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1 Introduction
1.1 Problem Situation

In today’s business processes it has been stated, that a successful supply chain (SC) is a key
factor to increase the company’s productivity and profitability and consequently leads to a
competitive advantage (Gunasekaran et al., 2004, p. 333; Holmberg, 2000, p. 847). This leads
to the conclusion that supply chain performance (SCP) needs to be measured to achieve success
(Gunasekaran et al., 2001, p. 1). The importance of performance measurement for the success
of companies has also been emphasized by Santos (2002, p. 1246). Performance measurement
is necessary for implementing and realizing strategic goals and further informs the decision
makers at the operational, tactical and strategic level (Guanasekaran and Kobu, 2007). In order
to maintain the competitive advantage, SCs need to be monitored and underly continuous
improvements. Because of these reasons performance measurement and metrics are needed to
support the SCP improvement (Hausman, 2002, p. 62).

Through the increasing importance of SCP improvement, different metrics have been examined
and developed in the scientific research. As a consequence, a great amount of different kind of
metrics have been evolved, including insufficient metrics and a lack of appropriate metrics
(Holmberg, 2000, p. 851-852; Parker, 2000, p. 63—64). Bagchi (1996) identifies 28 metrics,
which are categorized in time, quality, cost and diagnostic measures. Gunasekaran et al. (2001)
focuses on 18 metrics and links them to the SC activities: plan, source, make/assemble and
(customer) delivery. Gunasekaran et al. (2005) suggests 28 performance metrics in new
enterprises. Griffis et al. (2004, p. 98) summarize ten metrics, that have been identified as the
“most commonly recommended logistics performance measures”. Beamon (1999, p. 281-284)
provides exemplary metrics and links them to resources, output and flexibility. Hausman (2002,
p. 67-69) classifies the metrics in service, inventory and speed. Furthermore, Gopal and
Thakkar (2012, p. 521-522) provide a list, that shows how SCP can be measured in diverse
ways.

The provided insight into the different metrics shows its broad extent and the differences in its
approaches, which makes it difficult to get an overview and a clear fundamental classification.
The literature about performance measurement is diverse and authors tend to focus on different
aspects of performance measurement system designs (Neely et al., 1995, p. 84). Furthermore,
there is evidence that the tendency of developing different metrics will increase, as external
factors like globalisation, technology or the increasing need for environmental responsibility
and sustainability force organisations to revise their business processes. This leads to a shift in
the competencies of a SC. The shift in turn evokes the development and adaptation of new or
modified metrics (Gopal and Thakkar, 2012, p. 521). Based on the defined research gap the
following research questions have been arisen:

What are the main categories or core aspects of supply chain performance metrics? How can
the categories be classified?
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Whereas core aspects mean the focus of performance measures or measurements dealing in the
scientific literature. Accordingly, the first research objective of the presented paper deals with
the identification of the different categories or core aspects used in the literature. In order to
extent the research the second research objective deals with the examination whether the
identified literature of the SCP categories show a relation to the terms global supply chain
management (SCM), SC complexity and SC risk.

The presented paper is structured as following: after presenting the introduction of the research
field and stating the research questions and objectives, the theoretical background of supply
chain performance measurement (SCPM) will be described. The next chapter explains the used
research methodology, which includes the bibliometric and content analysis. After that, the
results of the analysis are shown. Finally, the conclusion states whether the research question
and objectives are fulfilled. In addition, the chapter illustrates the limitations and further
research.

1.2 Fundamentals of Theory
SuprPLY CHAIN PERFORMANCE

The concept of performance is understood by Hoffmann (2000, p. 8) and Riedl (2000, p. 17) as
an evaluated contribution to the goals of an organisation. In addition, Hausman et al. (2002)
and Hausman (2004) describe SCP as the activities of a SC to satisty the requirements of the
end consumer. This includes punctual delivery, product availability and all necessary capacities
and stocks in the SC to deliver the service in a fast response way (Hausman, 2004). SCP can be
found within the entire company, as it starts with basic materials and ends with distribution
through various channels to the end consumer. It also crosses organizational structures such as
manufacturing, procurement, sales, marketing and research and development. (Kersten et al.,
2009, p. 38)

SCs have to perform in three key aspects: (1) service, (2) speed and (3) assets. Service refers to
the ability to identify and understand customer needs and meet them with personalized products
and on-time delivery. The speed aspect is covered with metrics that are time-related, keeping a
close track of execution speed and responsiveness. Assets cover everything of market value,
especially inventory and liquid funds. (Hausman et al., 2002, p. 7)

In addition to the key aspects, there are also three evaluation criteria in SCP, which determine
the efficacy, efficiency and effectiveness. The efficiency represents the best relationship
between the level of customer satisfaction and the resources used to meet it. The efficiency is
the relationship between the effort and the overall resources. The effectiveness is the balance
between less cost and ensuring the satisfaction and motivation of the company members.
(Estampe, 2014, p. 9)
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SUPPLY CHAIN PERFORMANCE MEASUREMENT

The term performance measurement has been defined by Gunasekaran and Kobu (2007, p.
2821) as “the process of quantifying the efficiency and effectiveness of an action.” A
performance measure is “a metric used to quantify the efficiency and/or effectiveness of an
action” (Neely et al., 1995, p. 80). In the definition, efficiency is a measure of the degree to
which a firm's economic resources are used when a particular level of customer satisfaction is
achieved. In contrast to efficiency, effectiveness refers to the extent to which customer needs
are met (Neely et al., 1995, p. 80). Measuring performance means translating the complexity of
performance into a succession of limited symbols that can be communicated and reported under
similar conditions (Chan and Qi, 2003, p. 201). A metric describes how a measure will be
calculated, who will carry out the calculation and where the data comes from (Neely et al.,
1995, p. 110).

Performance measurement and metrics are important for setting objectives, evaluating the
performance and determining future courses and actions (Gunasekaran et al., 2004, p. 333).
According to Gunasekaran and Kobu (2007, p. 2820) the performance measurement of an
organisation helps “(a) to identify success, (b) to identify whether customer needs are met, (c)
to understand the processes within an organisation and to confirm what they know or reveal
what they do not know, (d) to identify where problems, bottlenecks or waste exist and where
improvements are necessary, () to ensure decisions are based on facts and not on supposition,
emotion, faith or intuition, and (f) to show if improvements planned actually happened.”

SC models mainly use two different types of performance measures, which are financial
orientated measures and non-financial and process orientated measures (Gunasekaran, 2001, p.
72; Beamon, 1999, p. 77). Maskell (1995) notes in his literature that financial performance
measures are relevant for external reporting and strategic decisions. He also points out that
distribution operations and day-to-day control should be handled with non-financial measures.
Examples for process-oriented measurements are SC reference model (SCOR) and balanced
scorecard (Thakkar et al. 2009, p. 708). The financial oriented measurements are for example
models like the strategic profit model (Stapleton et al., 2002), total cost of ownership model
(Ferrin and Plank, 2002) and the activity-based costing model (Manunen, 2000).
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2 Methodology

In this study the underlying method is the bibliometric analysis, which extracts the data.
Bibliometrics are statistical and mathematical measurements, that quantify the bibliographical
references in the literature (Osareh, 1996, p. 150). The inclusion and exclusion criteria of the
bibliometrics for the underlying research will be stated in this section. At the beginning of the
study a citation analysis will be applied. The objective of the citation analysis is to facilitate
the understanding and the analysis of the interrelated research fields, by exploring the citations
(Hamou-Lhadj and Hamdaqa, 2009, p. 280). A citation describes a relationship between two
papers, where the author of one paper refers to another one (Hamou-Lhadj and Hamdaga, 2009,
p. 279). The citation analysis is a method that helps to process a large amount of information
by evaluating the literature to understand the trends in periodicals, the reference rate and the
research units (Shiau and Dwivedi, 2013, p. 1322). Furthermore, the citation analysis enables
the researcher to identify the highly cited articles and gives an insight of which papers and
authors have the highest influence and the highest degree in value and importance on the subject
(Pilkington and Meredith, 2009, p. 187). Based on these aspects, the citation analysis will be
applied to expose the evolution of SCPM and to identify significant characteristics and trends
in the scientific research. Additionally, the citation analysis is used to develop an intellectual
foundation of the performance measurement in the SC.

There are two ways to perform the citation method. The forward citation is a kind of citation
search, in which one first reads the article and then reviews the references. In contrast to the
forward citation, the backward citation analyses the references given by the author in the very
beginning and this occurs before reading the content of the article. In the conducted analysis,
no time limitation will be set for the literature research. Therefore, the backward method is
more suitable for the process of analysis within this term paper, as all citations are considered
and the most influential papers and authors on the topic of SCPM can be identified. Another
advantage is the relevant literature can be quickly found. Further the literature used by the
authors have been reviewed for thematic relevance (Wang & Sun, 2019, p. 4676-4691). The
applied steps of the citation analysis are following the pattern of Kotzab et al. (2020), which
are shown in Table 1.

For the data extraction the keywords “Supply Chain”, “Performance Measures” or
“Performance Measurement” or “Performance Metrics” have been used in the database Web of
Science (WoS). By including the keywords, a result of 1588 papers have been obtained. In order
to narrow these contributions, the following categories have been chosen: “Management”,
“Operations Research Management Science”, “Business” and “Economics”. This step has led
to a result of 970 articles. Further the document type was defined with “Article”, whereby the
result decreased to 748 articles. In the last step the mandatory journals have been selected
(Appendix A). The refinement shows 377 articles that need to be analysed.
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Table 1: Search Methodology

Refinement step Results
1. Search TOPIC (= in title, abstract and keyword) ("supply chain" and 1.588
("performance measures" or "performance measurement" or "performance
metrics")) in WoS Core Collection (no time limitation)

2. CATEGORIES: Management, Operations Research Management Science, 970
Business and Economics

3. DOCUMENT TYPE: Article 748
4. SOURCE Titles: Select Journals out of the list of the (Appendix 1) 377

According to Surwase et al. (2011, p. 180) The co-citation analysis is a method to show the
similarity of a subject between two articles. It has been stated that the co-citation occurs if for
example articles A and B appear in the reference list of a third article C. Even though article A
and B are not directly citing each other, they show a relationship as article C cites both of them
and therefore interrelates to both A and B. The bibliographic coupling is another method that
indicates the similarity of a subject between two articles. In the bibliographic coupling two
articles are identified as coupled, when these two articles for example A and B are citing a
common article C. The higher the number of commonly cited articles the higher the strength of
bibliographic coupling and therefore the higher the possibility of the similarity in the subject
(Surwase et al., 2011, p. 179). The co-author analysis is about analysing the co-authorships in
the area, in which the authors write articles together (Surwase et al., 2011, p. 180). The co-
authorship naturally includes a more interactive and cooperative relationship. This assumes that
at least two authors are willing to work together on a paper (Huang & Chang, 2011, p. 370).
The co-word analysis counts and analyses the keywords (Ding et al., 2001, p. 818). Surwase et
al. (2011) refer to the co-word analysis as the analysis in which the examined articles have the
same keywords.

Regarding all bibliometrics, the analysis of co-citation has been chosen to show what articles
are cited in the studies of SCPM. The focus is on the articles, which are commonly cited together
and therefore have an interrelationship. Based on the exploration of the interrelationship a
network of data can be developed (Pilkington and Meredith, 2009, p. 186). Furthermore, the
examination of the co-citation provides information about how often articles are cited by others
(Small, 1973, p. 265). This kind of numerical information can be used to identify the most cited
articles that appear in third-party articles in the research field of SCP measurement and to
outline the relevance of the origin articles and authors. The central aspects why the co-citation
has been preferred over the other methods is that co-citation depends on the author and can
change over time, as new subject fields can evolve. The co-citation patterns change accordingly
to the shift in the interests and intellectual patterns of the research field. Consequently provides
this information of why and to what extent the research field has been changed and developed.
This is very useful to indicate the evolution within the research field. If two articles are
frequently co-cited this means conversely, that they are also frequently cited individually. This
leads to the assumption that frequently cited articles might represent key concepts, methods and
experiment in a specific research field. After than the co-citation can be used to map the
relationships of these key information (Small 1973, p. 265-266).
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According to Zikmund et al. (2010, p. 593) factor analysis is “a prototypical multivariate,
interdependence technique that statistically identifies a reduced number of factors from a larger
number of measured variables.” A factor analysis can be used in the co-citation analysis to
analyse the relationship between the identified variables, which then can be reduced in a smaller
set by grouping them into a similar factor (Shiau and Dwivedi, 2013, p. 1323). Zikmund et al.
(2010, p.597) describe the cluster analysis as “a multivariate approach for grouping
observations based on similarity among measured variables.” This method of grouping on the
basis of certain characteristics increases the similarity within a group as well as increases the
differences between groups (Zikmund et al., 2010, p. 597; Shiau and Dwivedi, p. 1323). The
question which of the two methods is suitable for the examination depends on the intention of
the analysis. For the illustration of the development of SCPM it is more appropriate to group
the co-citation into clusters with similar characteristics and then into groups with similar factors.
The cluster shows the most concerned subcategories of SCPM.

Finally, a content analysis will be processed with the identified top 40 articles (Appendix C).
These are further analysed for their connection with the core SCP metrics, global SCM, SC
complexity and SC risk. Tangpong (2010) outlines that content analysis is a method used to
evaluate the qualitative content of all sources, which contain information. It allows researchers
to classify and analyse rich textual data and convert these data into quantitative data for
improved analysation by using predefined codes. The codes, within the content analysis,
examine the metrics and will be based on the most influential authors within the field of SCPM.
All metrics that cannot be assigned to the identified categories of the most influential authors
will be stated as additional metrics, which require a more detailed examination in order to fullfill
the research question. After that the content analysis examines the content of the top 40 articles
regarding the connection towards global SCM, SC complexity and SC risk. The applied codes
are global, risk and complexity. All papers that have more than ten direct references of these
words will be considered for the content analysis.

HistCite has been chosen for the visualization of the bibliometric analysis. It helps to identify
the top journals, top articles and top authors (Garfield, 2009). VOSviewer has been used to
visualize the co-citation network of SCP measurement (Eck and Waltman, 2010). For the
content analysis Nvivo has been utilized. The software is suitable for working with qualitative
text-based data (Nvivo, 2020). Furthermore, the tools of Tableau have been applied for
advanced visualization.
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3 Analysis

In the following chapter the initial data statistics and the overall results of the bibliometric
analysis will be provided. Furthermore, the most influential papers will be identified. The
second part of the chapter includes the content analysis, which clarifies the established SCP
categories and the evolutionary tendency of the most influential articles concerning the
development of new SCP categories. In addition, the content of the top 40 articles regarding
global SCM, SC complexity and SC risk will be examined.

3.1 Bibliometric Analysis
INITIAL DATA

Figure 1 shows the trend and the distribution of the refined 377 articles over the years. The first
identified articles were published in 1999. After this year, a growing tendency with a peak in
2012 has been developed. It can be suggested that topics like environmental sustainability has
led to the increase. The suggestion could be underlined with the article of Mishra et al. (2017).
The authors conducted a bibliometric analysis and found out that after 2007 the research field
of green SCP measures have dramatically risen (Mishra et al., 2017, p. 89). Table 2 shows the
top ten contributing authors. The most contributing author is Gunasekaran. He published twelve
articles out of the 377 and his Local Citation Score (LCS) is 125. The Global Citation Score
(GCS) is 2139, which is by far the highest number of GCS in the table. The second productive
author is Sarkis with 10 articles. Beamon got the second highest GCS and LCS. The LCS shows
the count of citations within the collection of 377 articles, whereby the GCS concerning the
total number of citations in the WoS core collection (Garfield et al., 2006, p. 394). Therefore,
the articles of Beamon and Gunasekaran contribute also to other topics or research fields.

Table 2: Ten most contributing Authors

Author Recs TLCS TGCS

40 Gunasekaran 12 125 2139

30 A
Sarkis J 10 33 499
20 Bai CG 5 19 230
10 Koh SCL 5 14 244
0 Dubey R 4 4 111
z&&& 900\7 9000) ‘)OOQA 900) 900& e% e% e% eOJ) e% s;;:]t:rl\é j 2 12 421
Beamon 3 70 1269

Figure 1: Amount of Publications during 1999-2020 BM

Cannella S 3 8 180

Chan FTS 3 21 261
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http://127.0.0.1:1925/au/618/
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Most of the articles were published in the US (Appendix B). The second largest amount of
publications is in the UK and the third largest amount is in China. Overall, the dispersion shows
that the topic has attracted researchers all over the world. One possible reason for the high
number of published articles in the US could be due to many US companies going abroad. This
can be seen in the list of Forbes top global companies, where US companies take eight out of
the first 20 places. Therefore, there is a greater need for the improvement of the global SC and
for this reason the performance must be measured.

CITATION ANALYSIS

In the following Figure 2 the historiography of the citation relations of the 40 most cited papers
of the sample based on the LCS is mapped. The papers were identified by HistCite and are
listed with the identification numbers in Appendix C. There are 40 nodes with 74 links with a
minimum citation score of five and a maximum of 62.

2010
2011
2012
2013
2014

Figure 2: Citation relations of the 40 most cited Papers

Four references are isolated. Node eight represent the paper of Sabri and Beamon (2008). This
paper deals with a multi-objective SC mode, that allows a use of a performance measurement
model. The article of Olhager (2003), which is the node 26 in the network, is about the
positioning of the order penetration point, whereas performance measurement is only one
decision category. The article of Gimenez and Ventura (2005), node 36, examine with an
empirical study the logistics-production and logistics marketing interfaces and the impact of
the internal and external relationships on the logistic performance. And the node 58, which is
the article of Ritchie and Brindley (2007), includes SC risk management, which is matched with
performance in one part of the article. The articles of Beamon (1999), Gunasekaran et al. (2001)
and Gunasekaran et al. (2004) are highly cited. In these most cited articles performance metrics
and measures are presented and frameworks are evaluated or created. The high amount of
citations indicates the high relevance of these articles within the research field of SCPM.
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CO-CITATION & CLUSTER ANALYSIS

To conclude the bibliometric analysis, the next step is to conduct a co-citation analysis. Figure
3 illustrates the 30 most co-cited articles. Based on the co-citation analysis the articles can be
clustered in four different topics as presented in Table 3. The red cluster is the core literature of
the analysis and deals with performance measurement and its metrics. Some of the articles
evaluate or construct frameworks like Beamon (1999) or Gunasekaran (2001). The density of
this cluster is high, which indicates that the other articles are highly referring to this literature.

char Tts, 2008@supply chain

. snepherd ¢, 306,10t Tprod

uriasekarang 2007, intj p

@

)
gunasekara“zotm intjp%

w4 fisher mi, 1997, harvard bus mantzer |, 242001, | busin £36 p, 2005, Wt | aper prad

lambert dm, 2000, ind market

chan if, 2004, floper manag,

frohlich mt, 2091, aper ma
o m, 2013 Bper manag. v
fotgell.c, 1988 ) marketing

barney | 1998 manage, v

armstrong sEIB77, | market

Podsakoff prgR003, j appl p

Figure 3: Visualization of identified Clusters within the Co-citation Analysis

Table 3: 30 most co-cited Articles (alphabetical order)

Red Cluster — Beamon (1999), Chan (2003), Chan and Qi (2003), Gunasekaran et al. (2001),
Performance Gunasekaran et al. (2004), Gunasekaran and Kobu (2007), Holmberg (2000), Kaplan and
Measurement Norton (1992), Neely et al. (1995), Shepherd and Giinter (2006)

Blue Cluster —

Sustainable SC Carter and Rogers (2008), Hervani et al. (2005), Seuring and Miiller (2008), Rao and

Holt (2005), Srivastava (2007), Zhu and Sarkis (2004)

Performance

Green Cluster Armstrong and Overton (1977), Barney (1991), Cao and Zhang (2011), Chen and Paulraj
- Performance (2004), Flynn et al. (2010), Fornell and Larcker (1981), Frohlich and Westbrook (2001),
Improvement Lambert and Cooper (2000), Mentzer et al. (2001), Podsakoff et al. (2003)

Yellow Cluster —

SC Coordination | Chen et al. (2000), Fisher (1997), Lee et al. (1997a), Lee et al. (1997b)
Performance

The blue cluster includes articles about green SCM and sustainability, which especially deals
with its measures and impact on performance. These articles are all established after 2004.
Therefore, the results show a modern trend in this topic, which is also supported by Mishra et
al. (2017, p. 89) and the 377 articles from the bibliometric analysis. The green cluster is best
described by the topic of performance improvement. These articles are mostly empirical and
determine how to improve the performance by stressing specific competitive advantages like
the reduction of biases, SC integration or collaboration between all SC partners. The aim of the
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articles is to provide managerial directions. The yellow cluster deals with SC coordination
performance, where are all the articles from 1997-2000. The articles serve as a foundation
regarding problems with SC coordination and collaboration partly due to distorted information.
Overall, the analysis shows that the different SCPM frameworks take an important role in the
older as well in the modern literature. It shows that more modern literature refers to and expands
the old framework with metrics to cope with the current SC complexity. In general, green SC
measures, SC collaboration and coordination were stressed multiple times.

3.2 Content Analysis
CATEGORIES OF SUPPLY CHAIN PERFORMANCE METRICS

The main categories of SCP metrics have been adopted from Beamon (1999) and Gunasekaran
et al. (2004) as the bibliometric analysis has shown that both authors have significantly
contributed to the subject of SCPM. The categories adopted from Beamon (1999) are resources,
output and flexibility. The resources measure the level of efficiency. The output considers the
level of customer service and flexibility describes the ability to respond to a changing
environment. The categories adopted from Gunasekaran et al. (2004) are stated as follow:
metrics for order planning describes every aspects until an order is posed. The evaluation of
supply link measures the strategic, operational and tactical level of SC partnerships. The
measures and metrics at production level include all activities that are carried out by an
organization with production sites. The evaluation of delivery link describes every factor that
impact the customer through the delivery. The measurement of customer service and
satisfaction measures the fulfilled of customer’s need and demand for the most satisfied way.
Further SC and logistics cost include financial measures.

Within the top 40 articles, the evaluation of supply link and resources include a significant large
amount of all the codes. These have been coded 145 and 125 times (Figure 4). It can be
concluded that, when it comes to the assessment of SCP, the evaluation of the supply link is
regarded as an important measurement. Within this measurement the metrics cycle time, lead
time reliability, flexibility, quality, information exchange and cost play a major role to quantity
the efficiency of the SC partnerships. The resources have also been considered as an important
measurement. In order measure the level of efficiency the metrics transportation, energy,
inventory and material costs are used. Furthermore, the allocation of material, labour,
technology and intangible assets (e.g. information, knowledge) is a crucial action to use the
resources as efficient as possible. The additional metrics that could not be assigned to the
defined categories of Beamon (1999) and Gunasekaran et al. (2004), could be classified in
environmental, country-specific, innovation and safety metrics.



Error! Use the Home tab to apply Uberschrift 1 to the
text that you want to appear here.

Codes

Evaluation of supply link

Resources

supply chain and g e I
costs
Qutput 7

Metrics for order planning
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Flexibility

Evaluation of delivery link

Environmental

Country Specific - 10 Additional

Innovation . 6 metrics

Safeiyls
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Figure 4: Amount of all Codes

The content analysis has shown that the code environmental is the most significant one in the
identified additional metrics, which can be seen in Figure 5. All codes that have an
environmental association have a large portion. In total environment has been coded 50 times
in eight articles. It is important to emphasize that this topic is reflected in the more recent
articles. The analysis covers the period from 1999 to 2014, whereby the topic of environmental
metrics first appeared in 2004 and has been increasing in importance since 2007 (Appendix D).
The mentioned environmental metrics deal with environmental costs (e.g. environmental cost
performance variance, environmental costs savings initiatives), the process with hazardous and
toxic materials (e.g. chemical releases, the use of hazardous and toxic substances), energy
consumption (e.g. energy efficiency of systems, energy consumption rate, green image), water
consumption, recycling and emissions (e.g. global warming gases, CO2 emissions).

The environmentally aware actions of companies are becoming increasingly important
(Umweltbundesamt, 2018), which is reflected in the time scale of distribution of the codes.
Another reason for the environmentally conscious operations of companies could be the
influence of government intervention through fines. In Germany, environmental regulations are
written down in law and the violation would therefore be financially damaging to the company
and socially harmful (Bu3geldkatalog, 2020). Furthermore, one reason for using environmental
metrics could be the need to comply with corporate social responsibility, which can lead to an
improved image of a company. Corporate social responsibility requires companies to take a
voluntary approach to climate change and to make their operations environmentally friendly
(Bmas, 2020). In addition to the legal requirements and image advantages, a study has shown
that financial and tax benefits, as well as competitive advantages are interesting for companies
(Statista, 2012).
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Figure 5: Additional Metrics

The code country specific was found in the articles published by Cousins et al. (2008) and
Huang and Keskar (2007) and has been coded ten times. The country specific metrics are
financial metrics (e.g. local price control, financial stability), ethical, cultural and political
metrics. Huang and Keskar (2007) state in their paper that the business model and the SC needs
to be aligned with each other, thereby addressing country-specific metrics to be more
competitive and profitable.

Innovation has been coded six times in four articles. These deal with the extent of technological
capabilities, innovative processes, investments in IT systems and the use of information
technologies. The reason why this metric has been introduced in the SCPM can be argued by
the increasing importance of innovations that are driver of competitive advantage in the
development of efficient SCs (Zimmermann et al., 2016, p. 298). Innovations can help to
improve the performance, increase the demand and reduce costs and therefore open up new
opportunities for further advancement in building efficient and effective SC processes (Arli et
al., 2013, p. 35; Zimmermann et al., 2016, p. 289).

The code safety has been found in the articles of Azevedo et al. (2012) and Huang and Keskar
(2007). The code was coded five times and has the smallest share of the identified additional
metrics. This metric indicates how safe the environment of the employees and the company in
a safe environment are. The safety of employees is measured by the extent of the safety training
and how often incidents are happening. The company’s safety is measured by the corruption
level of the environment in which the company operates in. It cannot not be stated that safety
is a significant metric in the SCP as only two articles refer to this metric. But it can be assumed
that due to the fact, that employees are important resources of a company, employees need to
be trained in order to avoid incidents that disrupt the SC and therefore harm the performance.
Furthermore, it can be assumed that while the globalization increases and companies operate
across national borders, the corruption can play a major role especially in those countries that
have lose political regulations. These will negatively affect the SC of a company and disrupt
the overall performance.

INTERRELATION OF THE TOP 40 ARTICLES TO GSM, SC COMPLEXITY AND SC RISK
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The top 40 articles of the citation analysis were examined in Nvivo to quantity the terms
“Global”, “Risk” and “Complexity”. This step helps to inspect the intercorrelation between
those and the research analysis. In Appendix E, the top ten articles with the most references are
described. There are two articles with noticeable high amount of codes. The article by Ritchie
and Brindley (2007) includes 233 references and Huang and Keskar (2007) includes 46
references. The article by Ritchie and Brindley (2007) establishes a framework of risk
management with the goal to integrating SCP and SC Risk. The article indicates to the relevance
of risk within the research field of SCP measurement. The article by Huang and Keskar (2007)
introduces different metrics considering the product type, supplier type and supplier integration
level to measure the overall supplier performance. The article helps to integrate supplier into
the huge SC network, which further indicates that the complexity of global SCs are increasing.

Further a manual coding on the top ten articles was conducted to state whether the articles
acknowledge the topic in a broader sense. Global SC was coded 58 times and the codes deal
about introducing global performance metrics, integrating supplier in connection with
collaborative performance metrics and the rising importance of environmental sustainability
within a global SC. Once more environmental sustainability of a SCM gains attention within
the articles, which indicates the important role of it in this research field of SCPM. The reason
why SC integration and collaboration have been emphasised is that both decrease the SC
complexity and risk. SC complexity was coded 15 times. The codes include methods on how
to reduce complexity and mainly the rise of complexity due to globalisation and sustainability.
This shows the tight connection between SCPM and complexity. SC risk was coded 33 times.
The codes deal about the management of different risks occurring within the whole SC. This
indicates the interconnection of risk management and performance measurement. To guarantee
an efficient performance measurement of the SC, the risk has to be addressed and assessed. In
conclusion global SC, risk and complexity are negatively influencing the efficiency of SCPM.
Further research may advise on how to manage the increased complexity and risk.
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4 Conclusion and Reflection

In the presented research the bibliometric analysis has been applied in order to provide an
intellectual foundation of the performance measurement in the SC.

"What are the main categories or core aspects of supply chain performance metrics? How can
the categories be classified?”

The research question and the research objective were successfully answered. The analysis has
significantly contributed to the research gap by revealing that the research of SCP has been
started in 1999 and the main research fields are performance measurement, sustainable SCP,
performance improvement and SC coordination. Furthermore, the analysis shows that both
authors Gunasekaran and Beamon have shaped the research of SCPM. For that reason, the main
categories of SCP metrics of both authors have been adopted. The categories include metrics
for order planning, evaluation of supply link, measures and metrics at production level,
evaluation of delivery link, measuring customer service and satisfaction, SC and logistics cost,
resources, output and flexibility.

The content analysis contributed to the research question by identifying new additional metrics.
These are environment, country-specific, innovation and safety metrics. It can be emphasized
that especially the environmental sustainability SCP metrics have grown in relevance in the last
years. The articles highly mentioned sustainability in combination with global complexity of
SCs. Both are increasing in complexity due to environmental changes like the globalisation.
The examination of the relationship between global SC and SCP has shown that performance
does matter in the global context, so that even global SCP metrics have been developed.
Furthermore, as SCP is affected by environmental complexity and risk, management activities
are suggested to ensure the company’s SCP.

A potential limitation of the paper is that, the qualitative content analysis is a subjective method,
which requires a profound understanding of the subject in order to avoid decision biases.
However, it is still possible that other researchers receive a different result, as the classification
of the metrics indicates some subjective assessment of the authors. In addition, due to the results
of the citation analysis, only articles that were published between 1999 and 2014 were examined
in the content analysis. Therefore, recently published articles were not considered, which could
provide another result. A further limitation is that only the top ten articles out of the 40 articles
were examined on an interrelation of SCPM to global SCM, complexity and risk. In order to
examine the interrelation of these aspects a more extent research is required, and a second
bibliometric analysis is suggested. Regarding the increasing number of SCP metrics due to the
shift of the SC, the presented research provides an initial insight into the upcoming development
of new categories of performance metrics, which might gain in relevance. Therefore, this paper
could be helpful to conduct a further research with a focus on the articles established in the last
years within the field of SCPM. A possible further research method could be a literature review,
which provides new and modern ideas of SCPM and SCP metrics. Further, it will be possible
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to include current topics like the Covid-19 pandemic. The influence of such an event on SCPM
could be examined and whether there is a need for a change in SCPM. Examining the strategy
of different companies during and after disruption events indicate towards well working
strategies within the SC. This practically supports the theoretical configurations and illustrates
another research gap. In addition, within the top 40 articles the increase of complexity due to
environmental sustainability was highly mentioned. Whereby, further research can focus on the
sustainability complexity and explain on how to decrease or how to deal with it. During the
analysis it became apparent that the majority of the articles refer to a selected aspect. An
interesting point for the future could be to create a framework that includes and considers all
additional metrics for a global sustainable SC. Further future research could consider
conducting a bibliometric analysis on SCP, instead of SCPM to clarify the connections between
SCP and SC complexity, SC risk and global SC.
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17. 55 Angerhofer B, 2006, DECIS SUPPORT SYST, V42, P283 11 110
18. 58 Ritchie B, 2007, INT J OPER PROD MAN, V27, P303 5 183
19. 60 Aramyan LH, 2007, SUPPLY CHAIN MANAG, V12, P304 10 159
20. 61 Giannakis M, 2007, SUPPLY CHAIN MANAG, V12, P400 8 56
21. 65 Huang SH, 2007, INT J PROD ECON, V105, P510 4 194
22. 71 Towill DR, 2007, INT J PROD ECON, V108, P444 4 67
23. 75 Cousins PD, 2008, INT J OPER PROD MAN, V28, P238 12 95
24. 80 Sezen B, 2008, SUPPLY CHAIN MANAG, V13, P233 9 140
25. 83 Wright D, 2008, INT J PROD ECON, V113, P587 5 70
26. 91 Forslund H, 2009, INT J OPER PROD MAN, V29, P77 4 47
27. 93 Chae B, 2009, SUPPLY CHAIN MANAG, V14, P422 10 98
28. 117 Cannella S, 2010, INT J PROD RES, V48, P6739 5 78
29. 149 Azevedo SG, 2011, TRANSPORT RES E-LOG, V47, P850 8 205
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32. 164 Bjorklund M, 2012, SUPPLY CHAIN MANAG, V17, P29 6 90
33. 166 Bai CG, 2012, SUPPLY CHAIN MANAG, V17, P78 9 114
34. 182 Azevedo SG, 2012, IEEE T ENG MANAGE, V59, P753 6 93
35. 184 Hassini E, 2012, INT J PROD ECON, V140, P69 11 437
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37. 218 Varsei M, 2014, SUPPLY CHAIN MANAG, V19, P242 10 137
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[E] Articles with highest References of Global, Complexity and Risk:

Article References | Coverage

18. Ritchie, Bob/Brindley, Clare (2007): Supply chain risk management and
performance - A guiding framework for future development. In: International Journal 233 0,77%
of Operations & Production Management, 27 (3), pp. 303-322.

21. Huang, Samuel H./Keskar, Harshal (2007): Comprehensive and configurable
metrics for supplier selection. In: International Journal of Production Economics, 105 46 0,24%
(2), pp. 510-523.

4. Beamon, Benita M./Chen, V. C. P. (2010): Performance analysis of conjoined
supply chains. In: International Journal of Production Research, 39 (14), pp. 3195- 21 0,10%
3218.

36. Estampe, Dominique; Lamouri, Samir; Paris, Jean-Luc; Brahim-Djellould,
Sakina (2013): A framework for analysing supply chain performance evaluation 20 0,10%
models. In: International Journal of Production Economics, 142 (2), pp. 247-258.

35. Hassini, Elkafi; Surti, Chirag; Searcy, Cory (2012): A literature review and a case
study of sustainable supply chains with a focus on metrics. In: International Journal 18 0,05%
of Production Economics, 140(1), pp. 69-82.

39. Acquaye, Adolf, Genovese, Andrea; Barrett, John; Koh, SCL (2014):
Benchmarking Carbon Emissions Performance in Supply Chains. In: Supply Chain 17 0,08%
Management: An International Journal, 19 (3), pp. 1-47.

37. Varsei, Mohsen; Soosay, Claudine; Fahimnia, Behnam; Sarkis, Joseph (2014):
Framing sustainability performance of supply chains with multidimensional 16 0,05%
indicators. In: Supply Chain Management, 19 (3), pp. 242-257.
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10. Simatupang, Togar M.; Wright, Alan C.; Sriharan, Ramaswami (2004): Applying

the theory of constraints to supply chain collaboration. In: Supply Chain 16 0,08%

Management, 9 (1), pp. 57-70.

14. Lohman, Clemens; Fortuin, Leonard; Wouters, Marc (2004): Designing a

performance measurement system: A case study. In: European Journal of Operational 11 0,05%

Research, 156 (2), pp. 267-286.

34. Azevedo, Susana; Carvalho, Helena; Duarte, Susana; Cruz-Machado, Virgilio.

(2012): Influence of Green and Lean Upstream Supply Chain Management Practices 1 0.03%
, 0

on Business Sustainability. In: IEEE Transactions on Engineering Management, 59
(4), pp. 753-765.
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