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Abstract 
This paper presents the Health-RI Semantic Interoperability Initiative, a model-driven, ontology-based 
framework for FAIR-aligned semantic interoperability in the health and life sciences, grounded in semantic 
traceability. The Initiative addresses the technically complex, time-consuming, and error-prone nature of 
manual, case-by-case mappings across standards such as FHIR, OMOP, and openEHR, as well as across the 
heterogeneous artifacts that use or combine them, without requiring replacement of existing standards or 
local schemas. It introduces the Health-RI Ontology (HRIO), a common semantic reference model specified 
in OntoUML as the Computation Independent Model and implemented as a gUFO-based OWL ontology, 
providing a machine-processable semantic hub. Each external artifact is intended to be aligned to this hub 
once, rather than through multiple pairwise mappings. To align external artifacts to HRIO, the Health-RI 
Mapping Vocabulary (HRIV) defines intentional (definitional) meaning-mapping relations that explicitly 
capture ontological commitments. An illustrative example centered on Person’s sex - and gender-related 
specializations demonstrates how the approach can make distinct conceptualizations explicit and traceable 
across layers, supporting the mitigation of false agreement when integrating data across systems. The 
Initiative publishes its artifacts with persistent identifiers and documentation to support reuse and 
extension. 
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1. Introduction 

The health and life sciences domain is shaped by many standards and associated data models that 
guide database design and system implementation. They are applied in diverse contexts, from 
hospital records to research infrastructures. To enable effective data reuse, the data within these 
systems often need to be exchanged, compared, and integrated [1], [2]. However, achieving this is 
technically complex and resource-intensive, particularly when relying on manual, case-by-case 
mappings between heterogeneous standards and local schemas [3], [4], [5]. 

In the past, several initiatives have sought to address this challenge, and while they brought 
valuable contributions, some unintentionally added to the creation of yet another model in an already 
crowded landscape [6], [7]. Important efforts such as the Fast Healthcare Interoperability Resources 
(FHIR) [8], the Open Electronic Health Record (openEHR) [9], Systematized Nomenclature of 
Medicine Clinical Terms (SNOMED CT) [10], the Observational Medical Outcomes Partnership 
(OMOP) [11], and convergence initiatives between them (e.g., [12], [13], [14], [15], [16]) remain 
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crucial endeavors for interoperability. The framework described in this paper builds directly on these 
efforts while taking a distinct perspective. 

Semantic interoperability refers to the ability of different computer systems to exchange data with 
unambiguous, shared meaning, so that information retains its intended interpretation across 
systems. This capability is vital across sectors, and particularly in the health and life sciences, where 
meaningful reuse of data underpins clinical decision-making, research, and policy-making [3], [17]. 
Unlike syntactic interoperability, which focuses on the format of data exchange, semantic 
interoperability ensures that the meaning of the data is preserved and understood consistently across 
different systems [17], [18]. 

A critical challenge that semantic interoperability aims to address is the false agreement problem, 
as defined by Nicola Guarino [19]. This problem arises when different agents (e.g., systems or people) 
use the same term or data structure but implicitly commit to different conceptualizations. Crucially, 
in such cases, each agent still regards the exchanged information as valid with respect to its own 
schema or space of allowed interpretations, so that an apparent agreement at the level of data 
obscures a genuine semantic misalignment [19], [20]. 

A common approach to address this challenge is to link data elements in local schemas to a shared 
vocabulary or ontology, so that machines can interpret and process information in a consistent way 
[21]. In this paper, “data element” refers to a unit of data with a defined meaning and representation, 
typically implemented as a field or variable within a specific schema. However, many widely used 
representation formalisms—including Semantic Web ones like OWL—are ontologically 
underdetermining with respect to domain-level commitments [22] (unless those commitments are 
made explicit and precise, e.g., through foundationally grounded conceptual modeling [20], [23]). In 
such languages, similar or even identical formal patterns may be interpreted under different 
conceptualizations, directly enabling false agreement [18], [22]. As a result, neither similarity nor 
difference in formal structure is sufficient to establish shared meaning [22]. 

To prevent this, semantic interoperability frameworks must make their commitments explicit, 
ensuring that shared terms reflect shared understanding [18], [20], [22]. Building on this, Guizzardi 
emphasizes that every information system reflects a particular view of reality (i.e., a 
conceptualization) and that interoperability succeeds only when these commitments are clarified and 
harmonized across systems [18], [22]. In the context of the FAIR (Findable, Accessible, Interoperable, 
and Reusable) principles [1], this implies that interoperability must be understood not merely as a 
technical property, but as a commitment to meaningful, semantically grounded data integration [18]. 

In practice, however, data producers and consumers usually operate in a landscape where each 
institution maintains its own data schemas and repositories, often resulting in fragmented “data 

silos” [4], [17], [24]. These schemas often vary significantly in structure, terminology, and the 
standards or assumptions they follow [3], [4], [5], [17]. Some schemas adhere to formal standards, 
while others are locally defined by data authors and vary widely in modeling language, degree of 
formalization, and level of abstraction. A single schema may be influenced by multiple standards, 
each introducing different terminologies or modeling assumptions, and documentation is frequently 
incomplete or ambiguous [4], [5]. This lack of clear, shared semantics introduces significant barriers 
to data integration and analysis: it increases the risk of misinterpretation, reduces confidence in the 
data, and ultimately limits reuse across the health data ecosystem [1], [3], [17]. 

To address these challenges and ensure semantic alignment across the health and life sciences 
community and institutions, the Health-RI Semantic Interoperability Initiative proposes a 
model-driven, ontology-based architecture grounded in a foundational ontology and centered on a 
common semantic reference model. Rather than relying on isolated and potentially ambiguous 
implementation artifacts, the Initiative is developing a unifying ontology, the Health-RI Ontology. 
Its goal is to clarify and make explicit the precise meanings of key concepts, focusing on those already 
present in widely used standards such as FHIR, OMOP, and openEHR. This ontology is designed to 
serve as a semantic hub that, rather than asserting a single authoritative definition of each concept, 
makes explicit the different interpretations adopted in external standards and local schemas and 



allows these artifacts to map their concepts to the interpretations they adopt. As a result, intended 
meanings become clear and explicit to anyone who needs to interoperate across systems. 

A key design choice is that the framework does not require replacing existing standards and local 
schemas. Research groups and institutions have invested substantial effort and resources in their 
current solutions, and discarding them is neither realistic nor desirable. Instead, the Initiative is 
intended to reduce reliance on multiple pairwise mappings between those standards by promoting a 
single, reusable mapping from each standard or local schema to the Health-RI Ontology (HRIO), 
which serves as the common semantic reference model. Here, “single, reusable mapping” should be 
understood per source artifact and version, with mappings curated and revised as standards and local 
models evolve. For example, once a standard-specific concept (e.g., a FHIR concept) is meaning-
mapped to HRIO for a particular release, the same alignment can, in practice, be reused across 
projects that adopt that same source basis, rather than being recreated in each integration scenario. 

This makes the framework non-intrusive: the ontology complements existing efforts and provides 
a semantic backbone to support interoperability. It can be used as a single semantic hub through 
which users discover and reuse relations among mapped standards and schemas, including via 
querying and reasoning over HRIO, so that once a concept or schema element is aligned, 
relationships to other already-aligned elements become assessable through the hub, thereby avoiding 
duplicated case-by-case mapping work across integration scenarios. When a new local schema 
introduces a concept or schema element, an additional meaning mapping is still required, but once 
it is linked to HRIO, its relationships to other already-mapped elements can be assessed in the same 
way. By relying on solid theoretical foundations and widely adopted Semantic Web standards and 
technologies, and, importantly, by engaging with the community, the Initiative aims to make this 
framework a practical means of achieving semantic interoperability in line with FAIR principles. 

The common semantic reference model is expressed in OntoUML, a highly expressive, 
ontologically well-founded conceptual modeling language grounded in the Unified Foundational 
Ontology (UFO) [20], [23], and is implemented as a corresponding OWL ontology using gUFO 
(“gentle” UFO), a lightweight OWL implementation of UFO [25]. To support the alignment of 
external standards, schemas, and ontologies to the Health-RI Ontology, the Initiative also defines a 
dedicated mapping vocabulary in OWL. 

The remainder of this paper is organized as follows. Section 2 reviews related work on semantic 
interoperability in health data. Section 3 introduces the Health-RI Semantic Interoperability 
Initiative’s architecture and artifacts,  describing its conceptual foundations, ontologies, and the 
mapping vocabulary. Section 4 illustrates how these elements work together through an illustrative 
example. Section 5 presents final discussions and future work. 

2. Related Work on Semantic Interoperability in Health Data 

Recent efforts to operationalize semantic interoperability in health data have largely focused on 
engineering mappings and transformation mechanisms between widely adopted standards such as 
FHIR, OMOP, and openEHR. Several frameworks automate this process. Xiao et al.’s FHIR -Ontop-
OMOP leverages Ontology-Based Data Access (OBDA)-style mappings to expose OMOP-based 
repositories as virtual clinical knowledge graphs conforming to the FHIR RDF specification [26]. 
Kohler et al.’s Eos/ OMOP Conversion Language (OMOCL) introduces a declarative mapping 
language and Extract, Transform, Load (ETL) tool that automate the transformation of openEHR 
archetypes into OMOP tables [12]. FHIRconnect provides a domain-specific language and execution 
engine to support bidirectional, archetype-based mappings between openEHR and FHIR [14]. 
Complementing these automation tools, Rinaldi and Thun, in an infection control use case, develop 
handcrafted mappings from openEHR microbiology archetypes to FHIR resources and from FHIR to 
OMOP tables, performing an internal map-quality assessment to evaluate them, and documenting 
coverage gaps and context-dependent decisions [13]. 

These approaches demonstrate the feasibility and value of reusable, standards-based mappings 
and analytics-ready views over heterogeneous data, but they operate directly at the level of 



implementation artifacts and treat mappings largely as syntactic or structural transformation rules 
between schemas. The underlying conceptualizations and meaning-level relations remain implicit, 
leaving semantic validity dependent on case-by-case decisions and creating a risk of false agreement. 
By contrast, a shared, foundationally grounded reference model helps ensure that mapped data 
elements remain semantically preserved and comparable across standards. 

Whereas the above work primarily operationalizes point-to-point interoperability through 
mappings between implementation artifacts (schemas, archetypes, and transformation rules), 
complementary work has proposed centralized or concept-oriented layers that reduce dependence 
on any single data model and make concept definitions reusable across representations. Gaudet-
Blavignac et al. outline the Swiss Personalized Health Network’s strategy, in which concept 
definitions serve as a central axis of interoperability—encoded in a “semantic framework” and  
represented and exchanged via RDF—while remaining deliberately model-independent [27]. 
Similarly, Bönisch et al. define a metadata crosswalk between FHIR, OMOP, Clinical Data 
Interchange Standards Consortium (CDISC), and openEHR based on reference metadata items and a 
priority scheme, which together function as a pragmatic intermediary layer for aligning 
heterogeneous metadata in FAIR clinical data integration workflows [28]. Zhang et al. build on the 
ISO/IEC 11179 metadata registry model to distinguish data element concepts from their 
representations. They operationalize this separation using Simple Standard for Sharing Ontological 
Mappings (SSSOM)-, RDF-, and Simple Knowledge Organization System (SKOS)-based mappings 
across multiple health data standards in a sex and gender use case, enabling queries at different levels 
of conceptual granularity [29]. At a more general Semantic Web integration layer, Dumontier et al. 
introduce the Semanticscience Integrated Ontology (SIO), a simple upper-level ontology and set of 
design patterns used to structure and integrate biomedical linked data and semantic web services 
[30]. Building on SIO, Alarcón-Moreno and Wilkinson’s Clinical and Registry Entries Semantic 
Model (CARE-SM) proposes a Semantic Web representation for clinical and registry entries with a 
standardized and homogenized core structure, including a contextual metadata layer, to facilitate 
federated querying and reasoning and to support downstream mappings to other data models [31]. 

These contributions share with our work the premise that concepts and mappings should be 
treated as first-class entities and that interoperability mechanisms should separate meaning from 
representational choices; however, they typically prioritize pragmatic, model- or metadata-centric 
harmonization and do not aim to make foundational ontological commitments explicit. In contrast, 
the Health-RI Semantic Interoperability Initiative introduces the Health-RI Ontology (HRIO) as a 
UFO-grounded domain ontology that serves as a common semantic reference model and the Health-
RI Mapping Vocabulary (HRIV) as an intentional mapping vocabulary. This combination is intended 
to turn standard-specific schema- and metadata-level mappings into semantically traceable 
alignments to a shared conceptualization, with the expected benefit of reducing false agreement and 
supporting systematic reuse across datasets, standards, and institutions. 

High-level analyses and national strategies further situate this work within the broader policy 
and governance landscape. In the context of the European Health Data Space (EHDS), Palojoki and 
Vuokko review a range of semantic interoperability approaches and identify “semantic development 

goals” related to harmonization of heterogeneous standards, cross -system access, and meaningful 
secondary use of Electronic Health Record (EHR) data [32]. 

The Health-RI Semantic Interoperability Initiative can be viewed as a concrete, model-driven 
response to these goals and experiences: it retains the non-intrusive, standards-reusing character of 
such initiatives but adds explicit ontological commitments and meaning-level mapping relations. By 
grounding HRIO in UFO and using HRIV to type mappings and make representation relations 
explicit, our framework aims to enable semantic traceability and to anchor schema- and metadata-
level mappings to a shared conceptualization. In doing so, it is intended to provide a semantic hub 
that can complement transformation-focused frameworks, concept- and metadata-oriented 
approaches, and policy-driven strategies, while addressing the semantic gaps identified above. 



3. The Health-RI Semantic Interoperability Initiative 

The Health-RI Semantic Interoperability Initiative tackles the semantic interoperability problem by 
making the intended meaning of concepts explicit and traceable across all the artifacts involved in 
data exchange. The Initiative’s resources are openly available via its website 
(https://w3id.org/health-ri/semantic-interoperability) and its Git repository (https://w3id.org/health-
ri/semantic-interoperability/git). Rather than assuming that two external implementation artifacts 
(e.g., schemas, taxonomies, ontologies, or vocabularies) agree because they use similar labels, textual 
definitions, codes, or even OWL axioms, the Initiative requires that every mapped concept in any 
such artifact be traced back to a shared, well-defined conceptualization captured in a common 
semantic reference model. In this sense, semantic traceability denotes the ability to follow and justify 
how the meaning of a concept is preserved across layers of representation—from phenomena, 
through conceptual models and computational ontologies, to external artifacts that are mapped to it. 

3.1. Conceptual Foundations: Semantic Traceability 

Conceptually, semantic traceability builds on two complementary theoretical pillars. First, the classic 
semiotic triangle (often referred to as the “triangle of reference”) [33] distinguishes three elements. 
These are (i) a referent (in a domain of discourse), (ii) a conceptual meaning (i.e., a thought or 
reference), and (iii) a symbolic expression (i.e., a symbolic representation such as terms, codes, schema 
elements, and OWL classes) used to represent that meaning. In this paper, we treat the relevant 
conceptual meaning as a shared conceptualization made available as a common reference point to 
which different artifacts are explicitly connected, so that intended meanings can be compared and 
traced across representations. This conceptual framing, represented in Figure 1’s left box, provides 
the basic structure along which traceability must be maintained, from phenomena, via shared 
concepts, to their encoding in schemas and ontologies. 

 
Figure 1 - Theoretical background for semantic traceability: the semiotic triangle (left) distinguishes meaning from 

representation, and Model-Driven Architecture (right) structures how system specifications are related across the Computation 
Independent Model (CIM), Platform Independent Model (PIM), and Platform Specific Model (PSM). 

Here, we use the term “concept” to denote a domain -level unit of meaning in a shared 
conceptualization (e.g., Person, Biological Sample), distinct from both the phenomena it refers to (the 
referent) and the symbolic or data-level structures (e.g., codes, labels, data elements) that represent 
it. In ontology engineering, this triangle has been explicitly adopted at both conceptual and 
implementation levels—for instance, in Guizzardi’s use of it to structure ontologically well -founded 
conceptual models [20] and in Gangemi’s semiotics ontology design pattern for Semantic Web 
representations [34]. 

Second, the Model-Driven Architecture (MDA) approach [35], as shown in Figure 1 (right), 
structures system descriptions into a Computation Independent Model (CIM), a Platform 
Independent Model (PIM), and a Platform Specific Model (PSM). Figure 1 illustrates the refinement 
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relation in which an artifact at a lower layer provides a concrete realization of the specifications 
captured at the layer above, through an implementation relationship between the layers.  

In our setting, the CIM corresponds to the shared domain conceptualization made explicit in 
HRIO, whereas multiple PIM artifacts may coexist: (i) HRIO’s computational OWL implementation 
(as the PIM that implements the CIM), and (ii) standard-level models such as FHIR, OMOP, and 
openEHR (as PIMs for their respective ecosystems). Concrete deployments—such as local database 
schemas, ETL code, message implementations, and runtime services—constitute PSMs. In 
combination with Semantic Web technologies, MDA has been proposed as a promising way to 
resolve semantic interoperability issues in the health data domain [3]. This clarifies how domain 
conceptualizations are progressively refined into technical artifacts, with requirements at the CIM 
level remaining traceable to PIM and PSM constructs across layers [35]. The separation of concerns 
supports systematic refinement and reuse, improves traceability between conceptual and technical 
artifacts, and facilitates the controlled evolution of implementations [3], [35]. 

Within this semiotic and model-driven perspective, the Initiative’s architecture enables semantic 
traceability through two tightly related conceptual artifacts. First, a common semantic reference 
model captures shared domain meaning and operationalizes it in a machine-processable form, 
pairing an expressive conceptual specification with a computationally tractable OWL 
implementation. Second, a mapping vocabulary expresses how external concepts relate to this shared 
meaning. The following subsections outline these artifacts and explain how they jointly sustain 
semantic traceability. 

3.2. Common Semantic Reference Model: The Health-RI Ontology 

At the core of the architecture is the Health-RI Ontology (HRIO), which serves as a common 
semantic reference model for integrating heterogeneous health and life sciences data. In our 
architecture, HRIO is a domain reference ontology positioned above implementation standards such 
as FHIR, OMOP, and openEHR as a semantic layer, while itself being ontologically grounded in the 
foundational ontology UFO. Published at the persistent namespace IRI https://w3id.org/health-
ri/ontology# (prefix “hrio:”), HRIO provides the shared reference point to which standards and 
schemas map their concepts, so that intended meanings can be made clear and explicit for 
interoperability across systems. 

HRIO is realized as two tightly related artifacts with distinct but complementary roles. At the 
conceptual level, an OntoUML ontology, hereafter called HRIO OntoUML, is used as the 
Computation Independent Model. OntoUML is a conceptual modeling language grounded in the 
Unified Foundational Ontology (UFO) [20], [23] and is employed to construct a semantically rich, 
ontologically well-founded common reference model that serves as a semantic anchor for 
participating schemas [18]. 

Rather than treating semantic alignment as a terminological exercise, HRIO treats it as an explicit 
accounting of ontological commitments. In practice, shared labels, codes, and textual definitions may 
mask divergent conceptualizations [18], [22]. Moreover, commonly used representation formalisms 
(including ontology languages) are often compatible with multiple ontological readings, so the 
intended commitments are frequently underdetermined by surface form and cannot be reliably 
inferred from labels, definitions, or axioms alone [18]. 

By adopting UFO’s well -defined ontological distinctions and constraints, OntoUML enables the 
explicit “unpacking” of real -world semantics and makes modeling commitments discussable, 
reviewable, and comparable across artifacts [18], [22], [23]. This model supports domain 
understanding, problem-solving, and meaning negotiation, thereby facilitating informed design 
decisions and communication with domain experts [22], [23]. In addition, UFO-based conceptual 
modeling is explicitly intended to support ontological analysis and conceptual clarification—i.e., 
precisely the activities needed when interoperability cannot rely on terminology alone [23]. 

At the computational level, HRIO is realized as HRIO gUFO/OWL, a gUFO-based OWL ontology 
that serves as the Platform Independent Model. gUFO (“gentle UFO”) provides a lightweight OWL 
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implementation of UFO [25]. Accordingly, HRIO gUFO/OWL is generated by exporting the HRIO 
OntoUML reference model through the transformation provided by the ontouml-vp-plugin tool 
(https://w3id.org/ontouml/vp-plugin). The resulting ontology provides a machine-processable 
implementation that aims to preserve the intended conceptual semantics specified in OntoUML, 
within the constraints of OWL. 

In the Initiative’s architecture, every class in HRIO gUFO/OWL is understood as implementing 

one of the HRIO OntoUML concepts. In our setting, unlike the general case in which OWL-level 
representations may admit multiple ontological readings (especially when their intended ontological 
commitments are not made explicit), the intended interpretation of HRIO gUFO/OWL is established 
by the CIM-level specification and maintained through the controlled CIM to PIM transformation 
(OntoUML to gUFO). This is possible because the transformation targets gUFO, whose 
axiomatization reflects the UFO commitments already captured in the OntoUML model. Thus, OWL 
classes are not meant to introduce new meanings; they function as computational carriers of the 
meanings established in HRIO OntoUML and provide stable, machine-processable targets to which 
external artifacts can be linked for query and interoperability purposes. 

Figure 2 provides an abstract view of semantic traceability in this architecture. On the left 
(semiotic view), the globe denotes referents (e.g., human beings taken generically, as a class rather 
than as individuals). The red thought cloud denotes a shared conceptualization of those referents—a 
domain-level interpretation that mediates between reality and its representations. “Shared” here does 
not mean that all agents have identical mental models; rather, it denotes a conceptualization made 
available as a common reference point to which different artifacts are explicitly connected, so that 
they refer to the same underlying interpretation. The semiotic view also shows the basic relations 
involved: the OntoUML model (as a representation) represents the conceptualization and (indirectly, 
via the conceptualization) refers to the referent, and the conceptualization itself (directly) refers to 
the referent. 

 
Figure 2 - Semantic traceability in the Health-RI Semantic Interoperability Initiative’s architecture. The semiotic view (left) 

shows OntoUML as a representation of a shared conceptualization of the referent domain. The MDA view (right) shows HRIO 
OntoUML as the CIM and the HRIO gUFO/OWL ontology as the PIM, with the PIM implementing the CIM. 

On the right (MDA view), the shared conceptualization is made explicit in an OntoUML reference 
model at the CIM layer (HRIO OntoUML, in the upper box) and is implemented by a gUFO-based 
OWL ontology at the PIM layer (HRIO gUFO/OWL, in the lower box). The red arrow labeled 
“implements” captures the (computational) MDA relation between these artifacts. The black 
connectors summarize non-computational semantic relations inherited from the semiotic view: they 
show how the CIM and the PIM are interpreted as representing the shared conceptualization. Solid 
black connectors indicate direct semantic relations, whereas dashed black connectors indicate 
indirect ones. 
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3.3. The Health-RI Mapping Vocabulary 

The Health-RI Mapping Vocabulary (HRIV), published at the persistent namespace IRI 
https://w3id.org/health-ri/mapping-vocabulary# (prefix “hriv:”), provides the instrument for 
expressing how external concepts relate to the meanings defined in HRIO. Although SKOS provides 
widely used mapping properties, they are designed to relate SKOS concepts and characterize “match” 
in terms of practical interchangeability (not as formal meaning-level commitments). In our setting, 
we require mapping properties to have a precise and explicit intentional (definitional) interpretation, 
applicable to heterogeneous semiotic expressions (e.g., OWL classes, schema elements, codes) 
mapped to HRIO meanings. For example, the SKOS Reference [36] defines skos:exactMatch as a 
property that should be used to indicate “a high degree of confidence that the concepts can be used 
interchangeably across a wide range of information retrieval applications”, which is less explicit than 
the meaning-level commitments we require for semantic traceability. 

Conceptually, it grounds mappings in an intentional, semiotic interpretation, and 
computationally it is implemented as an OWL vocabulary defining a family of mapping properties 
and supporting the set-theoretic reasoning used with OWL and SKOS. In other words, HRIV is 
designed to be meaning-centric while remaining compatible with practical SKOS-based mapping 
practices. In the Initiative’s architecture, external standards, schemas, and ontologies contribute the 
source expressions being mapped, while HRIO concepts play the role of the target meanings (with 
inverse properties available for querying in the opposite direction). 

HRIV introduces an abstract (i.e., not intended for direct use) superproperty 
hriv:meaningMappingRelation as a general semantic mapping relation from a semiotic expression 
(e.g., a class in an external ontology) to an HRIO concept (operationalized in HRIO gUFO/OWL as an 
OWL class). The property hierarchy is deliberately closed and controlled as a conformance 
requirement, rather than an OWL-enforced logical constraint: HRIV mappings are intended to use 
only HRIV-defined subproperties of hriv:meaningMappingRelation, so that each mapping carries an 
explicit, curated mapping type and remains consistently interpretable. 

For semantic traceability, the core object properties can be summarized as follows. 
hriv:hasExactMeaning is a specialized subproperty of semiotics:expresses [34], indicating that an 
expression’s intended semantics are fully and precisely defined by a specific linked HRIO meaning.  
Exact meaning mappings are preferred when appropriate. hriv:hasBroaderMeaningThan and 
hriv:hasNarrowerMeaningThan are used when an exact-meaning alignment is not justified (or not 
available), to make the direction of semantic mismatch explicit and thereby reduce the space of 
potentially invalid interpretations. 

hriv:hasBroaderMeaningThan indicates that an expression is broader in scope than the HRIO 
target it is linked to. It is used when the expression includes the linked HRIO concept but is not 
limited to it (e.g., “Adult patient” mapped to “Pregnant adult patient”), so the linked HRIO concept is 
a narrower (best-available) target rather than an exact match. Conversely, 
hriv:hasNarrowerMeaningThan indicates that an expression is narrower in scope than the HRIO 
target it is linked to. It is used when the expression is limited to a subset of what the linked HRIO 
concept covers (e.g., “Left femur fracture” mapped to “Femur fracture”), so the linked HRIO concept 

is a broader (best-available) target rather than an exact match. In both cases, the chosen mapping 
type makes the direction of non-equivalence explicit, helping data integrators avoid treating the 
mapped concepts as interchangeable. 

Derived cross-standard relationships reflect the asserted mapping type (i.e., exact-meaning 
alignment versus broader/narrower-meaning alignment) and should be interpreted accordingly, 
rather than as equivalence, unless an exact-meaning alignment applies. Each of these mapping 
relations is aligned via rdfs:subPropertyOf to a corresponding SKOS mapping relation, so that Health-
RI mappings can participate in standard SKOS-based tooling and workflows. However, the HRIV 
predicates remain the authoritative carriers of the intended (definitional) semantics: any entailed 
SKOS mapping assertions should be understood as a derived “SKOS view” for interoperability and 

https://w3id.org/health-ri/mapping-vocabulary


discovery, and SKOS-level entailments (e.g., those enabled by skos:exactMatch being transitive) must 
not be used to change the intended interpretation of an HRIV mapping.  

Specifically, HRIV’s primary commitment is intentional: mappings relate expressions to meanings 
in a semiotic, definitional sense. In the OWL implementation, mapping assertions are expressed as 
object-property assertions between individuals denoting expressions and meanings. When the IRIs 
of OWL classes are used in these assertions, they are intended to be interpreted in OWL 2 DL via 
punning. Therefore, HRIV mappings should not be interpreted as OWL class axioms: they support 
traceable, machine-processable meaning links and SKOS-style workflows, but they do not imply class 
equivalence (owl:equivalentClass), identity (owl:sameAs), or subsumption (rdfs:subClassOf) 
entailments between the mapped classes. 

Because every class in the HRIO gUFO/OWL ontology is semantically defined by its counterpart 
in the HRIO OntoUML reference model, HRIV mappings make explicit the meaning-level link from 
external artifacts to HRIO meanings, represented by HRIO gUFO/OWL classes. When a concept in 
an external ontology such as std1:Human is mapped to hrio:Person using hriv:hasExactMeaning, it is 
intended to be interpreted as embodying the same conceptualization originally defined in the HRIO 
OntoUML model. 

By grounding both the HRIO OntoUML and the HRIO gUFO/OWL ontologies in the same 
meaning and by using HRIV to link external concepts to that meaning, the risk of the OWL ontology 
drifting from the original intent can be mitigated. This supports semantic traceability in both 
directions: from concepts in external artifacts (via HRIV mappings) to HRIO gUFO/OWL and the 
corresponding meanings in HRIO OntoUML (and ultimately the referent domain), and from HRIO 
meanings back to their mapped external representations. 

In practice, HRIV supports two complementary mapping approaches. When external standards, 
schemas, or ontologies are outside Health-RI’s editorial control (for example, national standards , or 
public vocabularies), mappings are typically maintained non-invasively in a separate mapping 
artifact (e.g., in a SSSOM Mapping Set), since Health-RI cannot modify those sources. When an 
external artifact is under the editorial control of its authors or maintainers, HRIV mapping assertions 
may be embedded directly in the artifact itself (as ontology annotations or axioms), creating tighter 
integration while still relying on the same meaning-centric semantics. This supports non-invasive 
and flexible adoption: contributors can maintain mappings in separate mapping sets and embed 
mappings only when editorial control and governance permit. 

4. Simple Example of Semantic Traceability 

To illustrate how the architectural components introduced in Section 3 support semantic traceability 
in practice, Figure 3 presents a simplified example centered on the concept Person and its sex- and 
gender-related specializations. The HRIO OntoUML and HRIO gUFO/OWL elements shown in this 
figure constitute a small, simplified excerpt of Health-RI’s conceptualization for human beings, 
specifically concerning sex and gender, as captured in these ontologies. 

Figure 3 is organized into three vertical regions: HRIO OntoUML on the left, the HRIO gUFO/OWL 
ontology in the middle, and external ontologies on the right. Both HRIO OntoUML and HRIO 
gUFO/OWL are on a yellow background to indicate Health-RI ownership, and the external ontologies 
are on a gray background indicating non-Health-RI ownership. While the OntoUML model is inside 
a blue round rectangle representing that it is a conceptual model, both HRIO gUFO/OWL and 
external ontologies are in a green round rectangle indicating they are computational artifacts. 

In HRIO OntoUML, the model contains the class Person (stereotyped as a UFO Kind) and some of 
its specializations, such as Male Person, Karyotypical Male, and Person with Male Gender. In HRIO 
gUFO/OWL, the ontology contains corresponding OWL classes hrio:Person, hrio:MalePerson, 
hrio:KaryotypicalMale, and hrio:PersonWithMaleGender, related by rdfs:subClassOf axioms that 
mirror the conceptual hierarchy. The blue dashed arrow labeled “(directly) represents” indicates that 
hrio:Person is assumed to directly represent the same meaning as Person. The dashed style indicates 



that this is a non-computational relation: it is not expressed in OWL, but rather a semantic 
assumption stating that the OWL class implements the OntoUML concept. 

 
Figure 3 - Example of semantic traceability: a fragment of HRIO OntoUML for Person’s sex and gender is implemented in 

HRIO gUFO/OWL, and external ontologies’ OWL classes are aligned via HRIV mappings, distinguishing direct and indirect 

representation relations. The semantics of the external classes are traceable to their corresponding meanings modeled in 
OntoUML. 

Two illustrative external ontologies are used to facilitate the explanation of semantic traceability 
as enabled by the framework. One standard (prefix “std1:”) distinguishes between std1:Human and 
the more specific std1:Man (a karyotype-based reading). Another standard (prefix “std2:”) contains a 
single class, also labeled “Man” (std2:Man), which is defined as a gender-based reading of “man”. 
These external artifacts are outside Health-RI’s editorial control but participate in semantic 

interoperability via HRIV mappings. 
In the OWL ontologies in Figure 3, black solid arrows depict HRIV mapping relations, while blue 

solid arrows depict rdfs:subClassOf axioms. For instance, std1:Human is linked to hrio:Person via 
hriv:hasExactMeaning, expressing that the standard’s notion of human being s is taken to match 
exactly the shared conceptualization captured in the OntoUML Person and implemented as 
hrio:Person. std1:Man is linked to hrio:KaryotypicalMale using hriv:hasExactMeaning, reflecting that 
this external concept corresponds to a specific biological (karyotype-based) reading of male persons. 
By contrast, std2:Man is mapped to hrio:PersonWithMaleGender via hriv:hasExactMeaning, making 
explicit that this external class is intended to capture the gender-based meaning represented in HRIO 
(despite its potentially ambiguous label). 

Once both external classes are linked to HRIO meanings, their semantic relationship can be 
assessed by inspecting (and, computationally, querying and reasoning over) the HRIO OntoUML 
model and its corresponding HRIO gUFO/OWL implementation. Here, the asserted mapping type 
makes explicit how each external class is intended to relate to the shared HRIO meaning and, 
consequently, how any derived cross-standard relationship should be interpreted, as a mapping-level 
assessment grounded in HRIO (rather than as an OWL DL class-level entailment between the 
external classes). The assessment is grounded in HRIO’s class hierarchy, relations, and associated 
constraints (e.g., disjointness), rather than relying on labels or textual descriptions alone. For example 
(not shown in the fragment in Figure 3), the model can make explicit that a karyotypical female 
person may still be a person with male gender (via self-assigned gender), whereas the karyotype-
based reading does not account for this possibility. Consequently, despite sharing the same label, 
std1:Man and std2:Man should not be treated as directly interoperable, and these differences must be 
considered when designing data exchange between systems that implement them. 

Finally, the red dashed arrow labeled “(indirectly) represents” shows how external ontology 
classes should be understood as indirectly representing OntoUML concepts via their HRIV links to 
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HRIO meanings. This indirect representation is not encoded as a computational relation in OWL; 
rather, it is derived from the combination of implementation and mapping assumptions. Together, 
the blue and red dashed arrows and the HRIV mappings illustrate how semantic traceability is 
maintained from the shared conceptualization represented in the HRIO OntoUML reference model, 
through the HRIO gUFO/OWL ontology, to heterogeneous external standards and schemas. For 
readability, these two dashed relations are shown only once in Figure 3, but they apply to all mapped 
concepts in the figure (e.g., the HRIO OntoUML class Person with Male Gender is directly represented 
by hrio:PersonWithMaleGender and indirectly represented by std2:Man). 

5. Discussion and Future Work 

The Health-RI Semantic Interoperability Initiative proposes a model-driven, ontology-based 
framework that is intended to enable semantic traceability across conceptual and computational 
layers to mitigate semantic misalignment (false agreement), thereby supporting interoperable reuse 
of health data. It combines an OntoUML common reference model (HRIO OntoUML) with a gUFO-
based OWL implementation (HRIO gUFO/OWL) and an intentional (definitional) mapping 
vocabulary (HRIV). The framework is intended to shift effort from repeatedly creating and 
maintaining pairwise mappings toward reusable, meaning-explicit alignments by providing a single 
semantic hub to which standards and local schemas can be aligned. 

The Person example illustrates how this hub can clarify the distinct conceptualizations embedded 
in existing standards and support preserving semantic intent as meanings move from shared 
conceptualizations to OWL ontologies and external implementation artifacts. The artifacts produced 
by the Initiative are openly published with persistent identifiers, reinforcing their role as reusable 
community assets rather than project-specific artifacts. Current deliverables include the HRIO 
OntoUML reference model, the HRIO gUFO/OWL implementation, the HRIV mapping vocabulary, 
and a worked example. Documentation of the Initiative’s approach and of the published artifacts is 

available via the project website and its Git repository. 
While these results illustrate the intended benefits of the framework, this manuscript does not 

present an empirical evaluation of mapping-effort reduction, error reduction, or user comprehension 
gains. Such an evaluation is part of the Initiative’s future  work. 

Regarding limitations and adoption considerations, adopting the framework here proposed may 
increase the initial effort for contributors in the short term, since new standards and local schemas 
still require curated meaning mappings. The expected benefit is reduced duplication of mapping 
work across repeated integration settings, as later efforts can reuse existing HRIO-aligned mappings. 
Nevertheless, mappings are maintained per source artifact and release and must be reviewed when 
source or HRIO definitions evolve. The long-term success of the approach therefore depends on 
sustained community engagement and governance to curate and maintain mappings as artifacts 
evolve. 

Beyond this evaluation, future work focuses on consolidating and expanding this architecture 
through concrete use cases in the health and life sciences domain. On the content side, HRIO will be 
incrementally extended by selecting prioritized concepts and taking each of them through a 
structured cycle of modeling, formalization, review, and publication, with continued involvement of 
domain experts to refine ontological commitments and resolve terminology and scope decisions. 

On the technical side, we plan to strengthen the HRIV mapping lifecycle around those concepts—
authoring, curation, review, validation, and visualization—supported by reusable templates and 
increasing automation, and to improve packaging and publishing of ontology and mapping releases 
with consistent metadata and documentation. Concurrently, we will expand user-facing support 
assets (e.g., query examples and high-level metrics/monitoring views) and integrate the artifacts into 
data integration pipelines, query services, and FAIR data publishing workflows. 

Finally, responding to the identified lack of empirical evidence on the advantages and drawbacks 
of foundational ontologies in biomedical research [37], the approach could be evaluated in real-world 
integration scenarios. Such an evaluation could assess its impact on mapping effort, error reduction, 



and user comprehension and could also inform governance for the sustainable evolution of HRIO 
and its mappings. Concretely, a study could be designed to compare HRIO-aligned meaning-mapping 
to direct pairwise mapping practices (e.g., SSSOM mapping sets or SKOS-based mapping assertions) 
in tasks such as initial mapping creation, mapping revision after new releases of standards and local 
schemas, and cross-standard query formulation. Measures of interest could include time-on-task, the 
number of mapping revisions and reviewer disagreements, and the frequency of expert-identified 
false-agreement cases, complemented by short comprehension questionnaires. 
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