supply chains and to assess

the appropriateness of the existing measures for analysing a supply chain system.
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The study revealed that modelling aspects of supply chain performance measures need to
receive more attention from academics and practitioners. The currently developed modelling
approaches for design and analysis of supply chain system are still very limited and only
scratched the surface. For better judgment on the selection of performance measurement system,
the review recommended future research in supply chain modelling demonstrating the
interrelationships between performance measures and how these interrelationships can be

affected by changes in supply chain strategies or decision variables.

Akyuz and Erkan (2010) conducted a critical review on supply chain performance
measurement. The review revealed that the area of supply chain performance measurement
research is still in need of further investigation regarding framework development. Previous
research in this area has often failed to develop a fully integrated supply chain performance
measurement framework. In addition, the study highlighted the importance of the balanced
scorecard approach and the SCOR model as the foundation of research in the SC performance
measurement field. The review declared that today’s SC competitive environment requires a SC
performance measurement framework which can: truly capture the essence of organisational
performance; be based on company strategy and objectives; allow for setting targets; reflect a
balance between financial and non-financial measures; relate to the different levels of decision
making and control; be determined through discussion with all the parties involved; enable fast
feedback and continuous improvement; adopt a proactive approach; clearly define the purpose
and related methodology; be valid and reliable; be comparable to other performance measures
used by similar organisations; enable aggregation and prioritisation; facilitate integration; be

simple and easy to use; avoid overlaps; and be in the form of ratios rather than absolute numbers.
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Gopal and Thakkar (2012) conducted a comprehensive review of articles published between
2000 and 2011 on supply chain performance measures and metrics. The review studied 28 key
articles reported in the domain of supply chain performance measurement through classifying
them on the basis of three phases of the performance measurement system process: designing of

measures, implementing of measures and monitoring of measures.

Designing of measures phase referred to design supply chain performance measures for
improving overall supply chain performance. Studies in this phase focused on classification of
measures and development of SC performance measurement frameworks and conceptual models.
Implementing of measures phase considered studies which focused on empirical testing of
frameworks through conducting surveys and case studies to understand the implementation
issues associated to supply chain performance measures. While monitoring of measures phase
included studies that introduced practical guidelines and benchmarking issues for monitoring of
supply chain performance in order to reveal the gap between planning and execution and help

companies to identify potential problems and areas for improvement.

The review highlighted a need for longitudinal case study approach to understand the factors
affecting supply chain measures and to understand the supply chain performance measurement
models behaviours’ in both developing and developed countries. It revealed that the process of
development of metrics and measures should consider different structures of the supply chain
through understanding the level of synchronisation of supply chain activity with the level of
complexity in management of measures for each supply chain structure. The review also
indicated that there is a large scope for further research in the domain of supply chain measures

and metrics, specifically the issues related to characteristics of measures and metrics,
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benchmarking of measures, use of management practices, integration and partnership and socio-

environmental relevance.

Hassini et al. (2012) reviewed literature published during last decade (2000-2010) on
sustainable supply chains. The review focused on the tactical and the operational aspects of
sustainable supply chains in decision sciences publications. It has been found that the majority of
the reviewed papers used analytical models such as AHP, Fuzzy decision making, simulation and
decision support methods. The second most used method has been found to be the case study.
Although case study methodology is still not well utilised in operations management research,
sustainability as a relatively new research area, has focused on the case study methodology to

help understanding the real issues and problems.

The paper analysed sustainable supply chains literature from different perspectives: industry
sectors, firm sizes, supply chain drivers and supply chain partner. Since sustainable practices
may differ from one industry to another, the review classified literature based on industry
sectors. It has been found that the majority of the reviewed literature focused on manufacturing
sectors. This was explained by two factors. Traditionally, operations research has focused on
production and manufacturing topics and historically environmental regulations have focused on
manufacturing plants. For the same reasons, the classification of the reviewed literature
according to which partner of the supply chain was the focus of study has showed that the

majority of papers focused on the manufacturer.

The review revealed that large firms have an advantage for adopting sustainable practices more
than small and medium-sized enterprises (SMEs). Thus, more research on the adoption of
sustainable practices in SMEs is required. The review also classified literature based on six

major drivers for supply chain performance: transportation, inventory, facilities, information,
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pricing and sourcing. Most reviewed studies focused on transportation and information drivers,

only one paper addressed the pricing driver, while no studies focused on the inventory driver.

Based on this review, the paper extracted two frameworks: one for managing sustainable supply
chains and the other for the development of performance measures for sustainable supply chains.
A framework for sustainable supply chain management was proposed based on six pivots
representing the major relevant functions within the chain: sourcing, transformation, delivery,
value proposition, customers and recycling. The framework identified the major external and
internal factors that may push a supply chain to adopt sustainable operations. Consequently, the
major obstacles in developing sustainable supply chain metrics were identified and a framework
was developed based on composite indicators in order to create reliable performance measures
for sustainable supply chains. A case study of an electric utility company was provided to
illustrate the experience of a utility supply chain in setting sustainable SC performance
indicators. The case showed a need for such composite indicators for maintaining sustainable
supply chain practices and highlighted that more complex reliable performance indicators are

required.

As shown in the previous discussion, various performance measurement systems have been
proposed to evaluate SC performance but they have also been criticised in the academic
literature. Amongst the most widely highlighted criticisms of current performance measurement
systems in supply chain management (SCM) are (Chan, 2003; Chan and Q1, 2003a; Gunasekaran
et al., 2004; Gunasekaran and Kobu; 2007; Ramaa et al., 2009; Akyuz and Erkan, 2010; Agami

etal., 2012):

- The lack of a connection with strategy.

- The failure to integrate financial and non-financial measures.
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- Too many metrics, and an incompleteness and inconsistency in performance

measurement.

- The lack of systems thinking.

Pervious research did not provide a comprehensive methodology for analysing supply chains
and understanding the relationship between SCM performance measures and organisational
performance measures, particularly the complexities of SCM and organisation performance in a
unified context. Researchers have not yet captured the linkages between different dimensions of

SCM and the impact of these dimensions on SCM performance (Deshpande, 2012).

In addition, capturing the link between strategic objectives and operations is still immature in
the literature and a little far from being effectively applied in terms of how to model and how to
analyse. The literature revealed that current performance measurement systems in supply chain
management cannot address the conflict between the top down strategy decomposition and the
bottom-up implementation process (Kocao'glu et al, 2013). Today’s SC competitive
environment requires process based SCPMS defined at both executive and operational levels,
aligned to overall business objectives, covering the performance of all supply chain processes in
a company and can be used across the SC (Gintic Institute of Manufacturing Technology, 2002).
The current evolution of organisations needs a shift towards process focused measurement
systems (Morgan, 2007). Standardisation of business processes has become essential to link
those processes within the members of the supply chain and to conduct a meaningful comparison
of organisational performance (Naslund and Williamson, 2010). Table 2.3 summarises the focus

and contributions of the works reviewed in this section.
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Table 2.3: Classification of the research studies on SC performance measurement with respect to focus and contribution

No. Author Year Focus Contribution/Approach
1 Christopher 1992 | Functional based SC Developed a function based measurement system (FBMS) combining different performance
measurement system measures to cover the different processes in the supply chain.
2 Supply-Chain 1996 | Process based SC Developed the SCOR model based on five core processes (plan, source, make, deliver and
Council (SCC) measurement system return). The model includes standard performance metrics to measure the performance of SC
processes as well as a set of benchmarking tools for performance and process evaluation.
3 the Global | 1996 | Process based SC Developed the GSCF model which consists of three primary related elements: the SC network
Supply  Chain measurement system structure, the SC business processes and the management components.
Forum (GSCF)
4 Beamon 1999 | Integrated SC performance Introduced an integrated framework to measure the supply chain performance based on
measurement system classifying the performance measures in three categories (resource, output and flexibility).
5 Srivastava et al. 1999 | Process based SC Introduced a process focused SC measurement framework includes three business processes:
measurement system customer relationship management, product development management and supply chain
management.
6 Bowersox et al. 1999 | Process based SC Introduced a process focused SC measurement framework focuses on three "contexts":
measurement system operational, planning and control and behavioural.
7 Sabri and 2000 | SC performance modelling Proposed an integrated multi-objective supply chain model to integrate strategic and operational
Beamon analysis of supply chain.
8 Melnyk et al. 2000 | Process based SC Developed the SC measurement framework introduced by Bowersox et al. (1999) to include
measurement system eight business processes: plan, acquire, make, deliver, product design/redesign, capacity
management, process design/redesign and measurement.
9 Gunasekaran et 2001 | Integrated SC performance Classified SCM systems based on their strategic, operational or tactical focus.
al. measurement system
10 Mentzer et al. 2001 | Process based SC Introduced a process focused SC measurement framework focused on the cross-functional
measurement system interaction within a company and on the relationships developed with other SC members.
11 Frohlich and | 2001 | Integrated SC performance Identified five different integration strategies that manufacturers could undertake in relation to
Westbrook measurement system suppliers and customers based on characterising the direction (towards customers and/or towards
suppliers) and degree of SC integration as key dimensions for representing strategic position.
12 Bullingery etal. | 2002 | Integrated SC performance Suggested a hybrid balanced measurement approach integrating bottom-up and top-down
measurement system performance measures based on SCOR model and balanced scorecards.
13 Lai et al. 2002 | SC performance modelling Developed a measurement model and a measurement instrument for SC performance in transport
logistics based on the SCOR model and various established measures.
14 Chan 2003 | Prioritisation and choice of SC | Used the AHP technique as a tool for measuring SC performance.
metrics and measures
15 Chan and Qi 2003b | SC performance modelling Developed a process-based model represented by six core business processes to analyse, manage

the supply chain and measure its performance.
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16 Otto and Kotzab | 2003 | Integrated SC performance Presented a framework to measure the effectiveness of SCM based on six unique sets of metrics
measurement system differing between six perspectives on SCM.
17 Liang et al. 2006 | SC performance modelling Designed DEA-based models for characterising multi-member supply chain operations and
calculating the efficiencies of the supply chain and its members.
18 Chen et al. 2006 | SC performance modelling Proposed a bargaining model to analyse the supplier and manufacturer’s decision process and
determine the best efficiency plan strategy.
19 Shepherd and 2006 | Critical review on SC Critically reviewed articles published between 1990 and 2005 on performance measurement
Gunter performance measurement systems and metrics of supply chains and classified the reviewed studies as operational, design
or strategic.
20 Gunasekaran and | 2007 | Critical review on SC Conducted a review to analyse the published articles between 1995-2004 on performance
Kobu performance measurement measures and metrics in SC systems and categorised the performance measurement in logistics
and SC systems in seven main categories. The review introduced 27 KPIs after all repeats and
over lapped measures are taken out.
21 Wong and Wong | 2007 | SC performance modelling Constructed a modelling tool based on DEA to measure the internal SC performance efficiency.
22 Theeranuphattan | 2008 | SC performance modelling Proposed a model combining the SCOR model and process-based model developed by Chan and
a and Tang Qi (2003b) in order to identify and employ SC performance measures.
23 Charan et al. 2008 | SC performance modelling Employed an interpretive structural modelling based approach to determine the interaction
among the SCPMS implementation variables.
24 Hwang et al. 2008 | Prioritisation and choice of SC | Proposed a stepwise regression method to prioritise different SC performance measures.
metrics and measures
25 Tipi et al. 2008 | Critical review on SC Evaluated how supply chain performance measures are currently selected, modelled and
performance measurement analysed for different supply chains and assessed the appropriateness of the existing measures
for analysing a supply chain system.
26 Askariazad and 2009 | Prioritisation and choice of SC | Introduced a holistic approach based on the AHP methodology to identify and prioritise SC
Wanous metrics and measures performance measures according to their importance in the evaluation of value-added activities
in the entire supply chain.
27 Cai et al. 2009 | SC performance modelling Developed a modelling tool for speeding up performance improvements in dynamic supply chain
decision-making environments and refining the process of deciding among large number of
KPIs.
28 Aramyan et al. 2009 | SC performance modelling Developed performance measurement model evaluating the impact of quality assurance systems
on the performance of the supply chain.
29 Tipi 2009 | SC performance modelling Constructed a simulation model to address some of the challenges of designing and
modelling performance measures for complex supply chain systems.
30 Najmia and 2010 | Prioritisation and choice of SC | Combined the AHP and DEMATEL to rank SC performance measures and identify the most
Makuia metrics and measures important factors affecting the performance of the supply chain.
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31 Akyuz and Erkan | 2010 | Critical review on SC Conducted a critical review on SC performance measurement. The review revealed that SC
performance measurement performance measurement research area is still in a need of further research regarding
development of fully integrated SC performance measurement frameworks. In addition the study
highlighted the importance of the balanced scorecard approach and the SCOR model as the
foundation of the research in SC performance measurement area.

32 Azevedo et al. 2011 | SC performance modelling Proposed a conceptual model analysing the influence of a set of lean, agile, resilient and green
SCM practices on SC performance.

33 Kotzab et al. 2011 | SC performance modelling Developed a conceptual model identifying three antecedents (Internal SCM conditions, external
SCM conditions and SCM-related processes) which affect the adoption and execution of SCM in
terms of internal and external integration of business processes to create value and to improve
the total performance of the chain.

34 El-Baz 2011 | Prioritisation and choice of SC | Proposed a fuzzy decision making system based on fuzzy set theory and the AHP technique to

metrics and measures deal with SC performance measurement systems in the manufacturing environment through
aggregating the effects of different quantitative and qualitative factors on performance into a
single indicator.

35 Gimenez et al. 2012 | Integrated SC performance Conducted a survey to investigate the effectiveness of supply chain integration in different

measurement system contexts.

36 Deshpande 2012 | Integrated SC performance Designed an integrated theoretical framework utilising the interrelationships between SCM

measurement system dimensions, SCM performance and organisation performance for effective implementation of
SCM.
37 Agami et al. 2012 | Integrated SC performance Proposed an integrated hybrid dynamic process-based framework for SC performance
measurement system improvement incorporating various sciences, methodologies and tools. The proposed framework
contributed in the enhancement of currently existing SCPM systems by adding two additional
steps to the traditional SCPM process, namely: optimisation and TOCTP implementation.

38 Bai et al. 2012 | SC performance modelling Introduced a grey based neighbourhood rough set methodology to evaluate, select and monitor
sustainable SC performance measurement that can be integrated into a performance management
system.

39 | Gopal and 2012 | Critical review on SC Conducted a comprehensive review of articles published between 2000 and 2011 on supply

Thakkar performance measurement chain performance measures and metrics. The review studied 28 key articles reported in the
domain of supply chain performance measurement through classifying them on the basis of three
phases of the performance measurement system process: designing of measures, implementing
of measures and monitoring of measures.

40 Hassini et al. 2012 | Critical review on SC Reviewed literature published during last decade (2000-2010) on sustainable supply chains and

performance measurement analysed it from different perspectives. The review proposed frameworks for sustainable supply
chain management and performance measures, then provided a case study of sustainable supply
chain performance indicators in the energy sector.

41 Kocaogluetal. | 2013 | Integrated SC performance Proposed ‘TOPSIS-AHP-SCOR integrated approach’ which links strategies to operations using

measurement system

AHP and TOPSIS techniques based on SCOR model. The proposed approach was applied to a
problem of decision making process in a manufacturing company.
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42 Vaidya and 2013 | Prioritisation and choice of SC | Proposed a multiple criteria approach to evaluate SC performance using pair comparison
Hudnurkar metrics and measures method. The proposed approach was flexibly designed to suit different supply chain structures
and to apply to any number of criteria. A case study of a manufacturing company was presented
to demonstrate the practical benefits of proposed approach.
43 Perera et al. 2013 | Prioritisation and choice of SC | Developed and solved a model to select and quantify the environmental performance measures

metrics and measures

of a manufacturing company’s SC based on the AHP technique and Expert Choice software.
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2.4 Designing and implementing a performance measurement system in a SC

context

Developing a performance measurement system is critical to achieve successful implementation
of SCM practices (Cagnazzo et al., 2010). Effective SCM requires a performance measurement
system that can appropriately reflect actual SC performance (Azevedo et al., 2011). Beamon
(1999) and Gunasekaran et al. (2001) indicated that several studies have provided insights on the
design and implementation of performance measures in a SC context; however the process of
choosing an appropriate SC performance measurement system is complex. According to Tangen
(2005), there is no single optimal measurement tool that can be applied to SC performance as
different performance measures can be selected for different purposes. Firstly, the fundamental
purpose of performance measurement should be defined, then the appropriate measure can be
chosen according to the intended purpose. This section provides an insight on the design and
implementation of a SC performance measurement system. Firstly, it focuses on understanding
and analysing the characteristics, the structure and the strategy of the targeted supply chain as a
primary step to develop an effective SC performance measurement system. Secondly, it
discusses the guidelines for the selection of an appropriate supply chain framework in order to
identify, map and evaluate SC processes. Finally, it gives insights on modelling supply chain
benchmarking in order to establish the appropriate performance metrics and identify the

integration among them.

2.4.1 Analysing the characteristics, the structure and the strategy of a supply chain

Different supply chains have different length, type, focus, strategy and as a result different

goals to be accomplished. Some organisations may control supply chains through to the end
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customer, others might only operate until downstream distribution points. Some supply chains
may share logistic providers or storage locations, while others might be dedicated to a particular
product (UNICEF, 2009). Therefore, understanding and analysing the characteristics, the
structure and the strategy of the targeted supply chain is an essential primary step to develop an

effective SC performance measurement system for improved SCM.

SC network structure is embedded within social, political and economic context. Internal and
external factors such as socio-economic and institutional context have been found to influence
network and supply chain structure and process (O'Reilly et al., 2003). Findings from several
studies proved that the influence of SC integration on performance is moderated by SC context
(Germain et al., 2008; Gimenez et al., 2012). Organisational cultural fit between supply chain
partners should be investigated as one of the factors that impact SC performance. Achieving
successful performance outcomes requires attention to cultural evaluation as well as finance or
strategic evaluations (Cadden et al., 2013). As stated earlier, analysing the characteristics, trends
and relationships within an organisation's internal and external environment is considered one of
the most important aspects to develop an appropriate SC performance measurement system

(Neely et al., 2005; Willis and Anderson, 2010).

The external environment analysis provides a basic description of the industry through
identifying key external stakeholders, analysing industry trends and examining the competitive
forces that dominate it with an emphasis on growth and profit potential, upon which keys to
survival and success in the industry can be drawn. The internal environment analysis is required
to evaluate the organisation’s strategic direction, resources, capabilities and internal and external

relationships. Accordingly, the organisation’s strengths and weaknesses can be identified with
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respect to external environment analysis - which has been previously done- so that the full range

of opportunities and threats can also be identified (Harrison and John, 2009).

After analysing the external and internal environment, the next step should be analysing the
structure of the targeted SC. Stock et al. (2000) proposed a framework of fit between logistics
integration and supply chain structural elements. The framework introduced two constructs
defining supply chain structure. The first construct is the geographic dispersion which refers to
the geographic scope of the suppliers’ locations, production facilities, distributors and customers
in the supply chain. The extent to which the supply chain is either concentrated or dispersed
geographically has a significant impact on the decision-making authority and coordination within
the company. The second construct is channel governance which illustrates the classification of
how the company’s suppliers, production facilities, distributors and customers are governed.
Three different configurations of channel governance are considered according to this

framework: networks, hierarchies and markets.

Beamon and Chen (2001) classified supply chain structures into four main structure types:
convergent, divergent, conjoined, or general (network). Convergent structures are assembly-type
structures in which each node in the chain has at most one successor, but may have any number
of predecessors. Divergent structures are types of structures where each node has at most one
predecessor, but any number of successors. A conjoined structure is one that combines
convergent and divergent structure, where each comprising substructure (convergent and
divergent) is combined in sequence to form a single, connected structure. General (network)
structure is the one that does not fall into any of the preceding three structures where the general

structure is neither strictly convergent, divergent nor conjoined.
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The GSCF model demonstrated the SC network structure including all members with whom the
focal company interacts directly or indirectly from the point of origin to the point of
consumption. These members are divided into primary members and supporting members. The
primary members are those who carry out value-adding activities in the business processes
designed to produce a specific output for a particular customer or market, while supporting
members are companies that provide resources, knowledge, utilities, or assets for the primary
members of the supply chain. By determining primary and supporting members, the point of
origin and the point of consumption of the supply chain can be identified. The point of origin of
the supply chain occurs where no previous primary suppliers exist while the point of
consumption is where no further value is added and the product and/or service is consumed

(Spens and Bask, 2002).

In addition, the GSCF framework identified three structural dimensions of the network to be
determined when describing, analysing and managing the supply chain. These dimensions are the
horizontal structure, the vertical structure and the horizontal position of the focal company within
the supply chain. The horizontal structure dimension refers to the number of tiers across the
supply chain. The vertical structure dimension refers to the number of suppliers/customers
represented within each tier. The company’s horizontal position within the supply chain
describes the company location in the supply chain between the point of origin and the point of

consumption (Brewer et al., 2001).

Another important aspect that should be taken into consideration when analysing a supply chain
is to clearly identify supply chain strategy. Christopher and Towill (2001) argued that customer
satisfaction and market place understanding are the main aspects when establishing supply chain

strategy. Lean and agile represent the two main types of supply chain strategies; however they
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are not mutually exclusive paradigms and may be combined in a number of different ways where

hybrid strategies can be developed (Mason- Jones et al., 2000; Chan and Kumar, 2006).

A lean strategy focuses on the elimination of waste with a bias towards “pulling” goods through
the system based on demand. Lean is a make-to-stock system, reacting to “demand signals”
which come from forecasts or next tier distributors, rather than actual orders. On the other hand,
the agile system focus is on flexible, efficient response to unique customer demand. The agile
system uses a make-to-order process for manufacturing and order fulfilment. Agility employs a
“wait-and-see” approach to demand, not committing to products until demand becomes known
(Goldsby et al., 2006). Table 2.4 illustrates the comparison of attributes, characteristics and key

differences in logistics strategy between lean and agile supply.

Table 2.4: Comparison of Lean supply chain with Agile supply chain

Lean supply chain

Agile supply chain

Distinguishing attributes

-typical products Commodities Fashion goods

-marketplace demand Predictable Volatile

-product Varity Low High

-product life cycle Long Short

-customer drivers Cost Availability

-profit margin Low High

-dominant costs Physical costs Marketability cost

-stock out penalties Long term contractual Immediate and volatile

-purchasing policy Buy materials Assign capacity

-information enrichment Highly desirable Obligatory

-forecasting mechanism algorithmic Consultative
Characteristics

-logistics focus Eliminate waste Customers and markets

-partnerships Long term, stable Fluid clusters

-key measures

Output measures such as
productivity and cost

Measure capabilities and focus on
customer satisfaction

-process focus

Work standardisation,
conformance to standards

Focus on operator self-management
to maximise autonomy

-logistics planning

Stable, fixed periods

Instantaneous response

Key difference in logistics
strategy

Concerned with placing orders
upstream for products that move
in regular flow

Concerning with assigning capacity
so that products can be made rapidly
to meet demand that is difficult to
forecast

(Source: Harrison and Hoek, 2008)

80




After analysing the targeted supply chain, the next step to develop an effective SC performance
measurement system is to select an appropriate SC performance framework. Different supply
chains characteristics and strategies require different frameworks. Selecting the appropriate
supply chain framework in order to identify, map and evaluate the processes in the entire supply

chain is essential for providing a structure to assess the whole supply chain system.

2.4.2 Selecting the appropriate supply chain framework

UNICEF (2009) defined a supply chain framework as “a management tool to help identify and
map the activities associated with all phases of a supply chain”. To develop an effective SC
performance measurement system, the selected framework should be reliable, provide a scope of

measurement and reveal the viability of strategies (Gunasekaran et al., 2001).

Different types of supply chain systems require different performance measurement
characteristics. Various SC performance measurement frameworks for different types of systems
have been developed in order to facilitate the analysis and the evaluation of supply chain
performance (Beamon, 1999). The two most broadly applicable frameworks are the Global
Supply Chain Framework (GSCF) and The Supply Chain Operations Reference (SCOR) Model
(Johnson and Mena, 2008). These two frameworks represent two different approaches to

implementing standard cross-functional integrated business processes in the context of SCM.

However, these two models can be integrated and linked to achieve SCM on the organisational
level and throughout SC network structure. As illustrated in section 2.3.1, the SCOR model is
linked to operational strategy. The narrow focus of the SCOR on achieving transactional
efficiency through engaging partners from the logistics, production and purchasing functions
makes it an appropriate framework to achieve cross functional business processes integration

within the organisation’s structure.
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Cirtita and Glaser-Segura (2012) conducted a survey in US industry to investigate the extent to
which the SCOR model is used to coordinate intra-organisational activities and downstream
supply chain (DSC) inter-organisational activities. The results revealed that the surveyed
companies accepted the SCOR model as a standardised comprehensive performance system for
measuring intra-organisational performance. However, it was found that companies are used the
SCOR metrics independently of DSC inter-organisational coordination activities. It has been
explained that companies might aim to first coordinate the internal performance metrics, and

then later will extend external metrics with DSC members.

On the other hand, the wide scope of the GSCF framework - which provides key business
processes aligned with organisational and functional strategies through customer and supplier
relationship management- makes it more adapted for achieving SCM integration among the

members within SC network structure.

Companies’ internal activities in some way are linked with other members of the SC. The
structural of activities within and between companies is considered one of the critical elements
that impact SC performance. Linking and managing internal key activities and business
processes across SC members can increase profitability and competiveness within organisations
and across SC network, which requires changing from managing individual functions to
integrating activities into cross functional key SC business processes. The main challenge is that
companies in the same SC may have different processes’ names, numbers, links and levels which
can impact the communication between SC members and consequently, the efficiency of SCM
integration. Function approach by nature has a relatively unified understanding since the main
functions like marketing, manufacturing and finance already have general description and

implications. Moreover, companies in the same SC network may have different strategic
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objectives resulting in different performance priorities and different critical processes to manage
and to integrate within the organisation and with other members of the SC (Lambert and Cooper,
2000). A prerequisite of successful SCM integration across SC network is to accomplish cross
functional business processes integration within the company (Lambert and Cooper, 2000;

Kocao™glu et al., 2013).

The SCOR model provides standard description of SC processes and the relationship among
these processes by which members in the SC can have a unified description and understanding of
their SC processes. In addition, the SCOR model standard performance metrics can provide
standardised key performance indicators to evaluate the performance of the entire SC, the

individual members of the chain or subsets of members.

GSCF model identified eight key business processes that can be linked across the SC. The
number of business processes to integrate and manage varies between companies. Companies
should decide the critical business processes from these eight key business processes that should
be managed and integrated with different members within the SC. The other two elements of
GSCF model (SC network structure and SC management components) represent the key
elements of achieving successful SCM integration using the model’s eight key business
processes. The GSCF model’s SC network structure allows identifying the key SC members with
whom a company should link these key business processes. While, the GSCF model’s SC
management components identify the level of integration and management that should be applied
for each process link (Lambert et al., 1998; Croxton et al., 2001). Figure 2.1 illustrates SCM

integration within organisation and across the SC based on SCOR and GSCF frameworks.

As demonstrated in figure 2.1, the SCOR model maps the entire SC processes to standardised

processes workflows based on five core processes (plan, source, make, deliver and return). The
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SCOR framework provides standardised business processes by which companies can accomplish
cross functional integration between different organisational functions (R&D, purchasing,
production, marketing & sales, logistics and finance). Mapping the entire SC processes to the
SCOR’s standard description of SC processes enables the individual members of the chain to
have unified description and understanding of their SC processes as a prerequisite of SCM

integration across the SC.

On the level of SC network integration, figure 2.1 shows how the GSCF model’s eight key
business processes are designed to integrate companies’ internal activities with other members of
the SC. The GSCF framework provides the elements by which a company can identify: the SC
key members with whom it is critical to link, the processes to be linked with each of these key

members and the type/level of integration that applies to each process link.

Once the appropriate supply chain framework is determined, the next step in developing a SC
performance measurement system is to decide how the SC performance benchmarking process
will be designed and implemented. According to Beamon (1999), benchmarking is an important
step in developing an appropriate SC performance measurement system as it can serve as a
method of identifying SC performance improvement opportunities. The next section provides an
insight into the evolution, definition, process, types and levels of benchmarking, then it discusses

the application of benchmarking in a SC context.
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Intra- organisational cross functional business
processes integration

Logitics Marketing & Sales
INFORMATION FLOW

GSCF model's eight key business Processes

Inter-organisational business processes integration

(Developed from: Lambert and Cooper, 2000; and SCOR Model - Version 9, Supply Chain Council, 2008)

Figure 2.1: SCM integration within organisation and across the SC
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2.4.3 Benchmarking SC operations’ performance

Several researchers have studied strategies such as benchmarking, total quality management
and reengineering as alternatives for improving business processes performance, while other
researchers have integrated them (Drucker, 1994; Peter, 1994). Since the early 1980’s, the
application of benchmarking have been widely studied in different business areas such as
marketing, human resources, accounting and supply chains (Meybodi, 2008). It started to be used
as a tool to improve organisations’ performance and competitiveness in a business sector. In
1983, Xerox made competitive benchmarking a fundamental part of their operations. In order to
regain their strategic advantage against severe international competition, Xerox benchmarked the
performance of more than 230 processes in their operations through identifying the best
processes performed by competitors and adjusted them according to Xerox’s processes

(Lankford, 2000).

Both managers and academics have developed several definitions for benchmarking according
to their own perceptions and applications of this technique (Fernandez et al., 2001). In summary,
benchmarking means the continuous measuring of company’s performance against competitors
or industry leaders (best in the class) in order to discover the gap in a company’s performance
and then analyse the strengths and weaknesses of the company in order to identify key
improvement areas and search for applicable solutions to enhance the company’s operations

performance (Peter, 1994; Lankford, 2000; Fernandez et al., 2001; Moffett et al., 2008).

Peter (1994), Leandri (2001) and Jones (2004) illustrated a five-step methodology describing
how benchmarking process should be designed and implemented. The methodology starts with
setting the plan through: identifying what is to be benchmarked and against whom and

determining the data collection method. Then the data required for benchmarking is collected,
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including secondary (publicly available) data and primary (collected directly from the selected
benchmark partner) data. The data collected is analysed in order to identify the performance gap
between the company and the benchmark and determine the improvement actions. An action
plan for performance enhancement is developed and implemented and finally, the progress is

monitored.

Several types of benchmarking can be used such as process benchmarking, performance
benchmarking and financial benchmarking, however the critical issue is to determine which
types of performance measures can be used in relation to benchmarking. The main benchmarking

types are illustrated below (Peter, 1994; Lankford, 2000; Fernandez et al., 2001; Leandri, 2001):

- Process benchmarking: focuses on the day-to-day operations of the organisation to

improve the way processes are performed every day.

- Performance benchmarking: focuses on assessing competitive positions through

comparing the products and services with those of competitors.

- Financial benchmarking: focuses on assessing the financial position through comparing a

company’s financial analysis results with those of competitors.

- Functional benchmarking: focuses on benchmarking specific functions in order to
improve them, such as human resources, accounting and finance and information

technology.

- Generic benchmarking: focuses on benchmarking the company’s whole process. This
type applies to the processes and functions that are comparable across organisations

which may be in different industries.
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- Strategic benchmarking: focuses on how companies compete. This type aims at
improving overall performance through examining the long term strategies that a

company uses compared to its competitors.

In addition to selecting the appropriate type of benchmarking to be applied, designing and
implementing a benchmarking process requires consideration of the level at which benchmarking
can take place. Benchmarking can be applied at several levels (internal level, competition level,
best in industry level or international level). The selected benchmarking level should be relevant
to the focus and the purpose of the benchmarking process. Table 2.5 summarises the differences
between different levels of benchmarking through discussing the focus, the advantages and the

limitations of applying each level.

Table 2.5: Different levels of benchmarking

performance of
the company
against its direct
competitors.

and productive changes and
results.

Level of Focus Advantages Disadvantages
benchmarking
Internal Identify the best | - Relatively easy to accesses | Missing the bigger picture as even the
practices within | sensitive data and all best internal practices might not be the
the company information required. best in the class.
departments, - Cost effective
business units, benchmarking approach as
sister companies | less time and resources
and disseminate | needed to accesses required
these practices information.
throughout the - Allows managers in the
organisation. organisation to be more
knowledgeable about the
organisation as a whole.
Competitor Benchmark the Leads to effective solution - Difficult to access information as

organisations are not interested in helping
a competitor by sharing information.

- Determine which competitors perform
better can be easy task for low
performance companies; however it is
difficult to high performance companies
as they have fewer competitors worth
benchmarking against.

Best in industry

Benchmark the
performance of
the company
against the leader
in its sector.

Provides best practices to
enhance company’s
operations performance.

Difficult to access information. since
other companies in the sector are also
wish to contact the leader company;
competition among companies to gain
benchmark against the leader in the sector
will be intense

88




International Comparing - Suitable when organisation | - Having different external business

(world class) company’s has too few benchmarking environment may affect the validity of
performance partners within the same results.
against the best country or when it provides | - Involves higher costs and more
of the world. a unique service or product | complexities.

and there are no
organisations within the
country to be benchmarked
against.

- provides innovative ways
for improving performance
and dealing with problems.

(Adapted from: Peter, 1994; Helgason, 1997; Lankford, 2000; Fernandez et al., 2001; Jones, 2004)

To sum up, the main idea behind benchmarking is to identify best practices, study these
practices, make plans for improving the performance, implement them and finally, monitor and
evaluate the results. In short: benchmarking is to identify and implement best practice (Helgason,

1997).

Benchmarking in supply chains commenced in the mid 1990s. The initial approach to model
supply chain benchmarking focused on addressing performance measures and later moved into
applying benchmarking in an integrated perspective. Compared to other fields, benchmarking in
the supply chain context involves complex relationships and unknown tradeoffs between
multiple inputs and multiple outputs. The most critical issue in the supply chain benchmarking
process is to define the appropriate performance measures and the integration among them in
order to establish the correct metrics to measure a company’s performance (Wong and Wong,

2008).

Although several approaches have been proposed by researchers to model supply chain
benchmarking, some gaps concerning supply chain benchmarking research still exist. There is a
need to develop an adequate methodology to determine the relative importance of performance

measures, which varies among companies and then to aggregate them into a single index of
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overall performance from which a company can compare its SC performance with other industry

members(Simatupang and Sridharan, 2004a, b; Wong and Wong, 2008).

2.5 Links between supply chain performance and a company’s financial

performance

Although the impact of SCM on a company’s performance has been discussed by many
researchers, few studies have been conducted to find the links between SCM practices and
financial performance improvements (Gardner, 2004). According to Camerinelli and Cantu’
(2006), still there is no direct and clear link between the measurement of day-to-day supply chain
operations and the overall financial performance of the chain. Supply chain performance and the
organisation's financial performance have been widely studied but limited empirical affirmation
of their relationship has been presented (Toyli et al., 2008). In this section, a chronological

review is conducted on the links between supply chain performance and financial performance.

Between 1997 and 2000 a join research team from Accenture, INSEAD and Stanford
University studied the supply chain-financial performance link. The study aimed to test the
statistical relationship between companies' financial success and the performance of their supply
chains. Publicly available data for 3,000 companies was statistically analysed and in-depth
interviews conducted with more than 75 executives from 60 companies. A web-based survey,
designed to capture the supply chain insights and experiences of leading executives from
companies across North America and Europe, also yielded 100 responses. The study’s results
were published in 2003 showing a statistical correlation between companies' financial success
and the performance of their supply chains. According to the study’s results, supply chain leaders

accomplish significantly higher market-capitalisation growth rates than the industry average
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growth rate. Moreover, analysis of the study’s interviews and surveys revealed that successful
business strategies of leading companies incorporate supply chain strategies that provide
competitive advantage and devote significant attention to designing integrated supply chain

operating models (D'Avanzo et al., 2003).

Deloitte (2003) conducted a study of 600 companies in 22 countries which concluded that
effectively managing a complex global supply chain has a positive impact on a company's
financial performance (as cited in Colman, 2003). The study revealed that companies which
effectively managed their supply chain realised profit margins 73% higher than other companies

with poor supply chain performance and less complex environments.

Gunasekaran et al. (2004) conducted a survey to study the performance measures and metrics
used in a supply chain environment. The survey investigated the impact of implementing SCM
practices on enhancing return on investment. The results revealed that 76% of responses showed
that practices of carefully managed supply chains resulted in financial benefits for participating

companies.

Presutti Jr. and Mawhinney (2007) demonstrated how supply chain metrics can be linked to
corporate financial metrics to achieve the critical link between supply chain performance and
business performance. The supply chain performance metrics used were based on the Supply
Chain Operations Reference-model (SCOR), while the financial metrics used were based on the
Economic Value Added (EVA) concept. The study concluded that there is a clear and direct link
between how effectively supply chain activities are executed and how well the business
performs. The success in making this link between corporate performance and supply chain
performance results in satisfying two of the company’s most important stakeholders - its

customers and shareholders.
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Tejas and Srikanth (2007) linked supply chain metrics to financial key performance indicators
through using scorecards to determine priorities for investments in improving processes and
related technology. This linkage helps senior managers to quantify the performance of SC

metrics and understand its impact on the organisation’s top and bottom lines.

Toyli et al. (2008) analysed the relationship between logistics performance and financial
performance in Finnish small and medium-sized enterprises (SMEs). The study comprised
424 SMEs that participated in a nationwide Finnish logistics survey in 2006. Logistics
performance measures were derived from the survey data and classified into three dimensions:
service level characterising the service quality, operational metrics characterising the time-based
logistics performance and logistics costs characterising cost efficiency. The financial
performance of these companies was then examined in terms of growth and profitability using
financial reports-based data. The results implied that there was no positive linkage between
logistics performance and financial performance among the surveyed companies, indicating that
logistics is just starting to gain more attention among SMEs in Finland and that it might be
relatively easy for SMEs to gain competitive advantage by focusing more on logistics

performance.

Woei (2008) conducted research to explore the supply chain management- financial success
relationship. To analyse the relationship between a company’s financial success and its supply
chain performance, an empirical study was undertaken based on financial information extracted
from public quoted companies in Malaysia during the financial years from 1999 to 2006.
Financial success was measured by market capitalisation while supply chain performance was
measured by four variables namely revenue, cost of sales as percentage of revenue, cash to cash

cycle and return on working capital. The data was statistically analysed to test the correlation
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between categories of SCM performance measures and financial success. The results showed
that the correlation was weak for the financial years of 1999 to 2002, while the correlation
became stronger for the subsequent financial years of 2003 to 2006. The results also revealed
that companies which implement the full scope of supply chain measures can find opportunities

to become financially successful companies in the today’s business environment.

Camerinelli (2009) illustrated the link between financial performance and operational decisions
through mapping financial metrics to operational metrics. Since operational metrics assess the
operational status of the company and are linked to operational decisions, a company’s financial
performance can reflect the quality of the operational decisions taken to accomplish it. The
researcher identified the operational metrics that can be used to map financial metrics to
operational metrics based on the SCOR model standard performance metrics through selecting
the proper elements from the balance sheet and income statement to be linked to the SCOR level

1 and level 2 metrics.

Hutchison et al. (2009) suggested how cash-to-cash strategies can be used in a supply chain
environment as effective cash management and synergistic tools to realise opportunities for
improving efficiency, profitability, cash flow management and communication channels among
supply chain members. According to this approach, an information-sharing environment should
be established among trading partners in the supply chain in order to identify possible
opportunities that can ultimately improve cash flow and profitability. The cash-to-cash
calculation includes three financial variables