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Abstract: A business process architecture (BPA) model depicts business processes in an organization
and their relations. An artifact for generating BPA models is proposed as the outcome of a design
science research project. The proposed artifact consists of a method (i.e., a set of concepts, a proposed
notation, and a detailed procedure), which is termed the domain-based BPA (dBPA) method due
to using domain models as a starting point. The dBPA method tackles issues of currently available
approaches: lack of structured inputs, limited consideration of process relations types, and restricted
use of industry-standard modeling languages. The paper formalizes the dBPA method and illustrates
its application in the manufacturing industry. Evaluation of the dBPA method revealed that practi-
tioners perceived it as useful to achieve its goal with the benefits of being objective and clear and
allowing to create complete and understandable BPA models that enable the integration of processes
and the software that automates them.

Keywords: business process architecture; process landscape; process model; domain model; model-
ing language; business analysis techniques and technologies

1. Introduction

Work carried out in an organization can be conceptualized as a set of business pro-
cesses [1]. A business process is a set of interrelated and partially ordered decisions and
tasks for providing value to an internal or external customer, cf. [2]. Interconnections
between processes have become a topic of interest due to their impact on organization
performance [3] and service level [4].

The present work focuses on the design of a Business Process Architecture (BPA),
namely the fundamental concepts or properties exhibited by a system of business processes.
The BPA is also a key component of the Enterprise Architecture [5,6], which includes other
related components such as data and technology architecture. A BPA can be graphically
represented by a BPA model showing a set of processes and their relations from a high
level of abstraction.

A BPA model is a valuable input for managing the BPA of a given organization
systemically in terms of process understanding, performance, and control [7]. The BPA
model is useful for articulating BPM initiatives in a holistic fashion [8]. In fact, the BPA
model should be used as the starting point for the Business Process Management (BPM)
cycle [9] and, in this sense, it plays a key role in the strategic alignment cycle [10].

Attending to the relevance of BPAs, a number of BPA design methods have been proposed
to guide the structured design of a BPA that is represented by a BPA model [1,11]. Despite the
strengths of currently available BPA design methods, these approaches usually lack the
rigor found in other BPM tools. Particularly, Gonzalez-Lopez and Bustos [11] identified
the following prevalent issues among BPA design methods: (i) lack of structured business
knowledge inputs, i.e., BPA design methods usually rely exclusively on unstructured
inputs such as expert knowledge and a company’s documents; (ii) limited consideration of
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business process relations, i.e., most BPA design methods support only one or two process
relations types; and (iii) restricted use of industry-standard languages, i.e., dedicated
notations are typically used for BPA models instead of standard ones.

For addressing the previously described issues, the present work proposes a new
method termed the domain-based Business Process Architecture (dBPA) method. The dBPA
method tackles the aforementioned limitations of available BPA design methods by (i) using
domain models as structured input for generating the BPA models, (ii) considering a wide
range of relation types within the generated BPA models (i.e., composition, specialization,
trigger, and resource flow), and (iii) using the well-known ArchiMate industry-standard
notation for BPA models.

The research lead to proposing the dBPA method followed the Design Science Research
Methodology (DSRM) by Peffers et al. [12]. The proposed method aims to support BPM
practitioners, particularly process architects or, more generally, workers of a BPM Center of
Excellence that provides the service of process architecture maintenance [13]. The dBPA
method was assessed over multiple evaluation activities. An experiment with soon-to-be
BPM practitioners provided evidence that the dBPA method was perceived as useful and
also as an improvement with respect to an assessed alternative. A later experiment with
BPM practitioners allowed gathering perceptions on the suitability of the method to aid
companies in their BPA endeavors. Prospective users of the dBPA method found it useful,
objective, and clear while allowing to create a complete and understandable BPA models
that enable to integrate processes and the software that automates them.

The remainder of the paper is structured as follows. Section 2 discusses the background
and related work. Section 3 describes the methodology for developing the dBPA method.
Section 4 presents the foundations of the method, which is then formalized and exemplified
in Section 5. Section 6 reports on the evaluation of the method. Finally, a discussion is
provided in Section 7 and conclusions are presented in Section 8.

2. Background and Related Work

Multiple definitions of the concept of BPA are available in the literature, e.g., [1,7,10].
Altogether, these definitions emphasize that a BPA: (i) offers a general perspective on the
business process structure, and (ii) defines business process relations. Thus, this work
considers that both processes and process relations are the constituting elements of a BPA.
The present work adopts a view of the BPA and related concepts that conform with the
ISO/IEC/IEEE 42010 standard for architecture description [14], cf. [15]. As shown in
Figure 1, a BPA is expressed by a BPA description, which, in turn, is composed of one
or more BPA views; each of which, in turn, is composed of one or more BPA models. A
key BPA view is the one that is concerned with the high-level structure of the system
of business processes known as process map [15–18], process landscape [2,9,19], process
cartography [20,21], or process architecture (model) [10,22–24]. The remainder of this paper
refers to it as the BPA model.

When the modeling task is complex, having a method—moreover if it is at least
partially automated—eases the task, e.g., [25]. A method can be defined as the concepts,
notation, and procedure that guide the structured execution of a complex task [26,27].
Accordingly, the present work understands a BPA design method as the concepts, notation,
and procedure that guide the structured design of a BPA that is represented by a BPA model.

Following historic trends, the development of a BPA was one of the most common
BPM projects carried out by companies during 2019 [28]. Having a BPA model eases the
task of managing large collections of business processes, which can easily reach several
hundreds of processes [1] in an integral manner. In line with this interest, a number
of BPA design methods have been proposed over the last decades by both academia
and consulting firms. According to Dijkman et al. [1], some of these approaches are
based on goals (e.g., hiBPM [29]), actions (e.g., SCOR [30]), objects (e.g., the unfolding
procedure [31]), reference models (e.g., PCF [32]), or functions (e.g., BPTrends Associates
(BPTA) Methodology [10]).
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Figure 1. Model for the concepts of business process architecture and other related concepts (instanti-
ation of [14] for a BPA.)

Some of the previously cited BPA design methods are described in detail in the
following. This is expected to provide the reader with a set of examples of the available
BPA design methods.

The Riva method [8] was developed and improved in time due to academic and
consulting efforts. By first understanding the business an organization is in, the Riva
method allows building a BPA model that is meant to represent the respective business
domain. The domain knowledge is captured in a Unit of Work (UOW) diagram, which is
then transformed via a repeatable technique into a BPA model. The inputs of the method
are distributed organizational (domain) knowledge and data models; however, the steps of
the method lack guidelines on how to use such inputs. The output of Riva is a BPA model
referred to as Process Architecture Diagram, which depicts two types of processes (i.e.,
case processes and case management processes) and their relations (i.e., interaction and
instantiation). In terms of its notation, the Riva method uses a non-standard one supported
by a dedicated MS Visio stencil.

The BPTA methodology [10] is an integral BPM methodology developed by the 2006-
founded training and consulting firm BPTrends Associates (BPTA). The input of the method
is, again, organizational knowledge, which is found across different documents, databases
and know-how distributed among members of the company. The output of the method is a
two-level BPA model that is developed based on a number of meetings where the value
chains and stakeholders of the company are analyzed. The first-level BPA model shows
value streams relating identified processes and stakeholders, while the second-level BPA
model shows hierarchical decomposition relations between the identified processes. Both
of these models use a dedicated notation as well.

The unfolding procedure [31] is a method for creating a model called the Fractal
Enterprise Model (FEM). According to its authors, the unfolding procedure is rooted in
systems thinking, fractal models, enterprise modeling frameworks focusing on resources,
and consulting experience. The FEM is a variation of a BPA model that shows business
processes and their indirect relations by connecting processes to the assets (i.e., enter-
prise resources) they use and manage based on two types of patterns (i.e., process-assets
archetypes and asset-processes archetypes). The inputs of the method are organizational
(domain) knowledge and documents, yet no precise guidelines are provided on how to use
such inputs. The output of the unfolding procedure is the FEM, which uses a dedicated
notation supported by Insight Maker.

The previously described BPA methods, while illustrating available and used BPA
design methods, also exemplify some common issues of these approaches as identified
in [11]: (i) lack of structured business knowledge inputs, (ii) limited consideration of
business process relations, and (iii) restricted use of industry-standard languages. As will
be discussed in further detail in Section 3, these issues constitute the problem that motivates
the design of the BPA method proposed in our work: the dBPA method. In the following,
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we outline the position of our proposal with respect to available BPA design methods and
their named issues.

First, regarding its inputs and unlike many approaches (e.g., [8,10,31]), the dBPA
method does not solely rely on the knowledge of domain experts, but instead it also
uses domain models as inputs. In this sense and following [1], the dBPA method can be
categorized as an object-based approach. The use of domain models has been previously
suggested as an input for BPA design methods in [8], but only in general terms and without
precise guidelines of how to use their information. Second and in contrast to the few process
relation types found in BPA models generated with current approaches (e.g., [8,10,31]), the
dBPA method considers four types of process relations (i.e., composition, specialization,
trigger, and resource flow). Third and unlike competing methods (e.g., [8,10,31]), the dBPA
method uses the ArchiMate standard language for BPA models. The latter serves not just
the purpose of facilitating tool support and standardization, but also allows for integrating
the resulting BPA model with other elements within the enterprise architecture.

3. Methodology

The dBPA method is the main outcome of a Design Science Research (DSR) project [33]
that followed the Design Science Research Methodology (DSRM) by [12], whose steps
are: identify the problem and motivate, define objectives for the solution, design and
development, demonstration, evaluation, and communication. The DSRM process for
developing the dBPA is outlined in Figure 2 and described in detail in the following.
Table 1 summarizes the iterations for developing the dBPA method together with the
respective evaluation instances and modifications.

Identify Problem 
& Motivate

Issues (I) in BPA design 
methods:
• I1. Lack of 

structured 
business 
knowledge 
inputs.

• I2. Limited 
consideration of 
process relations.

• I3. Restricted use 
of industry-
standard 
languages.

Define Objectives of a 
Solution

Design objectives (DO) 
derived from the 
literature:
• DO1. Reuse 

structured 
knowledge as 
input.

• DO2. Consider 
multiple process 
relation types.

• DO3. Use  
industry standard 
language.

Design & 
Development

Main design decisions 
(DD) to define 
concepts, notation, 
and procedure of the 
dBPA method:
• DD1. Use domain 

models as inputs.
• DD2. Consider 

composition, 
specialization, 
trigger, and 
resource flow 
process relation 
types.

• DD3. Use ArchiMate 
language.

Demonstration

The method was 
applied into several 
scenarios:
• telecommunicat-

ions,
• e-commerce,
• higher education, 

and
• manufacturing. 

Evaluation

Multiple evaluation 
instances: 
• Ex ante: discussion 

at scientific 
community 
(foundations),  
experiment with 
students 
(preliminary 
versions of the 
method).

• Ex Post: interviews 
with BPM 
practitioners (final 
version of the 
method).

Figure 2. DSRM applied to develop the dBPA method. (The communication step has been omitted
for simplicity.).

3.1. Identify Problem and Motivate

The problem consists of the issues (I) of available BPA design methods [11] explained
and exemplified in the following.

• I1. Lack of structured business knowledge inputs. BPA design methods usually
rely exclusively on unstructured inputs, e.g., expert knowledge and company’s docu-
ments [8,10,31]. This issue challenges the efficiency and ease of use of methods since
their success strongly relies on personal factors of those implementing the method,
e.g., process architecture modeling experience, personal bias, and domain knowledge.

• I2. Limited consideration of business process relations Though relations between
business processes are key elements of BPAs [1], most BPA design methods support
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only one or two types, e.g., [8,10,31]. It has been established that business processes can
be interconnected by at least four relation types, namely composition, specialization,
trigger, and resource flow [1]. Not supporting these types jeopardizes the generality of
the method, and its resulting BPA models are likely to have completeness and fidelity
shortcomings.

• I3. Restricted use of industry-standard languages. The use of industry-standard
languages is very low among BPA design methods, with some exceptions, e.g., [34].
Instead, most methods use dedicated notations, e.g., [8,10,31]. This may be problematic
in terms of tool support and integration with other models.

Table 1. Iterations of the dBPA method.

No. Method Procedure Evaluation Instance Modifications

1 (1) Improve the expressive-
ness of the domain model, (2)
Identify processes, (3) Revisit
OLCs and identify their rela-
tions, (4) Categorize and re-
late processes, (5) Create BPA
model.

Research community
feedback in BPM 2016
Workshop.

(1) Use the concept of exis-
tential dependency between
classes for identifying trig-
ger relations, (2) Use of the
same standard for interme-
diate models, (3) Discard as-
sumption of availability of
OLC.

Design with BPM-trained
senior undergraduates
(n = 15) in telecommuni-
cations and e-commerce
scenarios.

(1) Consider additional ele-
ments of a domain model
and OLC transitions, (2) Con-
sider additional types of pro-
cess relation, i.e., resource
flow relations, (3) Discard the
categorization of processes.

2 (1) Identify business entities
and their states, (2) Build
preliminary OLC network,
(3) Improve expressiveness
of domain model, (4) Iden-
tify processes, (5) Improve
expressiveness of OLC net-
work, (5) Build BPA model.

Design with BPM-trained
senior undergradu-
ates (n = 25) in higher
education scenario.

(1) Rename activities and pro-
vide more precise descrip-
tion, (2) Generate ArchiMate
viewpoint.

3 (1) Prepare domain model,
(2) Identify business enti-
ties, (3) Identify states for
each business entity, (4) Build
OLC for each business entity,
(5) Build BPA model.

Design with BPM practi-
tioners (n = 6) in higher
education scenario.

None.

BPA: business process architecture, BPM: business process management, OLC: object lifecycle.

3.2. Define Objectives of a Solution

A set of design objectives (DO) for the new method were defined based on the previ-
ously discussed issues.

• DO1. Reuse structured knowledge as input. This feature would ease the task of
generating a BPA model.

• DO2. Consider multiple process relation types. This feature would support general-
ity of the method along with completeness and fidelity of the resulting BPA models.

• DO3. Use industry-standard language. This feature would facilitate tool support
and integration with other models.

3.3. Design and Development

The development of the dBPA method involved defining its concepts, notation, and
procedure [26,27] while fulfilling the design objectives. The design decisions (DD) presented
in the following lay the foundations (see Section 4) of the dBPA method as described in
Section 5.
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• DD1. Use domain models as inputs for the dBPA method. A paradigm-based strat-
egy [35] was used for selecting the concepts and designing the procedure of the
method. The chosen paradigm was the entity-centric approach for process model-
ing [36] applied at a business process architecture level. In this context, domain models
are used as inputs as in [8].

• DD2. Consider composition, specialization, trigger, and resource flow process re-
lation types in the dBPA method. The process type relations to be considered in the
dBPA method were the most prominent ones according to the literature [1].

• DD3. Use the ArchiMate language for the BPA models produced using the dBPA
method. The suitability of industry-standard languages was assessed to decide which
one to use for representing BPA models. It was finally decided to use ArchiMate [37].

3.4. Demonstration

The dBPA method was applied to a number of scenarios, i.e., telecommunications,
e-commerce, higher education, and manufacturing. The latter scenario is included in the
paper as the running example discussed throughout Section 5.

3.5. Evaluation

The evaluations for the dBPA method included presenting the original version of the
method at a BPM workshop to submit it to a discussion within the scientific community,
conducting experiments and interviews with soon-to-be BPM practitioners and experienced
BPM practitioners. The final evaluation activities are reported in Section 6.

4. Foundations
4.1. Elements of a BPA Model

The present work considers the core elements of a BPA model: processes and process
relations. On the one hand, processes constitute atomic elements of a BPA model. On
the other hand, four types of business process relations are identified [1,16,38], which are
defined in the following as considered in the dBPA method.

• Composition. One process (referred to as sub-process) is part of another process
(referred to as parent or high-level process).

• Specialization. One process (referred to as specialized process) is a variation with
respect to another process (referred to as general process).

• Trigger. One process (referred to as trigger source) causes the start of another process
(referred to as trigger target).

• Resource flow. One process (referred to as resource source) provides resources for the
execution of another process (referred to as resource target).

4.2. Modeling Languages for BPA Model

The Business Process Model and Notation (BPMN) [39] is the de facto standard for
detailed business process modeling. However, we discard its use in our method since
BPMN has been found not suitable for creating BPA models [40]. Though BPMN has been
adapted towards this end, e.g., [19,34,41], no consensus has been reached in this regard.

For the dBPA method, the decision was to use the ArchiMate Enterprise Architecture
modeling language [37], as in [1]. ArchiMate is a standard for describing multiple facets
of an enterprise architecture targeted to stakeholders such as process and IT architects.
ArchiMate is a suitable industry standard for representing BPA models in the dBPA method
because its syntax includes all the concepts considered in the BPA definition of the method.

4.3. Entity-Centric Process Modeling

A domain model represents the structure of a domain by showing its main con-
cepts and how they relate to one another as classes and associations, respectively [42],
e.g., Figure 3. Complementary to domain models, object lifecycles (OLCs) allow represent-
ing possible behavior for instances of domain model classes as states and transitions [43],
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e.g., Figure 4. Often, the integration of these perspectives within process models tends to
be an afterthought. In fact, data modeling is not a goal of BPMN 2.0 [39].

Invoice

Purchase Purchase itemCustomer

International
purchase

Courrier

Customer = id + enrollment_date

Courier = name + contract_date

International purchase = courier_assignment_date

Invoice = total + [ issued | paid ]

Purchase = generation_date + delivery_date + closing_date

Purchase item = sku + [ with_stock | without_stock | canceled ]

= : component, + : logical AND, |: logical XOR

In
vo

ic
es

 ►

Places ► Includes

◄
 A

ss
ig

ns

Figure 3. Domain model (left) and data dictionary (right).

Figure 4. Object lifecycles.

In the traditional activity-centric approach to process modeling, business processes
are elicited based on activities, e.g., [2,9,10]. An alternative to this is the elicitation of
business processes according to the entity-centric paradigm, e.g., [44–46]. In entity-centric
approaches, process modeling is based on the construct of a business entity: a relevant
real-world concept handled by the organization [36], e.g., a guest check in a restaurant.
A business entity can be represented as a domain model class with an associated OLC
depicting how the business entity behaves [47].

The dBPA method contends, following [8], that based on the entity-centric paradigm,
domain models may be used as inputs for the design of a BPA. This is analogous to the use
of domain models as first-class citizens in Model-Driven Engineering (MDE) for software
engineering [48]. The applicability of the dBPA method is facilitated by the availability
of domain models, either by having them already developed within the organization
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(e.g., in the context of an MDE project) or by the availability of such models in the literature
(e.g., [49–52]).

Unlike the dBPA method, prior entity-centric BPA design approaches lack systematic
guidance for the use of domain models for building BPA models. The position of the
dBPA method regarding business entities and integration of domain models and OLCs is
presented in the following.
First, regarding the identification of business entities and relations:

• Each domain model class defines, at most, one business entity.
• Each domain model association defines one or more relations between the object

lifecycles (OLCs) of the partaking classes.

Second, integration of domain models and OLCs involves specializing the domain
model classes with dynamic hierarchies (in a dynamic hierarchy , objects are allowed to
migrate between sub-classes during their lifetime in the system [53], which applies when
sub-classes are defined as possible states of the super-class) such that:

• A dynamic hierarchy is built by specializing the original class with sub-classes that
hold a bi-univocal relation with the OLC states.

• The properties of the hierarchy are defined in a way that they are consistent with the
organization of OLC states.

5. The dBPA Method

This section presents the concepts, notation, and procedure of the dBPA method.

5.1. Concepts

In the following, the concepts used in the dBPA method are defined.

Definition 1 (Class). A class c is an abstraction highlighting common properties of the elements
of a set. A class is represented by a name and a state attribute jS.

Definition 2 (Object lifecycle). An object lifecycle (OLC) l depicts the behavior of a class c and
is represented by the tuple (S, si, SF, T, Σ, η), where:

• S is a finite non-empty set of data states,
• si ∈ S is the initial data state,
• SF ⊆ S is a finite non-empty set of final data states,
• T ⊆ S× S is a finite non-empty set of time-consuming transitions describing the logical and

temporal dependencies between data states,
• Σ is a finite non-empty set of transition labels with the structure [guard]proc/signal where

guard is a logic expression that enables a transition when true, proc stands for a behavior
executed during the transition, and a signal represents an event that occurs within the
respective proc; guard and signal can be omitted, and

• η : T → Σ is a function that assigns a label to each state transition.

Definition 3 (Generic object lifecycle). A generic object lifecycle lg is represented by the
tuple (Sg, sig , SFg , Tg, Σg, ηg) where Sg = {i, created, deleted}, sig = i, SFg = {deleted},
Tg = {(i, created), (created, deleted)}, and Σg = {creation, elimination}.

Definition 4 (Domain model). A domain model w is an abstraction of the structure of a domain
and it is represented by the tuple (C, A, H, Hs, Cpower, ZS, CZ), where:

• C is a finite non-empty set of classes,
• A ⊆ C×C is a finite non-empty set of binary associations such that each association a is

characterized by a name assoc and a direction dir. For each association, the function typeA
returns the type of the association (i.e., aggregation, composition, or standard), and the function
exist indicates whether the association involves an existential dependency (i.e., true, or false),
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• H : C → P(C) is a finite set of hierarchies such that each hierarchy h defines a relation
between a general class called super-class and a set of specialized classes called sub-classes, and
typeH : H → {dynamic, static} × {complete, incomplete} × {disjoint, overlapping} is
a function that returns the properties of h,

• Hs ⊆ H is a finite set of dynamic hierarchies such typeH [1] = dynamic in which sub-classes
correspond to the OLC states S of the super-class,

• Cpower ⊆ C is the finite set of power-types such that each power-type cpower is a class whose
objects are the sub-classes of other class,

• ZS is a finite set of state-related enumerations,
• CZ ⊆ C is a finite set of classes such that for each class, its states S are specified by a

state-related enumeration zS ∈ ZS such that S = zS.

Definition 5 (Data dictionary). A data dictionary dd is an organized list defining data in a given
domain. A data dictionary dd is represented by the tuple (C, K, Ks, comp) where:

• C is a finite non-empty set of classes,
• K is a finite non-empty set of components,
• Ks ⊆ K is a finite set of state-related components such that for each class c ∈ C it yields that

Ks ∩ S 6= ∅,
• comp : K → (C ∪ K) is a function that maps each component to the data class or component

to which it belongs.

Definition 6 (Business process architecture model). A business process architecture (BPA)
model Θ shows the business process architecture of an organization and is represented by the tuple
(Φ, R), where:

• Φ = ΦH ∪ΦL is a finite non-empty set of business processes within the organization, such
that ΦH ∩ΦL = ∅ and the business processes in ΦH have a higher abstraction level than
those in ΦL,

• R = Rcomp ∪ Rspec ∪ Rtrig ∪ Rflow is a finite non-empty set of business process relations such
that Rcomp is the set of composition relations rcomp, Rspec the set of specialization relations rspec,
Rtrig is the set of trigger relations rtrig, and Rflow is the set of resource flow relations rflow,

• rcomp : ΦL × ΦH → {true, f alse} is a function that returns true whenever ϕls ∈ ΦL
referred to as a sub-process is part of ϕht ∈ ΦH referred to as a high-level process, such that
one high-level process can have multiple sub-processes but one sub-process can only be part of
one high-level process,

• rspec : ΦL ×ΦL → {true, f alse} is a function that returns true whenever ϕls ∈ ΦL, referred
to as a specialized process, is a variation of ϕlt ∈ ΦL, referred to as a general process,

• rtrig : ΦL ×ΦL → {true, f alse} is a function that returns true whenever ϕls ∈ ΦL, referred
to as a trigger source, causes the start of ϕlt ∈ ΦL, referred to as a trigger target, and

• rflow : ΦL ×ΦL → {true, f alse} is a function that returns true whenever ϕls ∈ ΦL, referred
to as a resource source, enables resources used in the execution of ϕlt ∈ ΦL, referred to as a
resource target.

5.2. Notation

The notation used for the dBPA method is based on industry standards. For interme-
diate models, UML [54] is used: class diagrams for domain models (multiplicity has been
omitted for simplicity) and state machine diagrams for object lifecycles. UML was chosen
due to its high adoption, but alternative notations might also be used. For final models, i.e.,
BPA model, ArchiMate [37] is used.

ArchiMate provides a mechanism called viewpoint for defining a dedicated set of
elements that focus on a specific aspect of the enterprise architecture [37]. Using this
mechanism, a dedicated ArchiMate viewpoint named BPA viewpoint was defined for the
notation of the dBPA method.

Creating an ArchiMate viewpoint requires selecting a subset of relevant concepts
from its meta-model that, in the case of the dBPA method and as previously discussed, are



Appl. Sci. 2022, 12, 2563 10 of 25

the concepts of business process and business process relations. However, some of these
concepts can be mapped into multiple ArchiMate notation elements and thus violate the
semiotic clarity principle by [55], e.g., the concept of business processes can be represented
by Archimate’s business process symbol as well as by Archimate’s business interaction
symbol. For addressing these issues, restrictions on the use of one symbol per concept are
defined. The notation for BPA models in the dBPA method is the ArchiMate BPA viewpoint
shown in Figure 5 and instantiated in the BPA model in Figure 6.
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5.3. Procedure

The dBPA method has five—generally speaking—sequential steps, as shown in
Figure 7. Their descriptions are illustrated via an example of a Retail Company that manu-
factures and sells items to customers that place national or international purchases.

Prepare domain
model

Identify
business entities

Identify states
for each

business entity

Build object
lifecycle for each
business entity

Build business
process

architecture
model

Domain model
Business
process

architecture

Figure 7. Domain-based Business Process Architecture (dBPA) method.

1. Prepare domain model. This step enables applying subsequent steps of the method
directly. This is achieved by ensuring that the domain model w complies with some
specifications, as stated in the following.

• For each association a ∈ A whose direction dir is not shown, show it.
• For each association a ∈ A whose name assoc is formulated in a passive way

(e.g., is hired by), formulate it in an active way (e.g., hires), and adjust the direction
dir, if necessary.

• For each power-type cpower ∈ Cpower transform it into a semantically-equivalent
hierarchy h in the following way: considering there exists an association a ∈
A between cpower and c ∈ C, replace a by the hierarchy h ∈ H such that c is the
super-class and ci are the sub-classes, where i indicates the different objects
of cpower.

In the example. The domain model in Figure 3 complies with the aforementioned
specifications.

2. Identify business entities. This step allows identifying the set of business entities B
that will be considered in the remainder of the method.

• Each domain model class c ∈ w corresponds to a business entity b ∈ B, with the
exception of sub-classes partaking in a hierarchy h.

Sub-classes can be mapped into particular cases of business entities and thus are,
conceptually, business entities. However, they are discarded from the set of business
entities to be analyzed in the remainder of the method.
In the example. Business entities for the retail company are Customer, Courier,
Invoice, Purchase, and Purchase item from the domain model in Figure 3.
International purchase is discarded from the set of business entities due to be-
ing a sub-class.

3. Identify states of domain model classes. Business entities may have simple or non-
trivial behavior, depending on the number of states it may transit during its lifetime.

• For each business entity b ∈ B with non-trivial behavior, its set of states S can
be defined in the OLC l for the class c on which the business entity is based.
Whenever no OLC is available or it is incomplete, the set of states S can be
determined by the following (more than one of the options can be used):

– The sub-classes partaking in the state-based dynamic hierarchy hs ∈ Hs of
which c ∈ w is the super-class (whenever Hs 6= ∅),

– The possible values of state attribute js of data class c ∈ w (whenever Zs 6= ∅)
– The possible values of the state attribute js of the corresponding data class c

∈ dd whenever a complementary data dictionary dd is available for w,
– Domain-expert knowledge,
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• For each business entity b ∈ B with simple behavior (or no state information
available), its set of states S corresponds to the set of states Sg ∈ lg.

It is also important to ensure that:

• The set of states S of a business entity b include an initial state si and a non-empty
set of final states SF.

• After identifying the set of states for each business entity b ∈ B, all involved
models are updated as needed for ensuring that they are consistent with one
another.

In the example. The set of states of Invoice is {i, issued, paid} and of Purchase item
is {i, with stock, without stock, canceled}. In both cases, they were derived directly from
the data dictionary shown in Figure 3. The set of states of Purchase is {i, placed,
delivered, closed}, which was also derived from the data dictionary but in a more
indirect way. The set of states of Customer is {i, active, inactive} and was derived solely
from domain-expert knowledge. The set of states for Courier is {i,created, deleted},
which was assumed to have a generic behavior.

4. Build OLC for each business entity. The OLC l (resp. lg) for each business entity b
∈ B needs considering individual behavior as well as interactions between business
entities. If an OLC for the business entity b is available, it should be checked against
the aspects described in the following and adapted if necessary.
4a. Build preliminary OLCs. Before addressing relations between OLCs of different
business entities, the focus is on building a preliminary OLC for each business entity
b. Such an OLC l must contain the following:

• States. The set of states S is identified in the previous step. Additionally, a
concurrent state-independent region is added to the OLC l whenever the class
c from which b was derived is the super-class of a state-independent hierarchy
in the domain model. The sub-classes of the state-independent hierarchy are
mapped into states within the state-independent region.

• Transitions. The set of transitions T that allow reachability of all states in S. T is
identified using domain-expert knowledge.

• Labels. The set of labels Σ of which the label σi ∈ Σ is assigned to ti ∈ T. For
each label σi, its mandatory proc element represents is the process that is executed
for the corresponding transition to occur. For each label σi, its optional guard
element refers to a condition for enabling the transition. This condition may
verify process parameters (e.g., fixed-term contract), or concurrent states (using
the form in state.substate. . . e.g., in placed).

In the example. Figure 4 shows the OLCs for the business entities of the retail company,
and the OLCs of Invoice and of Purchase are described in the following to illustrate
building preliminary OLCs. First, the OLC of Invoice shows the simplest case of
an OLC that remains unaltered from its preliminary version. This OLC includes the
set of states {i, issued, paid} and the transitions with the set of labels {issue, collect}.
The transition issue represents the existence of a process called issue whose goal
is to transform an instance of Invoice into an issued one. On the other hand, the
collect process transforms an issued Invoice into a paid one. Second, the OLC of
Purchase is addressed. Though the preliminary version of this OLC differs from its
final version shown in Figure 4, the use of a state-independent region and guards
remains unchanged and is described in the following. The OLC of Purchase holds two
concurrent regions: status representing behavioral aspects and type representing static
aspects of a Purchase. Notice that static aspects are only part of an OLC whenever
the corresponding class is part of a static hierarchy, as is the case of Purchase that
differentiates between regular—national—purchases and international ones, as shown
in Figure 3. The OLC of Purchase contains guards: some of them are related to
parameters (e.g., (national)) while others correspond to state verifications (e.g., (in
type.national)). The latter case represents two variations over the deliver process.



Appl. Sci. 2022, 12, 2563 13 of 25

4b. Enrich OLCs with association-based interactions. Once preliminary OLCs are
built, the interactions between them are included to obtain the final OLCs. An
interaction between the OLCs of two business entities b’ and b” is given whenever
an association ak ∈ A in the domain model relates the classes c’, c” ∈ C on which b’,
b” ∈ B are based, respectively.

• General case. Let the relation between c’ and c” be represented by the association
ak, where c’ is the source class and c” is the target class according to the direction
dir(ak). If the execution of process ϕ”j results in the state change of the business
entity b” as defined by t”j ∈ T′′ so that ϕ”j corresponds to the proc element of
the respective transition label σ”j ∈ Σ”, then there exists a transition t’i ∈ T′ that
relates to t”j. Consequently, the preliminary OLC of l’ needs to be modified so
that ϕ”j corresponds to the signal element of the label σ’i ∈ Σ’ of transition t’i
∈ T′. This modification allows representing that the process ϕ”j is signaled from
l’ but executed in l” as a consequence of the relation between b’ and b”.

• Particular case. Let the relation between c’ and c” be represented by the asso-
ciation ak such that its type typeA(ak) is composition. In this case, the OLCs of
the classes are strongly related. Particularly, the creation and elimination of the
business entity based on the component class bpart are consequences of the cre-
ation and elimination of the business entity based on the composite class bwhole.
Consequently, the preliminary OLCs of both business entities lpart, lwhole need to
be modified regarding the labels of their initial and final transitions. Particularly,
the signal element in the initial transition of lwhole needs being the same as the
proc element in the initial transition of lpart, and the signal element of a subset of
the final transitions of lwhole needs to be the same as the proc element in the final
transitions of lpart.

In the example. The OLCs based on Customer and Purchase shown in Figure 4
allow illustrating the general case in which OLCs are enriched with association-based
interactions. An interaction between the named OLCs is mapped from the association
Places linking Customer and Purchase in the domain model (see Figure 3). Due to
the direction of the Places association in the domain model, place is the signal of a
transition in one OLC and the proc of a transition in the other OLC. An example of
association-based interactions is shown between the OLCs shown in Figure 4 based
on the classes Purchase and Purchase Item linked by the Includes composition in the
domain model (see Figure 3). Due to the direction of the composition, add item (resp.
cancel) is the signal of the initial (resp. final) transition in one OLC and the proc of the
initial (resp. final) transitions in the other OLC.

5. Build BPA model. The BPA model Θ is built by mapping information in each OLC l
and in the domain model w according to the following.

• High-level processes. Assume the existence of one high-level business process
ϕH for each business entity b. Each of these business processes is in charge
of managing instances of its corresponding business entity during its OLC-
defined lifetime. Accordingly, these processes are designated as the name of
their corresponding business entity preceded by the word management, e.g., the
Product management business process is in charge of handling instances of the
business entity Product. The name of the business process can be exempt from
this convention when an alternative name is more suitable.

• Composition relation. Assume also that each high-level business process ϕH
is composed of a set of processes designated sub-processes. Each of these sub-
process ϕi is specified in the proc part of the labels of the corresponding OLC.

• Trigger relation. Given the business entities b’ and b” derived from the classes
c’ and c”, which are related by the association ak with direction dir(ak) = c’c”
and that involves an existential dependency (exist(ak) = true), and a transition
with (proc,signal) = (ϕi,ϕj) in l’ related to a transition with proc = ϕj in l”. Then,



Appl. Sci. 2022, 12, 2563 14 of 25

processes ϕi and ϕj are related by a trigger relation in which the former is the
trigger source and the latter is the trigger target.

• Resource flow relation. Relations between sub-processes of the same high-level
processes are usually considered to be of type resource flow. These relations
are derived by analyzing the respective OLC l. For each state s ∈ l, the proc
part of the label of its incoming transition is the source of the resource flow
relation, while the proc part of the label of its outgoing transition is the target of
the resource flow relation. In case of self-transitions, they are considered only as
outgoing transitions because they do not influence a state change. The second
case considers the business entities b’ and b” derived from the classes c’ and c”,
which are related by the association ak with direction is dir(ak) = c’c” and that
does not involve an existential dependency (exist(ak) = false), and a transition with
(proc,signal) = (ϕi,ϕj) in l’ related to a transition with proc = ϕj in l”. Given the
aforementioned, then processes ϕi and ϕj are related by a resource flow relation
in which the former is the resource source and the latter is the resource target.

• Specialization relation. A specialization relation is identified whenever two
different transitions within the same OLC are labeled with the same proc but
have a different guard. Domain-expert knowledge is used for identifying which
of them corresponds to the general and specialized processes.

In the example. The resulting BPA model for the retail company is shown in Figure 6.
The model shows five high-level processes, namely customer management, courier man-
agement, invoice management, purchase management, and purchase item management. Each
of these high-level processes is composed of a number of sub-processes, e.g., invoice
management is composed by issue and collect. Figure 6 also shows the remaining busi-
ness process relations: trigger (e.g., close triggers cancel), resource flow (e.g., resource
flow from place to billing), and specialization (e.g., deliver and international deliver).

6. Evaluation

The evaluation of the dBPA method involved conducting a set of evaluation activities.
These activities had increasing realism in terms of tasks, systems, and users [56]; evolving
from more artificial to more naturalistic approaches [57].

This section reports the two last evaluation instances used for developing the dBPA
method. Each evaluation followed a rigorous design whose details are summarized in
Table 2. The following subsections provide an overview of the experiments and findings of
the named evaluation instances.

The subject matter of the evaluation is, on the one hand, the method itself and, on the
other hand, the BPA models generated by the method. Both the method and its output are
challenging to assess due to their inherent complexity and due to the restricted amount
and availability of potential users.

6.1. Comparative Evaluation

A quantitative design with soon-to-be users of the method was conducted for as-
sessing the dBPA method and comparing it with an alternative one, i.e., the BPTrends
Associates (BPTA) methodology [10]. This alternative was selected because it is widely
used in the industry, well-documented, and significantly different from the dBPA method
(i.e., modeling paradigm and notation).

Subjects. The subjects were 25 Industrial Engineering senior undergraduates of
the Pontificia Universidad Católica de Valparaíso in Chile. They represent, to some extent,
the original context because of: (i) having a background in conceptual modeling due
to a previous System and Business Process modeling course; (ii) being familiarized with
Business Process Management (BPM) in the context of their current enrollment in a Business
Engineering course.
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Table 2. Overview of reported evaluation instances.

Aspect/Evaluation Instance Comparative Individual

Goal Compare proposal with alterna-
tive method with soon-to-be users

Assess proposal with experi-
enced prospective users

Date October 2017 January 2021
Design Quantitative Mixed
Scenario higher education higher education
Subjects 25 BPM-trained senior under-

graduates
6 BPM practitioners

Treatments BPTA method [10], dBPA method dBPA method
Variables method performance: ease of

use, usefulness, intention to use
method performance: ease of
use, efficiency, generality, oper-
ationality
model quality: completeness,
correctness
impact of design decisions on
method performance and model
quality

Steps (1) Training BPTA (video), (2) Ap-
ply BPTA in scenario, (3) Data
collection for BPTA, (4) Training
dBPA (video), (5) Apply dBPA in
scenario, (6) Data collection for
dBPA, (7) Data analysis

(1) Training dBPA (live), (2) Ap-
ply BPTA in scenario, (3) Data
collection, (5) Data analysis

Data collection Post-task survey Post-task survey, Small group in-
terviews

Data analysis Wilcoxon signed rank tests [58] Descriptive statistic, Affinity dia-
grams [59]

Data collection. Data were collected using a post-task questionnaire adapted
from [60]. The questions (before randomization) are shown in Table 3 and were to be
answered according to a 5-point Likert scale from 1 for strongly disagree to 5 for strongly
agree. After rejecting observations of subjects producing incomplete questionnaires, a total
of 23 observations were used for the analysis. Scores for questions formulated in a negative
form (i.e., PEOU3 and PEOU4) were inverted.

The validity of the questionnaire was analyzed via the Spearman coefficient ρ ∈ [−1,1]
for inter-item correlation, due to the small sample size and ordinal data. This analysis
led to removing PEOU6 since it held significant negative correlations to other observable
variables for Perceived Ease of Use. The reliability of the questionnaire was assessed using
Chronbach’s alpha coefficient α ∈ [0, 1] due to its suitability for summated scales such as
the Likert one used in the questionnaire. After removing PEOU6, the coefficient for all
latent variables, as well as for their combination, lay around this lower limit of adequate
reliability (i.e., 0.7).

Data analysis. Six hypotheses were formulated (H1 to H6) whose p-values are
provided in Table 4. On the one hand, hypotheses H1 to H3 (H1 : medianPEOUB ≤ 3,
H2 : medianPUB ≤ 3, H3 : medianITUB ≤ 3) assess the perceptions of subjects about the
dBPA method regarding perceived ease of use, perceived usefulness, and intention to use.
Testing each of these hypotheses required checking whether the observed median score
of the respective variable significantly differed from the zero point of the 5-point Likert
scale (median0 = 3). One-sample Wilcoxon signed rank tests were used [58]: the null
hypothesis states that observed median scores are smaller or equal than the zero point
and the alternative hypothesis states that observed median scores are greater than the
zero point. On the other hand, hypotheses H4 to H6 (H4 : medianPEOUA ≤ medianPEOUB ,
H5 : medianPUA ≤ medianPUB , H6 : medianITUA ≤ medianITUB ) compare the dBPA and
BPTA methods. This required contrasting the observed median scores for each variable
between two different treatments (i.e. A: BPTA and B: dBPA) as reported by the same
subjects. The paired Wilcoxon signed rank test [58] was used: the null hypothesis states
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that observed median scores of treatment A are equal or smaller than those for B, and the
alternative hypothesis states that observed median scores of treatment A are greater than
those for B.

Table 3. Items of the questionnaire (BPA: business process architecture, BP: business process).

Latent Variable Observable
Variable

Question

Perceived Ease of Use PEOU1 I find learning the method for BPA design is easy.
(PEOU) PEOU2 I find it would be easy for me to become skillful at using

the BPA design method.
PEOU3 I find using the method in the BPA design task required

a lot of mental effort.
PEOU4 I find using the method in the BPA design task required

a lot of time.
PEOU5 Overall, I find the BPA design method easy to use.
PEOU6 I find I am now competent to use this method in practice.

Perceived Usefulness
(PU)

PU1 I find the method provides an effective solution for de-
signing BPAs.

PU2 Overall, I find the method useful for designing BPAs.
PU3 I find the method useful for identifying BP relations.
PU4 I find the BP relations in the resulting model to be expres-

sive.
PU5 I find the BPA model resulting from using the method to

be understandable.
PU6 I find others, provided a quick explanation, would easily

understand BP relations in the BPA resulting model.
Intention To Use (ITU) ITU1 If I am given the task of designing a BPA in the future,

my intention would be to use this method.
ITU2 If someone asks me to recommend a BPA design method

for clearly identifying BP relations, I predict I would
recommend this one.

Table 4. Hypotheses.

Hypothesis p

H1 ns
H2 ***
H3 ***

H4 ns
H5 ns
H6 ns

ns: p > 0.05, *** : p ≤ 0.001

Results. The results of this evaluation instance are summarized in Figure 8. Statistical
analysis of the results supports, on the one hand, that the dBPA method was perceived as
useful (p ≤ 0.001 for H2) but not easy to use (p > 0.05 for H1), and there was intention to
use it in practice (p ≤ 0.001 for H3). On the other hand, results suggested that the dBPA
method outperforms the BPTA methodology in the aforementioned aspects (p > 0.05 for
H4, H5, and H6). This constitutes preliminary evidence in favor of the method being an
improvement with respect to currently available BPA design methods.

Limitations. The findings of the comparative evaluation need to be considered
within a number of limitations. First, the dBPA method is compared to a single method.
This was a design decision for avoiding the fatigue of the subjects. Additionally, we argue
that proving that our proposal outperforms—in at least one aspect—one alternative method
would justify designing the new method. Second, the use of the same scenario for the
sequential application of the treatments involves the risk of a learning effect. A design
aspect that partially counterbalances this is the significant difference between the two tested
methods. Third, the use of soon-to-be practitioners as proxies for the final users of the
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method challenges the external validity of the evaluation to some extent. However, though
chosen subjects lacked vast practical experience, they have the technical qualifications of
such practitioners. Fourth, a convenience sample was used instead of a probabilistic one,
which risks statistical bias [61]. This decision was based on the scarce availability of subjects
with the needed profile.

A B
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PEOU

A B

1
2

3
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PU

A B

1
2

3
4

5

ITU

Figure 8. Summary of the data (PEOU: perceived ease of use, PU: perceived usefulness, ITU: intention
to use, A: BPTA, and B: dBPA).

6.2. Individual Evaluation

A mixed-method design was conducted for assessing the dBPA method with its
prospective users.

Subjects. The population under analysis is BPM practitioners. This population is
small and our sample comes from a community of BPM practitioners named Club CPO.
This 2009-founded community is a meeting point for BPM practitioners from (inter)national
organizations operating in Chilean ground: it hosts regular events for sharing process-
related experiences and training. We invited 43 members of the most active companies
within the cited community to participate in an activity for the evaluation of the dBPA
method. A total of six BPM practitioners participated in the activity, i.e., a 14% response
rate. An overview of the participants is shown in Table 5.

Table 5. Practitioners involved in the evaluation.

Id Job Title Company Type Employees

P1 Head of IT Operations and Service Management Manufacturing >200
P2 Head of Project Management Office Healthcare >200
P3 Process Engineer Financial activities 25–200
P4 Head of Processes and Continuous Improvement Real state >200
P5 Process Coordinator Public administration >200
P6 Process Engineer Financial activities 25–200

Data collection. Quantitative data were collected using a post-task questionnaire
whose questions (before randomization) are shown in Table 6. Qualitative data were
gathered next via an interview designed to assess the same aspects that were probed in
the questionnaire. We conducted semi-structured group interviews guided by the open
questions shown in Table 7. These interviews were recorded—after informed consent was
provided by the participants—leading to 1 h 20 min of recording (40 min per each of the
two groups, approximately).

Data analysis. Quantitative data were analyzed using descriptive statistics. Table 8
shows the median values for each of the analyzed variables.

To analyze qualitative data, we used the affinity diagramming technique. This tech-
nique allows organizing and making sense of unstructured, far-ranging, and seemingly
dissimilar qualitative data into an artifact called the affinity diagram [59]. The affinity dia-
gram consists of a hierarchical organization of verbal data generated during the interviews:
taking this into consideration not only answers the questions asked but also other topics
that emerged during the interviews.
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Table 6. Items of the questionnaire.

Scope Latent Variable Observable
Variable

Question

Method Ease of use U1 Overall, the method is easy to use.
U2 After a training period, I would feel competent for

using the method in practice.
Efficiency E1 I find that using the method required reasonable men-

tal effort for the task of modeling a BPA.
E2 I find that the time needed for applying the method to

be reasonable for the task of modeling a BPA.
Generality G1 The method can be applied to an organization, regard-

less of its size.
G2 I find that the method can be applied to an organiza-

tion, regardless of the industry to which it belongs.
Operationality O1 The method is useful for building a BPA model.

O2 The method defines the needed steps for building a
BPA model.

Models Completeness C1 The resulting model shows the relevant process of the
modeled BPA.

C2 The resulting model shows the relevant process rela-
tions of the modeled BPA.

Fidelity F1 The resulting model lacks documentation mistakes
(syntax).

F2 The resulting model is valid for representing the BPA.

Table 7. Questions of the interview protocol.

Id Question

1 What is your opinion about the method regarding ease of use, efficiency, generality, and
operationality?

2 What is your opinion about the resulting models regarding completeness and fidelity?
3 A distinctive feature of the method is its use of domain models as inputs. In your view,

what positive/negative implications does this carry for the method and its resulting
models?

4 A distinctive feature of the method is its consideration of a variety of process relations.
In your view, what positive/negative implications does this carry for the method and
its resulting models?

5 A distinctive feature of the method is its use of ArchiMate. In your view, what posi-
tive/negative implications does this carry for the method and its resulting models?

6 Can you identify further (dis)advantages of the method?
7 Do you have any additional comments?

Table 8. Evaluation of the method and its resulting models and how they are influenced by design
objectives (Likert scale from 1: Very unfavorable to 5: Very favorable) participants P1 to P5.

Overall DO1 DO2 DO3

Ease of use 4.5 4.0 3.0 4.0
Efficiency 4.0 4.0 5.0 3.0
Generality 3.0 4.0 4.0 4.0
Operationality 5.0 5.0 5.0 4.0
Completeness 5.0 5.0 5.0 5.0
Fidelity 4.0 4.0 4.0 4.0

The steps for creating an affinity diagram are creating notes, clustering notes, walking
the wall, and documenting [62]. In the creating notes step, two or more researchers individ-
ually play the recording and write down (into sticky notes) short sentences, descriptions,
or citations that capture the essence of the different portions of data generated by each
participant. During the clustering notes step, researchers bring together their notes and
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jointly organize them into preliminary categories (using additional sticky notes) by moving
the notes around in a dedicated board, i.e., the wall. The walking the wall step has the goal
of iterating over the previous step by rearranging notes and categories and building the
category hierarchy (using arcs that connect them). The output of this step is the affinity
diagram that is, finally, described in the documenting step.

In the present evaluation, the affinity team—i.e., researchers taking notes as well as
building the affinity diagram—consisted of two of the paper authors. Data were analyzed
in the mother tongue of researchers and participants, namely Spanish. Due to the sanitary
context, their work was conducted in a digital fashion by using a dedicated template of the
Miro software. Each of the generated notes had an identifier of the participant from whom
it was generated (P1, P2, . . . , P6), as well as from the researcher that generated it. A total
of 156 notes were generated, from which 15% were discarded due to reporting contextual
information (cf. [62]). The English version of the resulting affinity diagram is shown in
Figure 9.

Results. According to quantitative results summarized in Table 8, the highest-
ranked aspect of the dBPA method was operationality (medianoperationality = 5) fol-
lowed by ease of use (medianeaseo f use = 4.5), efficiency (mediane f f iciency = 4.0), and
generality (mediangenerality = 3.0). Whereas the resulting models of the method
were best ranked in terms of completeness (mediancompleteness = 5.0) followed by fi-
delity (median f idelity = 4.0). Results also showed that the reuse of structured knowl-
edge as an input (DO1) had a favorable impact, which was highest for operational-
ity and completeness (medianDO1,operationality = medianDO1,completeness = 5.0). The con-
sideration of multiple process relation types (DO2) had a favorable impact, which
was highest for efficiency, operationality, and completeness (medianDO2,e f f iciency =
medianDO2,operationality = medianDO2,completeness = 5.0). Finally, the use of an industry-
standard language (DO3) had a favorable impact as well, which was highest for complete-
ness (medianDO3,operationality = 5.0).
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Figure 9. Affinity diagram: the numbers indicate how many participants referred to the (sub)category.

For qualitative data analysis, recordings of the interviews were analyzed by creating
the affinity diagram in Figure 9, and described in detail in Tables 9 and 10. To illustrate
the results, we provide quotes from participants, translated to English. According to this
analysis, practitioners agreed that the method was useful to achieve its goal of building a
BPA model. The ease of use of the method was positively influenced by its clear procedure,
to the point that the potential for automation was discussed. Additionally, a learning
curve was identified by the fact that not all interviewees were experts on domain models.
However, there was a consensus that having an interdisciplinary team with IT experts
would facilitate this issue. Moreover, practitioners identified a salient value of the dBPA
method for integrating the work of process experts and IT professionals automating those
processes. In terms of efficiency and generality, the dBPA method seems to be more
adequate for core processes of mid-size companies with in-house IT capabilities and a



Appl. Sci. 2022, 12, 2563 20 of 25

small portion of manual processes. The resulting BPA models generated by using the dBPA
method were perceived as complete and correct. The latter was seen as a by-product of
the clear procedure where consistency was continuously verified. Regarding the impact
of design decisions in the dBPA method and its resulting models, the following was
observed. Overall, though the use of domain models as inputs presented some challenges
(i.e., learning curve and maintainability), it had the great benefit of making the method
more reality-based and objective. The consideration of multiple process relation types was
seen as a key factor for the completeness of the resulting BPA models; however, this also
might lead to cluttered models, for which the use of alternative/dynamic views might
be advisable. Finally, it was perceived that the use of the ArchiMate language was not a
problematic issue among participants, who mostly found it easy to understand.

Limitations. The individual evaluation of the method needs to be understood within
a number of limitations. First, the small sample size can be seen as a threat to external
validity. However, we argue that the population of users of the method is quite small as
well. Moreover, a positive aspect of the sample is its inter-subject variability in terms of
levels of experience and the organization in which the subjects work. Second, the qualitative
data analysis technique (i.e., affinity diagrams) cannot be fully reproduced because of the
subjectivity of the members of the affinity team. However, the use of a team—instead of a
single person—in the analysis provides a counterbalance for individual subjectivity. In the
same line, a mixed-method technique for data gathering was used [63] to counteract this
and other internal validity issues.

Table 9. Affinity diagram results for category ‘Resulting BPA models’.

Sub-Category Details

Completeness Half of the participants manifested that the BPA models obtained
with the method provide enhanced completeness, e.g., “in contrast
to the [BPA] models we have now, the method would allow
obtaining more complete [BPA] models” (P4). Most participants
also highlighted that representing process relations plays a key role
in this regard, e.g., “it helps to understand processes and how they
relate to each other” (P1). One participant raised the issue that the
method, though suitable for core processes, might not be adequate
for other types of processes, e.g., support processes.

Correctness One participant commented on how the method ensured
correctness of the resulting models: “in terms of correctness, I see it
good: all the steps of the method facilitates identifying all possible
mistakes” (P3).

Level of detail Half of the participants referred to the level of detail of the resulting
models. The level of detail was perceived as “an intermediate point
between detailed process models and a strategic overview of the
processes architecture” (P5). The level of detail was found
“favorable for maintainability of the model since implementation
details of processes are abstracted” (P1).

Understandability Half of the participants perceived the models to be easy to
follow—despite the fact that most were unfamiliar with
ArchiMate—, e.g., “the resulting models are understandable, easy
to grasp, visualize, and comprehend” (P1). A participant had
doubts if the resulting models were “non-expert friendly” (P3), and
another found the model conveyed too much information, i.e., “I
would rather see two versions of the model: one with the arrows,
and one without them” (P4).
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Table 10. Affinity diagram results for category ‘Method’.

Sub-Category Details

Ease of use Half the participants claimed that the method was objective,
complete, and clear, e.g., “it is well-defined algorithm” (P2). In
terms of the learning curve, the background of the participant
seemed to be relevant, e.g., “I believe that it [the method] calls for
[UML] notation knowledge, which is more usual in IT
professionals” (P5).

Efficiency In terms of efficiency, a third of the participants perceived the
method as adequate for automation, e.g., “All of this can be
automated” (P2). A participant claimed a considerable effort might
be needed to apply the method to a simple case (P2).

Generality A participant perceived the method to be general in terms of “being
applicable to any company, to different departments within a
company, as well as to the company as a whole” (P1). Other
participants raised concerns about the generality of the method
related to company size, the proportion of process types, as well as
to the IT capabilities within the company. Overall, they believe the
method to be adequate for middle-size companies with in-house IT
capabilities, and a small proportion of manual processes.

Operationality A participant pointed out that the method was prone to
customization: “it could be adapted to resources of the company,
e.g., using alternative notations” (P6). A third of the participants
claimed that training would be needed to apply the method. A
third of the participants made suggestions to improve
operationality, i.e., use of templates (P5) and clear definition of roles
for method execution (P6).

Possible
extensions

A participant with a background in ArchiMate pointed out the
potential to integrate other elements of the language (i.e.,
capabilities) lead to a broader architectural view (P2). Another
participant discussed the potential of using the model for a
diagnosis of the process architecture (P5). Both participants also
pointed out how the information of the resulting models could be
used to be integrated to define parameters of detailed process
models and business rules.

Business/software
bridge

A third of the participants perceive that the method is suitable to
provide a business-level perspective. Most participants perceive the
value of the method in bridging the process level with the
implementation level, e.g., “this might close the gap between
process analysts and software developers [for developing
applications that automate the named processes]” (P2).

Artifacts A third of the participants perceived that using the domain model
as a starting point to be beneficial. This allowed building the model
“from a reality-based artifact” (P4). A third of the participants also
found the interdependence between the domain and the
architecture model to be a challenge for maintainability.

7. Discussion

A DSR project was conducted for designing a novel method for BPA design. The use
of such an approach was a suitable strategy for generating and validating an artifact that
tackles some issues of currently available alternatives. The dBPA method was designed
for addressing three design objectives derived from the literature [11]: reuse of structured
business knowledge as input (DO1); consideration of multiple process relation types (DO2);
and use of an industry-standard language (DO3).

First, the reuse of structured business knowledge was implemented by using domain
models as inputs for the BPA design method (DD1). This constitutes an entity-centric
approach and, as such, it relies on the assumption that the structure and behavior of things
that are important for a given organization (i.e., business entities), which set the ground for
the process structure to be found in the organization. However, unlike other entity-centric
BPA approaches—e.g., [8,31]—this proposal provides precise guidelines on how to use
domain models to convey information for building the BPA model. In broad terms, the
dBPA method uses domain model classes for the identification of business entities, and
domain model associations together with object lifecycles (OLCs) for the identification of
business process relations.
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Second, the resulting BPA models of the dBPA method consider composition, spe-
cialization, trigger, and resource flow process relations (DD2). Though discussed in the
literature of business process relations, see [1,16,38], these four types of relations have been
rarely simultaneously incorporated in BPA design approaches so far. The integration of
the variety of possible process relations allows providing a more realistic picture of the
structure of business processes: in terms of model quality, this contributes to improving
the model completeness. Additionally, as posited by [64], the extent to which a business
process is interconnected to other business processes in a BPA can be used for prioritizing
process improvement initiatives in an organization.

Third, a dedicated ArchiMate viewpoint—designated the BPA viewpoint—was pro-
posed for the BPA models of the dBPA method (DD3). Though some recent works relate
BPA models with ArchiMate, e.g., [65,66], no BPA design method has, so far, has used
ArchiMate for the specification of BPA models. It is usually the case that BPA design meth-
ods use ad hoc languages. An advantage of using standard notations is the availability of
tool support. In this work, for instance, Signavio Process Manager 14.3 was used for building
domain and BPA models (Figures 3 and 6), and Visual Paradigm 16.1 for building OLCs
(Figure 4), yet there are other tools for these purposes in the market. The paper shows the
use of UML class diagrams for domain models, state machine diagrams for OLCs, and an
ArchiMate viewpoint for BPA models. However, the method is not language-dependent
and, for example, entity-relationship diagrams, Petri nets, and other model types could be
used alternatively. The notations presented in the paper are, however, widely used and
thus recommended for the target users of the dBPA method.

The comparative evaluation reported in this paper is a step towards justifying that
the dBPA method might be an improvement in comparison to other available BPA design
methods. However, this conjecture might be better backed up by further research. The
evaluation of the dBPA method with BPM practitioners revealed they perceived it as useful
to achieve its goal with the benefits of being objective and clear and allowing to create
complete and understandable BPA models that enable the integration of processes and the
software that automates them.

Regarding future empirical work, it would be interesting to complement user percep-
tions with more objective measures. For instance, the Method Evaluation Model (MEM) [67]
is an adaptation of [60] that measures the actual usefulness and ease of use of methods.
In a similar vein, the BPA models resulting from applying the dBPA method might be
analyzed further. For example, it would be interesting to assess the cognitive effectiveness
of BPA models to complement the information about perceptions. Furthermore, a model
quality approach such as the SEmiotic QUALity framework (SEQUAL) [68] might be used
to compare BPA models generated using alternative BPA design methods.

In addition to further empirical work, two main future research topics are envisioned.
On the one hand, a new version of the dBPA method could explore further aspects of
domain models, e.g., association multiplicity (cf. [69]), and their impact on the resulting
BPA model. In line with this, it would be interesting to perform a sensitivity study for
assessing the impact of the variations of different parameters of domain models in the
resulting BPA models. On the other hand, the dBPA method adopts some simplifications.
First, it considers a one-to-one relation between a business process and an OLC transition.
However, in some cases there might be a one-to-many relation between a business process
and OLC transitions. For the sake of flexibility, future versions of the dBPA method should
address this issue. Business process decomposition under the entity-centric paradigm
has also been discussed in approaches such as [70]. Second, the dBPA method does not
differentiate between the most general composition and the most specific aggregation
process relations. The latter, which would allow representing processes that can be reused,
is not included in the dBPA method in its current version but might be considered in
the future.
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8. Conclusions

The present work focuses on process architectures, which is a growing research field
with a number of open challenges. For instance, pivotal conditions for widespread adoption
of BPA design methods are notation standardization, integration, and adequate tool support.
The focal point and contribution of our study was in the direction of designing an artifact
that could overcome some limitations of current approaches for BPA design. Given the
nature of the task, the work was carried out as a Design Science Research project aiming at
building and evaluating the new method, which was termed the domain-based BPA (dBPA)
method, due to using domain models as the main input for eliciting business processes and
their relations. By using domain model information, the dBPA method allows obtaining
prescriptive BPA models that can be used as a validation tool against which to assess a
current BPA model. Evaluation of the dBPA method provided evidence in favor of being
a tool to aid the challenging task of building a BPA model with a number of benefits
regarding integration with other aspects of the organization.
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