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Abstract. Systems-of-Information Systems (SoIS) are composed of independent
information systems that interoperate to provide unique capabilities. Despite
this, the establishment of interoperability links in a SoIS is challenging due to
factors concerning (i) the orchestration of the information systems to exchange
data properly, (ii) the provision of technical solutions to make the heterogeneity
transparent and to effectively mediate the information systems, (iii) the trade-
offs between interoperability and other dimensions, and (iv) the need for re-
configuration to maintain a continuous delivery of services over time. In this
context, this study presents a method for identifying potential interoperability
links to support the emergence of a SoIS structured in three steps: method con-
ception, proposal, and evaluation. We also present a case from a real education
environment to evaluate the application of our method. Results indicate that
the proposal can help in the identification of potential links among information
systems in a SoIS arrangement considering ISO interoperability standard.

Keywords. Systems-of-Information Systems, SoIS, interoperability link, interoperability man-
agement, interoperability approaches.

1. Introduction
Organizations have currently been stimulated to build alliances to achieve mutual bene-
fits. When such alliances extend to their information systems (IS)1, an arrangement of

1Herein, for sake of simplicity, IS will interchangeably denote both singular and plural forms.
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systems in collaboration, also referred to as Systems-of-Information Systems (SoIS), is
formed. A representative example of SoIS took place at Rio Operations Center (COR),
during the FIFA World Cup 2014 and the Olympic Games Rio 2016. Several public and
private organizations combined their IS to offer to the citizens, athletes, professionals, and
tourists the best - and safest - possible experience. COR encompassed IS from the Mil-
itary Police, Fire Department, Civil Defense, and service concessionaires of gas, power,
and transportation, to mention a few. Moreover, COR used Waze and Google Maps to
monitor the points of interest and avoid traffic jams and robbery, for example2.

The emergence of a SoIS requires the establishment of interoperability links
among IS. When looking at COR example, we can observe that the establishment of inter-
operability links involves two main issues: technical feasibility (i.e., the effective estab-
lishment of information exchange and use of information in syntactic, semantic, and prag-
matic perspectives); and practical feasibility (i.e., interoperability impact on companies,
such as in their business processes, value chains, policies, and people involved). Regard-
ing the technical feasibility, difficulties are often related to the different types of technolo-
gies (e.g., databases, data formats, and communication protocols), which are indeed a rel-
evant challenge to be overcome [Graciano Neto et al. 2017c, Maciel et al. 2017]. On the
other hand, the establishment of interoperability links among IS also involves (i) strategic
goals and information, (ii) the scope of sharing information, (iii) conflicts of interest, (iv)
priorities, and many other aspects related to the business and the people involved in the
process of designing a SoIS [Graciano Neto et al. 2017a].

The association of IS to form a SoIS should allow low coupling and high flex-
ibility, as IS should be able to join and leave the alliance, at runtime, whenever they
want [Fernandes et al. 2020b]. However, the impact of such changes needs to be planned
and measured so that the organizations are not harmed and the SoIS can be able to
self-reconfigure to preserve ongoing service delivery [Graciano Neto et al. 2017b]. In
this case, establishing interoperability links is a more complex task than just mak-
ing them exchange data. It still requires the analysis of several details considering
technical, human, and business dimensions. Both the IS research community and the
Systems-of-Systems Engineering (SoSE) community point some research gaps such as
the need for new lenses to analyze (i) how complex systems and their constituents
are connected [Palfrey and Gasser 2012]; (ii) how to support the (often) limited abil-
ity of stakeholders to fully understand pre-established requirements for interoperability
[Benson and Grieve 2021]; (iii) how to provide sufficient support to deal with all dimen-
sions of interoperability to achieve full interoperability, especially in the context of com-
plex systems [Maciel et al. 2017]; and (iv) how to manage the interoperability links and
to adjust the level of interoperability [Graciano Neto et al. 2017c] given the difficulty in
specifying how the IS should interplay in a way that maintains an appropriate level of cou-
pling. Therefore, we present a method for assisting in the establishment of interoperability
links among IS to form a SoIS. We expect that our method can support professionals in
identifying potential links among IS towards a SoIS. In addition, we present an evaluation
of the method in a real scenario of an educational environment. Our study is driven by
the following research question: “How to specify interoperability links to interplay IS in

2https://use.metropolis.org/case-studies/rio-operations-center

iSys: Revista Brasileira de Sistemas de Informação (iSys: Brazilian Journal of Information Systems)
https://sol.sbc.org.br/journals/index.php/isys



2:3

a SoIS?”.

This study is an extended version of a previous work published at the 16th
Brazilian Symposium on Information Systems [Fernandes et al. 2020b]. In this extended
version, we grounded our work on a twofold contribution: (i) the proposition of a
method for identifying potential interoperability links based on SoIS, and (ii) the appli-
cation of the proposed method in an educational environment SoIS reported by literature
[Cordeiro and Santos 2019]. Results demonstrated that the proposed method could sup-
port engineers and architects to identify potential interoperability links for the constitution
of a SoIS.

This study is organized as follows: Section 2 presents the background, and Section
3 presents related work; Section 4 describes the research method; Section 5 presents
approaches for establishing interoperability links in SoIS based on ISO 14258 standard; in
Section 6, we present the proposed method for identifying potential interoperability links
among IS; Section 7 presents evaluation; Section 8 describes the discussion of results;
Section 9 describes threats to validity; and finally, Section 10 presents conclusion and
future work.

2. Background

IS are composed of elements for collecting, storing, and processing data to provide infor-
mation and knowledge for supporting organizational decisions. Three dimensions support
any IS: human, business, and technical [Laudon and Laudon 2009]. When multiple IS
work collaboratively to achieve a mutual goal, they create a complex system [Board 2017].
A complex system has several independent and interdependent parts interacting in a non-
linear way, i.e., the behavior cannot be barely expressed as a result of the combination of
the individual parts [Alampalli and Pardo 2014], and it often exhibits (i) adaptation, (ii)
self-organization, and (iii) emergence [Ottino 2004].

One particular type of complex system is the so-called System-of-Systems (SoS)
[Maier 1998]. In SoS, independent systems (known as constituent systems) work together
to accomplish a goal. Organizational IS are examples of potential constituents that can co-
operate with other systems to obtain mutual benefits (e.g., create new functionalities, tech-
nologies, and take advantage of business opportunities). In this context, an arrangement
of independent systems that involve one or more IS is called System-of-Information Sys-
tems (SoIS) [Graciano Neto et al. 2018]. This class of SoS presents specific properties,
such as (i) the existence of information flows among the constituents IS; (ii) a business
process-oriented nature; and (iii) information creation and added value through interop-
erability among IS and their organizations, which cannot be obtained if their constituent
IS operate in isolation [Fernandes et al. 2019]. While software-intensive SoS is primarily
concerned with a technical artifact (e.g., software) [Maier 1998, Gonçalves et al. 2014],
SoIS are concerned with other elements, such as processes, technologies, and people
[Soares and Amaral 2014].

It is worth mentioning that SoIS inherits characteristics from SoS. Moreover,
it typifies the scope of SoS as it crosses organizational boundaries, involving con-
stituent IS from different domains and producing a large amount of information. The
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SoS characteristics inherited by SoIS are autonomy, belonging, connectivity, diver-
sity, dynamism, emergent behavior, evolutionary development, and interdependence
[Lu et al. 2010, Graciano Neto et al. 2017c]. Autonomy means that each IS operates for
its individual purposes since it also operates independently of the SoIS. Belonging means
that the IS chooses to belong to the SoS on a cost-benefit basis; and also to provide a
greater fulfillment of their purposes. Connectivity refers to the mechanisms that enable
communication and information sharing. Diversity means that IS are heterogeneous.
They are self-sufficient systems that are open for enhancement by evolution and adap-
tation. Dynamism is the characteristic of a SoIS to modify its structure over time and
deal with the joining or the abandonment of IS [Manzano et al. 2020]. Emergent behav-
ior results from the synergistic collaboration among constituent IS and is assigned to the
SoIS as a whole. There are desirable and undesirable emergent behaviors. Evolutionary
development means that SoIS evolves as constituent IS evolve as well. Such evolution
occurs in response to the individual needs of the constituent IS and can imply benefits to
SoIS, e.g., IS can deploy new functionalities, and the SoIS can take advantage of it. On
the other hand, SoIS can experience disturbances if some functionalities are changed or
removed. Finally, interdependence is the mutual dependence resulting from the need for
an IS to rely on one another to accomplish a goal.

Soares and Amaral [Soares and Amaral 2014] consider interoperability as a col-
lective and federalist phenomenon, not just an integration phenomenon, a “limiter of
freedom” phenomenon, or an exclusively technological phenomenon. It encompasses
a cultural, social, and human communication, negotiation, and diplomacy phenomenon.
A SoIS embraces social and human elements, such as strategies to represent stake-
holders’ decisions and behaviors to enable the creation of value and innovative ideas
[Soares and Amaral 2014, Laudon and Laudon 2015]. Hence, we brought these elements
for our discussion since interoperability is about technical integration among systems and
combining their business processes and also social and human aspects.

We also highlight that SoIS is a maturing investigation area. Thus, we sought to
look at interoperability including studies regarding the identification of interoperability
in the traditional area of IS, not only SoIS. We have considered the Ontology for Enter-
prise Interoperability (OoEI) [Naudet et al. 2010] since it establishes an understanding of
concepts provided by the Framework for Enterprise Interoperability [Chen 2017] and the
Ontology of Interoperability [Naudet et al. 2006]. The OoEI also considers concepts from
ISO 14258 standard [ISO 14258 1998], which describes three recurrent approaches to es-
tablish interoperability links: Federated, Unified, and Integrated. Each approach imposes
a different level of coupling between IS that can be considered for the design of SoIS. For
instance, depending on the approach, the level of interdependence over constituent IS can
increase, which implies a high level of coupling [Fernandes et al. 2020b].

Integrated Approach means that a standard is shared by all constituent IS
[Chen and Doumeingts 2003, Kosanke 2006, Weichhart and Wachholder 2014] and im-
plies in the adoption of a Common Template for the representation of all the concerned
models or for building systems [Naudet et al. 2010]. Unified Approach means that
a common meta-model establishes semantic and syntax equivalence [Kosanke 2006,
Naudet et al. 2010]. This terminology allows a translation between constituents models
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even though some loss of semantics or information can occur [Tu et al. 2016]. Federated
Approach aims to establish interoperability “on the fly” and means that an adaption to
requirements occurs at runtime [Weichhart and Wachholder 2014]. This approach does
not impose models, languages, or methods of work [Weichhart and Wachholder 2014,
Tu et al. 2016], and interoperability problems are fixed while systems are running
[Naudet et al. 2010].

Based on a previous study that discusses how interoperability approaches can af-
fect SoIS intrinsic characteristics [Fernandes et al. 2020b], we assume that any interop-
erability solution should consider an appropriate approach that preserves such charac-
teristics. For clarity and a proper understanding of interoperability, we argue that it is
important to expose the differences among integration, compatibility, and interoperability
since the concepts seem similar but differ in important aspects. Functional dependencies
in integration imply less flexibility and resilience [Dassisti et al. 2013]. Integrated sys-
tems are sensitive to failures, and local functional or structural changes may unpredictably
impact different parts of an integrated system [Weichhart and Wachholder 2014]. Com-
patibility means that a system does not interfere in another’s functioning. However, two
compatible systems might not be able to collaborate. Thus, SoIS should be a structure
composed of compatible constituents simultaneously, as each IS should work collabora-
tively to achieve a goal. Finally, interoperability promotes a loosely coupled approach, in
which systems remain independent but coordinated insofar some collaboration is possi-
ble to occur [Weichhart and Wachholder 2014]. The interoperability concept relies on a
continuum from compatibility toward integration (Figure 1). Studies regarding the estab-
lishment of interoperability links in complex systems are discussed in the next section.

Compatibility Interoperability Integration

Fe
de
rat
ed

Un
ifie
d

Int
eg
rat
edISO 14258

Figure 1. Difference between the integration and interoperability. Adapted from
[Weichhart and Wachholder 2014].

3. Related Work
Over the years, several studies reported results of research on interoperability. In par-
ticular, studies have been conducted on the identification of interoperability links in the
traditional IS field. For instance, OoEI, briefly discussed in Section 2, describes a clas-
sification scheme to categorize interoperability knowledge [Naudet et al. 2010]. In that
study, the authors discuss and integrate problems and related solutions regarding the in-
teroperability domain on the ontology. However, that study does not cover all systemic
solutions, and it is focused on interoperability among IS in a specific enterprise context.
On the other hand, our study aims to provide a systematic method to embrace all elements
around IS (technical, human, organizational) to support the identification of interoperabil-
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ity links even though these IS belong to different enterprises. Therefore, we argue that the
proposed method can systematically analyze the IS elements within a SoIS.

The architecture of SoIS should deal with heterogeneous sources of information.
In this context, Saleh et al. [Saleh et al. 2016] present a model in which a SoIS is de-
scribed as a group of systems connectors, services, and databases. The model allows
users to manage the IS resources considering the SoIS environment. However, it does not
consider potential critical points of the solution based on specific characteristics of SoIS.
This can imply a lack of dynamism in interactions between constituent IS, stakeholders,
and the business processes of organizations. Our work aims to support the identification
of potential interoperability links by promoting a reading not limited to three elements
(systems connectors, services, and databases) but including organizational elements, as
well.

As SoIS arrangements essentially depend on constituent IS surrounding people,
processes, and technologies, the proposed method should systematically aggregate an
understanding of which elements and challenges are involved in the interoperability of
these types of arrangements. The next section presents the proposed method.

4. Research Method

Our research method was inspired by evaluation studies as in [Fontão 2016]. Thus, we
followed a systematic style composed of three steps, as shown in Figure 2: (1) Concep-
tion includes the following tasks: (i) analysis of approaches defined in [ISO 14258 1998]
standard for interoperability (i.e., integrated unified, and federated), and (ii) analysis and
evaluation of the influence of those approaches on SoIS context; (2) Method Proposal
involves the design of potential interoperability links; and (3) Evaluation including the
following tasks: (i) instantiation of the method on a specific real case by a SoIS stake-
holder, (ii) evaluation of the instantiation, (iii) refinement of method, and (iv) analysis and
discussion of results.

Figure 2. Research method.
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Step 1. Conception. In this step, we performed an analysis of the interoperabil-
ity approaches from ISO 14258 [ISO 14258 1998]. We analyzed how the state-of-the-art
approaches influence on SoIS characteristics. To ensure better accuracy of our analysis,
three researchers analyzed how each interoperability approach potentially affects a SoIS.
Each researcher investigated the characteristics of each approach against each SoIS char-
acteristic. The researchers selected which characteristics of SoIS that a given approach
could influence in the interoperability design (Figure 3). Then, a qualitative analysis was
conducted from the researchers’ answers, and a consensus was obtained.

Figure 3. An example of the Analysis process.

Next, we surveyed experts to evaluate the accuracy and suitability of the concepts
and how they are related. The answers were submitted for evaluation by two interoper-
ability experts in SoIS. One of them was indirectly involved in this study. We used the
Likert scale and asked them whether (i) they agree on the concepts depicted in Figure
4, (ii) they agree on the relations established between the links, and (iii) they agree on
how each of the approaches (Federated, Unified, and Integrated) can potentially impact a
SoIS. The experts were unanimous in strongly agreeing on the suitability and accuracy of
the results, even though they highlighted the speculative nature of the results. The results
support the discussion presented in Section 5.

Step 2. Method Proposal. In this step, we defined a method to support the iden-
tification of potential interoperability links between IS for SoIS. It is presented in Section
6.

Step 3. Evaluation. Finally, to evaluate the effectiveness of the method, the
method was instantiated in an educational environment. The collected data were analyzed,
and the results are presented and discussed in Section 7.

The following section presents how each interoperability approach (Integrated,
Unified, and Federated) from [ISO 14258 1998] can affect the characteristics of a SoIS.

5. Implications of ISO 14258 Interoperability Approaches on
Systems-of-Information Systems

In this section, we discuss how SoIS characteristics can be affected by the interoperability
approaches [Fernandes et al. 2020b]. Figure 4 summarizes the results of this discussion.
The cells marked with the red ball indicate that the corresponding approach harms the
SoIS characteristic, and the cells with the blue symbol represent the characteristic that is
positively affected by that listed approach.
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Figure 4. How approaches potentially impact the characteristics of SoIS
[Fernandes et al. 2020b].

5.1. Integrated Approach
The integrated approach affects the autonomy of constituent IS. It can be strongly af-
fected by standardization, especially through the use of common templates and meta-
templates. Such an approach requires constituents to be forced to comply with standards
that may conflict with individual goals. Moreover, the premise that constituent IS pri-
oritizes its individual goal, even if a SoIS belongs to a single organization, should be
considered.

The integrated approach requires constituent ISs to be designed and developed
following shared standards. Considering the SoIS context, this can represent a limitation
as the constituent IS are often in operation before being part of a SoIS. Therefore, con-
stituent IS have data formats or standards to meet a set of specific business requirements.
IS owners can be reluctant to changes for joining a SoIS. The integrated approach pre-
sumes that the formation of SoIS involves a specific architecture for the arrangement of
IS and specific functional and non-functional requirements to achieve the SoIS goal, such
as data format, the layout of reports, database types, and protocols. Moreover, evolution-
ary development is also affected as it depends on the ability of constituents to evolve.
When a SoIS is designed, the emergent behaviors are planned, but unplanned behaviors
can emerge over time. Unplanned behaviors can be welcome if they represent business
opportunities. The integrated approach might limit unplanned behaviors. The constituent
IS must absorb every change regardless it is related to individual goals or not. As a con-
sequence, a certain level of authority over the constituent IS is needed. An integrated
approach does not threaten connectivity, interdependence, and dynamicity. The reason
is the natural trend towards standardization. On the other hand, belonging, which is re-
lated to the cost-benefit of IS participation in SoIS, can be positively affected as integrated
approaches involve stable models, roles, and responsibilities. This scenario facilitates the
engagement of stakeholders in an arrangement. The higher the sense of belonging, the
higher the availability of resources (human and technical) required. Finally, according
to [Chen 2017], integrated approaches are appropriate if the constituent IS needs to be
developed rather than applying it to existing systems. In general, SoIS are comprised of
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IS that are already in operation.

5.2. Unified Approach

The unified approaches affect fewer characteristics of SoIS comparing it with integrated
approaches. However, according to [Tu et al. 2016], a unified approach cannot directly
represent the individual needs of the constituent IS.

A SoIS may not perform as desired if SoIS stakeholders are unaware of the con-
stituent IS restrictions in their context. Such restrictions may overcome organizational
boundaries and conflict with the SoIS objectives. In the unified approaches, each con-
stituent IS maintains its characteristics, but there is a need to maintain an up-to-date stan-
dard meta-model for all constituent IS. Still, autonomy, diversity, connectivity, interde-
pendence, emergent behavior, dynamics, and evolutionary development are probably
preserved. If the meta-model is not updated, there may be negative implications given the
difficulty of the SoIS as a whole to absorb emerging changes (e.g., adaptability to change,
temporality, technologies, costs).

5.3. Federated Approach

In general, federated approaches are more flexible and maintain the autonomy of con-
stituent IS since they are free to evolve according to their individual needs, observing its
constraints and the context to which they belong. Therefore, the evolutionary develop-
ment of constituent IS is the characteristic that is little affected by federated approaches.

Dynamicity and diversity also remain preserved when federated approaches are
used. However, the dynamism of ‘on the fly’ negotiations relies on connectivity (which
includes communication protocols) that can be affected if negotiations do not address all
the issues that should be considered for collaboration using a communication channel.
As a consequence, emergent behaviors may not be achieved precisely due to connectivity
failures, which may also have implications for interdependence among constituent IS.
In critical situations, fast responses are required, and a federated approach may not meet
all the requirements, or there may not be enough time for negotiation. For instance, in
an ocean oil spill scenario, a SoIS manager without some active contingency plans for oil
pollution incidents can result in the death of marine animals and flora.

From the discussion of the approaches and their implications on the characteris-
tics of SoIS, we move forward to the attempt to apply the choice of an approach to the
constitution of a SoIS. To do so, we propose a method with phases covering what is nec-
essary to identify potential interoperability links between IS that can constitute a SoIS.
This method is presented in the next section.

6. A Method for Identification of Interoperability Links in
Systems-of-Information Systems

SoIS are formed from the establishment of interoperability links among existing IS to
fulfill a higher goal. Hence, a method to identify interoperability links can assist profes-
sionals in the constitution of a SoIS. Often, some stakeholders may not glimpse which
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specifications for interoperability help to constitute an IS arrangement in a way that main-
tains a reasonable level of coupling, especially in the SoIS context. Our method is pre-
sented along with the phases for identification of interoperability links between IS, as
shown in Figure 5. The phases are: (1) to define SoIS main goal, (2) to define SoIS sub-
goals, (3) to define SoIS business processes, (4) to map inputs and outputs, (5) to identify
IS candidates, and (6) to define SoIS architecture. The phases are not independent since
each one can improve the next one and deliver its output as an input for the next phase.

Figure 5. Method for identification of interoperability links in SoIS (first version).

To define SoIS main goal is the first phase towards the constitution of a SoIS.
This phase is essential to understand and justify the reasons to interoperate constituent
IS belonging to a specific organization/enterprise or various organizations. At this point,
SoIS stakeholders should define the main goal because it can be refined into more tangible
secondary goals [Fernandes et al. 2019].

For instance, a public education institution needs to fulfill an emerging or particu-
lar goal. To do so, a new IS may be required. However, after checking with the financial
sector, the stakeholders understand that developing a new IS is impossible. The main
goal is to make available a temporary modality of remote learning during the quarantine
period imposed by the COVID-19 pandemic3. In this case, the main goal requires a set of
concrete actions (the secondary goals or subgoals) that result from the refinement of the
main goal.

Thus, to define SoIS subgoals is the result of refining the SoIS main goal
[Fernandes et al. 2019]. SoIS subgoals can be identified as specific and tangible actions
essential for eliciting the requirements of the SoIS. For the decomposition of require-
ments and the creation of SoIS specifications requirements, the software engineering or
SoSE tools as V-model can be used [Clark 2009, Mathur and Malik 2010, Lana 2020].
SoIS subgoals help to identify the capabilities of the constituent IS necessary to form

3https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
advice-for-public
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the arrangement. Proceeding with the example, to make the SoIS main goal feasible, a
management team (known as SoIS stakeholder) needs to define actions such as to access
(i) academic information of students (academic sector), (ii) socioeconomic information
of students (student assistance sector), and (iii) subjects taught by the professors in the
current period (academic sector).

To define SoIS business process corresponds to the establishment of the logical
sequence and flow direction among the activities to be performed to achieve a specific
goal. A business process shows who is responsible for each activity and how interop-
eration takes place, i.e., how the actors in a process interact so that the desired result is
achieved. The identification of interactions allows a better understanding of the SoIS and
the interdependencies between the IS, responsibilities, and possible risks. These inter-
actions can be machine-machine, machine-human, or human-human, depending on the
level of interoperability required.

At this phase, there is a need for agreed business strategies to support decisions on
intra or inter-organizational interoperability, which include: (i) preparation of risk man-
agement plans [Cuenca et al. 2015]; (ii) intervention strategies in the evolution of the net-
work nodes formed by the interoperability links [Jardim-Goncalves et al. 2012]; and, fi-
nally, (iii) investments in techniques for requirements analysis [Rhodes and Wilson 1992].
The definition of a SoIS business process can help in the identification of interoperability
links as it structures a set of interdependent activities or actions that the involved con-
stituents IS should perform. Moreover, it is important for the next phase of mapping
inputs and outputs.

To map inputs and outputs formats consists of establishing the formats to ensure
that SoIS works with homogeneous data. SoIS are hopefully formed by loosely coupled
and independent IS that hold their data model. Therefore, this step is essential to identify
differences in the types and formats of data between the IS (e.g., currency, measures such
as height, weight, and distance). Furthermore, knowing how to deal with the technical
challenges arising from this step can help on the proposition of strategic decision-making
when mapping SoIS inputs and outputs.

To identify IS candidates is essential for the fulfillment of the SoIS main
goal, and it depends directly on the capabilities of each constituent IS. The com-
bination of these capabilities should match the corresponding emergent behaviors.
Therefore, this step includes identifying constituent IS with the necessary resources
to achieve the SoIS objectives defined in the previous steps. When dealing with
this step, it is essential to highlight any condition and pattern that, in general, does
not arise without resistance [Mintzberg and Waters 1982]. The implementation of
interoperability is a communication phenomenon involving negotiation mechanisms
[Naudet et al. 2008, Naudet et al. 2010, Soares and Amaral 2014, Weichhart et al. 2016],
compensation [Naudet et al. 2008], and diplomacy [Soares and Amaral 2014]. Hence, a
recommendation is to define a consensual set of norms and rules to be presented to stake-
holders, if necessary [Soares and Amaral 2014].

To define SoIS architecture is a high-level description of the design that includes
the representation of software components (e.g., objects, processes, data repositories),
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properties of those externally visible components, and relationships [Bass et al. 2003]. In
the SoIS context, the constituents are the corresponding concepts for components and are
essentially IS and their elements. In this phase, we recommend the analysis of how each
[ISO 14258 1998] interoperability approach (integrated, unified, and federated) can affect
the characteristics of a SoIS before describing the architecture of the arrangement (Sec-
tion 5). Thus, the table shown in Figure 4 should be consulted as support for architectural
decisions. Interoperability in SoIS should not be addressed only as an integration phe-
nomenon, because maintaining a SoIS operating to fulfill a goal while the autonomy of
the constituent IS is preserved to deal with human and business factors is an important
aspect. Some studies point out that a high level of integration among IS may not be ap-
propriate for business environments that do not intend to compromise the flexibility and
responsiveness of dynamic operations [Pavlou and Singletary 2002, Aubert et al. 2003,
Lee and Myers 2004, Soares and Amaral 2014]. Beyond technical factors, human and
business factors affect the definition of the SoIS architecture. The main reason is that a
SoIS stakeholder is responsible for driving teams’ effort to achieve the goals and subgoals,
identifying which points can be improved to increase the SoIS quality and performance,
and influencing or bringing organizations to create alliances.

The phases are essential to improve the identification of interoperability links be-
cause they guide the SoIS stakeholder to understand which information should be gath-
ered to identify constituent IS. Moreover, since these IS were not initially developed to
interoperate, they have the autonomy to pursue particular goals and can be managed by
different teams from the same organization or an external organization. The method,
in turn, emerges as a way to elucidate the possibilities of creating these interoperability
links, bringing together a team of professionals with different expertise. The next section
presents the planning, execution, assessment, and refining of the proposed method in a
real case.

7. Evaluation of the Method using a Real Case
7.1. Planning
The evaluation planning involved some steps, as shown in Figure 6.

Figure 6. Evaluation planning.

Case definition. We used data collected from a previous study
[Cordeiro and Santos 2019] in which specific characteristics of each IS were ana-
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lyzed, and the authors realized that the arrangement formed by them could be considered
a SoIS. The case represents a real organization (i.e., educational environment - EE)
with different IS forming a SoIS and several actors (teachers, students, school staff, and
families). The EE has approximately 5,000 members, involving about 2,000 students
(from two years old until adulthood). The EE SoIS is composed of six IS, which operate
independently but share human resources, business process, organizational space, and
the main goal of the SoIS is “To promote quality education for all students levels of
education aiming to contribute to an equal society”. This main goal can be delivered only
if all IS are working together. The EE case comprises the following SoIS characteristics:
(a) Independence of the constituents IS – the existence, operation, and purposes of each
IS are independent, but the IS can offer capabilities to collaborate to the SoIS main
goal; (b) Managerial independence – each IS belongs to the same organization, but they
were acquired and are maintained by different teams; (c) Evolutionary development –
each IS evolves according to individual requirements, and maintains its architecture;
and (d) Distribution – some strategies have been designed to establish communication
and data exchange among different IS [Fernandes et al. 2020a]. However, for this set
of IS representing a SoIS, the presence of emergent behavior is required, i.e., a holistic
phenomenon that manifests itself as a result of interoperability among different IS
and produce an overall result that cannot be independently delivered by any of them
[Fernandes et al. 2020a]. Considering the characteristics of each of these IS and what
they can deliver, we consider (e) Emerging behavior is the ability to produce information
on the students’ evasion information. This goal allows the decision-makers to ensure the
retention of students. Let us suppose that a school has a set of IS capable of compiling
information on (1) students’ absence (students missing classes); (2) personal data;
and (3) school evasion (students who abandoned the studies). According to a Nations
Union report 4, students may drop out or not have access to school next year due to the
pandemic’s impact or because they live in poor or rural areas. Thus, data from external
sources, such as public agencies, are needed for a manager to make decisions that
decrease the evasion rate. Such decisions can only be made by collecting the information
from several independent IS to support the demand of this goal. This emergent behavior
cannot be achieved by a single IS.

Evaluator definition. To evaluate the method, a SoIS stakeholder was designated
from his/her expertise on the EE case. The application of the method requires previous
knowledge on ISO interoperability approaches, at least a SoIS characteristics overview,
and some expertise on business process modeling. In this case, before the assessment step,
the evaluator was asked about his knowledge of business process modeling and SoIS. In
addition, the evaluator had access to the set of approaches and how they potentially impact
the SoIS characteristics (Figure 4). Thus, the evaluator is a SoIS stakeholder who has
expertise in business process modeling and SoIS.

Instantiation of the method. This step represents the method applied by a SoIS
stakeholder. The evaluator has received the image (Figure 5) and the description of all
phases (Section 6) as well as the instructions for use.

4https://www.un.org/development/desa/dspd/wp-content/uploads/sites/
22/2020/08/sg_policy_brief_covid-19_and_education_august_2020.pdf
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Assessment. After the instantiation process, the SoIS stakeholder was invited to
answer a survey to evaluate the method. Thus, an online questionnaire5 was applied. The
questionnaire was used to collect qualitative data at four aspects:

1) How easy or hard was it to apply the method to identify potential interoperabil-
ity links between IS towards the constitution a SoIS on the EE case based on the Likert
scale (Very Good, Good, Acceptable, Poor, Very Poor);

2) The agreement concerning each phase of the method based on the Likert scale
(Very Good, Good, Acceptable, Poor, Very Poor);

3) The agreement in regards to the effectiveness of the method;

4) The agreement about the method phases order.

We also used open-ended fields in each question so that the evaluator could pro-
vide any comments aiming to refine the method.

Data analysis. We performed a quantitative analysis based on a rating scale to
record a respondent’s level of agreement with statements. Then, a qualitative analysis
was conducted from the answers collected from open-ended comments fields.

Method refinement. Finally, the method was refined based on the analysis of
the data collected in the survey. The refinement of the proposed method considered the
responses obtained in the assessment with a SoIS stakeholder, mainly concerning open-
ended comments fields.

7.2. Execution

Execution encompasses the strict adoption of the method for identifying potential inter-
operability links between IS towards the constitution of interoperability links in the EE
case (Figure 7). A SoIS stakeholder followed the method recommendation and the study
execution returned the following data:

1. To define SoIS main goal: Diagnose accountability in the EE case;
2. To define SoIS subgoals: Raise empowering knowledge sharing, experiences -

behaviors (right or wrong) of actors for the need of accountability strategies for
IS. Accountability strategies described three main suggestions for supporting im-
provement in strategic planning regarding organizational objectives (engagement,
management, and regulation);

3. To define SoIS business process: Two main goals are involved when diagnosing
accountability strategies for supporting IS and effects on daily school routines: (1)
manage daily teacher attendance, and (2) manage school classes;

4. To map inputs and outputs formats: Each IS has its own routine and procedures,
alternating between inputs and outputs, e.g., Attendance Management IS (AM IS)
has as input the “Organizational Subunit (OS IS) daily teacher attendance report”
and as output “Monthly frequency report”. Figure 7 details input/output map for
EE case (Phase 4);

5http://bit.ly/copy_evaluation_instrument
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Figure 7. EE SoIS case.

5. To identify IS candidates: constituent IS and the interoperability among them
that are part of the EE SoIS (Figure 8). Figure 9 briefly describes the constituent
IS responsibility;

Figure 8. Interoperability among constituent IS. Adapted from
[Cordeiro and Santos 2019].

Regarding the management of school classes (business process), the following
SoIS responsibilities were identified:

• SC IS must comprise the following business tasks: to (i) register teacher
absence; (ii) manage class workflow; and (iii) inform classes closed early
to EG IS;

• EG IS must comprise the following business tasks: to (i) compile edu-
cational rate as a goal; (ii) evaluate students status; (iii) attend students
demands; and (iv) contact parents and relatives for educational issues;

• PG IS involves the following business tasks: to (i) evaluate school rate;
(ii) support teaching practice; (iii) advise teachers in interdisciplinary ped-
agogical work; and (iv) create an agenda of educational events;
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Figure 9. Constituent IS by responsibility. Adapted from
[Cordeiro and Santos 2019].

• AM IS refers to the following business tasks: to (i) record student ab-
sence/presence; (ii) register teaching plan; and (iii) develop educational
reports for supporting organizational sub-units.

Regarding managing daily teacher attendance (business process), the following
SoIS responsibilities were identified:

• OS IS manages the reporting of constituent IS aiming to develop strategies
for improving daily school routines, considering the following business
tasks: to (i) manage teacher absence; (ii) support organizational sub-units
demands; and (iii) develop annual schooling;

• SP IS involves manage organizational sub-units and their demands and
comprises the following business tasks: to (i) evaluate each organizational
demand and focusing on better strategies aiming to support then; (ii) reg-
ister teachers attendance and generate a report; and (iii) evaluate each at-
tendance case and develop a schedule evaluation.

6. To define SoIS architecture: Based on Figure 4 and the analysis about how each
interoperability approach defined by [ISO 14258 1998] can potentially affect the
characteristics of a SoIS, the Federated approach was identified as the more ade-
quate. In this case, EE SoIS involved federated structure since the IS arrangements
are focused on manual IS, sensitive to business process change and runtime IS de-
mands.

7.3. Assessment

The results of the assessment were summarized in Table 1. The discussion of these results
is presented in detail in the next section.
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Table 1. Evaluation process result.
SoIS Stakeholder Evaluation Open-ended Comment

1. How easy or hard was the application of the method Very Good no comment
2. The agreement in relation to the instance in each phase

- To define SoIS main goal Very Good no comment

- To define subgoals Very Good no comment

- To define SoIS business process Very Poor see comment 1 bellow

- To map inputs and outputs Very Good see comment 2 bellow

- To identify IS candidates Very Good see comment 3 bellow

- To define SoIS architecture Good see comment 4 bellow

3. The agreement in relation to the method effectiveness for
identifying interoperability links

Good see comment 5 bellow

4. The agreement in relation to the order of the method
phases

Poor see comment 6 bellow

7.4. Refinement

After collecting and analyzing the answers, the method was refined and evaluated con-
sidering weaknesses and strengths of the design of interoperability links in SoIS. On a
smaller scale, the results pointed to difficulties already presented in the SoIS literature,
such as those related to the representation of dynamic interaction flows among actors,
business process, and constituent IS. However, since these occurrences depend on deeper
studies, we will address this research opportunity as a future work. Next, we report on the
agreement with the instantiation of each phase.

About phases To define SoIS main goal and To define SoIS subgoals, the SoIS
stakeholder positively evaluated it scoring very good on the scale. Define SoIS business
process did not have a positive evaluation. The SoIS stakeholder mentioned an issue in
this phase:

“I believe that phase 3 should focus on Identify IS candidates.” [Com-
ment 1]

Although the SoIS literature has highlighted the importance of SoIS business pro-
cesses, it is fair to consider this comment because it represents a real difficulty faced
during the activities proposed using the method. Any business process design requires
minimal knowledge of tasks, actors, activity flows that may not be known before iden-
tify IS candidates. However, to prevent the ‘business process modeling’ design phase to
be a barrier during the establishment of IS arrangements, in the refinement process, we
renamed that phase as “Define interaction flows between IS”.

The phases To map inputs and outputs formats and To identify IS candidate
scored very good. The following comments refer to these phases, respectively:

“It’s really worth identifying that each IS can have several inputs and
outputs in SoIS. So I believe that detailing such interactions help to better
understanding SoIS dynamics, majorly considering how the interoperabil-
ity links support such interactions.” [Comment 2]
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“Designing SoIS architecture is a challenge for architects; thus, identi-
fying IS candidates should be a pre-condition when investigating any SoIS
architecture.” [Comment 3]

The phase To define SoIS architecture had was scored as good. Architec-
ture design has being extensively researched [Guessi et al. 2019, Cadavid et al. 2020,
Manzano et al. 2020] given the challenges of representing the dynamism of the SoIS ar-
rangement. On this phase, the SoIS stakeholder has commented as follows:

“I believe that more research is necessary for better understanding the
effects of SoIS architecture considering that SoIS must focus on organiza-
tional objectives that change overtime. It is complex for any organization
defining with 100% of sure which arrangement is right one.” [Comment
4]

Regarding the method being effective for the design of interoperability links, the
SoIS stakeholder scored good and added the following comment:

“It is relevant for theory and practice since it promotes a discussion
around interoperability and how it should be considered.” [Comment 5]

Regarding the order of the method phases, the SoIS stakeholder realized that the
mapping of inputs and outputs should be a further step to the identification of constituent
IS.

“I believe that the right phase should be: 1-2-3-5-4-6.” [Comment 6]

This feedback makes sense because it is challenging to map what will be provided
by one IS and what will be consumed by another IS before knowing the characteristics of
each one. By understanding the constituents characteristics, SoIS architects can describe
the type of data/information format that each constituent IS is capable of delivering.

After an analysis of the difficulties and suggestions listed by the stakeholder, the
method was refined and the new phases were established: (1) to define SoIS main goal;
(2) to define SoIS subgoals; (3) to identify and characterize IS candidates; (4) to define
interactions flows among IS; (5) to map inputs and outputs formats; and (6) to define SoIS
architecture. The phases of the method were reorganized as shown in the Figure 10.

A follow-up evaluation with SoIS stakeholder was performed to bring the opinion
on the refinement. The method was presented and the evaluator was invited to give a
feedback. Concerning to the method evaluation, the study participant mentioned that the
use of the method is:

“relevant, as it allows for the analysis of responsibilities among activ-
ities, notably listing characteristics of constituent IS.”

Thus, the six main phases of the evaluation method were considered relevant
to support SoIS dynamics comprehension, mainly because it identifies potential inter-
operability links between constituent IS, since the method stimulates mapping people-
process-technology infrastructure that supports the organizational objectives accomplish-
ment. Another positive point concerns the organization of information about technologi-
cal support, mentioned as:
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Figure 10. Method for identification of potential interoperability links in SoIS (re-
fined version).

“the study showed how we need to evolve our business processes and
advance in a strategy of greater use of technology.”

In contrast, a negative point was the need to understand the concepts for imple-
menting the method. Another point that deserves to be further explored is the characteri-
zation of federated, unified, and integrated. The participant mentioned that:

“it is not trivial to define the type of SoIS arrangement, for example, I
believe our arrangement is integrated, but we can’t evaluate dynamicity.”

Finally, it is worth highlighting the need to reflect on the fact that we can still
confirm the operational independence and, consequently, name the arrangement as SoIS
if some constituent IS gives up a certain level of autonomy to participate in the SoIS
arrangement.

8. Discussion
SoIS expands the vision of stakeholders towards looking at a set of IS belonging to
several organizations, enabling business alliances that resemble coopetition6 models
[Ritala et al. 2014, Daidj and Egert 2018, Velu 2018]. This study presented a method that
can be helpful for the professionals to identify interoperability links in SoIS, which results
from such alliances. The method serves as a guide for the SoIS stakeholder to understand
which information should be gathered to identify constituent IS that can be part of a SoIS.
Since certain IS were not previously developed to interoperate, they exhibit autonomy
because they operate in favor of their particular goals and can be managed by different
teams from the same organization or external organizations. The method is a way to elu-
cidate the possibilities of forming interoperability links, bringing together professionals
with different expertise.

6Coopetition (collaboration among competing organizations) is a phenomenon that has recently
gained notoriety due to its increasing relevance to business [Ritala et al. 2014, Basso et al. 2019,
Graciano Neto et al. 2019]

iSys: Revista Brasileira de Sistemas de Informação (iSys: Brazilian Journal of Information Systems)
https://sol.sbc.org.br/journals/index.php/isys



2:20

The phases after the method refinement include: to (1) define SoIS main goal;
(2) define SoIS subgoals; (3) identify IS candidates; (4) define interactions flows among
IS; (5) map inputs and outputs formats; and (6) define SoIS architecture. The phases are
interdependent because each one requires information collected from the previous one.
To define SoIS main goal is the pivotal principle for composing this sort of arrangement.
However, that goal has a high level of abstraction, requiring its refinement into secondary
goals that represent actions or tasks to be delivered by some constituent IS (to define SoIS
subgoals). From the second phase, the SoIS stakeholder can seek for IS that can provide
functionalities or capabilities [Fernandes et al. 2019] that meet the defined subgoals.

Considering that constituent IS operate independently of a SoIS [Oliveira 2021],
they have a set of individual goals [Fernandes et al. 2019]. This implies some challenges,
such as engaging IS stakeholders to bring constituents to participate in the SoIS. However,
once constituent IS participate in a SoIS, they can prioritize individual goals since IS are
managerially and operationally independent. The next phase that defines interaction flows
among IS should be introduced to IS stakeholders and encourage participation in a SoIS
alliance. After identifying IS candidates, the next phase includes mapping inputs and out-
puts formats. In this phase, we highlight that business conflicts [Lewis et al. 2009] can
take place as stakeholders can have different concerns. This can lead to interoperability
problems and, consequently low accuracy to identify potential interoperability links. For
instance, a SoIS goal may require a specific data type/format or functionality that a par-
ticular IS is not interested in providing. This may occur because the constituent IS has
another established interoperability link with another arrangement with different require-
ments.

Understanding human and business factors around the constituent IS can be help-
ful in the formation of an IS arrangement. The reason is that SoIS formation demands
to assemble requirements, data, and information that can be not readily available because
SoIS inherit concerns from different business contexts. Soft skills are desirable to increase
assertiveness in seeking potential IS candidates to compose an SoIS.

The method does not address details on data formats because it depends on the
needs of each SoIS scenario. For example, there may be more than one identified con-
stituent IS with similar capabilities but with different types and formats of data, which
is a positive factor in ensuring the functioning of the SoIS. On the other hand, there is a
need to design a dynamic architecture [Graciano Neto et al. 2017c] for SoIS, as this type
of arrangement provides that a constituent can leave SoIS at any time. Define SoIS archi-
tecture is the last phase proposed by the method. SoIS architecture can be designed based
on the analysis of the approaches prescribed by ISO (integrated, unified, federated) and
discussed in this article in light of the SoIS characteristics (Section 5). Furthermore, some
studies deepen the discussion on how business process models from different IS can help
SoIS architecture design [Oliveira et al. 2020, Oliveira 2021].

9. Threats to Validity
We identified some threats to validity in this research. First, in the discussion on how ap-
proaches potentially impact the characteristics of SoIS, there is a slight bias in the results
since one of the experts was indirectly involved in the design of the evaluation frame-
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work. However, there was a consensus among the three researchers who also agreed with
the results. Moreover, this study does not establish the degree to which each SoIS char-
acteristic is affected by a particular ISO approach, which deserves further investigation as
future work.

One expert evaluated the method in SoIS academic research and the educational
environment. The expert was indirectly involved in the conduction of the study. This can
be explained by the fact that studies and discussions about SoIS are evolving in academia.
Thus, applying the method in other business contexts, involving people who are not part
of research in SoIS, can be hard and we consider this can also be expanded as a future
work proposal.

This study used “ready-made” data that might affect/impact the proper application
of the method and, hence, its entire evaluation. To mitigate this threat, the evaluator with
experience in the educational case was asked to review the description of the constituent
IS ready to detect possible flaws in the scenario. It is noteworthy that real SoIS cases
depend on access to information that is not usually easy to obtain, given the independent
nature of the constituent IS and the scarcity of real SoIS. An important point concerning
the evaluation of the method was that it was not applied in exhaustion and it was instan-
tiated only in one real case. This represents a threat because we cannot generalize the
conclusion for all cases of SoIS. Although only one participant conducted the evaluation,
we carefully selected a participant who has extensive knowledge in the research areas of
this work and the case investigated, as well. The next section concludes the paper with
final remarks and directions for future work.

10. Conclusion and Future Work
This study presented a method to support the identification of interoperability links be-
tween IS towards a SoIS. We supported our proposal by considering (i) the concepts of the
Ontology for Business Interoperability to rescue interoperability key concepts in IS tradi-
tional area, and (ii) the well-accepted SoS characteristics to address SoIS characteristics
and implications for interoperability. We envisioned that, depending on the ISO interop-
erability approach used to establish interoperability links among constituent IS towards
to constitution of a SoIS, autonomy (independence), belonging, and other characteristics
could be affected.

To expand the discussion, we moved forward to applying an approach to the con-
stitution of a SoIS. Therefore, we proposed a method to identify interoperability links
between IS that can constitute a SoIS. We have brought a case from a genuine education
environment to support an initial evaluation of the application of the method. Indeed,
establishing interoperability links in other scenarios may be different due to the underly-
ing infrastructure of the constituents of the other domains. As a limitation, the results of
this study are not so far subject to generalization. For a subsequent study, we intend to
perform an additional Grounded Theory-based study to create a possible theory and gen-
eralization. Another limitation is related to the knowledge level required to the adoption
of the method effectively, such as a certain degree of (i) understanding about approaches
for interoperability defined in ISO 14258 [ISO 14258 1998], (ii) reading about SoIS char-
acteristics and architecture [Fernandes et al. 2020b], (iii) practice on business process,

iSys: Revista Brasileira de Sistemas de Informação (iSys: Brazilian Journal of Information Systems)
https://sol.sbc.org.br/journals/index.php/isys



2:22

and (iv) expertise on IS, requirements software or SoSE engineering. To reduce the likely
influence of that limitation, before the application of the method, training to present the
basic principles of the subjects mentioned can be carried out.

Results pointed out that the method can guide researchers and professionals in un-
derstanding how to constitute a SoIS considering interoperability approaches that better
apply to the desirable characteristics of such types of arrangements. As future work, we
intend to apply the method to different cases to collect data, refine the phases, and evaluate
if the method might be used in complex scenarios that the applier has different profiles
professional. It is worth creating a more flexible flow for different levels of familiar-
ity with the IS involved. The proposed method helps guide establishing interoperability
links in SoIS, so we also intend to elaborate a set of implementation recommendations
because this study addresses interoperability at a higher level. The recommendations for
implementation should cover the technical, human, and business dimensions. However,
we highlight this method can be considered a further step towards the consolidation of
SoIS as an maturing independent and relevant research area, with independent methods
to support a reliable and practical engineering of real SoIS.
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