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Abstract. Recently the interest in managing families of business processes ra-
ther than individual processes has increased, mainly due to the need to maintain
different variants of the same business process or similar business processes in
the same organization. This led to the extension of different business process
modeling languages (BPMLs) in order to support the representation of design-
time variability, namely variability that is resolved when designing the particular
business processes (the variants). However, the evaluation of these languages
expressiveness is still in an inceptive stage. In particular, the abilities to express
variable elements in different granularity levels and to guide variability in busi-
ness process models have not been examined. To tackle this lack, we propose a
two-dimensional framework which explicitly refers to granularity and guidance.
We further examine how existing extensions of BPMLs support these dimen-
sions, point on deficiencies in their expressiveness, and discuss the implications
of those deficiencies through examples from a case study.

Keywords: Variability Modeling, Design Time Variability, Business Process
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1 Introduction

Business processes have drawn much attention over the years [4]. They affect organi-
zation's performance, cost, and customer's satisfaction and are considered one of the
key concepts to successful businesses. A common way to present the specification of
business processes is through business process models which capture different aspects
of business processes, such as their goals and constraints, their activities and flow,
their events and resources, and the different organizational units or roles involved in
their execution.

Various graphical languages have been proposed over the years to model business
processes. These languages aim to bridge the gap between business process design
and implementation, as well as to represent and communicate different aspects of
business processes to various stakeholders. This is done in different ways: imperative
business process modeling languages (BPMLs), for example, focus on how the
process is executed (mainly, its activities and flow), while declarative BPMLs support
the description of what should be done and not how it is done [25]. Graph-based
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BPMLs visually specify business processes as graphs, while rule-based BPMLs sup-
port abstracting the process logic into a set of rules [22]. There are BPMLs that main-
ly focus on input/output flows; others focus on workflows (namely, time ordering of
activities); a third group concentrates on agent cooperation; and a fourth group is
considered state-based [1].

Usually a single organization deals with a large number of business processes. The
different business processes are not necessarily far apart from each other; they may be
variants which are commonly considered as specializations of “abstract” business use
cases [31]. Sometimes the existence of such variants indicates on large differences in
the instances of the business process. This kind of variability is commonly referred to
as runtime variability [39]. In other cases the need to handle variable aspects is raised
during the process design phase and requires designing and managing variants of the
same business process or business process part for different organizational units, mar-
ket segments, or involved items. In this case, which is commonly referred to as design
time variability [39], variability is resolved at design-time and not at run-time, poten-
tially making the variants more suitable to the specific business process needs, but
less flexible.

Another interest in design-time variability is raised by software companies that aim
to develop COTS products or process-aware information systems (PAIS) [8] for a
market segment that includes organizations that have similar core business processes.
These software companies may benefit from treating the different business processes
as a family, monitoring and analyzing process commonality and variability. The re-
sults of such analysis can be incorporated into the products development, yielding
flexible products that can be adapted to meet the specific needs of a particular organi-
zation in that market segment.

In order to support design-time variability in business processes, several modeling
languages have been suggested in the last decade. Most of these languages extend
existing languages, and especially BPMN and EPC, with variability aids, e.g., [26, 28,
31], or suggest aids to specify the variability orthogonally to the business process
models, e.g., [13, 40]. However, the evaluation of these languages expressiveness is
still in an inceptive stage. In this paper, we propose a two-dimensional framework that
refers to granularity, namely, the variable elements, and guidance, i.e., the creation of
variants at design-time. We use this framework for evaluating the expressiveness of
22 languages that support design-time variability modeling in business processes.

The contribution of this paper is two folded. First, it provides a useful input for
practitioners by pointing and discussing the deficiencies of the different languages
and assisting in language selection. Second, the deficiencies are also of interest
to researchers who wish to know what languages should be worked on and in what
directions.

The rest of the paper is structured as follows. Section 2 reviews the relevant litera-
ture. Section 3 elaborates on the suggested framework. Section 4 reviews existing
BPMLs that support design-time variability modeling and discusses their expressive-
ness based on the suggested framework. Section 5 presents and exemplifies the found
deficiencies, as well as discusses their implications. Finally, Section 6 concludes and
refers to future research.
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2 Related Work

A few studies have already examined variability modeling in business processes.
Torres et al. [38] present two approaches targeted at the representation of process
families: the behavioral approach which derives a process variant by hiding and
blocking elements, and the structural approach which applies a set of change opera-
tions on a base model in order to derive a process variant. The authors further com-
pare two specific languages: C-EPC [28], which is a behavioral approach, and Provop
[13], which is a structural approach. The comparison is done in terms of understanda-
bility of the produced process model.

Ayora et al. [2] propose an approach that refers to variability concepts as first order
elements in business process models. This approach is evaluated with respect to C-
EPC [28], PESOA [26], and Provop [13], using a set of criteria. Some of these criteria
refer to variability concepts, including variation points, process fragments, process
fragment context, process fragment relationships, language support regarding varia-
bility, process context regarding variability, and variation point resolution time. The
other criteria define quality factors, such as flexibility, scalability, and understanding.

Vervuurt [40] defines nine criteria that need to be considered when evaluating
business process variability modeling languages, including: (1) the ability to mark
variable elements, (2) the support of change patterns, (3) the configuration rules that
adapt process model, (4) visualization of configuration rules that adapt process mod-
els, (5) domain visualization and process model configuration, (6) domain and process
configuration rules, (7) selective display, (8) correctness, and (9) consistency. All
these criteria focus on configuration as the main mechanism for creating variants.
Vervuurt further uses the nine criteria for comparing and evaluating specific modeling
languages, namely: C-EPC, BPMN, and Extended EPC (E-EPC). Based on the
comparison findings, alternative solutions to business process variability modeling
problems are suggested: combining C-EPC with feature diagrams (Feature-EPC),
extending C-EPC with Change-Oriented Versioning (COV-EPC), and utilizing
Proteus Configuration Language (PCL-EPC).

La Rose et al. [17] review three approaches to capture variability in business
process models: (1) configurable nodes, e.g., C-EPC, (2) hiding & blocking, which
aim to represent choices in configurable process models independently of the lan-
guage, e.g., Configuration in SAP WebFlow [10], and (3) annotation-based process
variability which aim to “improve the customization of process-oriented software
systems”, e.g., the study in [35]. They further claim that the existing languages do not
provide sufficient support during the actual configuration of the generic or configura-
ble process model, commonly termed the reference model. Thus they suggest
independent representations of the variability that can be used to complement these
approaches: questionnaires models, feature diagrams, and adaptive mechanisms.

Weidmann et al. [41] specifically refer to the variability scope, but only within
BPMN 2.0, concluding that events, activities, gateways, sequence & message flows,
and pools & lanes can have variable attributes. They further compare four approaches
to variability modeling in business processes, namely Provop, PESOA, Process Con-
figuration (ProCon) and Multi-Perspectives Variants (MultPers). The comparison,
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which is based on five criteria that focus on variability and dependency visualization
in process models, leads to the conclusion that the interaction of the user with the
process model is missing. Thus, an approach for Adaptive Business process modeling
in the Internet of Services (ABIS) is presented. This approach enables business users
to create their own process variants using process templates and process fragments.

Discussing techniques that deal with the management of process model variants,
Dijkman et al. [7] distinguish between techniques that use a single consolidated model
to capture the process variants and techniques that keep the process variants separate.
The first group of techniques mainly utilizes variation points to distinguish between
the common and variable parts. Representing variability in this kind of techniques
may rely on configuring nodes (e.g., [11], [13], [18], [31]), attaching parameters to
nodes or marking nodes with stereotypes (e.g., [35]), assigning cardinalities to arcs
and nodes (e.g., [29]), or using aspect-oriented principles (e.g., [21]). The second
group of techniques “leaves the various variants separate, but provides an infrastruc-
ture to identify and keep track of their commonalities in order to maintain consistency
across variants when updating them” [7]. This can be done, for example, by utilizing
the inheritance mechanism, using version control techniques, or identifying behav-
ioural relations between process variants.

The above studies examine and compare a few extensions of BPMLs that support
design-time variability modeling. However, these studies treat the business process
models as a whole, without separately referring to different business process elements
and to the way they vary. As variability may be present in different granularity levels,
it is important to know the variability of which elements is supported by a certain
BPML. In addition, the support that BPMLs provide to (re)use variable elements in
specific business processes is not sufficiently analyzed in those studies, which mainly
concentrate on a single mechanism — configuration, and do not examine the relation-
ships between the process elements and the utilized mechanisms.

3 The Suggested Evaluation Framework

To tackle the aforementioned limitations, our framework refers to two dimensions for
evaluating design-time variability in business process models: granularity, which
refers to the variable business process elements, and guidance, which refers to the
mechanisms to create variable elements (i.e., variants).

3.1 Granularity Dimension

Curtis et al. [6] refer to four perspectives of business processes: functional, behavior-
al, organizational, and informational. These perspectives are also mentioned in List
and Korherr’s metamodel [21], which was inspired by ARIS [34]. These perspectives,
which are briefly reviewed below, are of high relevance to many BPMLs, which are
classified as imperative. Thus, we set them and their high-level elements as the values
of the granularity dimension.
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The functional perspective represents what process elements are being performed
[6]. The main elements in this perspective are atomic tasks and composite activities.
Atomic tasks (also termed process elements or process steps) are functional units of a
process that have no externally visible substructure. Composite activities, on the other
hand, represent major units of work that need to be performed in order to achieve the
objective of a process. Composite activities are commonly described as sets of partial-
ly ordered tasks.

The behavioral perspective represents when activities are performed as well as as-
pects of how they are performed [6]. In particular, the behavioral perspective de-
scribes the order in which the different activities are executed (control flows) and
when process elements are performed (i.e., sequence flows). Moreover, data flows are
used to connect atomic tasks with information resources (such as data, artifacts, and
products) [16].

The organizational perspective describes the organization structure and, in partic-
ular, where and by whom (which agents) process elements are performed. Three types
of process participants are commonly mentioned [21]: (1) an organizational unit,
which is a group of people organized for some purpose; (2) a role, which is a group of
process elements exhibiting a set of specific skills or qualifications and assigned to an
agent; and (3) software, e.g., applications and services, which automatically performs
process elements.

The informational perspective represents the information and data produced or
manipulated by a process and their interrelationships [6]. The informational perspec-
tive describes which information is involved in the business process, how it is
represented, and how it is propagated among different activities. The elements of the
informational perspective are primarily divided into resources and events: an event
may trigger an activity or a task, whereas a resource is an entity to be produced or
consumed by an atomic task, e.g., data, products, and artifacts.

Table 1 summarizes the granularity dimension in terms of perspectives, relevant
questions, and high-level elements.

Table 1. The granularity dimension

Perspective Relevant Questions High-Level Elements
Functional - What process elements are being performed? - Atomic tasks
- Composite activities
Behavioral - When are process elements performed? - Sequence flows
- How are process elements performed? - Control flows
- Data flows
Organiza- - What is the organization structure? - Organization units
tional - Where and by whom are the process elements | - Roles
performed? - Software
Informational | - Which information is involved? - Resources
- How is it represented? - Events
- How is it propagated among different process
elements?

Note, however, that there are a few business process elements, mentioned in the li-
terature, which cannot be naturally classified into one of the four perspectives. These
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elements are either more abstract than the elements in the four perspectives (e.g.,
goals, soft-goals, and domains), or are needed for evaluation or classification purpos-
es (e.g., process types, measures, and dimensions). List and Korherr [21] classify
these elements under a fifth perspective called business process context. Although
these elements are important for the completeness of the process models, their number
and nature made us currently leave them out of the framework scope.

3.2  Guidance Dimension

The second dimension refers to the ways variability of a business process family can be
resolved in order to create specific business processes. These ways are commonly termed
variability mechanisms or reuse mechanisms in the area of reference modeling and busi-
ness process families [5, 35]. Table 2 lists four common mechanisms, which were estab-
lished as the values of the guidance dimension, their descriptions, and related terms.

Table 2. The guidance dimension

ariabilit; i

M Ly Related terms Description
mechanism

) . Inclusion, exclusion, selection, | Enables selecting process elements for inclu-
Configuration . . . .

blocking, hiding, deletion sion

. Specialization encapsulation L
Inheritance ufes ’ P * | Enables specializing process elements
Parameteriza- Enables customizing process elements by
. Parameters, values .
tion assigning values to parameters

. S . Enables attaching several variants (process
Extension Addition, insertion g . . (P
elements) at a certain point at the same time

Configuration and parameterization are classified in [35] as basic variability me-
chanisms, as they are standalone and do not require any other variability mechanisms
or new model design. Inheritance and extension, on the other hand, are variability
mechanisms derived by restriction. Nevertheless, all the four are common variability
mechanisms in business process modeling.

4 BPML:s That Support Design-Time Variability Modeling

Searching for BPMLs that have been suggested to model design-time variability in
business processes, we found 22 such languages published since 2005. All of them are
graph-based languages and most of them are imperative. 7 languages are based on
BPMN and 6 on EPC. A few languages are based on other BPMLs: YAWL (2), UML
Activity Diagrams (AD) (2), UML State machines (1), EWF-nets (1), Petri-nets (1),
goal models (1), and SAP WebFlow (1). Most of the languages (20 out of 22) extend
the base notation and introduce a single (unique) model that captures both commonal-
ity and variability. This kind of languages is commonly called annotation-based as
variability is annotated on the base model. Two languages distinguish and keep the
base model separate from the variability model. This kind of languages is termed
composition as it proposes ways to combine or compose the two separately handled
models, the base and the variability models.
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Table 3 details, for each extension of BPML, the variability of which perspectives
and high level process elements is supported and how, namely with which variability
mechanisms. The grayed rows are languages that follow a composition-based ap-
proach (all others are annotation-based languages). As can be seen, variability is not
uniformly supported with respect to the granularity and guidance dimensions: there
are neglected perspectives, neglected elements, neglected variability mechanisms, and
neglected combinations. We next discuss these deficiencies and exemplify their im-
plications with examples from a case study.

5 Deficiencies in Business Process Variability Modeling

Conducting the evaluation of the reviewed extensions of BPMLs according to the
granularity and guidance dimensions, we can find several deficiencies with respect to
design-time variability modeling in business processes. To examine whether these
deficiencies indicate real limitations, we conducted a case study for examining the
variability of procurement processes in two organizations: a university library and an
industrial company dealing with defense electronics. We collected data on the procure-
ment processes and their variability through interviews, observations, and existing
documents. We qualitatively analyzed the data and classified each variability type
according to the two suggested dimensions. Due to space limitations, we briefly discuss
here each deficiency and exemplify the implications with examples from the case study.

5.1 Deficiencies with Respect to the Granularity Dimension

Neglected Perspectives. Business processes may differ in what they are doing (the
functional perspective), how and when they are doing that (the behavioral perspec-
tive), where and by whom they are doing that (the organizational perspective), and
which information is required and in what way (the informational perspective). The
business processes in a certain organization may vary only in specific perspectives
and not in all of them. For example, procurement processes may vary in when and
how they are performed and not in what they are doing, where and by whom they are
doing that, and which information is required and in what way. In this case the ex-
pressiveness of variability modeling in the behavioral perspective is important, requir-
ing a BPML whose expressiveness in this category is high.

As can be seen in Table 3, the most handled perspectives are the functional and the
behavioral ones. These perspectives are the most prominent in “regular” BPMLs and
here we see that they remain prominent when dealing with design-time variability.
Variability modeling in the informational perspective, on the other hand, is supported
to some extent. Several studies refer to variability in different data-related resources,
such as data storage, objects, inputs, and outputs. Variability of events is partially
handled in four studies. A possible reason for this low support may be that events, as
opposed to functional and behavioral units and data-related elements, are considered
external and independent of the organization (i.e., often the organization cannot di-
rectly affect the events of its business processes) [28]. Thus, events are individually
handled and their variability is not commonly modeled.
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Table 3. Design-time variability modeling in existing extensions of BPML*
Functional Behavioral Organizational Info.
2 Perspective Perspective Perspective Perspective
=)
en L <4 |2} @
% Stlldy 2w E § = 2 »n E E @ % & 51
) £ 2 g% gz |3z & = =2 = £ 5
S8 | EE| 52|88 & | = | £ |&| 2 2
=T 83|37 IFT 5 | & A
PESOA for ce
BPMN [26] ip p| P p
DeCo [33] ci ci ci
2| ADOM-BPMN . . . .
2| 9] ci ci ci ci
2
z | BPFM [23] c
Z | AO4BPMN 2.0 . .
= | 241 ci ci
ABIS [41] c c c c c
Provop [13] cie cie ce ce
C-EPC [28], [31] c c
é PCL-EPC [40] c c c ¢
o | ADOM-EPC [30] | ci ci ci
& [ cHEPC [18] c ci ci
COV-EPC [40] ce ¢ ce
Feature-EPC [40] ¢ c
C-EWF[11] c c
(EWF nets)
Liaskon et al.
[20] (goal mod- c c c c
els)
Protos2CPN [9] c c
(Petri nets)
Conf. in SAP c
WebFlow [10]
£ | PESOA for ce c
£ | UML-AD [26] ip P P P
Razavian &
Khosravi [27] c c c
(UML-AD)
PESOA for state ce
machines [26] p p ip
C-YAWL [12] c
(YAWL)
CoSeNet [36]
(YAWL) ¢ ¢
# studies supporting
the variability type 14 3 17 > 6 ! 2 0 > 7

* Support of: ¢ — configuration, i — inheritance, e — extension, p — parameterization



386 I. Mechrez and I. Reinhartz-Berger

Variability modeling in the organizational perspective is partially handled in only
three studies, where variability of roles or organizational units is handled. The reason
for this low support may be that the reviewed studies selected to extend languages
that do not focus on the organizational perspective, such as EPC and BPMN, and did
not adopt more holistic methods, such as ARIS [34].

As an example for the need to improve the expressiveness in the neglected pers-
pectives, Table 4 lists three examples taken from our case study. In the first two ex-
amples the variability is in the organization perspective: the budget can be controlled
by a role or by a software system, and received items can be inspected by different
roles. This type of variability cannot be handled in existing BPMLs as configurable
control flows connect functional elements and not organizational ones and inheritance
cannot simply utilized when different elements types (e.g., a role and software in the
first example) are involved. In the third example, the variability is in the informational
perspective. One can claim that this kind of variability can be specified using parame-
terization. However, currently business rules need to be associated to the parameter in
order to constrain the values it can receive at design-time (and not at run-time).

Neglected Elements. Analyzing the variability in the different perspectives, we ob-
served that not all elements in the same perspective are similarly handled. The degree
of support for the different elements is once again important as organizations may
face variability in certain elements, e.g., business processes that involve many events
and event handlers. In this case, using BPMLs that support variability in the informa-
tional perspective will not necessarily help, as those BPML may concentrate on re-
source variability (and not on events).

Table 4. Examples of variability related to neglected perspectives

Case title Case description Organization | Comments
Budget can be contrqlled by the finance ) Variability in the
department that monitors and alerts on Industrial .
Budget control . . organizational
excess expenditures or by an automatic company .
perspective
alert software system
. Received item inspection can be done by a . Variability in the
Received Items P el Industrial oty
. warehouseman or by any worker qualified organizational
Inspection company .
by the warehouseman perspective
The system warns on delivery date over- Industrial ST
. “ o Variability in the
Delivery date due; the number of “acceptable” overdue company, informational
overdue days varies, depending on the organization | university .
.. . perspective
policies library

As can be seen in Table 3, the most neglected perspective naturally also yields
the most neglected elements. However, in the functional and behavioral perspectives,
the variability of composite activities, sequence flows and data flows is neglected.
We speculate that the reasons for this lack of support are that composite activities
are perceived as aids to support scalability and thus their variability is not supported
as much as the variability of the building blocks (the atomic tasks); sequence flows
are mainly used to connect elements and their variability is hard to be grasped and
modeled; and data flows are secondary elements in process models. Furthermore,
variability in data flows may be percolated to variability in resources (i.e., in the
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informational perspective) and vice versa. In the informational perspective, events
and resources are similarly neglected. Finally, in the organizational perspective, the
variability of software elements is completely neglected, maybe since they are consi-
dered in business process modeling as “black boxes”.

Table 5 lists three examples related to neglected elements found in our case study:
variability in software, sequence flows, and resources.

Table 5. Examples of variability related to neglected elements

Case title Case description Organization Comments
A purch.ase order can be ge.nerdted Industrial com- Variability in
Purchase order automatically by a purchasing module of . .
. . pany, University | software (org.
generation an ERP system or automatically by an . .
library perspective)

autonomous purchasing system

Purchase order can be produced before Variability in

Shipment order shipment or after shipment (push sup- Ljrzlr\;ersuy fi- zggﬁ:f;ﬂows
P1y) perspective)

Variability in
resources (inf.
perspective)

A supplier invoices can be hard-copy or | Industrial com-

Types of invoices .
yp electronic pany

The above types of variability can be handled in existing BPMLs by utilizing inhe-
ritance, but such a treatment introduces abstract elements to the model — the “super”
elements in the inheritance, which complicate the models and may negatively affect
comprehension. Furthermore, inheritance of behavioral elements is not well supported
in existing BPMLs and sometimes requires splitting models or percolating the varia-
bility to connectors.

Neglecting Cross-perspective or Cross-element Variability. Most BPMLs support
variability within the same kind of elements. Only a few BPMLs refer to variability
that goes beyond the boundaries of a single element type or perspective. These
BPMLs commonly define placeholder elements that can be replaced by different ele-
ments from the same perspective or from different perspectives. This possibility is
mainly utilized for replacing control flows and sequence flows, atomic tasks and
composite activities, and atomic tasks and sequence flows. The other combinations
are (almost) completely neglected. As an example to the need to represent variability
of different elements, which potentially belong to different perspectives, consider a
case of inventory assessment. Assessing the inventory may be a complicated function
in a certain organization, justifying its representation as a composite activity that in-
cludes tasks for counting the actual amounts, writing them down, comparing them to
the expected amounts, resolving differences, and so on. The same process may be
very simple in an organization which checks its inventory continuously by means of a
cycle count, requiring only generation of a printed report. Moreover, inventory as-
sessment in one organization may be an internal function, calling for its representation
in the functional perspective. A different organization may use JIT (Just In Time)
method in which the supplier manages the inventory and supplies the products when-
ever they are needed. In this case the supplier is an external entity that triggers events
that may cause the activation of different functional units when occur. In these cases it
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is important whether the BPML supports variability that goes beyond the boundaries
of a specific high-level element or a specific perspective.

5.2  Deficiencies with Respect to the Guidance Dimension

Neglected Variability Mechanisms. The nature of the mechanisms makes them suit-
able to different types of variability. Configuration, for example, is suitable to situa-
tions where all the variants are explicitly modeled and the selection of the appropriate
variant needs to be guided. Extension and inheritance, on the other hand, enable addi-
tional design of the variants. Finally, parameterization requires generalization of the
variants and properly using parameters when necessary.

As can be seen in Table 3, variability in business processes is mainly supported in
terms of configuration. All the 22 reviewed BPMLs support configuration, which is
relatively easy to utilize. Furthermore, in 12 of the languages configuration is the only
utilized mechanism. To support configuration, the languages usually supply means for
specifying optional elements and selection conditions. Less than half of the reviewed
BPMLs support inheritance, while parameterization and extension are far away neg-
lected. A possible reason for this may be that parameterization requires extra genera-
lization effort (done only in the PESOA project) and extension is too lenient and less
guided. The case entitled “delivery date overdue” in Table 4 exemplifies the need for
parameterization at design-time, while the case entitled “received items inspection” in
that table exemplifies the need for extension.

Neglected Granularity-Guidance Combinations. Examining the granularity-
guidance combinations, we found that the most commonly used mechanism in all
perspectives is configuration, while inheritance is commonly used, in addition to con-
figuration, in the functional and informational perspectives. Extension and paramete-
rization are lowly used in the functional, behavioral, and informational perspectives.
These findings may be attributed to the nature of the mechanisms: inheritance of tasks
and resources is known in other modeling areas, such as object-oriented modeling;
extension is found with respect to functionality (e.g., extension points in use case
diagrams); and parameterization is mainly known with respect to data and informa-
tion. We found evidence to the need of the different variability mechanisms in the
various perspectives. The case entitled “purchase order generation” in Table 5, for
instance, exemplifies the need for inheritance in the organizational perspective.

6 Conclusions and Future Directions

Analyzing variability of business processes is important within an organization and
between similar organizations. The main way to present the outcome of such analysis
is through variability models which can be incorporated into or presented orthogonal-
ly to the business process models. We examined the expressiveness of different
BPMLs that support design-time variability modeling with respect to two dimensions:
granularity, which refers to four perspectives and their elements, and guidance, in-
cluding four variability mechanisms. We found that variability in the functional and
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behavioral perspectives is extensively handled in the modeling level, although varia-
bility of composite activities, sequence flows and data flows is quite neglected. Va-
riability in the informational perspective is supported to some extent, leaving aside
important elements, such as events. Variability modeling in the organizational pers-
pective is far away neglected. We further found that configuration is the most utilized
variability mechanism in business processes, but some languages support extension,
inheritance, and parameterization for creating process variants mainly in the function-
al and information perspectives. All languages concentrate on variability within the
same element kinds, neglecting possible variability between different types of ele-
ments that may belong to the same or different perspectives.

It is important to consider the current study under the following limitations. First,
we reviewed modeling languages in the field of business processes. We could extend
the scope of review to studies that deal with variability in databases and organiza-
tions. This way we could increase the expressiveness in the informational and organi-
zational perspectives. However, incorporating such languages into BPMLs is not
trivial and may increase complexity (potentially decreasing comprehension). Second,
most modeling languages reviewed in the current study are workflow-oriented. This is
because most “regular” BPMLs are workflow-oriented [19]. However, business
process modeling approaches that capture and refine business goals also exist. The
study in [20], which is included in our review, is a goal-oriented language that expli-
citly refers to design-time variability in business processes. Third, we included in our
study only graphical languages that extend existing BPML. In particular, textual and
formal languages as well as proprietary languages were not included.

In the future, we plan to provide concrete suggestions for improving the expres-
siveness of variability modeling in BPMLs. In particular, we will provide suggestions
for supporting neglected perspectives, elements, mechanisms, and combinations. We
further plan to empirically evaluate the influence of these suggestions on the usability
of different BPML extensions for variability modeling and their comprehensibility.
Finally, we intend to explore additional dimensions and refine the current dimensions,
e.g., by examining additional variability mechanisms and referring to low-level
process elements.
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