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Abstract—Evaluation of business processes is important
for analysis and improvement of an organization. Different
methods are used to evaluate the performance like statistics or
visualization. However, these methods meet demands mainly
on the top organizational level. There is insufficient support
to evaluate processes at the process managerial level leading
to a limited visibility of deficiencies in business processes at
process level. In this paper, we address this challenge and focus
on the relation between evaluation of business processes and
their representation at the process managerial level. In our
research, we follow the design science methodology in order to
provide business process models for performance analysis. We
also provide constructs and patterns of our proposed modeling
language for analysis and improvement of business processes.
The analytical business process modeling language is further
explained with the help of a case study and demonstrated by
extending an existing modeling language.
Keywords-business process modeling, performance representation, business process analysis, analytical modeling language,
improvement

I. I NTRODUCTION
The business world is competitive and fierce competition
exists between companies due to globalization, where even
small companies have a reach to wider international markets.
Consider the example of purchasing a product by a consumer.
She has many options, like purchasing from different retail
stores, or over the Internet, from big brand companies to small
manufacturers. This has not only increased the competition
between companies, but also raised the expectation of
customers. Therefore, enterprises seek new ways to provide
innovative and quality services to satisfy customer’s needs.
In order to respond to the changes in the business world,
enterprises continuously try to streamline their organizational
structure and operations. This is carried out through effective
design and analysis of operations. It requires understanding
of operations and their performance evaluation as evaluation
is considered as first step for improvement.
The changes are carried out by business experts (process
managers) of an enterprise. To carry out such changes, they
are interested in performance details of processes in an
organization. These details are necessary in order to identify
deficiencies and improve processes. Therefore, a class of

users (like managers or supervisors) requires descriptive
business process models for improvement [7].
We survey existing solutions, modeling languages, and
methods. However, these modeling languages do not provide
support and represent the performance of processes in
business process models [19]. Performance representation in
process models is important for improvement. Most of the
modeling languages are devised for the development of information systems [1], as indicated in scientific literature and
surveys [20], [32]. At the top organizational level, different
statistical charts are used for performance representation at a
abstract level. However, usage of same abstract representation
methods are not adequate to identify deficiencies at process
managerial level as those methods will not help to make
decisions about process elements. Therefore, new detailed
graphical models are required for this purpose.
In this paper, we address the following research questions.
1) How are business processes evaluated for improvement?
2) How can we improve the evaluation of business processes
(with a new representation)? 3) How can we visualize the
performance of processes (metrics) in process modeling
language?
The structure of this paper is as follows: In Section II,
we discuss the research methodology followed in this work.
In Section III, we discuss the background which includes
business process modeling, evaluation, and visualization.
This helps the reader to understand the challenges in this
domain. In Section IV, we discuss our proposed modeling
language with its patterns. In Section V, we explain the
proposed modeling language with the help of a case study
using business process modeling notations (BPMN). In
Section VI, we discuss the related work in this field followed
by Section VII, which summarizes our paper and provides
an outlook.
II. R ESEARCH M ETHOD
Design science is a problem solving paradigm seeking for
ideas, practices, technical capabilities, and artefacts through
which problems can be effectively and efficiently solved [23].
The new artefacts attempt to extend boundaries of human
and organizational capabilities. In our research, we see the

scope of an innovative artefact to solve problems related
with business process analysis and improvement. Therefore,
our research follows the design science research method. We
also consider the guidelines of design science research as
mentioned in [10].
We started our investigation by seeking more expressive
business process models for analysis and improvement of
business process. We identify different methods and modeling
languages are used to represent the performance of elements
in practice and research. However, they fulfil the requirements
only at an abstract level and do not identify deficiencies in
processes. Modeling languages are not conceived for this
purpose and sometimes create a misunderstanding between
stakeholders. To the best of our knowledge, modeling languages are not devised for performance analysis of business
processes. This complements the design as a search process
and problem relevance part.
Our objective is to provide process models enriched with
performance details for better analysis of business processes
in the context of improvement. In this regard, we analyze
the requirements of post execution analysis of business
processes [19]. We also conducted interviews with experts
to know their expectations from such models. We found that
the community welcomes such modeling representation as it
will help users in making decisions related with improvement
of processes.
The result of design as a search process and problem
relevance part initially helped in designing the artefact. We
decided to extend an existing modeling language which
is rigorously defined and a standard in business process
modeling. In design science, a language specification includes constructs, models, method, and an instantiation part.
Therefore, we address these parts to specify of our proposed
artefact. In order to explain the artefact, we also provide
patterns for use of the modeling language.
The artefact introduced in this paper is an innovative artefact, therefore, we used the descriptive method of evaluation
as suggested in [10]. For this purpose, we introduced an
example and constructed scenarios using existing methods
and our proposed artefact. We compare them with each other
and show the benefits of our proposed artefact. In the next
section, we discuss the background related with this research.
III. BACKGROUND
The goals and objectives of an enterprise are achieved
by carrying out business operations in a specific way. This
specific way is called business process. Business processes
can be viewed abstractly as fulfilling customer needs as
well as in detail like activities carried out to produce a
product. Business processes are the most important elements
of enterprises because it is the design of processes which
have a significant impact on the overall quality of a product
and success of the enterprise.

Different methodologies are devised to address different
aspects of business processes (from management to improvement). Here, we take the definition of Harrington from the
business process improvement perspective [9], as follows.
“A business process consists of a group of logically related
tasks that use the resources of the organization to provide
defined results in support of the organization’s objectives.”
In this definition, the resources of organization and related
tasks are key elements to meet the organization’s objectives.
The effective utilization of resources and structure of tasks are
important for time, cost, and quality aspects of a product and
an organization itself. In the following section, we address
our first research question.
A. Business Process Models
The communication of concepts related to business processes is very important between stakeholders. Different
techniques are used for this purpose like textual descriptions
and graphical representations. Graphical techniques are used
to visualize concepts for communication and analysis. Being
graphical in nature, they provide an intuitive understanding
about concepts.
Different graphical models are built in order to manage business operations in a company. The field which
addresses the issues related to management of business
operations and graphical models is called business process
modeling. Business process modeling is considered as the
most important step in business process management [30].
Business process modeling helps in communication of
business operations with stakeholders from identification
and design of processes to their automation, and afterwards
their analysis and improvement. Business process modeling
has increased the ability to understand business processes [6].
Different modeling languages are used in different phases
of business process management. In the planning phase,
Event-driven process chain (EPC) models and Flowcharts
are commonly used. In the design and implementation phase,
different variants of UML diagrams are used. These modeling
languages try to fulfil the communication gap and help to
improve the understanding of business processes [20].
B. Evaluation of Business Processes
Evaluation the performance of business processes and its
involved elements is important as it is used as a tool to control
and improve the processes. Different methods are used for
this purpose which ranges from economics, statistics fields
to computer science. In computer science, focus is to provide
support in carrying out business operations (automation),
storage (databases), computations (mining methods), and their
corresponding representations for communication (graphical
models). Here, we focus on evaluation of businesses which
involve computation and their corresponding representation.
Different stakeholders are involved in enterprises at different levels. These stakeholders evaluate the performance

of processes. Different models are used in order to fulfil
the requirements of each stakeholders. In [22], we discuss
different stakeholders and their participation in business
process elements. Executives are interested in an abstract
level evaluation, like overall profit and losses. These abstract
evaluations are accompanied with textual descriptions and
graphical charts (like reports and statistical charts). Different
trends and projections are also estimated for the future.
Managers evaluate processes at lower level with more details
about activities and involved resources.
The performance is usually evaluated in form of quantitative measurements which help to indicate about quality.
Different methods and techniques are also used for this
purpose. Business processes and its elements are evaluated
in different dimensions like time, cost, and quality. In order
to achieve the real benefits of evaluation of all important
dimensions, their attributes should be part of the evaluation
for product, process, or employee.
In evaluation, it is important for companies to have an endto-end picture of processes, like from the abstract level to the
lower level details. This is important to evaluate the overall
impact of changes in processes. Depending on the granularity
and stakeholder requirements, different dimensions and their
characteristics become important for analysis. This makes the
inclusion and filtration of particular data/information from the
evaluation (and their perspectives). Based on the perspective
requirements, other dimensions can be included or divided
into the hierarchies (like time in seconds, minutes, and hours)
or into classes based on threshold values (classes like high
cost and low cost).
C. Visualization
Visualization methods are used as an effective communication tool and help stakeholders to make decisions. We
can define visualization as a process of building graphical
representations of concepts. Such representations help the
stakeholder for better understanding and communication.
In [24], visualization is defined as
“a cognitive activity, facilitated by external visual representations from which people build an internal mental
representation of the world.”
Some authors also include the cognitive process and
the process of building graphical models in visualization
definition [24]. External visual representation can be charts
or graphical models built with the help of information
technology. Whereas, world means data, information, and
concepts. In [4], author differentiates between different
visualization types like data, scientific, and information.
Different visualization techniques are also employed to
support the evaluation of business processes and its elements.
These techniques depend on the user requirement which
includes the goal of evaluation, level of detail, and dimension.
The goal of the evaluation means what we want to measure.
Depending on the goal of the evaluation, the data is prepared
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Figure 1: Positioning of ABPML

for visualization and different views are built. This data can
be operational/raw data as in the case of data visualization
or abstract as information visualization.
D. Challenges
Enterprises want to improve their business processes. However, before an improvement, identification of deficiencies
in business processes are very important and carried out at
the first [21]. Business processes are evaluated at different
levels by different stakeholders. At an abstract level, different
diagrams are used to visualize trends such as histograms, bar
charts, and line charts. These representations are well suited
for the abstract level demonstration. However, at the lower
level detailed representations are necessary, especially in the
context of business processes and their improvement.
At the fine granularity, process managers are responsible
for controlling and improvement. The process managerial
level is an important level as the changes carried out at lower
levels are reflected as results to upper levels. Currently, at a
lower level, abstract representations are used for this purpose
with different details (just focusing on certain processes and
elements). Abstract models are not sufficient for process
managers and they need more detailed representation about
the performance of employees and processes with process
models.
In some approaches (like [16], [17]), attempts are made
to use business process models for evaluation of business
processes. However, most of the modeling languages are
devised for information system development and are not
appropriate for such performance evaluations. Usage of the
same modeling languages for performance evaluation will
create a misunderstanding between the stakeholders.
Performance of processes and involved elements should
be represented with the process structure at a detailed level.
By doing so, models provide further insights about processes

and enable process managers to carry out improvements in
the processes. In order to solve this problem, we propose
an analytical business process modeling language. This analytical modeling language takes the concepts from business
process modeling, evaluation (measure and metrics), and
visualization (cognitive aspects). The analytical modeling
language addresses our second and third research question.
In Figure 1, we position the proposed analytical business
process modeling language with respect to earlier discussed
domains.
IV. A NALYTICAL B USINESS P ROCESS MODELING
L ANGUAGE
We design analytical business process modeling language
(ABPML) by performing a thorough analysis of business
process performance analysis requirements [18], [19], existing
modeling language [20], and different analytical tools (like
ProM [11], [31]). We do not only include the best of breed
features, but also include some innovative features which
provide help in analyzing business processes and identifying
deficiencies. Therefore, the problem/solution search space
is well investigated and considered in designing the new
modeling language.
Here, we take the assumption that the analytical data
is already available from an information system and just
needs to be represented. The analytical data can be extracted
from executional data (process trace data) or database tables.
In [13], we discuss the extraction process in context of
SAP applications whereas in [22], we provide an overall
framework for this purpose.
In design science, a language specification includes
constructs, models, method, and instantiation components.
Therefore, we address these components for specification
of our proposed analytical modeling language. These are
correspondingly discussed in the following.
Constructs provide the vocabulary and symbols which
are used to represent a problem or a solution [10] or just
representing a situation. Constructs are used to represent
the tangible or intangible elements of a process. They are
used to represent activities, process participants (resources,
places), events (communication between elements), gateways
(decisions), and other involved objects (materials, orders).
Therefore, they are basic building blocks of a graphical model.
Semantic defines the meaning of symbols and relationship
with each other.
A. BPMN as a Choice
We use the basic constructs of Business Process modeling
Notations (BPMN) as described in the BPMN 1 standard [2].
We have select BPMN as it is rigorously defined and has
widely accepted as a standard (defined by OMG) for modeling
and communicating business processes. It is implemented in
1 http://www.bpmn.org

different modeling tools and rich in representation. Similarly,
various extensions are also proposed in order to suit different
business needs. Therefore, adoption of our proposed modeling
language will not be a challenge in industry.
For our analytical modeling language, we propose some
other constructs as an extension and also define the context in
which some of the basic constructs have different semantics
(meanings and relations) as compared to BPMN standard.
Those constructs are used only in a defined context for
performance analysis.
BPMN graphical notations are divided into four basic
categories [2]. These categories are discussed briefly as
follow.
Flow objects consist of activities, involved decision nodes
for their order (sequential, parallel, iterations), and events of
processes.
Connecting objects, as the name implies are used to
connect activities and other elements with each other using
different arrows which represent messages and associations
between them. This core set of elements defines the control
flow perspective of processes.
Different modeling elements are grouped through Swimlanes which use pools and lanes [2]. A pool is used
to represent process participants while lanes are used to
partition these participants and their activities from one to
another. A process participant can either be an organizational
entity within an organization or different organizations for
collaboration in a process. Mostly, organizational perspective
is provided by using Swimlanes constructs.
In BPMN, additional information about the process such
as involved data object and guidelines for operations are
provided by artifacts. These elements consist of data objects,
annotations and group constructs.
To accommodate different requirements, we combine constructs to build models for analysis in different perspectives,
and call them patterns. Different allowed combinations are
explained here which also define the method of constructing
the models in the analytical process modeling language.
Depending on the user’s requirements, models are built at
different level of granularity to facilitate the understanding
of processes. We further explain these constructs and their
semantics with the help of our proposed patterns.
B. Modeling Patterns
Patterns are used to share knowledge and solve problems [12]. Therefore, in our context, we define patterns as
a combination of constructs to analyze the process and its
elements in a particular perspective for improvement.
Each pattern intends to analyze performance with a
particular focus involving certain dimensions and their
attributes. Here, we provide four patterns for visualization
of business process performance (with respect to business
process modeling language). We consider these four patterns
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Figure 2: Overall product purchasing scenario in an organization using BPMN

Patterns
Time
Cost

Path
History

Purpose
Analyze the performance of resources
and activities with respect to time
Analyze the performance from the
cost perspective like material and
resources
To understand the activities which
will be fruitful
To understand which activities are
frequently executed in process

Constructs
Swimlanes, activities
Swimlanes, activities, colors
Edges, activities,
colors
Edges, thickness,
activities

Table I: Pattern and characteristics

as the most important and frequent in business process
analysis.
The analytical data can be used to identify which activities,
organizational resources, and involved elements add more
value to the enterprise. Based on this information, activities,
organizational resources, and involved elements are classified
in a particular dimension. The classification of process
elements based on performance depends on the metrics used
in the enterprise. Overall average values can be used for this
classification and threshold values can be set. We recommend
that only few classes should be defined for less cognitive
loads of models. Enterprises can define their own metrics.
Based on the organizational metrics and values, different
colors can be used to indicate the effect of the business
objects, like green for optimal cost, yellow for high cost,
and red for very high cost. Similarly, these classes can be
represented in other dimensions as well like quality and time.
Although the relation of cost and time, is not as simple
as discussed in [33]. Once such metrics are defined, then
they can be represented using our proposed patterns in our
modeling language.
1) Time pattern: Time pattern focus on representation
of process element’s performance from time aspect. A few
classes and characteristics in this dimension are classified in

Section III and represented in Section V with BPMN. Some
examples are idle time and working time. Gantt charts like
representations are easier for understanding of stakeholders;
however, other representations can also be used.
2) Cost Pattern: Cost is an important factor in business
processes. This pattern observes the performance of process
elements from cost and other related aspects involving
material and other resources. Different colors can be used
to distinguish between high cost and low cost elements of
process. Similarly, process elements can also be grouped
based on the cost incurred by them.
3) Path Pattern (Time-Cost Pattern): The time-cost pattern
is helpful to decide at which path the execution will be
effective (or beneficial for the organization). In case of
different available paths, a path with company best practice
can be colored to distinguish it from other options. Similarly,
problematic paths (incurring cost and problems) can also be
distinguished using colors from the others.
4) History Pattern: History path pattern represents which
path is taken in most of the process executions. A thick edge
represents that this particular path is taken by most of the
cases during execution compared to a thin edge path which
represent the opposite.
The proposed patterns, their elements, and meanings are
summarized in Table I. In the following patterns, different other attributes of the dimensions can be added and
correspondingly represented using our proposed modeling
language and its cognitive aspects (like color, shape, and
size). The above mentioned patterns are further explained
with the help of an case study in Section V.
Our current pattern catalog is not meant to be complete, as
different patterns can be created based on requirements and
creativity of a user/analysis. A pattern catalog can be made
by an enterprise for performance evaluation and analysis.
Due to space limitation, we do not include a complete list
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V. C ASE S TUDY
Instantiation demonstrates the feasibility of a proposed
modeling language to solve the problem and its benefit.
For this purpose, we take a small example of a real
life scenario. This typical purchasing scenario may have
different implementations (order of activities and roles) in
organizations depending on their requirements. Here, it is
taken from a small company.
Consider a typical purchasing scenario where a customer
orders a product. Once the order is received, the product
is checked in the stock. If the product is available, then it
is shipped to the customer. An invoice is also generated
and the payment process also starts. If the product is not in
stock, then a production order is created for manufacturing the
product. In this way, the customer order scenario is completed.
Several processes are involved in successfully completing
this order-scenario like fulfilling an order request, transfer of
payment, manufacturing the product, quality evaluation, and
shipping process. The whole process is abstractly represented
in Figure 2 using BPMN.
In production, first, the production order is created by
a foreman for the required products. Once the production
order is created the assignments of resources are made like
scheduling of machines and persons for manufacturing. In
parallel to this, the raw material is also collected from the
store or suppliers. Afterwards, the product is manufactured
by workers. On completion of product manufacturing, quality
inspector examines the quality of the manufactured product.
If the quality of the product is at the desired level, then
the shipping process and financial processes are started.
Otherwise, the quality of product is brought to the desired
level by sub-process “fix quality”. Therefore, the overall
order is completed and marked as completed. This production
process is shown in Figure 3 using BPMN.
When all these steps are recorded in information systems,
we can use this data to analyze the performance of organizational elements and ordering of activities.
The whole process can be analyzed with abstract details
like how much time it takes to complete the order, Figure 5.

This representation is suitable at an abstract level. However,
at the managerial level the process can be analyzed with
more graphical details that help to identify deficiencies and
improve the process. For this detailed representation, we
discuss our proposed patterns in the context of this example.
In BPMN, Swimlanes (pool and lane) are used to represent
process participants and their interaction during execution.
We propose to use Swimlanes not only to see participant
interaction, but also the performance of organizational
resources and activities. Based on collected data, process
participant performance should be computed and their lanes
should be colored (like green, yellow, and red). Similarly,
activities can also be aligned using Swimlanes based on their
computation in a particular dimension and their attributes.
Consider Figure 4, where three classes are defined in cost
dimension to arrange the process activities and their involved
elements.
Similarly, different dimension can also be defined as pools
where lanes represent further attributes of these dimensions
like in time dimension, Idle time can be defined as an attribute
and other classes (like high, medium, and low) align activities
for representation. Moreover, different dimensions and their
attributes can be combined with one another for further
business process analysis.
When we represent performance details using Swimlanes
in the BPMN model, we can find out which activities
are consuming time and taking high costs. Afterwards,
these activities can be further investigated to identify their
deficiencies for improvement.
Similarly, successful paths (or best practices) can be
determined by evaluating the performance of processes and its
involved elements. The successful paths can be represented
by coloring the edges. The frequency of execution on a
particular path can be represented by changing the thickness
of edges (connecting objects). This corresponds to the history
pattern of proposed modeling language.
Based on these extended notations, we represent an
extended business process model of our production process in
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Figure 3: Representation of production process using BPMN

Figure 6. The colors red, yellow, and green represent activities
with high, medium, and low cost respectively. In order to
avoid confusion, in this figure, we only colored the activities
to represent the performance aspects whereas Swimlanes
are kept with their classical BPMN semantics [2], such as
process participants. Figure 6, also represents that the quality
of production is poor and frequently activity “fix quality” is
executed to improve the quality of product. Similarly, it can
be further investigated why activity “manufacture product” is
consuming extra resources, which may result a representation
that product manufactured by certain employee often need
quality fixes or often certain paths with loops are executed.
VI. R ELATED W ORK
Our work is compared and contrasted with existing
modeling languages and methods. However, most of the
research in business process modeling domain is related to
the information systems, like its development [1], workflow
management [27], simulation of business processes [14], or
alignment of IT services with business processes [28], or
configuration of information systems [8]. There is limited
research with the focus on performance analysis of business processes using modeling language. There are some
approaches to analyze business processes after execution,
however, in those approaches same models are used which
are conceptualized for information system development like
some process mining [29] tools use Petri nets [27]. Therefore,

the solution provided by those tools serves only on ad-hoc
basis which is not appropriate.
A survey on business process analysis for optimization
and improvement is provided in [32]. In that survey, the
authors categorize different approaches to notational, formal
and semi-formal categorizing. Their survey shows the lack
of business process modeling languages for post executional
phases. However, they do not provide any extensions or
examples of modeling languages which we have provided
in this paper. The concept of excluding activities at the
abstract level and including them at the detailed level is also
discussed in [2], [8] whereas in [3], it is discussed at the
attribute level. Different views of models are generated based
on the environment of execution as discussed in [5]; however,
they are discussed from the software process perspective,
irrespective to business processes.
An interesting work in BPMN domain is presented in [25]
where an approach to transform business process dimensions
(time, business rules, and information) into BPMN constructs
is discussed. However, the author focus is not on the
performance analysis of business processes. Here, we provide
different patterns for better understanding and representation
of a business process for performance evaluation. Similarly,
there are also some other attempts to extend BPMN models in
different dimensions like knowledge in [26] or for modeling
process goals and its measures in [15].
Different business process management suites also provide

cockpits to represent performance metrics in graphical forms
like histograms, radial graphs, and several other techniques.
However, these representations are abstract representations
without providing information about the structure. Similarly,
process mining tools (like ProM [31], EVS [11] also
exhibit performance metrics through different graphical
models. These approaches lack the support of business
process modeling language to provide process perspective for
improvement. In our work, we demonstrate the performance
of processes with business process modeling language.
VII. S UMMARY AND O UTLOOK
In this paper, we presented a design science artefact (modeling language) to solve the problem of performance analysis of
business processes. We followed the design science guidelines
for the specification of modeling language. We presented the
patterns of our proposed modeling language for performance
analysis of business processes. These patterns are explained
with the help of an example using a rigorously defined
modeling language (BPMN). Therefore, we extended BPMN
for performance analysis.
In the future, we plan to add some further patterns in
our pattern catalog for analysis and improvement especially
from the cognitive perspective. We also plan to conduct the
analytical evaluation of our proposed modeling language.
Afterwards, we want to do observational evaluation using
different case studies with participants which will help in
empirical evaluation. This will help to further improve the
proposed modeling language. We want to provide by a
developed tool for generating and presenting the proposed
modeling language for analysis and improvement purpose.
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