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Abstract. Interoperability is critical to modern information systems, enabling
collaboration and data exchange across different software and domains. This
master’s thesis reviews 37 secondary studies (2012–2023), identifying 36 types
of interoperability, 117 definitions, 13 models, and six frameworks, highlighting
a shift from technical to socio-technical issues. To address challenges related to
this requirement fulliment, a conceptual model with two diagrams was proposed
and evaluated, achieving 87.9% acceptance for the classification diagram and
78.8% for the description diagram. The research aims to improve the under-
standing of interoperability requirements and contribute to the challenges of the
GrandSI-BR 2016–2026 roadmap.

1. Introduction
Interoperability allows systems to exchange and use shared information without techno-
logical dependency. It is essential for complex systems to ensure transparent communi-
cation. Interoperability types include syntactic , semantic, legal, platform
among others. The growing number of types leads to ambiguity, complicating devel-
opers’ understanding and system development [Maciel et al. 2024]. Interoperability is a
crucial non-functional requirement, and precise definitions are essential to avoid project
losses. Models like LCIM (Levels of Conceptual Interoperability Model) and EIF (Euro-
pean Interoperability Framework) aid in classification. However, they do not address
several current interoperability types. Studies have organized knowledge in the field
[Fernandes et al. 2022, Costa et al. 2022]. Despite these contributions, more precise defi-
nitions and classifications are needed to enhance cooperation among information systems.

This master dissertation proposes a conceptual model to assist software developers
in interoperability solutions. The research followed five stages: Step 1: Identification
of new Interoperability Types [Santos et al. 2021]; Step 2: Identification of barriers or
differences; Step 3: Understanding solutions; Step 4: Developing a conceptual model;
Step 5: Evaluation of conceptual model. All the materials produced in this dissertation
are available at [Maciel et al. 2025] .

2. A Conceptual Model for the Diversity of Interoperability Types
This conceptual model includes two UML class diagrams: one for describing fundamental
concepts and another for classifying various types identified in the literature.



.

The classification diagram includes three abstract classes, five concrete classes,
and six enumerations. It groups similar interoperability types and links classification
and description diagrams. The Interoperability Type abstract class contains definition and
understanding attributes. Other classes define characteristics and levels of interoperability
types.

The description diagram [Maciel et al. 2025] includes five classes: Requirement,
Interoperability Type, Barrier/Difference, Solution, and Domain. These classes specify
system functionality, categorize interoperability types, represent challenges, address sys-
tem heterogeneity, and outline application domains.

The conceptual model should be instantiated from two perspectives: classifying
and defining interoperability types . The description diagram 1 links system requirements
to specific interoperability types, aiding developers in identifying the needed type and
solution. The classification diagram [Maciel et al. 2025] had a 92.6% acceptance rate,
and the description diagram had an 81.5% acceptance rate. This research enhances un-
derstanding and use of interoperability requirement specifications, contributing to full
interoperability and Systems-of-Systems Interoperability (SOSI).
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Figure 1. Instantiation of interoperability types description

3. Conceptual Model Evaluation
The proposed conceptual model was evaluated through an exploratory study of 33 soft-
ware developers. The goal is to assess the model’s feasibility and ease of use. The study
addresses the following research questions: RQ1: Would developers use the conceptual
model in their projects? RQ1.1: Is the conceptual model easy to use? RQ1.2: What
difficulties have developers faced when using the conceptual model? RQ2: Is the con-
ceptual model feasible for dealing with the diversity of interoperability types? The target
audience consists of software developers recruited via LinkedIn. The study employs two
questionnaires: the first focuses on demographic information, while the second assesses
feasibility and ease of use [Maciel et al. 2025]. Moreover, to ensure confidentiality, par-
ticipants provided explicit consent. A pilot study was conducted beforehand to verify and



refine the questionnaires. The regular study then proceeded in three phases, each eval-
uating different aspects of the model. Finally, data analysis combined quantitative and
qualitative approaches, following the guidelines established by [Freitas et al. 2000].

The assessment of the conceptual model for interoperability included 33 com-
plete responses out of 44 software developers who participated. Notably, most devel-
opers expressed willingness to adopt the model, finding it easy to use. However, some
challenges were also reported. As expected, less common types—such as hardware, se-
mantic, organizational, cultural, and social networks—revealed varying levels of under-
standing among participants. Overall, the findings suggest that the model enhances de-
velopers’ comprehension of interoperability types. The complete responses are available
at [Maciel et al. 2025].

4. Conclusion
This work introduced a conceptual model for classifying and describing interoperability
types, synthesizing 36 types, 117 definitions, 13 models, and six frameworks. It aids
developers and researchers by reducing ambiguities and promoting context-specific solu-
tions. The well-received model advances Full Interoperability and Systems-of-Systems
Interoperability (SOSI). Future work could extend and validate the model in real projects.
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