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Abstract

In today’s fierce global environment, continuous performance measurement is the key mantra for any kind of business
successes. The performance measurement system is a framework to measure the efficiency of the supply chain. The purpose of
this paper is to review the dearth of research into performance measurement systems in the context of the supply chain by
reviewing the contemporary literature for the last two decades and evoking the potential avenues for future research. For this
purpose, the authors have considered and classified the supply chain performance measurement systems as approaches and
techniques and followed a systematic literature review procedure. Finally, this paper discloses that simulation techniques are
more suitable than other performance techniques and approaches for the supply chain performance measurement in a volatile
environment. The study also provides a strong basis for future researchers and academicians in applying the performance
measurement systems in the context of the dynamic supply chain.

© 2019 The Authors. Published by Elsevier Ltd.

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Selection and peer-review under responsibility of the scientific committee of the 14th Global Congress on Manufacturing and
Management (GCMM-2018).

Keywords: Supply chain performance measurement; Supply chain modeling; Supply chain simulation, Approaches; Techniques

1. Introduction

In today’s volatile market environment, companies are facing huge challenges to satisfy customer requirements.
Moreover, competition has shifted from individual firm to the entire supply chain (SC). In this context, supply chain
management (SCM) plays a vital role to keep the firm in the global market by organizing the activities from supplier
to the end customer effectively. SCM is concerning and managing the business from the procurement of raw
material to manufacturing to distribution, customer service and finally reprocessing and disposal of products. Every
SC wants to improve their performance to reach the expectations of the customer. Hence, performance measures and
metrics are needed to measure the effectiveness and efficiency of the SC. Moreover, every SC or business success
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depends on the effective performance measurement system (PMS). Therefore, an effective PMS is required in the
context of SC to measure the right thing at right time. Neely et al.,[1] defined the PMS as the total set of metrics
used to measure both the effectiveness and efficiency of action. Kaplan and Norton stated that “No measure, No
improvement”. Hence, identification of key performance measures (KPM) and selecting the suitable PMS is more
important in the success of SC performance evaluation. For the last two decades, many researchers have developed
and applied various performance measurement frameworks for different problems of SC (for example identifying
the success, bottlenecks, waste, etc.).

There are many researchers who have done the literature review on supply chain performance measurement
systems (SCPMS) for the last couple of decades. However, most of the studies considered the performance measures
as part of the PMS. Initially, Neely et al.,[2] have reviewed the performance measures and classified them as cost
measures, time measures, quality measures, and flexibility measures. Next, Chan et al., [3] have developed an
SCPMS framework and presents the key issues in the SC. Similarly, Shepherd and Gunter [4] have presented the
taxonomy of the performance metrics based on the nature of the metrics, the dimension of the metrics and SC
macro- process. Gunasekaran et al., [S] have classified the articles based on the balanced scorecard perspective,
Decision hierarchy level, Measurement procedure, SC measure components and the landscape of the measures.
Akyuz et al., [6]categorized the articles based on the SC issues, Points in SCPMS, Prioritization of the metrics,
social and organizational features of SCPMS. In the same way, [7] Cuthbertson et al., considered the frameworks,
measurement procedure and scope of the PMS to classify the SCPMS. Similarly, Gopal et al. [8] presented the
literature based on the PMS Lifecycle phases like design phase, implementation phase, and continuous improvement
phase. Subsequently, Ali Najmi et al., [9] and Hasan Balfaqih et al., [10] have classified the articles based on the
approaches and techniques in the context of SC. More recently, Vieri Maestrini et al., [11] reviewed the literature
related to the SCPMS but this study focused more on the definition of performance measurement. However, they
classified the literature based on Journal wise and discipline wise and finally discussed the articles in terms of the
SCPMS life cycles.

These days, many organizations are using SCM approaches and techniques due to globalization and dynamic
market environment. Therefore, a comprehensive review of SCPMS is required to think over the performance of SC
in dynamic nature. Therefore, the intent of this paper is to review the literature related to the PMS in the context of
dynamic SC environment. For this, authors have followed a systematic literature review procedure and identified the
127 articles from various databases like Scopus, Google Scholar, and ISI in the period of last two decades.

The rest of the paper is organized as follows: Section 2 describes the literature search procedure. Similarly,
section 3 discussed the SCPM approaches. The overview of the SCPM techniques is presented in section 4. Section
5 presents the discussions of this paper. Finally, section 6 concludes the paper.

2. Literature review methodology

Most of the researchers have done an extensive literature review on SCPMS for last two decades. However, these
studies have developed frameworks based on a set of performance metrics. Hence, this review focuses on the
performance measurement systems in the context of the dynamic supply chain. For this purpose, authors have
followed a systematic literature review procedure. Initially, authors have used databases like Scopus, Google
Scholar, and ISI to collect the literature from 1998 to 2018. More than 450 papers have been identified in the context
of SCPMS with the keywords supply chain performance, supply chain models, supply chain performance
measurement and supply chain simulation. Initially, similar kinds of papers collected from different databases were
eliminated. Furthermore, non- referred journals like book chapters, white papers and notes were identified to
eliminate in the further review process. For more quality papers, the authors have reviewed the title, keywords,
abstract and conclusions of the identified papers. Eventually, authors have considered 127 papers to carry out the
review process in the context of SCPMS.

3. Approaches

Majority of researchers have classified the performance measurement systems in the context of SC as
frameworks, models, approaches, and techniques. However, the authors have classified the SCPMS as approaches
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and techniques like as shown in Fig.1. These approaches are further segregated as processed based approaches,
perspective based approaches, and hierarchical based approaches.

3.1. Processed based approaches

SCM is the integration of process and activities involved from supplier to the end customer. Many researchers
have considered the key operational process of the SC to develop the framework of performance measurement. As
shown in figure 1.8 % of the articles have used process-based approaches to develop the SCPMS. Ross [12] have
used a process-based approach to develop the models and also evaluated the SC performance by using six sigma
metrics. Bullinger et al.,[13] have combined the top level measures and bottom level measures to develop a
performance framework. Gunasekaran et al., [14] have developed a framework considering the four SC processes
(plan, source, make, and deliver). Thakkar et al. [15] used the process-based approach to measure SC performance
measures in the small and medium scale industries. Hierarchical models were developed by Askariazad and Wanous
[16] to prioritize the performance measures in the context of SC. Misra and Sharma [17] have presented the
relationship between the SC performance metrics and SC strategies. Moreover, they have developed a performance
framework to evaluate the paint industry performance. Tavana et al., [18] have proposed an integrated model to
measure the three echelon (Supplier- Manufacturer- Distributor) SC performance. Kanna Govindan et al.,[19] have
developed a hybrid approach to evaluating the food industry SC performance by considering green performance
measures. Abroon Qazi et al., [20] have used a utility based process approach to capture the interdependencies
among risks, risk mitigation strategies and performance measures in an SC network. Venkatesh Mani et al., [21]
have developed a framework to explore the social issues relevant to the suppliers and to recognize the performance
measures in the emerging economies.

3.2. Perspective-based approaches

The perspective-based model was developed by Otto and Kotzab [22] in the year 2003. They have considered
each perspective to provide the measures in the evaluation of perspective of the SC. This approach assembles the
generic performance measures and also provides the interrelationship among the performance measures. Perspective
has stated the vision of each researcher in the view of SC. Hence each perspective has its own view on SC problems,
solutions and performance metrics. Therefore, there could be a trade-off between one perspective measures to
another perspective measures. The authors have considered two main perspective models: Balanced Scorecard-
based models and Supply chain operations reference based models.

b)

Fig.1. (a) Classification of SCPMS; (b) Distribution of papers based on SCPMS
3.2.1. Balanced Scorecard models (BSC)

Majority of the researchers (35%) have used the Balanced Scorecard (BSC) approach for evaluating the SC
performance. Kaplan and Norton [23] have developed the BSC approach in 1992. The BSC approach is generally
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applied to choose and combine the SC performance metrics from the balanced view. It underscored on balancing
four classes, which are customers, financial, internal processes, and innovations. The BSC comprises traditional
financial measures representing an organization's past and adds non-financial measures (operational measures)
representing the drivers of future performance which have distributed between the four started classes. The
fundamental quality of the BSC is that it measures the performance in all four main areas, which have associated
with the strategic objectives. Apart from Kaplan et al.[23], few researchers [24] linked the SCM framework to the
BSC to identify performance metrics of different companies in different parts of the World. The BSC has more
commonly applied to both theories and practice with so many advantages over other models [25]. Chai et al., [26]
have used this approach for the logistics industry to measure SC performance. Trivedi and Rajesh, [27] have used
the BSC technique with the combination of AHP technique to evaluate the performance of the SC. G.F.
Khanaposhtani et al., [28] have used a mixed approach consisting of BSC, Game theory and System Dynamics (SD)
to evaluate the automobile industry performance. De Xia et al., [29] have developed a modified strategic balanced
scorecard to evaluate the technology candidates in terms of their features of sustainability. More recently, Fana
Rasolofo et al., [30] have analyzed the role of the BSC in the management of SC uncertainty in service activities. T.
Shashank et al., [31] have proposed a BSC and strategy map-based quantitative framework for assessing the lean
and green performance of the SC. Because of its simplistic nature, many authors have used the BSC approach
Hoque and James [32]. However, the BSC approach limited to fewer measures only and it is complicated to measure
integrated supply chain by using this approach [33].

3.2.2. Supply chain operations reference model(SCOR)

Subsequently, to the BSC approach, the Supply chain operations reference model (SCOR) has acquired more
attention from the researchers. According to figure 2, 16 % of the papers have used the SCOR approach. The Supply
chain council (SCC) developed the SCOR model in 1996, containing performance attributes and metrics depend on
five different management processes (plan, source, make, deliver and return) [34]. Furthermore, SCOR contains
thirteen metrics corresponding to level 1 which fall into five categories; SC reliability metrics, flexibility metrics,
responsiveness metrics, cost metrics, and assets metrics. The first three categories have directly linked to the
customers and hence called customer facing. The rest of the metrics, measurements within the internal operation of
the SC and are named as internal facing. Many authors have used SCOR in the context of SCPM like; Wong et al.,
[35] have applied SCOR measures as input variables and output variables for DEA to evaluate the performance of
the SC. Thakkar et al., [15] have mixed the features of the SCOR and BSC models to develop a PMS for the case of
small and medium enterprises in India. Moreover, they have formulated a group of quantitative and qualitative data
received from the research case study. Ghatari et al., [36] have expressed a PMS based on the SCOR for distributors
in pharmaceutical supply chains. Essajide et al., [37] have presented an adaptation of the SCOR models to the
pharmaceuticals wholesale distributors in the performance of SC. More recently, Raul Zuniga et al., [38] have used
this SCOR model to identify the key performance measures to reduce the complexities of the SC.

3.3. Hierarchical based approaches

Hierarchical based models are useful to measure the performance of an SC at different hierarchical levels.
Manager requires the right measures at right time to take the right decision at each level of the SC (strategic level,
tactical level, and operational level). Almost 12% of the articles have used the Hierarchical based models to
evaluate the SC performance. Gunasekaran et al. [39] have developed a framework with the strategic level metrics,
tactical metrics, and operational level metrics. The main aim of their framework is to allocate the suitable metrics to
the right management level. However, researchers and managers have to face a difficulty in the selection of proper
metrics due to the large amount metrics have given in their framework. In another paper, Gunasekaran et al. [40]
have prioritized the metrics based on the three-point score. Similarly, Bhagwat and Sharma [52] classified the
metrics based on the three hierarchical levels. Moreover, they prioritize the metrics in the global competitive
environment to take an appropriate decision by the managers. Pramod et al., [43] have developed a hierarchical
based model to evaluate the performance of service SC in terms of safety, risk and health. P.K Dey et al. [44] have
presented an empirical study to develop a hierarchical based performance measurement system in green SC.
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4. Techniques
4.1. Analytic hierarchy process

Thomas developed the analytic hierarchy process (AHP) in the 1970s. This technique may be useful for
analyzing and organizing complex decisions by considering mathematics and psychology. Even though it was
developed in the 1970s, but it was applied in the SCM context in 2000s only. To make pairwise comparisons, a
numerical weight was given to each element in the hierarchy. Dollinger et al., [45] have combined the AHP with the
pre-emptive goal programming (PGP) model to find out the KPM to evaluate the SC performance. Wanous, [16]
have applied the AHP for pairwise comparisons of critical SC functions to formulate a PMS to evaluate the
complete performance of SCs. Charkha and Jaju [55], have integrated the AHP and Six Sigma to measure the SC
performance of a textile industry in India. Li et al., [47] have formulated a logarithm triangular fuzzy number
(LTFN)-AHP technique that explores the fuzzy environment to measure the SC performance. Govindan et al., [19]
have used the fuzzy AHP to prioritize the indicators in improving SC performance of four Indian manufacturing
companies. However, this AHP technique has gained less attention from the researchers. Rupesh Kumar and
Surendra [48] have applied AHP and Fuzzy AHP to Indian sugar industry for identifying the information technology
barriers which manipulate the sugar SC. V. G. Venkatesh et al., [21] have used the fuzzy AHP to prioritize the
attributes in the selection of a suitable supplier partner in humanitarian SC.

4.2. Data envelopment analysis

Charnes et al. [49] have developed the data envelopment analysis (DEA) models. DEA models are helpful to
measure the SC performance in terms of inputs and outputs by using the qualitative and quantitative measures.
Wong and Wong [50] have used the DEA models to understand the effect of input variables like technical efficiency
and cost efficiency on the output measures likeability of the firm and opportunity cost respectively. Galler et al.,
[51] have presented the application of DEA models in automobile industry SC. For the purpose of calculating the
SC score, Shafiee et al. [52] have used DEA models in Iranian food industry. For the purpose of predicting group
membership in the sustainable SC environment, Elahe Boudaghi et al. [53] have developed a new DEA -
discriminate analysis (DEA-DA) model. More recently, Imre Dobos et al. [54] have used the DEA models in a
selection of a green supplier. They have considered the green factors as output measures and management factors as
input variables in the DEA model. H. Omrani et al. [55] have developed a relational network DEA model to evaluate
the SC performance with fuzzy numbers.

4.3. Simulation

Measuring and setting benchmarks for various strategies in the multi-tier supply chain is highly complicated.
Identifying the KPMs and linking them with the operational strategy in this dynamic nature is too difficult to
do.[56]. Hence in this context simulation plays a vital role in evaluating the SC performance in dynamic nature. The
inter-relationship among information sharing, total cost, and on-time delivery rates have been modeled through
simulation technique by Hall, [66]. Chiu and Okudan [58] have applied the simulation-based methods in designing
of additive manufacturing and SC context. Fan et al.,[59] have developed computer recycling model using system
dynamic (SD) approach to understanding the status of the electronic waste in Taiwan. Also, they have tested the
three decision variables (holding duration, recycling refund, and innovative technology). Langroodi and Amiri, [71]
have used this approach to study the dynamic behavior of the SC in other regions concerning the order variability at
a specific area. Li et al.,[61] have investigated a three-echelon closed loop SC consisting of Supplier, Manufacturer,
and Retailer. Additionally, they have analyzed the impact of return yield, and recycling process lead time and
product consumption lead time by considering the two KPIs like order rate and serviceable inventory. Qingqi Long
[62] has used the Agent-based simulation (ABS) to evaluate the decision making approaches in a five echelon
manufacturing SC.
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5. Discussions

In this paper, the trends of studies in SCPMS have been studied along with 127 articles. The yearly distributions
of the papers are presented in Fig 2. The academicians and researchers focus has been remarkably increased in
performance measurement of the SCs from the year 2007 onwards. This means that researchers have paid more
attention in recent years than previous years about the SCPMS. Since the identification of key operational metrics at
each level of SC and linking them with the entire SC performance increase appreciably. Hence the trend of
evaluating the SC performance is expected to continue in future.
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Fig.2 Yearly distribution of papers

The primary objective of this study is to identify the most popular performance measurement system in the
context of SC for the last two decades. The most popular SCPMS is the BSC approach followed by SCOR, AHP,
hierarchical - based approach, simulation techniques, process-based approach, and DEA. Initially, Majority of the
researchers have focused on the identification of the performance measures. Later, that focus has shifted to the
prioritizing the selected measures based on the nature of the metrics. According to the literature, it can be noted that
these days, many researchers have used the SCPMS to evaluate the effect of operational metrics on the performance
of entire SC. Based on the author’s perspective, there is a need to group the widespread performance measures,
because many researchers have developed the PMSs for their individual organizations. However, it is important for
managers to understand that SC strategies are different from one company to another. Hence, SCPMS or a set of
metrics are also not similar in all conditions. Hence, the following steps are recommended to the decision makers to
identify the suitable SCPMS and right performance measures for their organizations:

Identify the company SC strategy and objectives

Identify the right performance measures and PMS based on the SC strategy and objectives

Prioritize the selected measures with the focal SC strategy

Inter-relate the key performance measures with the SC Strategy subsequent to discussions with the
stakeholders

e Develop a suitable SCPMS and explain to the other members in the SC to evaluate the PMS.

6. Conclusion

This review analyzed the various approaches and techniques of performance measurement systems in the context
of SC by reviewing the papers published in peer-reviewed journals using the Scopus and Google Scholar database
from 1998 to 2018. The paper observed that for the last couple of decades, a considerable amount of work has been
done in the context of SCPMS. The paper identified that development of the SCPMS based on the company SC
strategy. It is observed that performance measurement in the context of SC is still a fruitful area to carry out the
research in the future. The authors have noticed that additional research is required in the area of SC performance
modeling using simulation techniques like system dynamics and discrete event simulation useful for SC which is
operating in a volatile environment.
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