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ABSTRACT: Ecosystems have both inter-organizational process models and corresponding business value
models. Whereas process models show how actors interact in terms of message flows and the time-ordering of
activities, business value models present what is exchanged of economic value and abstract away from
operational activities and their control flows. As organizations usually have process models but not explicit
value models, we propose to derive a value model from a process model. We hypothesize on how these two
models conceptually correspond to each other. We employ a real-world case to verify our hypotheses and
learn about the applicability of the proposed design.
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I. INTRODUCTION

An ecosystem is ‘a collection of companies that work cooperatively and competitively to satisfy customer needs’ [6].
We argue that at least two model perspectives are needed to develop such ecosystems: (1) the value model, and (2) the
inter-organizational process model. The value model shows how entities earn money (in the case of companies) or
increase their economic utility (in the case of end-users). The focus is on the creation, distribution of things of

economic value such as products or service outcomes. An example of a value modeling language is edvalue . The
inter-organizational process model shows the sequence of interactions between parties, e.g., in terms of message flows.
Usually, these interactions have an operational flavor, such as message flows in the Business Process Modeling
Notation (BMPN).

Although edvalue and BPMN models represent the same ecosystem, their semantics differ significantly. For

example, an e3value model shows economic reciprocity (e.g., what is offered by someone of economic value to its
environment and what is requested in return), whereas such reciprocity in a BPMN model can at best only be seen by

carefully analyzing the control flow. More- over, an edvalue model has no explicit time-ordering, whereas a
BPMN modelhas extensive constructs for this.

As e3value and BPMN models are related somehow, in the past, research was done to elicit a BPMN model given
an e3value model. Previous research was based on the idea that first, an e3value model is designed and thereafter, a

BPMN model. In situations where a new ecosystem has to be designed, this is often the case. However, in many
cases, the ecosystem already exists (sometimes for a very long time), and there is a need to understand, redesign, or

analyze that ecosystem. Usually, the e3value model was never made explicit (as a conceptual model), but in quite
some cases, there is a BPMN model.

In this paper, we explore if we can use an existing BPMN model to design the corresponding e3value model. For
that purpose, exploratory technical action research is undertaken. First, we set some qualitative hypotheses to be
explored. We work with a Brazilian centennial institution, which provided us with real-life BPMN models of one of its

main processes. By refining these BPMN models with a few rounds, we tried to derive its corresponding edvalue
model and present our lessons learned. Finally, we present our discussion and future work.
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Il. RELATED WORK

Technical Action Research: A Research Instrumentfor Design Science
Design Science is a research activity where the interest lies in artifacts that improve a given problem in terms of a

(partial) solution (e.g., finding a suitable e3value model when a BPMN model is given) [3,8,9]. In our case, this

concerns how to develop an e3value model from a BPMN model.
Wieringa and Morali [9] propose the technical action research (TAR) method in which researchers learn in practice

about a specific technique. TAR mainly focuses on the artifacts (developing an e3value model using a BPMN
model, and each model individually). In this paper, we use a case from a Government Institution (GI) in Brazil, which
has, in the past decade, changed its management to a process-oriented view. We choose this case because the BPMN

models are known and available, but an e3value model is lacking. In this particular case, we focus on the process of
Research Project Contracts. We extend TAR with the notion of ‘exploration’ and call this ‘E-TAR’. Although there
is a body of work how to relate value models and process models, we do not know very well yet on how to design an

e3value model given a BPMN model. We use exploration to understand the problem of how to come from a BPMN

model to an e3value model better. The TAR cycle consists of the problem statement (1), to be answered by treatment,
the treatment design (2), the experimentation of the treatment in a real-life context (3), and the evaluation and
improvement of the treatment (4). This section, therefore, is organized as these four steps.

We assume that the designer of the e3value model based on the BPMN model is familiar with both BPMN and e3value
models; i.e., our approach is not a recipe for understanding or developing either of the conceptual models. In fact, the
approach refers to on how to come from a BPMN model to an e3value model.

Problem Statement

The e3value model represents actors exchanging things (what ) of economic value (products, service outcomes and
money) with each other, i.e., the concerns are financial sustainability of each individual actor [4]. In contrast, the

BPMN model shows how the e3value model is put into operation, in terms of activities, their time order, and how
information is exchanged, i.e., the concern here is the mes- sage flow of tasks [2]. This flow of information throughout

operations transforms inputs into outputs delivering how the process behaves. Note that in e3value , the notion of
‘time” is completely absent, except the idea of ‘contract period’, which states that an e3value model is valid for a

particular time period. There are many more differences between e3value and BPMN models in general, many of
them are highlighted in [2].

We argue that creating an e3value model based on a BPMN model should

not be seen as a mere translation or (mechanical) modelling problem between both models. The semantic differences
between models are too significant to allow for a straight-forward modelling approach. Consequently, we consider the

process of coming from the BPMN model to an e3value model as a conceptual design process during which many
design decisions need to be taken. Although a sort of compiler that translates automatically a BPMN model into an

e3value model would be desirable by many, we do not expect that this is feasible. In sum, the problem to be solved can
be phrased as follows: ‘how to design an e3value model based on a given BPMN model’.

IHLMETHODOLOGY

Treatment Design: From Value Model to Process Model

We suppose a BPMN model as a starting point. Therefore, the BPMN modeling step itself is outside the scope of our
work. In contrast, our research provides steps on how to build an e3value model from a given BPMN model. We have

formulated a set of hypotheses in Table 1 that might be useful to find an e3value model given a BPMN model, which are
inspired by [1].

Note that we phrase our hypotheses in terms of ‘may correspond’. This is because we expect that in some cases the
correspondence is there, but sometimesnot. This is caused by the different semantics of these constructs in edvalue and
BPMN models. Moreover, the correspondence not necessarily is one-to-one. It might be very well the case that e.g., a
set of message flows corresponds to one value transfer. The hypotheses are as follows.
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H1 Pools and lanes are candidates for actor and market. Sometimes, a pool/lane element in a BPMN model may be
designed as a source of profit — an actor/market — in an e3value model. Changing the perspective of how things
Table 1. BPMN model and e®value model correspondences.

Hypothesis description

H | Pools and lanes may correspond to actors and market segments
H | Message flows may correspond to value transfers
H

Start, intermediate, and end events may correspond to consumer
3 |needs,
value objects, and boundary elements, respectively

Tasks/Activities and sub-processes may correspond to value

4 factivities

Gateways may correspond to dependency elements value interfaces,
5 Jand

value ports

are done to what value is being exchanged is challenging when designing an e3value model from a BPMN model. A
BPMN model often does not explicitly externalize what exactly is being traded between two or more actors (e.g., it
often shows only one side of the economic trade). Its job is to show how the operation is done. For example, the
resource pools/lanes in a BPMN model are indicated for purposes such as resource allocation and scheduling. How-

ever, in an edvalue model, we distinguish actors to facilitate reasoning about adding economic value and profitability.
Therefore, actors are not individual resources performing activities, but cost-effective and legal entities that engage in
business transactions. The question that arises is how exactly they relate, i.e., does every pool/lane result in an actor,

does one pool/lane result to precisely one actor, or may one pool/lane have multiple instances in terms of edvalue
model actors and thus should be a market segment?

H2 Message flows may correspond to value transfers. Value transfer is a concept inside edvalue modeling in which
actors/entities exchange something of economic value. In BPMN models, the only way that two different entities can
communicate is via message flows. This element is responsible for carrying the inputs (information, resource, objects,

etc.) from one pool to another. However, differently than in the e3value model technique, in BPMN maodels, a pool
needs to possess the resource to fire the corresponding message flow. However, possession is different from ownership
(see e.g., [7]. For example, a logistic party may possess a resource for a while but never owns it. However,
communication about a change in ownership can be modelled with a BPMN model, e.g., by means of a message flow.
This is because BPMN models map how the information is delivered, i.e., inputs are consumed and exchanged as the
process is being executed. Since there can be many message flow connectors in a BPMN model, when designing a

corresponding edvalue model, it is important to find which message flow(s) represent the actual transfer of value
between actors, i.e., this is often not a one-to-one relation.

H3 Start, intermediate, and end events may correspond to consumer needs, value objects, and boundary elements,
respectively. The event element allows representing a state transition that was consumed or transformed by the
activities and takes place instantly in a process, i.e., without duration. Events elements are the starting point for

discovering in an e3value model what the consumer needs are, how many value objects are transferred between
actors/markets, and whether the transfers do (not) result in other transfers. Although events need to yield value to
someone to be considered as a value object, this guide- line relates to H2 since message flows can only be exchanged
between pools (actors/entities) and their respective message events and tasks.

H4 Tasks/Activities and sub-processes may correspond to value activities. While BPMN models’ tasks/activities and
sub-processes describe an operation as how to produce outputs given some inputs and resources (timed and some- times
with no intrinsic business value), a value activity is only distinguished if they are profitable for the performing

actor/market segment. The main reason for this is that in an e3value model we want to address the important design
decision which adds value (and hence can make a profit) by performing which value adding activity. For example,
whether to outsource activity or not is such a decision; outsourcing is only possible if someone else can perform that
activity in an economically sustainable way.
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H5 Gateways may correspond to dependency elements, value interfaces, and value ports. Gateways in BPMN

models are used to show deviations on the process sequence flow. In eSvalue models, there are similar constructs,
namely AND, OR, cardinality dependency elements, and value interfaces. These ele- ments can only be used inside an
actor, market segment, or value activity, to represent how customer needs, or value transfers with one party, can result
into transfers with other parties. One factor that complicates matters here is the notion of ‘economic reciprocity’

(“one good turn deserves another”), which is fundamental for each e3value model. The ‘value interface’ represents
economic reciprocity: it should contain at least two opposite directed trans- fers, and both transfers should happen, or

none at all. This notion of economic reciprocity is one of the reasons why an e3value model is so different from a
BPMN model.

IV.EXPERIMENTAL RESULTS

4.1 Treatment: The Real-World Case Scenario

Our case is a Brazilian centenary institution. They operate in an ecosystem whose goal is to consume and produce
knowledge. In Fig. 1, the Research Project Contracts process is detailed in a BPMN model, and various areas of the
model were marked and labeled with hypotheses identifiers. This is to keep track of where precisely the hypotheses
were confirmed or not. Please note that mainly the centenary institution is modeled in detail; the rest is modeled only
with the purpose to provide information for the institution’s point of view. We acknowledge that it would be better
to have all the information from all actors, whichis a subject for further research.

The process refers to the signing of agreements between the Gl (university), a Research Finance Support Agency,
and an external Research Partner (company) to develop a research project. The research partner is the project
contractor; the Gl executes the project through its researchers (e.g., professionals, students, etc.); and the support
agency acts on the financial part of the agreement.

The process is then divided into three stages: initial processing (signing of the agreement), execution, and
accountability. The signing of the contract covers all steps, from the opening of the project by the coordinator
(researcher) until the legal instrument that settles the agreement, including all instances of approval. After signing the
contract, the project is ready to be executed. The research partner transfers the funds from the contract to the support
agency that implements the contracting and payments of the project. The coordinator, together with his team, carries
out the requested research. Necessary changes to the agreement may occur, such as an extension of the term or
composition of the research team. Finally, after the research project is finished, accounts are given about the use of
the funds transferred, and the project is carried out.

We then tried to construct the corresponding e3value model using the hypotheses mentioned in Sect. 2.2. The

proposed e3value model is illustrated in Fig. 2. The Research Partner is the process customer and is modelled as a
market. Segment since there are many of these partners. The Research Finance Support Agency (also a market
segment) is responsible for handling the payments done by the Research Partner because the Gl, due to laws, cannot

directly take money from the sponsor. There can be many GI’s; hence they are market segments in the edvalue
model. Finally, we have added the ‘Customers’ market segment to reflect that Research Partners need income in
order to finance research.
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The e3value model have six value transfers that were found from the combination of message flow and event elements
in the BPMN model. They were difficult to track since not all flows represented a change of ownership. Our option was to
take the message flow elements that were linked to an event, which was also corresponding to a value object (money

(x2), products, executable, personnel, and project results), to judge which one was going to be designed in the edvalue
model, and which one was going to be disregarded.Fig. 1. BPMN model of the case with applied hypotheses
identifiers

inigild Research Partner

7
, [MONE
Execute
Project /

G___ | D [PERSONNEL @
S ! 4
Government
Institution

Fig. 2. e®value model as designed and based on the BPMN model

Research Finance
Support Agency

The GI performs one value activity: ‘execute project’ — which should attract everything that is necessary to perform
the project (e.g., infrastructure). Most of the activities and sub-processes in the BPMN model were of no use when

aiming at the edvalue model; they were defined in operational terms and not in terms of value adding potential. In an
e3value model, we are only interested in activities that can add value and are profitable. The value activity ‘execute

project” by the GI was originated after the ‘income re-pass from the Research Finance Support Agency. Further
investigation should be made in order to clarify if the activities in the BPMN model always precede a value activity

in the e3value model.

The OR/AND dependency element in the e3value model represents that not all cash flow that enters the Research
Partner (through the selling of its products) is expended on ‘research’. Although this may seem simplistic, it maintains
the value interface principle and was not shown by the BPMN model.

The e3value model can be summarized via an example, e.g., an Energy
Provider Company that wants to discover new ways to find clean energy. The GI proposes a solution in the form of a
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project to which the Energy Provider agrees. However, to re-pass any monetary amount to the GI in order to
accomplish the project, the Energy provider needs to send the money to one or some Research Finance Support
Agencies (market) so that it can execute the value financially and return what the GI needs (e.g., technology,
infrastructure, devices) to accomplish the consumer’s (Energy provider) need.

4.2 Treatment Evaluation: Observations Extracted from the Case

We now review our a-priory defined hypotheses based on the execution of the treatment: the design of the edvalue
model by using a BPMN model as input.

L1 Pools and lanes are candidates for actor and market segment. Pools can be included as an actor/market with

the same name in the e3value model. Although, distinguishing them between actor or market segment would not be
possible without the BPMN model description knowledge, i.e., knowing that the GI’s all do this process in the same
way. We learned that the relation between pools to actor/market is not a one-to-one relation. Although this isa matter
of interpretation, we could argue that this model is made from the viewpoint of the Gl and the GI should map onto an
actor and not a market segment. However, as in Brazil GI’s are not entitled to receive direct funding of customers, the

construction in the BPMN model and e3value model is often used by other universities, hence the GI is a market
segment. There was also an actor/market that did not appear in the BPMN model as a pool/lane. The Research
Partner’s Customers were not part of the BPMN model but were essential to maintain the balance in cash flow of the
Research Partner. Unfortunately, we were unable to associate the element lanes in BPMN models to any other element

in the e3value model. This might be because they usually allocate where a series of activities should be place in the

BPMN model, representing a role (e.g., departments); which has no direct related construct in the e3value model. In
some cases, a lane may relate to a value activity, as this can be interpreted as a value-adding role.
L2 Message flows may correspond to value transfers. We used the flows of information related to deliver something

of importance, flows which change the course of the process drastically, as candidate value transfers in the e3value

model. For this, the events from the BPMN model were transformed into value objects in the edvalue model, and
served as a compass to define the exchange of ownership from one actor to another. However, due to the lack of
information on the other actors of the BPMN model, the message flows were sometimes connected straight to the pool
element, indicating that something went in (e.g., information input), but not necessarily added value. In these cases, as

we did not know what exactly was exchanged, we disregarded them when designing the e3value model. The value
transfers occurred between the Research Partner and their Customers were not derived directly based on the constructs
in the BPMN maodel, but through our interpretation. The relation between these two constructs was confirmed as not a
one-to-one relation.

L3 Start, intermediate, and end events may correspond to consumer needs, value objects, and boundary elements,
respectively. Events were more constant when trying to design from one model to the other. Although changing the
names was not very reliable, small changes were made (e.g., ‘monthly income’ to ‘money’). However, it was
interesting to see that each event was a mark of a value tree (or value chain), but only those with message flows

attached were transferred to the e3value model. Not all start and end events corresponded to a consumer need and a

boundary element in the e3value model. This was because there were some of these elements that were only inputs and
outputs to control the information flow, and not necessarily added relevance in the model. We can then conclude that

events are not a one-to-one relation when designing an e3value model based on a BPMN model.

L4 Tasks/Activities and sub-processes may correspond to value activities. We were able to translate one value
activity from the various activity elementsin the BPMN model, the process activity ‘execute project” was used. To
get to this value activity, we looked inside the execution phase described in the BPMN model. We observed that most

of the (sub-) activities from the BPMN model were of no use to the e3value model. However, the BPMN model activity
‘execute project’ is the first, and only, to receive an input of economic value

— ‘income re-pass; and hence the process becomes economically viable.

L5 Gateways may correspond to dependency elements value interfaces, and value ports. This hypothesis was not
confirmed. We were unable to empirically find the link between these constructs. Although gateway elements were

present in the BPMN model, none of them translated to AND/OR dependencies of the e3value model. A reason would
be the lack of frequent gateway elements (or gateway types) in the BPMN model, which might have compromised
further investigation. The second reason would be the lack of detailing in the BPMN modelling. There was insufficient
information from the Research Partner to extract the information from the BPMN model.
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V. CONCLUSION

We analyzed the relation between the elements of BPMN models and e3value models in a selected real-world
case scenario. We manually analyzed how each element in the BPMN model, addressing the operation of Research

Project Con- tracts, would relate when applied to the e3value model perspective. The goal of our analysis was to study
our hypotheses described in Sect. 2.2 And learn from it. Much information about the value transferred may have been

lost. This was an issue when creating the e3value model as the customer is not detailed in the BPMN model at all
(only the GI's perspective was considered). Our results show the process modeling perspective affects the design
transition in general. It is known that BPMN provides many ways to model a process (even with best practices [5]). In
our case, the modeler assumed the customer (Research Partner) as a ‘white box’ (i.e., only the trade of information is

showed), which led us tonot find, for example, the ‘Customers’ market segment in the e3value model.

This work is in its early stages, and our current hypotheses findings are based on a single real-world case scenario.
Hence, this research cannot be a basis for generalization. This was also not the goal of this research; the goal was
exploration mainly. We need to refine and validate our hypotheses by doing morereal-world case studies.

We glimpse some future steps for our research. First, we can try to relate how each process activity may

cooperate to the earnings of a company when designing from a BPMN model to the value activity in the e3value model.
This would allow us to perceive the benefits of having the value perspective even when modelling in an operational
level. Second, our approach can help track the value constellation of business processes and their contribution to
stakeholders’ goals. If we can apply this approach more often and from a broader research perspective, we can also
derive patterns from it. Finally, our plan is to come up with a method to support the co-creation of BPMN and

e3value models.
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