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Abstract. A business process is a structure of inter-related activities that are
executed in order to achieve a specific business objective. Organizations often
maintain multiple variants of a given business process because of changing
conditions, different regulations in different countries, or other contextual fac-
tors. We aim at specifying the relationship between a generic business process
and its different variants, taking the perspective of public values, such as pri-
vacy, accountability, and transparency. The business process variants in turn
may be a basis for software specifications – in this, business processes would be
bridging between societal demands (possibly concerning public values) and the
corresponding technical (software) functionalities. Our contribution is featuring
a meta-model that describes business processes on a value-independent level;
they can be extended towards value-specific business process variants that can
be related in turn to software architectures. We reflect this in proposed value
operationalization guidelines, using concepts from business process design as a
basis; those guidelines assume coming firstly through technology-independent
artefacts and secondly – through technology-specific artefacts, to arrive at
software specifications that are adequate with regard to public-values-related
demands.
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1 Introduction

A business process is a structure of inter-related activities that are executed in
order to achieve a specific business objective [29]. Activities of business processes are
increasingly supported by ICT (Information and Communication Tech-
nology), no matter if they are intellectual (e.g. business calculations) or manual (e.g.
warehouse picking), routine (e.g. standard calculations) or non-routine (e.g. brain scan
assessment) [7]. Against this background, there is an increasing awareness of the
importance of public values (“values”, for short), such as privacy, accountability,
and transparency, especially as it concerns business processes [8]. The consideration of
such values in the development of software products is for these reasons an
important concern in recent debates on ethical design [3, 11]. If business process
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design and software specification must take values explicitly into account, it is an open
question how to adequately operationalize values, “translating” them into value-
sensitive software artefacts. A key problem in this regard is that values are abstract,
non-functional, and relevant to social sciences while software specifications are
technical, functional, and relevant to computing paradigms. So far, Requirements
Engineering (RE) has been addressing the domain-imposed and user-defined
requirements with regard to the software system-to-be, touching upon functional and
non-functional concerns. Further, a non-functional requirement on externally observ-
able properties of a system may lead to functional requirements on the internal structure
of the system [1]. Therefore, considering values as non-functional requirements could
seem “tempting” in this regard. Nevertheless, since non-functional requirements are
usually technical (for example: recoverability, response time, and so on) and the
requirements engineering experience is in translating non-functional requirements to
functional requirements, it is still a question how to “translate” values to functional
requirements. Furthermore, Value-Sensitive Design (VSD) is about weaving
values in the design of (technical) systems. For this, the role of values is advocated
among stakeholders, such that there is such an awareness since the very early stage of a
(software) project [8]. Nevertheless, VSD is abstract whereas engineering is concrete
and hence we argue that VSD does not have “solid” bridges to engineering.

In addressing the above problem, we are inspired by the observation that business
processes are de facto “bridging” between societal public demands and the corre-
sponding technical (software) functionalities. That is because business processes are
essentially human-driven and at the same time it is through business processes that
people and enterprises utilize ICT [29]. Thus, it is expected that business processes
could play a crucial role in closing the gap between values and software functional-
ities, as much as they are considered as a means of implementing strategies [26]. Our
contribution is featuring a formal meta-model that describes business
processes on a value-independent level, which can be extended
towards value-specific business process variants. The underlying
idea builds on the observation that organizations often maintain multiple variants of
a given business process because of changing conditions, different regulations in dif-
ferent countries, or other contextual factors [30]. Correspondingly, our meta-model
specifies the relationship between a generic business process (featuring the base
features of the business process) and its different variants, by the help of values;
further, if information systems are to be developed, we consider business
processes as a key foundation with regard to the specification of
software. We provide corresponding guidelines concerning the operational-
ization of values in the context of software specification, using
business process design concepts as a basis.

Further in the paper: In Sect. 2, we consider essential concepts discussed above:
value, requirements, business process variability. Our proposed meta-model and
guidelines are presented in Sect. 3. In Sect. 4, we relate our work to relevant streams of
research: feature modeling, aspect-oriented design, and configurable process models,
such that we position further our contribution, emphasizing on its useful features. We
conclude the paper in Sect. 5.
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2 Background

Referring to the notions considered in the Introduction, we will firstly elaborate on
values and their relation to requirements (Subsect. 2.1) and secondly – on business
process variability (Subsect. 2.2).

2.1 Values and Requirements

We argue that essentially, values are desires of the general public (or public
institutions/organizations that claim to represent the general public), that are about
properties considered societally valuable, such as respecting the privacy of citizens or
prohibiting polluting activities. Even though values are to be broadly accepted (that is
why they are public), they may concern individuals (for example: considering pri-
vacy) [32]. Hence, put broadly, values concern the societal expectations with regard to
the way services should be delivered. Furthermore, we argue that “values” become
actual “values” only if resources are committed for this (for example, a government
finds privacy so important that time and money are invested to regulate and enforce
privacy); otherwise things only remain at the level of “hollow” abstract desires (such as
for example: “Make the World a better place”) that are stated but are never effectively
realized.

Since most current technical systems are essentially goal-driven [25], it is inter-
esting to analyze values vs. goals conceptually, acknowledging that enterprises can
adopt values as part of their goals. This is often done under public pressure or through
legislation, as values may conflict with enterprise goals, such as profitability or cost-
saving [14]. Values may also differ from the user goals because often values concern
third parties and the user would not care about third parties as long as the user demands
are fulfilled. Hence, values may be reflected in goals even though those would usually
be societal (third-party) goals and not enterprise goals or user goals.

We propose a value categorization (Fig. 1) according to which values are desires
relevant to particular persons (either physical or legal persons) or their societal envi-
ronment. As such, values may either concern a particular individual or society alto-
gether. Hence, we can distinguish between individual values (for example, privacy) and
societal values (for example, sustainability). We also distinguish between basic values
(for example, love), moral values (for example, justice), physical values (for example,
nature), and virtual values (for example, intelligence). This categorization is inspired
by [24, 28, 34].

Further, values may be different with different stakeholders and might differ among
countries and cultures, and eventually change over time. Next to that, agreeing on a
particular value would not necessarily mean agreeing on its operationalization [9].
There may be different operationalizations and implementations of the same value.
Finally, different values might be in conflict between each other (referred to as value
tensions), meaning that fulfilling one value and fulfilling another value would not be
possible at the same time. Nevertheless, resolving value tensions might resort to ideas
for handling goal conflicts [33] and is therefore outside the scope of this paper.
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Since weaving values in software functionalities could only be materialized through
considering the corresponding requirements specification, it is important to discuss the
relation between the value concept and the requirement concept. As seen from the
current discussion (see above, see the Introduction), values are desires or goals, not
requirements. Values are abstract and not directly related to an enterprise or software
system [8], as opposed to requirements [1]. Moreover, values are construct by and for
society and not by and for the enterprise domain in which a specific system will be used.
Those domains may overlap but are not the same. Values that are adopted as goals by an
enterprise would thus impact the requirements on a system that the enterprise wants to
introduce in order to realize its goals. Hence, the impact of values cannot be limited to
non-functional requirements. It is therefore considered important to clearly distinguish
values from requirements and acknowledge the limitations of requirements engineering
with regard to the development of value-sensitive software systems.

At the same time, it is important to align those concepts and position requirements
accordingly. According to [2], RE is partially about achieving a coherent description of
the causal relationships between the phenomena in a particular domain. This concerns
the domain-imposed requirements. They are important because whatever we design,
our designed artefact would be functioning in its environment or domain [29]. For this
reason, the regulations and rules governing that domain should also have an impact on
the designed artefact and its behavior [20]. Next to that, RE is also about what the user
wants the designed artefact to do – this concerns the user-defined requirements [29].
Obviously, it is most important that the user-defined requirements are consistent with
the domain-imposed requirements – otherwise, the designed artefact would be irrele-
vant with regard to its environment. Still, the user-defined requirements go beyond that
and bring to the design the particular user demands. As for values, we argue that they
are relevant in two ways. Firstly, they are relevant to the domain-imposed requirements
because of the consideration of societal issues that concern the domain. Secondly, they
are also relevant to the user-defined requirements because the delivery of a value-
sensitive service to the user would differ from what the service delivery would have
been with no consideration of values.

Fig. 1. Categorizing values
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Therefore, it is not trivial to simply impose values on top of a traditional software
development process that assumes analysis, requirements specification, design,
implementation, and testing [15]. For this reason, we propose a meta-model and cor-
responding design guidelines.

2.2 Business Process Variability

The idea of adjusting the behavior according to pre-configured parameters has been
included in various proposals for configurable business process models [27]. Config-
urable business process models are business process models that make various alter-
native design choices explicit by the help of configurable elements such as activities
and gateways. These alternatives have to be selected at design time in order to arrive at
a configured business process model. This configured business process model is a
specific variant of the generic business process model and it can then be used for
the implementation of software systems.

The general idea of configurable business process models fits well the overall
ambition of value-driven modeling. A specific approach to configurable business
process models is: a questionnaire-driven configuration [19], aggregated business
process models [23] and configurable multi-perspective process models [17]. Those
have in common that the configuration can be tied to specific configuration parame-
ters. In this way, several configurable elements can be configured together. In our view,
this concept is highly suitable to address the idea of value-driven modeling since values
can be used to configure entire parts of the business process model in order to respond
to corresponding demands.

3 Proposal

In this section, we propose a conceptualization and design guidelines of value-driven
modeling.

3.1 Conceptualization

In order to close the gap between abstract values and software specifications in the
context of enterprise systems and business processes, we make several
assumptions:

• When considering an organization and a software system that is supporting it, we
assume that there are values that need to be reflected in the software design
(otherwise there would be no relevance to the topic of the current paper), and:
– It is assumed that those values are known;
– It is assumed that they have to be weaved into the system design and it is outside

the paper’s scope discussing why is it beneficial for society that this happens.
• We assume that all relevant values are identified at design time.
• We assume that for any value, there is a known corresponding business process

variant; then, selecting it is expected to lead to the value fulfillment.
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Based on those assumptions and the above elaborations, we introduce our main
modeling concepts (meta-model) using the notations of UML - Class Diagram [31].
Figure 2 shows that there are five key concepts (society, value, business
process variant, software architecture, and information system)
represented as classes (named boxes), complemented by corresponding associations
(lines).

Values are defined in the society as represented by the association line between
“value” and “society” and a value has its corresponding business process variant as
defined by the association line between “value” and “business process variant” (this is
according to the assumptions). In turn, a business process variant consists of one or
more base parts and one or more variability parts as defined by the composition signs
in the figure. Further, it is the business process variant that essentially concerns the
architecture of the supportive software because the software would have to support
partially or completely the business process variant, which is specified by the associ-
ation line between “business process variant” and “software architecture”. A software
architecture in turn consists of one or more common parts and one or more variable
parts, represented by the composition signs in the figure, and it is the business process
variability parts that guide the design of corresponding software architecture variable
parts (this is indicated by the dotted line in the figure). Finally, this results in an
information system that has both human and technical aspects and is therefore related
not only to its underlying software architecture but also the supported business process
variant. This is indicated by the corresponding association lines. It is therefore the
information system that would eventually deliver services to its customers that are
value-sensitive, thus relevant in terms of values to the society.

In this way, values are reflected in business process variants that
in turn shape the software architecture that is underlying with regard to the
information system that guarantees those values for the society.

Fig. 2. Concepts
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3.2 Guidelines

As suggested already, our proposed design guidelines are about the value-driven
modeling of business process variants and a further mapping towards
software specifications. This is represented in Fig. 3 using the notations of
UML - Activity Diagram [31]. As the figure suggests, we have two parallel processes,
a value-independent one and a value-specific one. The former is about the base part
modeling (reflecting invariant business process behavior) and its mapping towards
corresponding design that is featuring core parts of the software architecture; the latter
is about the project-driven consideration of a particular value that leads to the mod-
eling of corresponding business process variability issues that are in turn mapped
towards corresponding design that is featuring variable parts of the software archi-
tecture. Further, all business-process-modeling-related tasks are technology-
independent (see the brick-backgrounded area in the figure) while all software-de-
sign-related tasks are technology-specific (see the dotted area in the figure). Finally,
the technology-independent activities are to be mutually in synch, just as the
technology-specific activities (this is indicated by the dashed lines in the figure).

That is how we vision the bridging role of business process vari-
ants with regard to values that need to be operationalized and the corresponding
software specifications.

Nevertheless, those guidelines need further (technical) elaboration and a follow up
validation. This is left beyond the scope of the current paper and is planned as future
research. Still, we have identified and studied relevant research streams (see the fol-
lowing section) that essentially ground our proposed guidelines (and the meta-model),
emphasizing on their useful features.

base part modeling 

core software design variable software design 

variant modeling 

value-independent value-specific

technology-independent 

technology-specific 

Fig. 3. Design guidelines
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4 Applicability – Related Work

The work presented in this paper is related to the following streams of research:
feature modeling, aspect-oriented design, configurable process
models.

Feature Modeling (FM) is concerned with the specification of commonalities and
variations of a software product, e.g. to support the development of software product
lines [6]. In FM, variants are designed top-down. Various methods exist for facili-
tating FM with Feature-Oriented Domain Analysis (FODA) being the most prominent
one [12]. Our work not only shares the emphasis on variations with
FM but it also offers a novel perspective, by anchoring the
choice of different variants on the abstract level of the
business model.

Aspect Orientation (AO) approaches variation from the perspective of integrating
additional functionality where needed [13]. This is considered useful for adding
crosscutting concerns to a software system such as to address security requirements,
response time, recoverability issues, and so on. Specific operations can be used to
weave such functionalities into the original software core. AO has been further inte-
grated with process modeling languages like BPMN [4] in order to address crosscutting
business concerns such as compliance, for example. In our work, we envision
the weaving (together) of separate building blocks, which
partially builds on ideas of AO.

In the research area of Configurable Process Models, several languages have been
proposed to support the specification of variability [16], with C-EPCs [22], Pesoa for
BPMN [21], and Provop [10], superimposed variants for UML Activity Diagrams [5]
being among the most prominent ones. Those languages essentially share the idea of
full specification of variation at design time. Our work builds upon the idea
that variants can be specified and selected on an abstract level.
This idea has been instantiated with C-EPC by the help of a questionnaire with closed
questions, such that answer options can be translated to corresponding variants [18].

5 Conclusion

Considering software specifications that are based on business process models, we have
addressed in this paper business processes in their role of bridging between societal
public demands and the corresponding technical (software) functionalities, touching
upon public values (desires of the general public). In particular, we have considered a
value-driven specification of business process variants as a way of closing the gap
between abstract public values and required corresponding value (software) opera-
tionalizations. This assumes not only identifying the business process variants but also
reflecting them in turn in corresponding software specifications – this all prepared at
design time. Hence, when considering a generic (value-independent) business process
and a value-related demand, a business process variant may be specified (it is already
value-specific but technology-independent); in turn, the business process variant could
be reflected in a technology-specific software specification. It is expected that such a
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design approach would increase effectiveness and efficiency when it is about the
development of value-sensitive software systems. We have proposed a meta-model and
design guidelines accordingly, and we have related our work to relevant streams of
research. For this reason, the current paper is considered to have both analytical and
propositional value. Nevertheless, the lack of sufficient elaboration and also the lack of
validation frame our work as research in progress. We plan as future research to
elaborate further on our proposal and validate its applicability by means of case studies.
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