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Abstract - This paper proposes a methodology to
develop and implement a Composite Indicator (CI) to
measure the performance of Supply Chain processes. It
reflects the aggregation of individual measures, related to
the same process, with a weighted average, in order to assess
the global performance in terms of both efficiency and
effectiveness. Through a case study in a manufacturing
company, a concept validation was performed by
implementing the methodology in the Return process of the
Supply Chain. The results showed that the combination
between a Composite Indicator and a Business Intelligence
tool provides a better understanding of the overall
performance of a given process, facilitating also the
identification of root causes. This paper aims to contribute to
the supply chain performance management research field,
proposing a methodology to implement a Composite
Indicator, which is a topic insufficiently explored in the
existent literature.

in the several areas [11] and, most recently, in the quality
field [12]. Some studies suggest to adopt the CI approach
to analyze tendencies in the manufacturing sector.
However, [5] suggested that literature concerning the
performance measurement outside companies’ boundaries
is still limited, being the quality performance
measurement of the SC an example.
Following this research opportunity, this research
project focused on understanding the potential advantages
of using a CI to measure and manage the SC quality
performance. Thus, following the methodologies
proposed by [10], [11], this paper purposes a CI to assess
the overall performance of the SC processes in terms of
efficiency and effectiveness.
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The SC consists of the network used to deliver
products and services, from raw materials to the end user,
incorporating all the partners, activities, and flows of
material and information [13]. According to the Supply
Chain Operations Research (SCOR) model, the SC can be
summarized in six main processes – Plan, Source, Make,
Delivery, Return and Enable [14].
As the SC is becoming the focus of business
competition [2], [3], organizations must manage both
internal and external operations of their SC, seeking to
improve overall performance through the effective use of
resources and capabilities [5]. The integrating concept of
Supply Chain Quality Management (SCQM) implies the
integration of quality and SC management practices to
ensure quality and customer satisfaction along the SC [1].
The adoption of a PMS becomes important since it
allows the collection of data from the SC activities
necessary to manage and improve SC performance [5]. A
PMS is composed by a set of indicators and data that
allows the interpretation of the processes performance [4].
The development of performance metrics for the SC can
be supported by several frameworks such as the SCOR
model [14], which provides a balanced set of measures
grouped according to the main SC processes. However,
this model has a complex configuration and may imply
the definition of a large number of performance metrics
[15]–[17], demonstrating the complexity of the SC reality
regarding performance management. This issue makes the
operationalization of a PMS difficult, since a large
amount of measures produces a large and difficult to
process amount of information, affecting the evaluation
and the decision making processes [7], highlighting the

II. LITERATURE REVIEW

I. INTRODUCTION
In order to guarantee greater customer satisfaction
and promote competitiveness, companies that have
implemented a Quality Management System, are now
more aware that business competition is passing gradually
to the supply chain management level [1], [2], [3].
The success of those management systems is based
on the implementation of some critical tools and practices
in order to fulfill the purpose of continuous improvement.
Here, performance measurement practices are important
since a process can only be improved if it is well mapped,
understood and managed and, therefore, measured [4].
In the case of multinational companies, the Supply
Chain (SC) is characterized by high complexity, with
several internal and external processes and activities being
monitored [5], leading to the tendency of developing a
large number of performance indicators, which may not
benefit the performance management process [6], [7].
Some tools enable to overcome this “over-sized”
Performance Measurement System (PMS) issue. As an
example, a Composite Indicator (CI) allows the
combination of several indicators into a single
performance index, summarizing complex and
multidimensional realities, promoting its interpretation
and the benchmarking process [8]–[10]. Due to it, CIs are
becoming more recognized as a useful tool in policy
analysis and public communication, being widely applied
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the same standard; (3) Aggregation and weighting of all
inputs, according to their importance for the final
calculation; (4) Validation of the final CI, where
continued tests, adjustments and improvements are made,
providing robust and valid results [10], [11], [30]. Further,
it is important to assure the CI transparency and enabling
its decomposition into the real data [11].

need to improve the efficiency of a SC PMS by
decreasing its complexity and number of performance
measures, making it more concise.
A CI consists in an aggregated index that compiles
several individual performance indicators into a single
measure. It is a widely applied tool in the social and
healthcare areas with similar purposes [18], showing
potential to also be applied in the context of a highly
complex and multidimensional SC. The development and
implementation of CI’s have been growing in the past
decades [8], as its benefits are well recognized by
policymakers and public communication offices, who
have been applying this tool both for rapidly interpret and
identify tendencies over complex data and to provide
more comprehensible information to target audience [11].
Examples of CI are the European Customer Satisfaction
Index [19], the Technology Achievement Index [20] or
the Human Development Index [21].
Researchers have also proposed the use of CI into the
manufacturing sector, more specifically on the analysis of
complex nature scenarios such as sustainability [22]–[24],
resource efficiency [25]–[27] and competitiveness issues
[28]. The increasing popularity of this tool not only can be
explained by its capacity in simplifying complex issues,
but including the following [11], [18]: (1) It can represent
multidimensional realities, supporting decision-makers by
offering a rounded assessment performance; (2) A CI is
easier to understand and interpret than trying to find
trends in a large set of indicators; (3) A CI promotes the
efficiency of a PMS, by including more information in a
minor set of indicators; (4) It facilitates the spreading of
best practices, by promoting the benchmarking process
and facilitating the communication.
Although these benefits, the use of CI is not
consensual and examples of non-desired effects of poorly
constructed CI include [11], [18]: (1) The possibility to
oversimplify a complex issue, increasing the risk of
disregard important information; (2) The determination of
a root cause for poor performance may be difficult, or
even serious failures may be disguised, affected also by
poor quality data; (3) It is highly dependent on the
weights of each individual indicator and the weighting
process does not follow a straightforward methodology.
Such shortcomings can lead to misinterpreted results
and conclusions, leading consequently to inappropriate
actions. For that reason, several cautions must be taken
during the CI design process in order to get the desired
benefits. Depending on the situation under analysis, the
application field and the strategic objectives, some steps
must be carefully adapted, following subjective choices
[8], [10]. For example, the aggregation and weighting can
be made using several different methods. The selection of
the right method is critical since it will affect the quality
and reliability of the CI [8], [29].
The development of a CI does not follow a
universally applied methodology, but it must include
several main steps: (1) Selection of inputs and variables
that will compose the CI; (2) Normalization or scaling of
the variables, so all the variables can be compared using
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III. METHODOLOGY FOR THE DEVELOPMENT
OF THE COMPOSITE INDICATOR
Based on the previous concepts, it is presented the
adopted methodology for the development of the CI,
following the described recommendations of [10], [11]:
1. The purpose of the CI must be clearly identified:
what is intended to be measured, how it is going to be
measured and how results should be read and interpreted.
2. The inputs required to calculate the CI must be
selected and characterized, such as Key Performance
Indicators (KPIs), evidences, policies and other relevant
information for the issue to be measured. These inputs can
be collected from surveys, expert panel or stakeholder
interviews. These must be selected based on importance,
accessibility, timeliness and analytical soundness.
3. Since the CI is supposed to use data from various
inputs, it is important to understand how to overcome
situations related to missing data, rounded data, or
interrelationships data.
4. As the KPIs may be reported in different
measurement units, it is necessary to normalize them over
the same standard, so they can be compared. Also, as
different KPIs have different targets, it is important that
an improvement in each KPI may also translate an
equivalent improvement in the CI.
5. Since some KPIs may have more impact on the
final outcome than others, it is important to reflect this
weight in the overall CI. Hence, different weights should
be assigned according to the relevance of each KPI,
before the aggregation of the data. Different methods can
be applied to the weighting process, such as stakeholders’
insights, impact on business costs and profitability [10].
IV. CONCEPT VALIDATION
This research was conducted and applied on a
multinational automotive company. Both academic and
company’s experts were involved in the research team,
collaborating along the different stages of the study (from
the definition of the research methodology until the
implementation and validation of the final CI) with the
intention to adapt and apply it to other SC processes.
It was decided to apply this methodology to the
Return process, due to its lower level of complexity and
data accessibility. This process deals with all activities
associated with the reverse flow of products from
customers to the manufacturer, either by complaints or
returned stock [14]. The purpose of the developed CI is to
provide an overall insight over the SC performance. In
this specific case, the developed concept was named
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was computed through (1). The assigned weights are
presented in TABLE II. Although subjective, this
participatory method [10], [18], [31] intents to use
experts’ relevant knowledge and experience in identifying
which KPIs translated and have greater impact on the
current business strategy and therefore, should currently
have greater weight on the CI.

Composite Indicator for the Return process (CIR), which
in the end should be able to provide a global view of the
Return process performance in two different perspectives:
efficiency and effectiveness, plot in the same graphic.
The CIR development started with the identification
and characterization of all KPIs related to the Return
process, resulting in the information shown in the TABLE
I. Due to confidentiality agreements, KPIs are designated
by numbers (e.g., KPI-1, KPI-2).
For the purpose of concept validation, data sets from
the years 2016 and 2017 were collected, on a monthly
basis. As the company already assess its performance on a
monthly basis, for each KPI it was gathered the monthly
results as well as the targets related to that period.

(1)
TABLE II. WEIGHTS OF INDIVIDUAL KPIs
KPI
designation
KPI-1
KPI-2
KPI-3
KPI-4
KPI-5
KPI-6
KPI-7

TABLE I. INDIVIDUAL KPIs TO DEVELOP THE CIR
KPI designation

Measurement Units

KPI-1

%

KPI-2

PPM

KPI-3

PPM

KPI-4

%; Time; Quantity; Binary

KPI-5

Euros (€)

KPI-6

Quantity

KPI-7

Quantity

Relative weights (Wi)
(%)

6
10
8
10
10
10
10

9.375%
15.625%
12.500%
15.625%
15.625%
15.625%
15.625%

The purpose of the CIR is to obtain insights regarding
the effectiveness and efficiency of the Return process. So,
the aggregation method was defined in order to get these
two results. The CIR effectiveness assesses if the KPIs
achieve or not their targets, based on the explained binary
approach. The calculation is made as presented by (2):

After the data collection, some issues related to
missing data needed to be discussed. Therefore, the
following assumptions were made: (1) When the targets
were defined on a yearly basis, they were translated on an
equivalent monthly target; (2) For unidentified or unclear
targets, it was assumed that the target would be equal to
the previous year to date result; (3) When data was not
available for a given KPI/month, it was assumed that the
KPI failed the target in that month.
As the selected KPIs are measured in different units
not enabling a direct comparison between them, a scoring
method was defined to be applied to each KPI, based on
the comparison between the monthly achieved result and
the respective target. For measuring effectiveness, a
binary approach was applied to each KPI: for a given
month, if the target is achieved, the KPI is scored as 1,
otherwise it is scored as 0. For measuring efficiency, a
scoring method was also defined, calculated by the ratio
between the monthly result of the KPI and the respective
target, resulting in a percentage (%) score. A KPI is
scored with 100% or more if it achieves or exceeds the
target, otherwise it is scored below 100%.
As an example, assuming that KP-6 had a monthly
target of 10 units maximum, and that by end of the month
the achieved result was 12 units, the KPI would be scored
as 0 regarding effectiveness and in terms of efficiency
would be scored with 80%.
In order to assign a weight to each KPI, company’s
Return process experts and managers were asked to rank
each KPI, in a 1 to 10 scale (from least to most
important), according to their overall importance and
business impact. Then, the relative weight for each KPI

978-1-7281-3804-6/19/$31.00 ©2019 IEEE1613

Weighting
(1 – 10)

CIR Effectiveness =

(2)

Where Ti can assume the values 0 or 1, according if
the KPI i achieves or not its target, and Wi is the relative
weight calculated to each of the KPIs (%).
The CIR efficiency assesses the overall deviation
between the KPIs results against their respective targets. It
is calculated as showed in (3):
CIR Efficiency =

(3)

Where (1 + Δi) represents the deviation between the
value of the measure i and its respective target (%).
Tableau analytics [32] was the chosen IT solution for
this implementation, since it provides intuitive data
visualization and it enables the breakdown of the CIR
until raw data for root causes detection.
V. RESULTS: APPLICATION OF THE CIR
After collecting the data and computing the CIR
using Tableau, the analysis is performed in two levels.
The CIR main dashboard, shown in Fig. 1, includes
chart lines that show the CIR performance on a monthly
basis. The performance of each individual KPI is also
illustrated by a gradient color scheme, comparing the
monthly value against the respective target. Green
gradients mean that a KPI has achieved (or exceed) its
target. Yellow, orange and red are assigned to KPIs that
failed the target.
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Fig. 1 shows the evolution of the CIR performance
during the year 2016. In general, September 2016 was the
month with the best performance, with 6 out of 7 KPIs in
a green gradient, meaning that only 1 KPI failed its target.
On the other hand, one can point out that May 2016 was
one of the lowest performance months in 2016 in terms of
efficiency. Only January was lower in terms of
effectiveness. The root cause analysis of poor process
performance can be done by analyzing the performance of
the individual KPIs, using the KPI gradient color scheme.
In terms of effectiveness, it can be verified that only 4 out
of 7 KPIs achieved their target.
From the remaining KPIs, one is highlighted by a red
color, meaning that it failed the target in more than 30%.

The developed CIR provides a global view of the
Return process, allowing to assess the KPIs regarding
their targets. Supported by a visual tool, the interpretation
of the results is easier and faster, as both line chart and the
color gradient scheme promote the detection of the root
cause of poor process performance. This methodology
proposes a simple procedure to combine existent KPIs,
related to the same process into a single analysis and not
implying considerable resource consumption.
VI. DISCUSSION
The involvement of high management and technical
experts of the company, particularly in selecting the
individual measures and the respective weights, can add
additional subjectivity. Given the critical importance of
those steps for the quality of the final CI result, it is of
vital importance to join an experienced multidisciplinary
team to gather technical and empirical knowledge.
However, further research may be followed in order
to promote its potential. Also, the next steps should
provide answers to the following research questions: (1)
What is the relationship between the CIR performance
and the business results of the process; and (2) What are
the main factors to be considered on how to adapt this
methodology to the other SC processes of the company.
Firstly, there is the opportunity to integrate a cost
management analysis with the CIR. By integrating a
financial KPI of the Return process, the existent
correlation between the efficiency and effectiveness
indicators and the financial performance of the process
can be investigated. Secondly, it is reflected in the
objective to develop a CI to measure the performance of
all SC processes. For the validated concept described in
this paper, further work seeks to adapt this methodology
to the remaining SC processes, having their own specific
characteristics in consideration.

Fig. 1. CIR analysis - global CIR dashboard.

The “level 2 analysis” consists in observing, in a
more detailed way, the performance of a specific KPI. By
selecting it in the main dashboard, a bar chart is obtained
showing its performance, as illustrated in Fig. 2.
Following the analysis made before, the “red color” KPI
from May 2016 (KPI-5) was selected, and it is possible to
confirm that, in that month, it had a poor performance.
For some KPIs, the system can show some more
details, by selecting a specific point of the chart. The data
can be aggregated in groups, according to the type of
analysis required to each KPI (e.g., by customer or type of
product). The purpose is to make a deeper analysis of the
performance level of a given KPI, in order to better
understand the causes of poor performance level.

VII. CONCLUSION
A CI is a tool used to study complex and
multidimensional realities and to communicate results
more easily. In an industrial context, the performance
measurement of the SC processes and activities can lead
to the creation of many performance indicators. The
features of a CI show it has the potential to be applied in
that context, that was an identified research opportunity.
A methodology for constructing a CI for the SC
processes was developed and validated by a concept made
for a case study in a manufacturing company on the
Return process. Although some precautions are required,
the methodology is simple to implement and facilitates
the interpretation of data, as well as the identification of
root causes of poor performance. However, further
research is required in order to understand how to
replicate this procedure to the remaining SC processes
and to understand its impact on the business results.

Fig. 2. CIR analysis - KPI specific dashboard (global).
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