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ABSTRACT

In the current socio-economic environment, to face challenges such as the emergence of new technologies,
globalisation and increasing demands from their clients it is inevitable that enterprises will collaborate with
others and progressively shift their boundaries. In this context, interoperability has become a prerequisite in the
jigsaw of such collaboration. By definition, it is entities’ ability to work together as an organisation. This ability
spans a wide range of aspects, embracing both technical and business issues. Over the past decade, both the
concept and the context of interoperability have been extended from a largely IT-focused domain to a business-
focused domain and the evaluation of interoperability has become a rising concern. An increasing number of
studies have concentrated on not just digital but business aspects of human behaviour in the social environment.
In general, the wider application domain is the assessment of the interoperability of information systems and
processes in any organisation (especially medium and large) that needs multiple processes to interact effectively.

To deal with such concerns and pave the way to achievement of more effective collaborative goals in business,
the concept of interoperability has been adopted to measure the efficiency and productivity of information
systems’ integration. More than twenty approaches have so far been adopted to evaluate this interoperability,
however most are unable to assess it at the higher levels, such as at the pragmatic, process and social levels.
Hence, we have conducted a three-phase study. Phase 1 reviewed existing interoperability evaluation ap-
proaches. To prove the concept, phase 2 proposed the concept of semiotic interoperability and its application to
healthcare information systems. This article reports on the third phase of the study, a proposed framework with a
group of metrics to measure interoperability from a new perspective — a semiotics perspective. The framework is
named the Semiotic Interoperability Evaluation Framework (the SIEF) and has the ability to analyse, measure
and assess the interoperability among business processes. The metrics derive from a feasibility study to in-
vestigate several interoperability barriers at a hospital. Next, the SIEF was applied in a case study and a detailed
interoperability evaluation was conducted.

1. Introduction

increased productivity indicates that collaboration among their busi-
ness processes will help them to achieve improved productivity and cost

In the current socio-economic environment, to face challenges such
as the emergence of new technologies, globalisation and increasing
demands from their clients, enterprises inevitably collaborate with
others and progressively shift their boundaries. To enhance their
competitiveness, organisations seek to be more responsive, collabora-
tive and agile. They tend to maximise their investment in digital in-
novation and support information-sharing not only among their digital
systems but among their business processes (Agostinho et al., 2016;
Anwaar, [ltaf, Afzal, & Nawaz, 2018; Yunus et al., 2018). Their need for
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effectiveness (Ayyaz, Qamar, & Nawaz, 2018; Chen, Doumeingts, &
Vernadat, 2008; Qadir, Khalid, Khan, Khan, & Nawaz, 2018). In addi-
tion, there may be many mission-critical systems left over from pre-
vious mergers and acquisitions that require better interoperability in
order to enhance information utilisation (Nawaz, Thompson, &
Ananiadou, 2013; Thompson, Nawaz, McNaught, & Ananiadou, 2017;
Batista-Navarro et al., 2013; Nawaz, Thompson, McNaught, &
Ananiadou, 2010; Romero & Molina, 2011; Shao, 2019; Thompson
et al., 2013). Successful collaboration involves organisations taking on
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whole new areas of operation, ready-made for an organisation, which
leads to the need to optimise the decision-making processes (EN/ISO
19439, 2003; Rahimi, Mgller, & Hvam, 2016). Successful information-
sharing also helps its stakeholders to respond to the changes (Kaye,
2003; Moon, Choi, & Armstrong, 2018). Moreover, it improves the or-
ganisation’s agility by giving it the flexibility to quickly adapt its in-
formation systems to accommodate growth and meet the business
challenges that arise.

In this collaborative context, interoperability has become a pre-
requisite in the jigsaw of such collaboration. By definition, it is entities’
ability to work together as an organisation. This spans a wide range of
aspects, embracing both technical and business issues. Over the past
decade, both the concept and the context of interoperability have been
extended from a largely IT-focused to a business-focused domain, and
its evaluation has become a growing concern. An increasing number of
studies have concentrated on not just digital but business aspects of
human behaviour in the social environment. To study the effectiveness
of information-sharing among digital systems and business processes in
responding to changes in market demand and technological innovation,
LaVean (1980) introduced the concept of interoperability to measure
the efficiency and productivity of information systems integration.
Since then, more than twenty approaches have been created to evaluate
interoperability, but this has raised a research question — what are the
limitations of existing frameworks for the evaluation of interoper-
ability?

To answer this question, our previous work, representing the first
phase of this study (Liu, Li, Liu, & Han, 2013), conducted a comparative
review of existing interoperability evaluation approaches from six
perspectives (physical, empirical, syntactic, semantic, pragmatic and
social). The results reveal that most do not fully address interoperability
issues at the pragmatic level, at which an organisation’s business pro-
cesses, policies, behaviour and culture are considered.

Consequently, in the second phrase of this study we proposed the
concept of semiotic interoperability (Li, Liu, & Liu, 2013), which as-
sesses interoperability from all six perspectives. We applied the
semiotic interoperability in Healthcare Information Systems (HIS) (Liu,
Li, & Liu, 2014) for proof of concept. In dealing with the interoper-
ability issues at the pragmatic and social levels, as a guide to the as-
sessment of interoperability we used organisation morphology (Liu,
2000), rooted in organisational semiotics, from other three perspec-
tives: formal, informal and technical. The second research question at
this stage was to establish the feasibility of evaluating semiotic inter-
operability among business processes from these three perspectives. To
answer this question, a feasibility study was conducted in a hospital to
prove our hypothesis and the results were used to develop a metrics for
the measurement of interoperability.

The third phrase of the study examines the practicality of the me-
trics developed, and we propose a framework named the SIEF (Semiotic
Interoperability Evaluation Framework) with a group of metrics for
measuring interoperability from the semiotics perspective, applying the
SIEF in a case study to validate its practicability.

This article is structured as follows: Section 2 presents the back-
ground and theoretical foundation of the concept of semiotic inter-
operability. Section 3 discusses the research methods adopted by this
study. Section 4 presents the findings of the feasibility study for the
evaluation of interoperability among business processes. The findings
indicate that interoperability evaluation among business processes can
take place on three layers: the technical, the formal and the informal.
The findings also identify the barriers to this evaluation, and the list is
used as input in developing a metrics for the SIEF, as presented in
Section 5. Section 6 elaborates on the detailed metrics of the SIEF and
gives measurements of the interoperability among business processes.
Section 7 applies the SIEF in a case study, followed by analysis of the
evaluation results. Section 8 critically discusses the case study from
perspectives such as feasibility, applicability, consistency, accuracy and
clarity. Both theoretical and practical contributions are emphasised,

and the study’s limitations and directions for future research are de-
tailed in section 9.

2. Background

Interoperability is the ability of the entities of an organisation to
work together, and it covers aspects ranging from technical to business
concerns. Over the past decade, the interoperability concept and its
context have changed rapidly. It has been extended from a largely IT-
focused area to a business-focused issue (Froger, Bénaben, Truptil, &
Boissel-Dallier, 2019; Skrinjar & Trkman, 2013). Interoperability
among information systems ensures that they can interact and thus
achieve a shared objective (Dutot, Bergeron, & Raymond, 2014; Hu,
Chang, & Hsu, 2017). The evaluation of interoperability is a growing
concern in various research domains, and much research has con-
tributed to this area. Many researchers have developed frameworks for
the evaluation of interoperability, and our previous work (Liu, Li, & Liu,
2015; Liu et al., 2013, 2018) conducted a detailed comparative review
of the existing approaches from six perspectives (physical, empirical,
syntactic, semantic, pragmatic and social). The results reveal that most
do not fully address the interoperability issues at the pragmatic level, at
which an organisation’s business processes, policies, behaviour and
culture are considered. Therefore, we have proposed the concept of
semiotic interoperability (Li et al., 2013), which assesses interoper-
ability from all six perspectives.

2.1. Definition of semiotic interoperability

The concept of semiotic interoperability is based on the semiotic
framework (Liu, 2000). This stems from organisation semiotics, which
is a branch of the study of semiotics, and it provides both a sound
theoretical foundation for understanding of the nature of the commu-
nication and a holistic view of the signs, information, systems and or-
ganisations involved (Stamper, 1973). Semiotic interoperability sup-
ports collaboration among business processes through understanding
the intentions and social consequences. Table 1 describes the concept
and its functional context at six constituent levels.

Physical interoperability enables seamless communication between
the sender and receiver of a physical token that is transmitted via a
route to the destination with no loss of physical properties. Empirical
interoperability enables the receiver to reconstitute the same content,
irrespective of any problems at the physical level. Syntactic interoper-
ability indicates whether data structures and file formats are readable at
both ends of the communication, so that information, language or
formulae can be recognised by various collaborative information sys-
tems. Semantic interoperability ensures that the same meaning of the
content is exchanged among the information systems. Specifically, this
semantic interoperability not only entails the data being universally
accessible and reusable but addresses the lack of common under-
standing caused by use of different semantic representations, such as
dissimilar contexts or syntax-dependent approaches (Leal, Guédria,
Panetto, & Proper, 2017). Pragmatic interoperability ensures that the
business processes supported by the information systems in each in-
dividual context can be aggregated to achieve the overall intended
purpose. It permits the alignment of business workflows, processes and
rules.

Finally, social interoperability aligns the social aspects, such as
culture, norms, environment and actors’ behaviour patterns, to solve
any conflicts of cohesiveness. Moreover, it ensures that the sender’s
intention or purpose leads to a social consequence for the receiver,
which may be a social commitment, obligation or norm (Li et al., 2013).
Social interoperability also ensures that these social consequences
support the business strategy, vision, objectives and business environ-
ment (Saturno, Ramos, Polato, Deschamps, & Freitas Rocha Loures,
2017). There are various sub-areas under this topic, such as the align-
ment of traditions, policies, culture, ethics, management style and



Table 1
Semiotic interoperability.

Definition

Functional context and relevant method

Social level

Pragmatic level
aggregated to achieve the overall intended purpose

Semantic level
information sharing among digital systems

Syntactic level
transmission

Empirical level

Physical level Connectivity between networks and hardware and devices

The resultant interoperable digital systems should be coherent with the social commitments,
obligations and norms in the organisation and support its strategy, vision and objectives

Business processes supported by the digital systems in their individual contexts can be

Ability of interpreting and converting information into equivalent meaning to allow

Consistency between data formats, structures and programming languages supporting data

Compatibility between channels and protocols supporting data transmission

® Alignment in traditions

® Alignment in policies

® Alignment in culture

® Alignment in ethics

® Alignment in management style

® Alignment in environment, etc.

Process reengineering

Process alignment

Rules modelling

Knowledge sharing & knowledge repositories
Business strategy alignment, etc.

Semantic data representation

Data standardisation

Schema matching

Ontology mapping

Semantic matching, etc.

Data warehousing

Data integration, e.g. ETL (Extract, Transform and Load),
EDI (Electronic data interchange)
Communication systems

Messaging systems

Infrastructure standardisation

EA (technology layer) and ITIL (Information Technology
Infrastructure Library)

environment (Barbarito et al., 2012; Boonstra, Broekhuis, Offenbeek
Van, & Wortmann, 2011; Gregory, Dixon, & Ham, 2012; Liu, Li, & Liu,
2014). These cannot represent all the concerns and issues that social
interoperability encompasses, because the topic is still under in-
vestigation and development.

2.2. Evaluating the interoperability among business processes

By comparatively analysing existing interoperability evaluation
approaches, as mentioned, it has been established that most tackle in-
teroperability issues only at the semantic, syntactic, empirical and
physical levels; very few concentrate on evaluating it at the pragmatic
and social levels (Liu et al., 2018). According to the definition of
semiotic interoperability, pragmatic interoperability ensures that the
business processes supported by information systems in individual
contexts can be aggregated to achieve an overall intended purpose.
Therefore, to evaluate semiotic interoperability at the pragmatic and
social levels, as a guide to the assessment of interoperability we use
organisation morphology (Liu, 2000), which is rooted in organisational
semiotics, from three further perspectives: formal, informal and tech-
nical. As discussed previously, an organisation can be seen as an in-
formation system, because information is created and processed for the
communication, coordination and achievement of an organisation’s
strategic goals (Liu, 2005). From an organisational perspective, in-
formation systems are defined by the cultural and legal norms that
regulate people’s behaviour (Liu, 2000). Thus, the definition of orga-
nisation is extended to a wider sense, such as a group of people, a so-
ciety or a culture. An organisation does not only share languages,
customs and habits but participates in the social construction of its own
rules. In summary, an organisation may be regarded as an informal
information system in which meanings are established, intentions un-
derstood, beliefs formed, commitments made and responsibilities ne-
gotiated through decisions on physical actions. The organisation

Table 2
Three layers for evaluating the interoperability among business processes.

morphology categorises these meanings, intentions, beliefs, commit-
ments and responsibilities into three layers: the formal, the informal
and the technical.

Business processes, on the formal layer, play a dominant role that
drives business activity and operation, directly affecting business per-
formance. However, studies of information systems have never treated
them as sets of separate components but instead regarded them each as
a whole, thus these business processes cannot be treated in isolation
from aspects on the other two layers: the informal and the technical
(Palmer, Urwin, & Niknejad, 2018). Thus, the business process also
requires support from both these layers. According to Li’s (2010) defi-
nition, a business process is a set of the activities that occur in a co-
ordinated manner in pursuit of a single common goal. Looking at an
entire information system, the activities are dynamic in nature yet have
static aspects. The dynamic aspects include culture, norms and various
behaviour patterns, while the static aspects include the technical sys-
tem’s capacity, data structure, data transmission, connections, and so
on. Therefore, to evaluate the semiotic interoperability among business
processes is to evaluate the interoperability on the formal, the informal
and the technical layers. Table 2 describes the key aspects of each layer.

The informal layer consists of factors such as policy, social norms,
community and culture. These factors can be expanded to various be-
haviour patterns. Interoperability on this layer depends on the co-
herence of each factor and the resolution of potential conflict that af-
fects the collaborative strategy. On the formal layer, the business
process plays dominant role and determines the functions and tasks.
Interoperability at this layer depends on the alignment of procedures
and rules to enhance the effectiveness and efficiency of the functions
and tasks. It can be used to define the business goals, to model the
business processes and ultimately to bring about collaboration by ad-
ministrations that aim to exchange information among the various in-
ternal structures and processes. The technical layer mostly concerns
technical computer systems and the implementation of their services,

Informal layer

Community, social norm, people, policy, culture, ethics, environment, alliances, etc.

Formal layer
Technical layer

Organisational strategy/vision, business governance, domain analysis, organisational roles, functional profile, rules, procedures, management, etc.
Data semantics, information infrastructure, information model, schema, script, interface, platform, deployment model, resources, products, etc.




Table 3
Summary of feasibility study interviews.

Sector Sample Years of experience

3-5 6-10 11-15 16-20 20+
Industry 22 7 11 2 1 1
Hospital 9 3 2 1 1 2
Total 31 10 13 3 2 3

integration and functions. Interoperability at this layer depends on the
alignment of technical functions and interfaces to ensure that, to
achieve higher system productivity, this implementation has been
performed properly.

Organisational morphology theory evaluates the interoperability
among business processes on the three layers and is the foundation of
the framework: the SIEF. It was necessary to investigate its feasibility
before proposing the details of the SIEF. To do so, several cases of in-
teroperability evaluation in industry were investigated. The findings of
the feasibility study identified concerns and barriers on all the three
layers, and these contribute to the SIEF’s metrics.

3. Method

The essence of this study is that evaluating interoperability enables
information-sharing among business processes, within which the
meanings, boundaries and properties become understood. Studies of
social meaning provide a better understanding of subjectivity with an
epistemological stance than the objectivity adopted by the positivist
and postpositivist paradigms (Liu, 2000). This study’s research method
has an underlying framework based on both prior theory and the results
of a feasibility study, and it uses case study to test the constructs on
which the framework was developed. As one of the most common
qualitative methods in IS research, the case-study approach was chosen
for its scope for intensive and in-depth analysis. One of its important
advantages is the richness of the data collected, which renders them
highly useful to the researcher to gain an understanding of complex
phenomena (Yin, 2003.

The SIEF proposed in this article is a method for the assessment of
interoperability among business processes. The Design Science
Research guidelines were adopted, as these focus on developing arte-
facts with the explicit intention of improving performance (Hevner,
March, Park, & Ram, 2004) and have been widely used for the eva-
luation of research projects. Moreover, Design Science is characterised
by setting research goals, developing fundamental constructs for arti-
facts and carrying out an effective evaluation of the outcomes in line
with its goals and validity (Venable, 2006).

This research used one case study to undertake a feasibility study
before developing the SIEF, and one case study to evaluate the SIEF.
The method adopted, developed by Seawright and Gerring (2008),
matches the study’s goal, case size and overall research design. Ap-
propriate interviewees were selected on criteria such as their work
experience and its technical relevance.

3.1. Conducting the feasibility study

The feasibility study was conducted by interviewing 31 experts in
China at a healthcare software company and at the hospital for which it
provides solutions. The company currently runs an integration project
to share information between Electronic Health Records (EHR),
Radiology Information Systems (RIS) and Picture Archiving and
Communication Systems (PACS). At the hospital, the Radiology
Department provides diagnostic and interventional radiology for in-
patients, outpatients and general practitioner referrals. Various
healthcare services, such as computed tomography (CT), X-ray and
radiography (CR), produce a large amount of data on healthcare

delivery and clinical processes. Relevant employees of the company and
clinicians at the hospital were selected for interview.

The goal of the feasibility study was to investigate the grounds for
proposing the SIEF, selecting appropriate cases following the guidelines
developed by Seawright and Gerring (2008). The case is a medium-
sized enterprise, which equates to approximately 200 employees
working on various healthcare projects. This project involved 22 staff
members at the company and nine clinicians at the hospital.

A screening process to select appropriate interviewees imposed
several criteria. First was work experience: successful participants had
to have more than three years of experience relating to software and
systems development; if a clinician, they had to have this length of
experience in directly using such information systems. Second was
technical relevance: successful participants from the software company
had to have been directly involved in the development of the project.
Supporting roles were not accepted. The clinicians were treated as users
of the software.

Following the imposition of these two criteria, 31 semi-structured
interviews were conducted (as summarised in Table 3) on a one-to-one
basis and lasting 20 —30 min. All the interviews were audio recorded
and later transcribed and rendered anonymous. The results are sum-
marised in categories and presented in the following sections (Table 4).

Overall, 22 participants from industry were interviewed: seven at
junior-manager level; 11 at senior-manager level (e.g. senior system
architect, project manager); and four at executive level (e.g. CEO, CTO,
director of software design or director of service delivery). Nine parti-
cipants from the hospital were interviewed: four physicians; three
radiology technicians; one IT manager with 11 years’ experience; and
one medical administration manager. The open interviews basically
asked what concerns and barriers should not be ignored when assessing
interoperability on three layers: the technical, the formal and the in-
formal. The key results from the interview are given in Section 4.

The findings from the feasibility study were used to develop the
SIEF’s interoperability evaluation metrics.

3.2. Conducting the case study

To validate the SIEF, a case study was conducted through inter-
views, a questionnaire and observations at a healthcare solution pro-
vider. To select an appropriate case, we agreed that the goal was to
apply the SIEF to a healthcare company to evaluate the interoperability
of its business processes. The case was again a medium-sized company,
with approximately 150 employees spread between several depart-
ments. The study was carried out in the six departments mentioned in
the case-study background.

To select appropriate interviewees, a screening process imposed
several criteria. First was work experience: successful participants had
to have had more than three years of experience. Second was technical
relevance: successful participants had to have been directly involved in
the development of the product. Supporting roles were not accepted.
Details of the interviewees are summarised in Tables 6 and 7, by ex-
perience and position, respectively.

Table 4
Summary of case study interviewees, by experience.

Sector Sample  Years of experience
3-5 6-10 11-15 16-20 20+

Design & Test Management 8 4 2 1 1 0
System Management 10 5 2 0 3 0
Product Management 16 7 2 4 2 1
Account Management 5 2 2 1 0 0
Supply Management 10 4 2 2 1 1
Service Management 4 2 1 1 0 0
Total 53 24 11 9 7 2




Applying the two criteria, 53 semi-structured interviews were con-
ducted on a one-to-one basis, lasting 30 —40 min. All the interviews
were audio recorded and later transcribed and rendered anonymous.

The timeline for collecting the data was as follows:

e Stage 1 - select appropriate case and derive questions from the SIEF
(8 weeks)

e Stage 2 — choose participants for interview (7 weeks)

e Stage 3 — conduct interviews (14 weeks)

e Stage 4 — analyse results (10 weeks).

Some 53 participants from various departments completed the
structured questionnaire. Some lacked the necessary knowledge of a
particular assessment metric, thus were unable to answer the corre-
sponding question, but overall they had to skip only approximately 5%
of the survey questions.

It was important to evaluate the rigour involved in the application
of the SIEF. An evaluation method developed by Lincoln and Guba
(1985) was adopted, the criteria of which are: 1) clarity, to ensure that
the language used to communicate is efficient and adequate for the
audience; 2) accuracy, to ensure that there are no errors, so the results
of the user actions correspond to their goals; and 3) effectiveness of the
case study (Nielsen, 1994). The results of the evaluation are discussed
in Section 8.

4. Findings of the feasibility study

Through analysing the results of the feasibility study, we were able
to identify the barriers that concerned most of the interviewees. They
are summarised at three levels (informal, formal and technical) and are
listed in Table 6, with details of each barrier.

The technical level is fundamental to the exchange of data among
business processes. For example, in a healthcare environment the
technical level is concerned with understanding the technical func-
tionality to support communication among the various information
systems. Especially from a project management perspective, both data
and service integration should already have been successfully im-
plemented. This is to ensure that the source and target data formats are
consistent, the services for connecting processes are articulated and that
there is a robust network infrastructure. To achieve the technical level,
agreement is required on a core set of technical concepts, for instance
the technical devices, the interactions between them, the interfaces and
the technical services. Furthermore, the business semantics and any
ambiguous terminologies used across departments should be clarified,
and this involves eliminating all semantic conflict, such as variations in
meaning in information resources. As many studies have addressed
these issues already, the evaluation of interoperability at a technical
level is not the focus of this article.

To assess interoperability at the formal level, the exchange of in-
formation among technical systems is not the only concern: more de-
cisive is knowledge of the context within each system or process. As one
IT project manager in the interview stated:

It is important to articulate the requirement for context awareness
that process representation begins. The context of the target system
should also be made available to the origin system. Key questions
such as what process will first operate on the information at the
target system once it receives it should be concerned...

By understanding this context, a system architect is able to com-
prehend the pragmatic interoperability and can meet the requirements
of process integration. To define the context, one manager in the lo-
gistics department stated:

the context is about internal workings of the process, in other words,
the initialization state, the end state, the nature of data transfor-
mations, and details about the timing of the process are all

considered, so that the receiving process can make better use of
information it receives.

This information is in context, and it also reveals the dynamic
nature of the originating system to the receiving system, which now has
specific information about this context. Therefore, to avoid potential
conflict, knowledge of the context of both collaborative processes
should be completely interpreted. Besides context awareness, it is ne-
cessary for the organisational structure to be consistent to ensure that
operations are aligned at all levels, especially the strategic level. Other
constraints at the formal level, such as underperformance and un-
anticipated costs, have a minor impact on interoperability and can be
resolved by a more efficient management system.

Interoperability at the informal level rests on the alignment of un-
derstandings of the regulatory and legislative healthcare environment
in which particular processes to support healthcare delivery take place.
It requires agreement on all key concepts, such as policies, regulations
and processes, so that the interoperability can capture relevant patterns
for governance, compliance and change management. Sharing the in-
tended purpose is the key criterion of interoperability. This supports the
perception of intangibles, such as personal beliefs and tacit ground rules
in the working environment, to permit collaboration among business
processes. In a collaborative context, any failure to share the purpose
may result in considerable conflict of coherence. There are several
potential issues, such as restrictions on staff behaviour, privacy and
security concerns. In some countries patient information is strictly
protected by healthcare organisations, and the feasibility study re-
vealed that many staff are unwilling to share information across de-
partments. This reluctance to be open is influenced by management
style, and some department managers indeed encourage collaborative
initiatives and facilitate workshops and fora for the exchange of in-
sights. These managers suggest that healthcare organisations should
devise policies to formalise such collaborative initiatives, setting out
internal control processes, workflows and communication patterns that
help to cut across political boundaries between departments. However,
the majority of junior staff members object to this suggestion, as they
question whether the integrated working processes might restrict their
behaviour and double their workload. In addition, although they were
unwilling to elaborate, many interviewees stated that culture and
ethical issues have an impact on the appropriateness of taking action on
healthcare service delivery. 5 The Semiotic Interoperability Evaluation
Framework

Based on the findings of the feasibility study, the SIEF was devel-
oped with a set of supporting metrics derived from the barriers that
were identified (Table 5). The framework groups metrics into three
categories, but there are no explicit boundaries between the three as we
do not treat interoperability assessment as at separate levels but regard
them as a whole, in the same way as we see information systems. All
three levels of the SIEF are concerned with the pragmatic and social
levels of the semiotic framework. If there must be boundaries, then the
two groups of technical and formal metrics and that of the informal
metrics could match the pragmatic and social levels, respectively, with
overlapping metrics. A detailed explanation of each metrics is provided

Table 5

Summary of case study interviewees, by position.
Sector Sample Position

Junior Senior Director

Design & Test Management 8 3 3 2
System Management 10 4 5 1
Product Management 16 7 6 3
Account Management 5 2 2 0
Supply Management 10 5 3 2
Service Management 4 3 1 0
Total 53 24 20 8




Table 6

Barriers at informal, formal, and technical layer.

Level Barrier

Detail

Informal level

Cultural issue

Ethical issue

Behavioural factor
Management style

Policy and procedure
Restriction on staff behaviour
Privacy and security

Formal level

Organisational structure

Harmonised strategy
Performance constraints

Cost constraints

Data source interoperability
Context awareness

Varieties of purchased systems

Technical level

Semantic heterogeneity

Ontological structure

Business semantics

Ambiguous terminology
Implementation of data integration
Implementation of service integration

Tacit knowledge has not been explicitly stated and shared

Appropriateness of taking actions on healthcare service delivery

Willingness to be open and to share

Leadership style influencing the degree of willingness of collaboration

Internal control process, workflow, staff relationships, communication patterns, cut across political boundaries, etc.
Staff’s fear on integrated working process as restriction that might control their behaviour

Sensitive information of patient to be protected by law

Centralised, decentralised, hierarchical, matrix, networked, etc.

Aligned operations to be applicable on the strategic level

Fewer investment but more effective collaboration

Unexpected budget

Multiple data sources used for supporting process

Knowledge of context of both collaborative parties/processes

Purchased systems from various venders with low capability

Refers to the variation of semantic meaning in information resources which will lead to the semantic conflict and
complication for data integration

Approaches that employ ontologies for information systems

Defining ontology and semantic conversion

Differences in the use of terms across departments

Defining source and target data format; data transformation and mapping; deploy on execution infrastructure
Services for connecting processes and message exchange

Table 7

The Semiotic Interoperability Evaluation Framework (the SIEF).

Technical metric

Formal metric
(performance measure)

Informal metric
(indicator)

Modelling business
document
High-level model

Components model

Implementation of data
integration

Source and target data
format definition

Data mapping and
transformation

Implementation of service
integration

Deployment on execution
infrastructure

Services for connecting
processes

Services for message
exchange

Business semantics

Ontological definition
Semantic conversion

Business strategy

Clarity in strategic goals
Formal commitment to
prevent termination or
premature collaboration
Backup strategic plan
Management of external
relationships

Partner selection

Partner assessment
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in Appendix II (in Supplementary material).

To evaluate the interoperability between two business processes,
the SIEF will assess each metric at all three levels, ensuring that their
technical metrics are matched, their performance measures are in ac-
cordance and their informal indicators are in line. Fig. 1 illustrates how
the interoperability evaluation is conducted, showing the breakdown
between the two business processes.

The interoperability between Process A and Process B is the sum of
the interoperability at each of the three levels, and it can be presented
as Eq. 1:

I(Pa:Pb) = ITe(Pa,Pb) + IFO(Pa:Pb) +IIn(Pa:Pb) (1)

where
I (P,,Py): Interoperability between two processes, A and B;

I1e(P,,Pp): Interoperability at the technical level;

Iro(Pa,Pp): Interoperability at the formal level;

I1n(P,,Pp): Interoperability at the informal level.

At the informal level, the metrics are termed indicators, which
means the indicators of Process A such as its management style, re-
ligion, appropriateness of taking actions, employee motivation and
employee honesty, and that these should be in line with the indicators
of Process B. At the formal level, the metrics are termed performance
measures, which are the measures of Process A such as its clarity in
business strategy, backup strategic plan, management of external re-
lationships and clarity in responsibility, and these measures should be
in accordance with the performance measures of Process B. At the
technical level, the metrics of Process A such as its design of services, its
model of business document and its implementation of data/service
integration should match the metrics of Process B.

The metrics presented above are used as the foundation for the
evaluation of interoperability among business processes. To assess all
the metrics, they were transformed into a questionnaire. The solutions/
methods/tools to address each metric were the key criteria for whether
the concern of the metric was addressed or not. For example, in mea-
suring the metrics of business semantics, the technology OWL-S and
similar technologies were used to check whether the organisation had
implemented such technologies to deal with the concern. More details
of measuring and scoring method are presented in the following sec-
tion.

5. Measuring the interoperability among business processes

To measure the interoperability of the metrics, each was trans-
formed into a questionnaire and the solutions/methods/tools to address
it became the key criteria for whether its concern had been addressed or
not. Each was allocated a score from 1 (strongly disagree) to 5 (strongly
agree), and a pondering coefficient a; € [0, 1], which determines the
importance of its effect. For example, to measure High-level model of
business document, participants were asked to rate the use of tools and
solutions (e.g. Maestro, XML Editing Tools) for modelling a high level of
business documents to help to gain a better understanding of solving
interoperability issues during collaboration. If these tools and solutions
mentioned were not used by the participant yet there were alternatives,
the participant was to give details of these tools and rate them ac-
cordingly. The participant’s response to the question (1-5) is the as-
sessment score TS; € [0, 4], with a corresponding pondering coefficient of
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Fig. 1. Evaluation of semiotic interoperability.

the metric. The standard deviation (Std) is given to identify the varia-
tion in responses to each single metric.

By applying the single-metric assessment method to interoperability
Eq. 1, the result of interoperability assessment between Process A and
Process B, I(P,,P},) is the combination of the scores of interoperability at
the technical, Ite(P,,Py), formal, Iz,(P,,Py) and the informal levels, Ij,
(P,,Py), as illustrated by Eq. 2:

1 P.Py)= IV arts, + Y% 6Fs; + X100 g*Ms; | o, 8, By € [0,

i=1 i=1

11; TS;, FS;, MS; € [0, 4] @

where

I (P,,Py): Overall interoperability score between business processes
A and B

Ite, Iro, In: Interoperability at the technical, formal and informal
levels, respectively

ay, 8;, Bi: pondering coefficient at the technical, formal and informal
levels, respectively

TS;, FS;, MS;: Assessment score at the technical, formal and informal
levels, respectively

n(T), n(F), n(M): Number of metrics at the technical, formal and
informal levels, respectively.

The use of a questionnaire to assess interoperability has been widely
adopted by researchers. Cornu, Chapurlat, Quiot, and Irigoin (2012))
propose one at highly technical level for the assessment of interoper-
ability among organisational units, while Palomares, Campos, and
Palomero (2010)) method for developing a questionnaire to assess in-
teroperability emphasises several domains. The LISI (Level of In-
formation Systems Interoperability), one of the few studies to use the
concept of interoperability, employs a questionnaire but only at the
level of data connection. Rather than other interoperability evaluation
approaches, the sector tends to have accepted the questionnaire due to
its simplicity and researchers’ experience in using it. Besides, the SIEF
can construct groups of questions to focus on separate domains, making
it possible to optimise the performance of its analysis, especially in
coping with future change.

6. SIEF case study: evaluating the interoperability among business
processes

The case study was conducted through interviews, a questionnaire
and observations at a medium-sized healthcare solution provider. It
focused on instant communication among care staff members via voice,
video and text messages through the hospital’s communication system,
which is integrated with its electronic health records, alarms and nurse-
call systems. The entire design and production process had taken nearly
18 months and represented a tremendous effort to collaborate with all
the teams and departments, and the product had been released recently.

The case-study participant observation was carried out during the
product development process, and two business processes (i.e. new

product development (NPD) and deliver to order (DTO)) were ex-
amined to assess the interoperability between them. Stakeholders (e.g.
project managers and engineers) participated in both interviews and
the questionnaire.

The NPD process involved three departments: Design & Test
Management; System Management; and Product Management. First,
the Product Management team defined the business and product needs,
then passed the results to the System Management team to specify the
product. Meanwhile, the Product Management team had estimated the
market offer for the product and discussed it with another department —
Account Management — that had not yet been involved in the NPD
process. Once the specification of the product had been confirmed, the
Design & Test Management team took over the product design and
verification. The completed product design was sent back to the
Product Development Management team for deployment after manu-
facture in a subcontracted factory. The product was released when
confirmation had been received from the other business process, DTO.

The DTO process involved three departments: Account
Management; Supply Management; and Service Management. The
Account Management team was in charge of creating the business ac-
count and forecasting sales for the product’s business evaluation. The
Supply Management team focused on logistics management, while the
Service Management team implemented solutions and provided service
support for logistics.

Fig. 2 illustrates the two business processes, including the depart-
ments involved.

The results of the assessment (score) for interoperability between
the NPD and the DTO processes are summarised at three levels, and
detailed results are presented in Appendix I (in Supplementary mate-
rial). The interviewees were asked questions derived from the metrics.
They allocated each a score from 1 (strongly disagree) to 5 (strongly
agree), according to how well the corresponding solution or tools had
been used to improve the interoperability. In addition, the participants
allocated a pondering coefficient a; € [0, 1] to each metric. The standard
deviation (Std) identifies the variation in response to each single metric.
Tables 8-10 in Appendix I (in Supplementary material) give the inter-
operability score for each metric at the technical, formal and informal
levels.

In summary, the overall interoperability scores at the three levels
are:

Technical level: It (P,, Py) = El":(? a*TS; = 28.99

Formal level: I, (P,, Py) = Y1 8#FS; = 39.21

Informal level: Iy, (P,, Py) = Z?:(T) B*MS; = 13.13
The interoperability scores from the NPD process perspectives are:
Technical level: Iy, (P,, Py) = Y0 a*TS; = 32.41
Formal level: I, (P,, Py) = Y% 8FS; = 39.89
Informal level: I, (P,, Py) = Z?ﬂ’” B*MS; = 14.42
The interoperability scores from the DTO process perspectives are:
Technical level: It (P,, Pp) = Zflm a;*TS; = 26.51

i=1
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Formal level: Iz, (Py, Pp) = Zl":(? 8;*FS; = 38.71

Informal level: I, (Po, Py) = Y00 B*MS; = 12.03

The case study shows that there is no doubt that companies are
becoming more ICT interconnected and dependent on each other. The
technical element is no longer the only decisive element for inter-
operability assessment among business processes. Other elements, such
as metrics at formal level (the management of external relationships,
business semantics and intellectual property rights (IPR) policy), should
also be considered. Semantics is a well-known challenge in interoper-
ability that researchers have been attempting to overcome for decades.
While semantics is more related to ease of information processing, the
security of protected information and IPR is increasingly a social issue,
particularly in design-valued businesses, and represents a serious hin-
drance to the attainment of higher levels of interoperability. The in-
terpretation of the measured metrics is difficult, as it partly depends on
the type, complexity and scope of organisational functions, operations
and processes. Some experts are in consensus over the measures, but
others have differing views. We can observe this in the value of the
standard deviation. In order to analyse the data more objectively, we
present the results from two perspectives (NPD and DTO). Looking at
the results separately in this way, the difference in results for some
metrics is significant. Figs. 3, 4 and 5 present comparisons of the as-
sessment results at the technical, formal and informal levels.

At the technical level, the NPD participants scored every metric
higher than the DTO participants. The differences in response to se-
mantic conversion, data format consistency, service definition and in-
terface are quite significant. Semantics addresses the issue of defining a
common terminology for the information to be exchanged among the

Tro (Pa, Pb) = S5 5, « FS
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n two business processes.

business processes. According to the results, although standardisation
initiatives produce data dictionaries and information models, in this
case a comparable level of shared semantics is still lacking. From the
NPD perspective, the focus is on the terminology and meaning of the
information to be exchanged as well as on the data structure to be
implemented in the systems.

Since the NPD process involves the Design & Test, Systems
Management, and Product Management departments, more IT archi-
tects, engineers and experts are involved in defining a common on-
tology. However, the DTO process includes the Account Management,
Supply Management and Service Management departments, in which a
shared database has not been fully implemented. Moreover, the system
used by the Service Management department is provided by another
supplier, independent from the rest. Unlike the significant difference in
metrics, for instance the semantics and the data integration im-
plementation, the assessment results of the high-level model and the
components models are very similar. Both models contain business
documents, forming the basis of the data and service integration. In this
case study, IT architects created the models with tools for service spe-
cification (XMLSpy) and XML editing tools for mapping business
documents, and these were applied in all departments.

The assessment results at the technical level provided the project
manager only with oversight that the necessary technical tools were
employed to support the collaboration. However, at the formal and
informal levels, the assessment results are able to indicate the effec-
tiveness of the collaboration.

From the NPD perspective, the assessment scores are higher for the
metrics of Business Strategy, Business Process Management and IPR
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Fig. 3. Comparison of results of interoperability assessment at the technical level.

Management. The stakeholders in the NPD process were quite clear
about their strategy goals for business strategy, especially regarding the
product’s functions, competitive advantages and provided services.
However, while the stakeholders in the DTO process did not know the
details of the product, they were familiar with the supplements to the
product development, for instance the estimated cost and component
supply. Both provided backup plans for preventing failure in product
development and supply management, but had not committed to each
other to prevent termination of the collaboration. In IPR management,
from the NPD perspective the assessment results of IPR protection,
solving conflict and establishing potential IPR were slightly higher, as
these are deeply concerned with the product development perspective
to avoid the potential risk of infringement.

By contrast, the DTO process concentrates on the Management of
External Relationships, including partner selection and assessment and
conflict resolution, yet the results show that the NPD stakeholders are

not quite satisfied with the partners selected. As stated by one of the
product managers:

We sometimes face the problem that some components provided by
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our supplier do not 100 % fit our requirements, and more frustrat-
ingly, we cannot identify the problem such as incompatibility,
components breakdown until we have embedded them in, which
may be caused by inexplicit specification we requested, and more
importantly, the quality of the components. I admit this is some-
times due to the lack of proper communication between our en-
gineers and supply management department, but I believe this could
be certainly avoided if the partner assessment procedure is im-
proved...

Furthermore, an interesting point is that the assessment score for
process visibility is significantly lower than that of the others. This is
not just the assessment score: the pondering coefficient is also very low,
because most participants do not think that their own workflow and
procedures need to be visible to others. The assessment score is slightly
better from the NPD perspective, as the departments involved require
closer cooperation to achieve product development. For example, par-
ticipants from System Management and Design & Test Management
scored a higher pondering coefficient, indicating that they would like to
make their workflow transparent to each other.
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Fig. 4. Comparison of results of the interoperability assessment at the formal level.
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Collaboration among business processes yields a change in man-
agement, and it is important to align the working culture in a colla-
borative environment when dealing with issues such as failure toler-
ance, resistance to change, adaptations to the management style and
openness in dealing with potential or specific problems (Zutshi, Grilo, &
Jardim-Goncalves, 2012). By looking at the comparison of results, it
seems that from the NPD perspective there should be a better method to
resolve employees’ fear that their behaviour is controlled by others.
Further, NPD participants seem to be more adaptable to the change in
management style. The differences in tradition, culture and religion are
not significant, as the case study was conducted in China, where em-
ployees do not feel strongly the cultural differences in the workplace
and the range of religions does not much affect the working environ-
ment, mainly. One interesting point is that stakeholders in the NPD
process believe that an employee’s honesty is important to collabora-
tion, because in the technology-based product development sector,
where rapid innovation takes place, product information is highly
sensitive for all the stakeholders. Information security is highly reliant
on employee honesty, besides non-disclosure agreements. As stated by a
product manager:

the competition in this industry is fierce, the threshold for entering
this market becomes lower and lower, and there is an increasing
number of companies joining and developing similar products every
single month. From the functionality perspective, we no longer have
competitive advantages as other products can do exactly what we
do.

Thus, our emphasis has been moving towards improving user ex-
perience, on one hand, and service innovation on the other. That is
where employees’ honesty should be concerned, and we appreciate
that if sensitive information is not even shared within depart-
ments....

Moreover, looking at the standard of deviation for employee moti-
vation and resistance to change, both were allocated quite a high
pondering coefficient by NPD participants. This is because, as stated by
a project manager, ‘the product innovation is the core drive...” and
‘motivating the teams involved in new product development has been
our focus all the time...’.

7. Discussion

An interoperability evaluation framework should be able to define
the technical standards, organisation policies, behaviour patterns and

information specifications. These support interconnection and ex-
change among separate business processes and allow systems to work
together (Koens & Poll, 2019). An interoperability evaluation frame-
work should also provide the shared vision and strategies for co-
ordinating changes in order to support complex interactions among
business processes (Bouloukakis, Georgantas, Ntumba, & Issarny,
2019). An appropriate interoperability evaluation guide, together with
engagement with all metrics, is critical to success.

Our previous state-of-the-art analysis of existing interoperability
evaluation frameworks revealed that most approaches do not fully ad-
dress interoperability issues at the pragmatic level, which considers an
organisation’s business processes, policies, behaviour and culture.
Hence, the SIEF was developed to assess interoperability at all levels, as
research efforts have usually developed guidelines and standards for
just the technical, syntactic and semantic levels (Hu et al., 2017). The
case study conducted was based on both open-ended interviews with
the organisation’s top management and the advice of experts in the
domains of interoperability, systems integration and process alignment.
Data collected from various sources were analysed through expert in-
terviews and discussions and the interpretation of a semi-structured
survey.

7.1. Recommendations

In terms of the applicability of the SIEF, including its metrics, one
issue concerns the entire evaluation process: the cost constraints. As
both the interview and the questionnaire were relevant to the research,
the assessment consumed too many resources to obtain in-depth in-
sights into some aspects. Bannister (2007) argues that measurement
methodologies are guided by cost constraints:

Often data is collected using limited funds resulting in incomplete
investigations where outcomes might not be true or may only cover
the situation partly. It is, however, questionable if it is desired or
feasible to have hundreds of questions for measuring all the details
about the measures.

This would result in huge information overload, a waste of resources
and confusion. Therefore, it is reasonable for a limited number of
questions to be answered within a short time frame. The structured
questionnaire in this study includes approximately 30 questions and its
focus is on the assessment of the interoperability of the business pro-
cesses rather than that of highly technical matters, thus avoiding un-
necessary usage of resources. However, we would agree that there is



scope to achieve even more conciseness in the questionnaire.

Further metrics are recommended for addition to the framework, for
instance human resources, change management and financial con-
straints (Leal et al., 2017). These are also important in the evaluation of
interoperability, as they constitute the basis for employees’ enhanced
interaction, collaboration and workflow. Besides, if the human re-
sources are inadequately skilled and trained, technology alone cannot
resolve the interoperability problems of business processes.

Policy is often developed by management in a top-down approach,
without consulting the operational staff. Including policy aspects in the
assessment can allow employees to reflect, participate and advise in the
policy-making process (Saturno et al., 2017). However, involving a
large proportion of the workforce in collecting data and identifying
improvement suggestions is cumbersome, as the data might be biased.
Thus, it is best to ensure beforehand that they are able to interpret the
data, understand the internal functioning and acquire knowledge on the
metrics (Kasunic & Anderson, 2004). To meet this requirement, the
open-ended interviews conducted for the case study not only provided
in-depth questions but offered a better understanding of the underlying
information on the organisation’s operations, interactions and colla-
borations. As a result, the case study recursively supports, updates and
improves the structured questionnaire. Though the participants were
aware of the procedure, participative observation was necessary to
confirm the findings of the interviews and questionnaires. Furthermore,
this observation prompted immediate reflections and discussions on the
applicability and usefulness of the assessment metrics.

Social network interoperability may be a further aspect to be added
to the SIEF. This refers to the ability of organisations to seamlessly
interconnect and utilise social networks for collaboration purposes
(Abel, Henze, & Krause, 2009), and can be done by aligning the orga-
nisation’s internal structure to the fundamental aspects of social net-
works. One particular metric could be social network characteristics
integration, as integrating social media aspects into an organisation’s
characteristics can exploit of its infrastructure and supporting func-
tions.

Another potential aspect to be considered is ecosystem interoper-
ability, or the capacity for instant collaboration among ecosystems and
the entities within them (Koussouris, Lampathaki, Mouzakitis,
Charalabidis, & Psarras, 2011). It requires independent entities to for-
mulate a virtual structure to meet specific requirements, such as busi-
ness ecosystems interoperation, business strategy alignment and in-
formation-sharing within a virtual enterprise (Davies & Fisher, 2020).
Business ecosystem interoperation ensures that all ecosystems can co-
operate dynamically, and the virtual enterprise automatically enables
collaboration at all business levels.

Finally, although the interviewees and survey participants realise
the importance of interoperability among business processes, further
aspects may add value to the SIEF from a regulatory perspective, for
instance jurisdictional restrictions, strict laws and regulations (Palmer
et al., 2018).

7.2. Theoretical contributions

Theoretical contributions were integrated into the entire study, as
described. This article presents an original semiotics-based framework
for evaluating interoperability, promoting information-sharing among
business processes. Unlike other interoperability evaluation ap-
proaches, the SIEF is based on the semiotic framework (Liu, 2000),
although this has until now articulated only communication processes
and has never yet been extended to the study of interoperability as-
sessment among business processes. We adopted the concept of
semiotic interoperability since our previous state-of-the-art analysis of
existing interoperability evaluation frameworks revealed that most do
not fully address interoperability issues at the pragmatic level, where an
organisation’s business processes, policies, behaviour and culture are
considered. The SIEF is dedicated to evaluating interoperability among

business processes from the pragmatic interoperability perspective. The
concept of semiotic interoperability provides a holistic view of inter-
operability evaluation on six levels (physical, empirical, syntactic, se-
mantic, pragmatic and social), and it deals with interoperability not
only from a technical but from pragmatic and social perspectives, which
are closely related to business, people and the social environment. The
results of the evaluation list the current interoperability issues that an
organisation should address to achieve better collaboration.

A further theoretical contribution embraces the application of or-
ganisational semiotics theory, from information system design to the
domain of interoperability. The semiotic framework, from organisa-
tional semiotics, builds on the theoretical foundation of the SIEF, while
organisation morphology, also from organisational semiotics, guides
the development of metrics and interoperability evaluation among
business processes. Further key concepts from organisational semiotics,
such as affordance and agency (Askool, 2018), have inspired and con-
tributed to this study.

7.3. Implications for practice

The practical contribution of this study is application of the SIEF in
a case study. The results of the interoperability evaluation between two
business processes provide not just a list of scores for the current in-
teroperability at the technical, formal and informal levels but full de-
tails. The analysis, presented in figures, identifies the specific areas that
the organisation should improve. Comparing the participants’ two
perspectives reveals scope for an in-depth interpretation of the data. A
project manager or senior manager receiving these views with a sepa-
rate analysis of their interoperability will be empowered to appreciate
the bigger picture of process collaboration.

Interoperability is often seen as a measure to address the integration
of only technical systems (Novo & Francesco, 2020) and most studies,
as shown in our previous comparative analysis, do not fully address
interoperability issues at the pragmatic level, where organisation’s
business processes, policies, behaviour and culture are considered.
Therefore, a bottom-up approach, starting with technical interoper-
ability then progressing to the pragmatic and social levels, is necessary
to promote interoperability across business processes. In this context,
since so few studies attempt to assess them, pragmatic and social in-
teroperability deserve higher priority than other interoperability levels.
The SIEF addresses the attributes relevant to several levels of inter-
operability — technical, syntactic, semantic, pragmatic and social - since
assessment cannot be realised by addressing only the data on technical
interoperability issues. To apply the SIEF in a business context, an
evaluation should be supported because it will achieve a more concrete
understanding of an organisation’s policies, structure, behaviour pat-
terns, cultural and social attributes (Gottschalk, 2020). The result of the
case study has positively shown that using metrics for interoperability
assessment is applicable and useful, yet there is a need to extend this
study to generalise its usefulness for business processes to other do-
mains. It is noted that the objectivity of each metric is important, as the
pondering coefficient depends on the particular organisational setting.

In comparison with similar approaches developed to study inter-
operability, for instance the enterprise interoperability framework
(Chen & Daclin, 2006; Molina & Panetto, 2007), the interoperability
score (Ford & Colombi, 2007) and the government interoperability
maturity matrix (Sarantis, Charalabidis, & Psarras, 2008), the SIEF
covers a wide range of assessment, especially at the formal and informal
levels. For example, business strategy, management of external re-
lationships, management style, employee motivation and honesty and
cultural influence are metrics that other approaches have not con-
sidered. The proposed SIEF can be used in combination with existing
interoperability approaches for information systems planning, espe-
cially for new information system design across dissimilar organisa-
tions, such as connected systems for health and social care services. The
SIEF can be used to analyse the informal environment of the



organisation as its mission and goal, as well as giving insights into in-
teroperability’s impact on the value network. Furthermore, interoper-
ability evaluation results can inform an organisation’s objectives, power
structure and culture relating to interoperability among other organi-
sations (Leal, Guédria, & Panetto, 2019). Through the interoperability
evaluation of organisation structure, resource allocation mechanism,
management processes and functional capabilities, the SIEF can reform
organisational structure and business processes, formally define roles
and responsibilities between the organisations and plan activities for
changes relating to interoperability. These attributes contribute to the
identification of inter-organisational information requirements, in-
cluding the overall information architecture and potential information
needs (Muller, Esmanioto, Huber, Loures, & Junior, 2019).

Last but not least, the SIEF can evaluate emerging technical cap-
abilities, an information system’s stage of adoption and the blueprint of
skills development for technical interoperability. These can contribute
to specific information communication technology strategies, such as
hardware, software and network plans (Costin & Eastman, 2019). The
interoperability assessment outcomes of informal, formal and technical
systems can be transformed into input for the formulation of an in-
formation system strategy.

8. Conclusion, limitations and future research

This article presents the SIEF, together with a group of metrics for
measuring interoperability. The SIEF offers a means of measuring,
analysing and assessing interoperability among business processes. A
feasibility study was conducted to develop the SIEF’s metrics, and the
SIEF was then applied in a case study to assess the interoperability
between two business processes within an organisation. The results
identified the interoperability concerns that should be addressed
properly to support better collaboration among business processes.
Standards should then be created accordingly, and need to be adhered
to by an organisation to ensure success with its interoperability issues.
This study has constructed hypotheses, proposed a theoretical frame-
work and validated it in practice. Its limitations are twofold: the the-
oretical limitations to the framework’s philosophical and methodolo-
gical stance; and the practical limitations to its application.

The study adopts the interpretivist paradigm and takes qualitative
research as its overall strategy to investigate the research questions.
Historically, qualitative studies have often been regarded by the sci-
ences as ‘lacking rigor, as well as dependability and precision’ com-
pared with quantitative studies (Sechrest, 1992). Hence, empirical in-
vestigations within the sciences have typically given preference to
quantitative rather than qualitative research methodologies. Similarly,
positivist research has largely been given preference over interpretivist
research, due to the appeal of its generalisability as well as the fact that,
broadly speaking, empirically it is significantly less time consuming to
investigate. The interpretivist paradigm provides greater scope for in-
terpreting the world in a more subjective and contextual way, and it is
often described as holistic, emic, contextualised, interpretive and im-
mersed (Holloway & Wheeler, 2010). Moreover, interpretivism frees
research from making the restrictive and often unrealistic assumptions
necessary to positivist research, including independence of the theory
from the observations and between the observations and the values
(Guba & Lincoln, 1994).

To tackle these issues, more progress is needed in developing con-
ceptual frameworks and algorithmic methods and creating techniques
such as semantic reconciliation and mediation. The SIEF proposed in
this article, together with the proofs-of-concept proposed in our pre-
vious study, should be validated in other domains to examine its offer.
However, this experiment-oriented approach needs to be carefully se-
lected to cover real-life situations in the enterprise environment
(Koussouris et al., 2011). The knowledge base of interoperability bar-
riers involves not only the semantics and technical functions normally
used to construct a common dictionary to support the operation of

information-sharing among various business processes but other facets,
ranging from business processes alignment to context awareness
(Motta, de Oliveira, & Travassos, 2019). To apply the SIEF in other
domains, we need to investigate the knowledge base of interoperability
barriers, technical standards, methods, tools and large-scale experi-
mentation.

In regard to the practical limitations of this research, interoper-
ability among business processes encompasses many aspects. The SIEF
provides a set of metrics for evaluation, but the selection of the relevant
metrics can vary from organisation to organisation. Besides, the process
of collecting data in a case study is resource intensive. Focusing on a
limited number of relevant metrics is recommended, when possible, to
avoid time-consuming and expensive data collection. The results of the
case study have positively indicated that a metrics for interoperability
assessment is both applicable and useful, yet there is a need to extend
this study to generalise its usefulness to business processes in other
domains. It is noted that the objectivity of each metric is important, as
the pondering coefficient varies according to the particular organisa-
tional setting. The collected data may be biased because the partici-
pants are unable to interpret and understand the outcomes due to their
lack of awareness of the context. In addition, information-sharing is not
only concentrated in documents and tangible communication but relies
heavily on the individuals operating as part of a business unit
(Koussouris et al., 2011). Therefore, when applying the SIEF to other
domains, it may be that results of an interoperability evaluation vary.

To overcome these practical limitations, more progress should be
made in terms of applying the SIEF in various business domains to
evaluate and improve their offer. More agile metrics should be devel-
oped to adapt to each specific domain. Customised guidelines should be
employed to select the appropriate metrics to generate the interoper-
ability assessment model. The evaluation technique should consider
using emerging technologies to provide semi-automatic tools for metric
assessment and data mapping (Hardjono, Lipton, & Pentland, 2019).
When using the SIEF in a business context, the existing standards for
implementing interoperability should be considered to enhance the
structure of interoperability, and it is vital to ensure consistency and to
avoid redundancy (Onar, Chinthavali, Campbell, Seiber, & White,
2019). Furthermore, organisations are becoming more transparent,
with more smarter ecosystems. There is a need for the SIEF to devise
standards for developing metrics (Kelly, Kuperman, Steele, & Mendu,
2020), and the evaluation technique should become more standardised
to adapt to future contexts. Future work on this study will probe the
feasibility of metric standardisation for the evaluation of interoper-
ability.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.ijinfomgt.2020.
102153.
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