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Abstract
The customer needs shape business activities continuously so the need for improving effectiveness
stands as mandatory for overall business success. This paper analyses existing models for measuring
the business processes performance from the aspect of their applicability to the procurement process.
The paper first explains the concepts of enterprise performance, business process performance, and
key performance indicators. Subsequently, a literature review of the identification problem of
procurement process performance and key performance indicators is given. The models discussed
and explained in this paper are Balanced Scorecard, SCOR model, performance measurement matrix,
ABC model, and DOE/NV model. The model comparison was based on several relevant criteria.
Key words: performance, KPI, procurement, analysis

1. INTRODUCTION
The enterprise's business success can be perceived
from several different aspects, which can be economic,
but also technological and social. Customers, as the
main entity for which enterprises are forced to
constantly evaluate and reassess their business,
directly or indirectly has an influence to the creation of a
certain level of quality of products and services of the
company. Therefore, quality as an indicator of business
success is directly related to customers as the most
important stakeholders. As far as the enterprises
themselves are concerned, the performance indicators
of business, which have the greatest importance for
them, i.e. those that have essential importance, are
profits, market competitiveness, brand recognition, and
credibility. Despite the fact that these indicators form
the basis of successful business, one should not
neglect the social aspect, which is primarily reflected in
the satisfaction of employees, relations with
stakeholders and relations with the general public and
the community.
The starting basis for determining the enterprise
business success is identifying, analysing and
measuring the performances that have the greatest

impact on their business. The performance of an
enterprise can be viewed as a value, which is measured
directly or indirectly using certain qualitative or
quantitative indicators [1], which are denoted as Key
Performance Indicators (KPIs). The main objective of
performance measurement is to determine which
aspect of an enterprise's business does not achieve the
desired business objectives and to take action to
improve it on the basis of the performed analysis. In
addition to measuring the enterprises' business success
using performance measurement, it is also possible to
measure the success of the realization of business
processes. In this way, it is possible to determine which
process activities need to be improved in order to
achieve the objectives of the process.
There is a large number of developed performance
measurement models in the relevant literature, which
has different advantages and disadvantages. The same
performance measurement system cannot be applied
equally well in two different organizations, or in two
different business processes. Many factors may
influence the application of some model, such as the
type of organization (productive or serviceable,
profitable or not profitable, etc.), industry branch,
enterprise size, etc. This also applies to business
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processes. A particular model does not have to be
adequate to measure the performance of each business
process within the same company, but it also does not
have to be equally well-used to measure the
performance of the same business process in different
companies. One thing is certain, there is no best or
universal model for measuring the performance of an
enterprise or business process, so the choice of an
optimal model depends on a number of characteristics,
the purpose of the model, the complexity, the metrics,
the organizational level to which it is applied, and so on.
Performance and key performance indicators are not
the same for every business process. This is one of the
reasons why we cannot establish universal metrics of
business processes performance. In addition, the same
performance does not have the same importance for
each business process, and performance indicators do
not have the same target value. Each enterprise, or
enterprise management, defines and establishes the
metric that best suits the company under consideration,
as well as the model that best illustrates the
performance of a business or the realization of business
processes.
This paper considers the procurement business
process, which has a significant impact on the
operations of each company. Procurement plays an
important role in the planning of financial resources and
affects the overall profit of the company. In addition, the
procurement process is directly related to the
relationship with suppliers, and the quality of the raw
materials that enter the production process depends on
this process.
The models for the performance measurement
analysed in this paper are Balanced Scorecard [2],
SCOR model [3], performance measurement matrix [4],
ABC model [5] and DOE/NV model [6]. These models
are considered because they can be applied to the
procurement business process. The subject of research
is existing models for the measuring of the performance
of enterprises and business processes, as well as their
application to the business process of procurement.
Part of the theoretical research refers to the
identification of performance and their key indicators
that correspond to the needs of success measuring of a
particular process in any production company. The
research analyzes existing models for performance
measurement and compares them from the aspect of
their applicability to the procurement process and other
key characteristics. The problem to be solved by this
research is the choice of the optimal model for the
performance measurement of the procurement process,
based on the analysis performed, as well as defining
relevant performance and key performance indicators.
Therefore, it is necessary to choose the measurement
model that best meets the requirements of this business
process.
The main goal of this paper is a literature review in the
field of business process performance measurement,
primarily procurement, comparative analysis of
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performance measurement models and the relevance
of their application to the procurement business
process.
The paper is organized as follows: In the second
section procurement process performances and KPIs
are explained, and ways for their identification. The
performance measurement models are presented in
section 3. Section 4 gives an analysis of considered
performance measurement models and the selection of
the optimal model for this purpose. The conclusion is
given in the last, fifth section.

2. PROCUREMENT PROCES PERFORMANCE
AND KPIs
The procurement process is a complex business
process and can be decomposed into multiple
subprocesses and activities. In different ways, authors
define procurement subprocesses and therefore choose
different performance and key performance indicators.
Subprocesses whose performance measurements are
defined according to the company's vision and goals,
varying depending on the type of product or service,
industry, ownership, economic situation, a request of
stakeholders, etc.
Three different perspectives of measuring and
managing the procurement performance process can
be found in the literature. The first perspective speaks
about approaches based on the observation of the
procurement process as a whole, composed of several
mutually-independent phases. The second perspective
discusses the approaches that the procurement
process regards as a complete and fully integrated
process in the supply chain, while the third perspective
refers to procurement as a comprehensive and
independent process [7].
2.1 Identification of the procurement process
performance
Generally, there are many examples and ways to define
the performance of the procurement process and their
key indicators. Saad et al. [8] classified the performance
of the procurement process in two groups, as defined in
the Procurement Performance Indicators Guide [9]: 1)
effectiveness and 2) efficiency. In the effectiveness
performance, the author places the integrity,
productivity of the system, timeliness, quality, and price.
In the efficiency of efficiency performance, the author
lists the management, policies, and procedures of
choosing suppliers, stakeholders, e-procurement and
ease of procurement.
Chan and Qi [10] defined the Performance of Activity
(POA) method used to identify and manage
performance and KPIs, and this method can be applied
to any business process. The POA method is based on
decomposing business processes to activities and
defining performance for each activity particularly. As
the value of the process's performance, the aggregated
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value of all process activities is taken. Indicators of
each activity are their effectiveness and efficiency. This
model has a disadvantage, and that is the complexity of
the model because identifying of all process activities
and their key indicators are demanding process. In
addition, the measurement process of the indicator
requires a long time period. However, the method is
very well structured, clearly and precisely defined.
Kakwezi and Nyeko [11] classify all the procurement
process performance into two groups: 1) non-financial
factors and 2) financial factors. Process data is
collected through a survey of employees in the
company, whose competence and importance are
determined on the basis of criteria, such as the level of
education, work experience in the company and the
type of workplace. This model does not provide a
precise way of measuring the considered indicators,
which is a basic defect of the model. Also, the original
model identifies the difference between financial and
non-financial indicators in terms of their importance,
which significantly contributes to the complexity of the
model, but increases its reliability.

3. PERFORMANCE MEASUREMENT MODELS
Performance measurement is a prerequisite for
successful performance management, and therefore for
achieving the vision and strategic goals of the
enterprise. An important requirement for making good
business decisions is to establish an appropriate
performance measurement system for each business
process. Therefore, performance measurement cannot
be viewed merely as a collection of data to be
processed [12], nor as a set of unrelated tools, methods
and techniques [13].
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of performance measurement include models based
exclusively on measuring financial indicators [18].
The BSC model can be applied at different levels of
business [19]:
 at the company level - measurement of
business
performance
to
monitor
the
performance of the company as a system,
 the level of business unit of a company measuring business performance, by means of
which the performance of a business unit is
monitored within the system, and
 the level of a department - measuring business
performance to monitor the performance of a
department within business units.
The principle on which this model is based is that how
customer satisfaction leads to financial success.
Management using the BSC model monitors enterprise
performance (process realization) through four
perspectives [17]:
 objectives to be realized,
 performance indicators that will be used to
measure the achievement of the goal,
 target values (targets): Target values for each
of these indicators and
 initiatives (actions): which actions should be
taken to achieve the goals.
In order to implement the BSC model in an enterprise, it
is necessary to analyze first the existing state and
environment (competition), to determine the vision and
mission of the company, to define the strategy, to set
out the perspectives, to identify the critical success
factors and to define the indicators for each of the
considered performances [20].

In general, there are a large number of established
performance measurement models in the literature,
which consider this problem from different perspectives.
Some of the models put an accent on financial, some to
non-financial performance, while some have focused on
the stakeholder's demands, primarily costumes [14].
This paper analyses performance measurement models
that are often used in literature, such as Balanced
Scorecard, SCOR model, Performance measurement
matrix, ABC model and DOE/NV. The paper does not
analyse certain models that are also often encountered
in the literature, and the reasons for which they were
not taken into consideration when carrying out the
analysis are explained in the next chapter.

Defining the strategy defines the goals, as well as the
resources needed to achieve the goals. Kaplan and
Norton classify objectives are classified into four levels
[2]: 1) financial level, 2) level of costumer, 3) level of
process, and 4) level of learning and development.

3.1 Balanced Scorecard

Defining the indicator (measure) is done by defining at
least one measure for each performance of business
processes, whether it is qualitative or quantitative. For
each indicator, a description, measurement frequency,
measuring tool and target values (targets) should be
given.

The Balanced Scorecard Model (BSC) was developed
by Kaplan and Norton in 1992 and further improved by
[2,15,16,17], in order to facilitate the application and
improve the functionality of this model. Balanced
Scorecard was created as a result of the study of the
world's leading companies business, which was the first
to recognize the shortcomings of traditional
performance measurement models. Traditional models

Identification of Critical Success Factors allows an
enterprise to achieve planned goals. The process of
critical success factors identification is very complex
and depends on many factors (types of industry,
strategy, environment, etc.). Critical success factors can
be designated as specific product characteristics that
are most valued for the considered product type, and
which enterprises from the same industrial branch
characterized as the most important [21].

Often, as the positive side of the BSC model, it is
emphasized that this model a business process
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performance links with the goals of the organization
[22], involves employees in process performance
measurement, and allows management to easily
determine which aspects of business do not function in
accordance with goals [23]. The main objection to this
model is that it is not a complete performance
measurement system, but only a tool that management
uses to monitor performance in relation to the set
strategic goals [24]. In addition, the model does not
express the interests of all stakeholders [25].
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The performance measurement matrix is a flexible and
simple model, which, although it does not display all
performance attributes, can fit any performance
measure. This matrix provides comprehensiveness
because it integrates different types of business
performance [18].
The basic disadvantage of the model is that it does not
include users and human resources, and does not
provide a clearly defined performance measurement
process [27].

3.2 SCOR
3.4 Activity-Based Costing – ABC model
One of the most commonly used performance
measurement systems is the so-called SCOR model
(Supply Chain Operations Reference), or a reference
model of supply chain operations. It was established by
the Supply Chain Council in order to provide an easier
and more reliable assessment of the supply chain's
efficiency. Since the model is based on measuring the
performance of business processes, other than the
supply chain, it can also be applied at the enterprise
level. SCOR serves to identify unified processes of
enterprises in order to meet customers' requirements.
Over time, this model has changed, with the aim of
improving the new model in terms of efficiency and
effectiveness compared to the previous version. This
model does not describe some business processes,
such as a sale process, a marketing process, a
research process, or a product development process. It
also includes, but does not treat special quality,
information technology, and administration. SCOR
model includes 6 key management processes that exist
in each company within a supply chain [3]:
1) Plan,
2) Source,
3) Make,
4) Deliver,
5) Return and
6) Enable.
Performance analysis using the SCOR model is usually
done when choosing a partner for cooperation, where
potential cooperative companies can be evaluated on
the basis of the considered indicators.
3.3 Performance Measurement Matrix - PMM
This model of performance measurement was
developed by Keegan, Eiler, and Jones in 1989 [4], and
due to its simplicity, it was one of the earliest accepted
performance measurement models [26]. The model is
based on a matrix that recognizes 4 types of
performance: 1) financial, 2) non-financial, 3) internal,
and 4) external. The appearance of the matrix for
performance measurement is shown in Figure 1.

ABC (Activity Based Costing) method is a measurement
system that recognizes the cause-effect relationship
between costs and activity of business processes. This
model was developed in the eighties of the twentieth
century by Harvard professors Kaplan and Cooper, and
he presents the accounting answer to the process
orientation [28].
The ABC method is based on the following assumptions
[29]:
 in order to produce some product or provide
some service, it is necessary to exist process
activities,
 to perform process activities it is necessary to
use different resources,
 activities are the basis for the allocation of costs
and
 the causes of the use of resources and the
causes of the activity are not necessarily
related to the volume of production.
This method, in addition to determining more precise
cost of business processes than traditional ones, by
separately analyzing costs for each of the activities,
also
facilitates
the
decision-making
process.
Management uses this method to determine which
process activities do not benefit or add value to the
product, but also identify those activities that are not
necessary at a given moment.
3.5 DOE/NV
The DOE/NV model of performance measurement is
proposed by the U.S. Department of Energy Nevada
Operations Office [6], by which this model get the
name. The model was created as a result of studying
the existing performance measurement models and can
be used to measure performance at all levels of the
organization.
The DOE/NV model consists of 11 steps [6]:
Step 1. Process Flow Identification: This is a very
important step because any error can lead to unreliable
or inadequate information. The output from this process
is a list of all key processes and their flow diagrams.
Step 2. Identification of the critical activity being
measured: critical activity is an activity that has a
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significant impact on the efficiency, effectiveness,
quality, productivity, time and safety of the execution of
a process. It is necessary to define one or more critical
activities for each critical process and define the
performance measures of the process. The outcome of
this step is a list of critical activities.
Step 3. Determination of performance objectives: it is
necessary for each of the performance measures to
define the objectives that need to be achieved. The
outcome of this step is a list of targets for each critical
activity.
Step 4: Determining Performance Measures: In order to
develop performance measures, it is necessary to carry
out the following activities: 1) define the problem being
considered, 2) identify the raw data to be translated into
performance measures, 3) determine the location of the
required data, 4) determines the approaches, i.e. the
methods of measuring or estimating data, and 5) the
frequency of measurements is determined. Outcomes
from this step are performance measures with their
characteristics.
Step 5. Identification of responsibilities: it is necessary
to define responsible persons for collecting, processing
and analysing data on achieved performance, to
compare the achieved performance with the given
objectives, and to undertake the necessary corrective
actions. The output of this step is a list of people with
their authority.
Step 6. Data collection: it is necessary to determine
whether the data collected are relevant, whether there
is sufficient data and whether the frequency of data
collection is appropriate. The outcome of this step is an
extended list of data.
Step 7. Performance Analysis: In this step, raw data is
transformed into performance measures and is
presented in a clear form, suitable for data analysis.
The exit from this step is a performance report.
Step 8. Comparison of achieved performance with
goals: achieved performance is compared with
predefined goals, and depending on the performance
deviation from the given goals, measures are proposed
to improve the performance. Sometimes an additional
review of the set goals is required, as the target
performance value is incorrectly defined.
Step 9. Defining Corrective Action: If the performance
achieved does not meet the set goals, it is necessary to
define corrective actions to improve performance.
Step 10. Realization of corrective actions: in this step,
the defined actions from the previous step are realized.
This step is realized solely if corrective action is
necessary. The exit from this step is a successful action
plan.
Step 11. Re-evaluation of goals: it is necessary to
regularly revise the goals because the opportunities and
needs of the company in a modern business
environment change very quickly. Sometimes some
goals cannot be achieved due to lack of resources, so
they need a change, and sometimes the change is
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needed when the company meets the set goals and
wants to further improve its business. As a result of this
step, it can be established that it is not necessary to
change the current set goals.
The DOE/NV model of performance measurement can
be applied at each level of the organization, or for each
business process. However, the methodology within
this model is completely undefined, and it does not
provide any guidance on how to identify key processes
and key activities, but also the way to determine
performance measures that are monitored [18].

4. ANALYSIS OF THE CONSIDERED MODELS
AND SELECTION OF PROCUREMENT
PROCESS PERFORMANCE MEASURING
MODELS
During the selection of the appropriate model for
measuring the performance of an enterprise or
business process, it is necessary to determine which
model best suits the considered company/process from
several aspects. When it comes to an enterprise, the
selection of a model can depend on the size of an
enterprise, type of industry, vision, goals, etc. When it
comes to business processes, the most important thing
is to find a model that best identifies the performance of
the process and its KPIs and gives clear guidance on
how the KPI measures are.
This paper considers the procurement process. The
performance of this process is focused on cooperation
with suppliers, price, time and flexibility. The considered
models of performance measurement are evaluated
according to how their measurement methodology
corresponds to the procurement process and how much
their characteristics are relevant to this process.
In the paper [18], tabular reviews of the comparative
analysis of the model for performance measurement
based on different criteria were shown, which served as
a principle for comparing the model in this paper.
Tables 1 and 2 show models of performance
measurement, analyzed on the basis of relevant
criteria.
In Table 1, it can be seen that the models have, for the
most part, different purposes. Some of them are used to
identify problems, some to assess productivity,
efficiency, effectiveness, or some other indicators, while
others are used to make improvements. Each model
has a baseline for determining performance measures.
In addition, performance measures belong to different
categories (costs, process measures, non-financial
indicators, efficiency etc.). Also, three of the considered
models have crisp and fuzzy boundaries performance
measures type and just ABC model has crisp
performance measures type.
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Table 1. Analysis of the model of performance measurement according to the different criteria, adopted from [18]
Basis
for
determining
performance measures

Categories
of
performance measures

Model

Model purpose

BSC

Quick
identification
problematic parts of
organization

SCOR

Description, measurement and
evaluation of supply chain

Processes and subprocesses in
supply chain

PMM

Overview
of
performance
measures by category

/

ABC

Cost reduction

Process activities

Costs

DOE/NV

An assessment of enterprise
effectiveness

Process objectives

Processes
performance
measures
to
assess
effectiveness

of
the

Vision, goals and strategies

Table 2 shows the analysis of the performance
measurement models according to four criteria. The
specificity of the criteria relates to whether the model
considered
gives
recommendations
on
how
performance indicators are selected or the indicators
are completely specified. The complexity of the model
indicates whether the model is complex from one of
three aspects: 1) in the data collection phase, 2) in the

Customer
measures,
financial
measures,
process measures and
learning and development
measures
Strategic
measures,
process measures for the
first three levels of the
model
Financial and non-financial,
internal
and
external
measures

Performance
measures
type: crisp vs. fuzzy
boundaries
crisp / fuzzy boundaries

crisp / fuzzy boundaries

crisp / fuzzy boundaries

crisp
crisp / fuzzy boundaries

implementation, and 3) in exploitation. Regarding the
criteria for stakeholders, it is better than the model
includes a large number of stakeholders (internal and
external), as they significantly affect the business of the
company. As the last criterion, the model's flexibility
shows how much the model is applicable in different
organizations and at different levels of an organization.

Table 2. Analysis of the model of performance measurement according to the criteria: the specificity of the indicators to be
measured, the complexity of the model, considered stakeholders, and model flexibility, adopted from [18]
Specificity of the
Model

indicators to be

The complexity of the

Considered

model

stakeholders

measured

The model is partly
BSC

There is no specification

complex
(complex from one

The model is somewhat flexible, i.e. can be applied in
Customers

SCOR

The model is complex

(for each performance

(complex

attribute)

is from two aspects)

Customers and

The model is not flexible, that is, it is only defined for

suppliers

a certain type of organization

The model is partly
PMM

Not specified, it is given

complex

Stakeholders are not

how to specify them

(complex from one

considered

aspect)
The model is extremely
ABC

There is no specification

The model is somewhat flexible, i.e. can be applied in
all organizations, but with significant / long-lasting
changes in the model
The model is flexible and can be applied to wide and

complex

Stakeholders are not

diverse range of companies, but only on level of

(it is complex with all

considered

different processes in the organization, not at the

three aspects)

level entire organization

The model is extremely
DOE/NV

all organizations, but with significant / long-lasting
changes in the model

aspect)
Indicators are specified

Model flexibility

Not specified, it is given

complex

Direct process

how to specify them

(it is complex with all

customers (users)

three aspects)

Table 3 shows the analysis of the criteria in the
previous two tables, depending on whether they are

The model is somewhat flexible, i.e. can be applied in
all organizations, but with significant / long-lasting
changes in the model

appropriate for the procurement process. If the
description of the criterion considered corresponds to
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the procurement process, it is marked with "+",
otherwise "-", and if it is only relevant in a segment, but

.
not completely, then such a phenomenon is indicated
by "●".

Table 3. Analysis of the performance measurement models according to the requirements of the procurement process
Specificity of the
Basis
for Categories
The complexity
Considered
Model
Model
determining
of
Model
indicators to be
purpose performance performance
of the model
stakeholders
flexibility
measured
measures
measures
BSC

+

+

+

●

●

●

●

SCOR

●

+

+

●

-

+

-

PMM

+

-

+

●

●

-

●

ABC

+

+

●

●

-

●

+

DOE/NV

+

+

+

●

-

+

●

The BSC model can be used to measure the
performance of the procurement process, and in
addition, it is a simple process of defining performance
measures. This process encompasses a wide range of
performance measure categories, which is certainly a
positive factor. The other four criteria only partially meet
the requirements of measuring the procurement
process, but it is an important thing that is not too large
a lack of this model.
The SCOR model has its application exclusively for
supply chains, but since procurement is one of the
processes for which this model has been developed, it
can be said that the purpose of the model is neither
positive nor negative. The biggest problem of this model
is its complexity.
The PMM is a model that is negative in two aspects.
This model does not define the basis for determining
performance measures, and this model does not take
into account the stakeholders. Given that the
procurement process is directly related to suppliers, and
customer satisfaction depends on it indirectly, this factor
is very negative.
The ABC model has a disadvantage reflected in the
complexity of the model. The model is complex with all
three aspects (data collection phase, implementation,
and exploitation). Other criteria are good or satisfactory.
The DOE/NV model for performance measurement has
the same disadvantage as the ABC model, i.e. is
complex with all three aspects. Also, the model requires
frequent changes over time, but can, therefore, be
applied in all types of organization.
It is important to note that all models considered in the
paper [18] are not considered in this paper because
they are completely inapplicable or inadequate for the
procurement process according to one of these three
criteria. For example, within the Tableau de Bord,
stakeholders are not considered and there is a

hierarchical connection, i.e. the model is applicable
better at the level of the entire organization, not at the
level of a single process. The DEA model specifies
indicators that relate exclusively to efficiency and the
model is very complex. The Pyramid Performance
model is applicable at the level of the entire
organization, less at the level of one process, and the
model is not flexible enough. On the other hand, the
Model Results-determinants does not take into account
the requirements of the stakeholders, there is a
hierarchical
relationship
between
levels
and
performance measures are not specified. The EFQM
(European Foundation for Quality Management) model
is a highly complex model and is better applied to
measure performance at the organization level, as well
as comparing it with a competition.

5. CONCLUSION
In this paper models for measuring the performance of
enterprises and processes are considered from the
perspective of application to the business procurement
business process. Considered models are Balanced
Scorecard, SCOR model, Performance measurement
matrix, ABC model and DOE/NV model.
A model that has proven most suitable for measuring
the performance of the procurement process is the
Balanced Scorecard. One of the advantages of this
model is that it connects the performance of business
processes to the goals of the organization, that is, in
this case, with the goals of the process. Also,
employees are involved in the performance
measurement process. The model can be applied to
any business process, and there are author's claims
that the BSC can be applied equally well in either small
and mid-sized enterprises, or how Gumbus and Lussier
said, in companies from 5 to 5,000 employees [30].
The basic disadvantage of the Balanced Scorecard
model is that this model is not a complete performance
measurement system, i.e. the KPIs, as well as the
method of measurement, are not completely defined in
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.
the model. When the model is applied to the whole
enterprise, the deficiency can be emphasized because
the model does not take into account the interests of all
stakeholders.
The model can be modified and improved in different
ways. First of all, it is possible to define new
performance measures, which apply to different
stakeholders (eg suppliers). It is possible to integrate
the model with some of the existing models, but also by
creating reliable metrics for each business process.
Depending on the company's strategy and business
goals, the model can be modified and adapted to
existing conditions.
The future directions of research relate to the extension
of existing performance measurement models, with
particular reference to the Balanced Scorecard model.
The model can be integrated with one of the multicriteria decision-making methods [31,32,33] when
obtaining the KPI values determined by the assessment
of experts or stakeholders. Since the human way of
thinking is closer when the estimate is expressed by
linguistic expressions, instead of precise numbers, the
fuzzy sets theory can be applied to the improvement of
the model [8,34,35]. As the last step in creating an
optimal model for measuring the performance of an
enterprise or business process, it is possible to develop
software based on the considered model.
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