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Abstract 
Research data infrastructures are designed, among other objectives, 
to improve the discoverability and accessibility of research data. 
However, this is often accompanied by an implicit assumption that 
data become perceptible to scholars simply by existing and being 
made accessible. Building on the premise that visibility is not a 
stable property of data itself, we argue that the visibility of research 
data is instead shaped by several conditions that determine whether 
and how data become perceptible to scholars. 

Using the humanities as an illustrative domain, we focus on 
the modes of access to humanities research data, understood as 
the ways through which researchers become aware of research 
data and argue that each access mode is associated with a distinct 
Dimension of Visibility, shaped by diferent factors that infuence 
how and whether research data become visible within these Modes 
of Access. To capture these dynamics, we introduce the Humani-
ties Research Data Visibility Model (HRDVM), a literature-driven 
model that identifes four central Modes of Access: Social Interac-
tion, Information Systems, Physical Access and Scholarly Literature. 
For each Mode of Access, the model introduces a corresponding 
Dimension of Visibility: Social Visibility, Digital Visibility, Physi-
cal Visibility, and Literature Visibility. Building on this model, we 
derive implications for the design of humanities research data in-
frastructures. These include, among others, supporting multiple 
modes of access to research data, improving metadata to better 
represent reuse-relevant information, and accounting for the social 
and institutional practices through which researchers discover and 
access data. 

Although we focus on the humanities, the proposed framework 
and the implications can be adapted to other research domains and 
non-academic contexts, as well as to other information resources. 

CCS Concepts 
• Applied computing → Arts and humanities; • General and 
reference → Surveys and overviews; • Information systems → 
Digital libraries and archives; Expert search. 
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1 Introduction 
The sharing of information, ideas, and research materials is a fun-
damental feature of academic collaboration and scientifc discovery 
[51]. Among these resources, research data play a central role, en-
abling scholars to explore questions, derive insights from evidence, 
and advance human understanding [66]. In response, funding agen-
cies and publishers have introduced open research data policies 
that encourage researchers to make their data accessible with few 
or no restrictions. This development has been accompanied by 
growing eforts to establish research data infrastructures, with the 
aim, in addition to other objectives, to support data discovery and 
reuse. Prominent examples, among many others, include European-
wide initiatives such as Gaia-X [12], DARIAH-EU [7], CLARIN [2], 
ELIXIR [6], and CESSDA [8], as well as national infrastructures 
such as ARDC [9], DANS [20], Recherche Data Gouv [11], and the 
NFDI [10]. 

Despite these eforts, it is often implicitly assumed that once 
research data exist and are available, they are simply there and 
therefore readily visible to potential users. We argue that this as-
sumption is misleading. In Web Science and Search Engine Opti-
mization (SEO), visibility is often narrowly understood as “property 
of being visible and locatable on the web” [107], or operationalized 
as a metric indicating how prominently a resource appears in search 
results [62]. However, search engine optimization goes well beyond 
purely technical aspects and also addresses issues such as general 
brand awareness, content quality, and backlinks. 

To sharpen our use of the term visibility, we distinguish visibility 
from three closely related concepts: fndability, discoverability and 
accessibility. In particular, the distinction between visibility, fnd-
ability, and discoverability remains often conceptually unclear, as 
noted by Reyes-Lillo et al. [107]. We therefore delineate the bound-
aries between these concepts to clarify what we mean by visibility 
in this work. According to Morville [100], fndability denotes “the 
quality of being locatable or navigable” and “the degree to which 
a particular object is easy to discover or locate”. It also refers to 
“the degree to which a system or environment supports navigation 
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and retrieval” [100]. Thus, fndability refers to how easily users 
can locate information or resources within a website or informa-
tion system [107]. This aspect is also refected in the F of the FAIR 
Principles [130]. In contrast, discoverability refers to the extent 
to which a resource can be encountered serendipitously, without 
being explicitly sought by the user [44, 92]. In this sense, it focuses 
on the ability of a website or system to facilitate the discovery of 
otherwise unknown content [107]. Accessibility, by comparison, 
concerns whether a resource, once located, can actually be retrieved 
and used. In this sense, it is related to the A in the FAIR Principles 
[130]. 

These concepts describe distinct and more specifc conditions 
through which a resource may become available or perceptible 
to a user. We understand visibility as a broader concept that en-
compasses and cuts across these diferent dimensions, while also 
extending beyond them. In this sense, visibility is not reducible 
to any single condition, but encompasses a wider range of socio-
technical factors that shape whether and how research data become 
perceptible, discoverable, and relevant to researchers in practice. To 
illustrate this, we can look at metrics that could demonstrate high 
visibility as we defne it. These would include, for example, access 
statistics, fgures on reuse, or the level of awareness of specifc 
research data within a professional community—which could be 
determined, for instance, through surveys. 

In this paper, we therefore aim to capture a broader range of visi-
bility aspects through which research data may become perceptible 
to scholars. Drawing on Neumayer et al. [102], who conceptual-
ize (in)visibility as a socio-technical process rather than a stable 
attribute of data, we understand research data visibility as emerging 
from the interplay of multiple technical, social, and contextual fac-
tors. Visibility is thus not solely determined by the establishment 
of technical foundations, but also by several other factors that de-
termine whether and how researchers encounter research data in 
practice. 

Of course, the “FAIR Guiding Principles for Scientifc Data Man-
agement and Stewardship” [130] represent a very important and 
necessary step toward the visibility of research data. The FAIR 
principles have become a widely adopted framework for designing 
(research) data and metadata such that they are fndable, accessible, 
interoperable, and reusable. FAIR establishes essential technical 
preconditions for making data fndable, but it does not guaran-
tee that data become visible to researchers in practice. As such, 
it constitutes a necessary, but not sufcient, condition for visibil-
ity. This becomes particularly evident in web-based information 
environments, where visibility is not only a function of technical 
accessibility, but is actively shaped. Approaches such as SEO and, 
more recently, Generative Engine Optimization (GEO) [26] aim 
to increase the reach of digital resources by aligning their repre-
sentation with the ranking and generation mechanisms of search 
engines and generative systems. These practices illustrate that being 
indexed or technically retrievable does not automatically translate 
into actual visibility. Instead, whether resources are encountered 
depends on how they are surfaced and prioritized within these 
systems. As a result, research data that fulfll FAIR criteria may 
remain efectively invisible if they are not aligned with these mech-
anisms. Taken together, this also suggests that visibility cannot be 
reduced to technical properties alone, but must be understood as 

the outcome of socio-technical processes operating across diferent 
modes of access. 

In this paper, we focus on the humanities and their research 
data as an illustrative case, characterized by heterogeneous data 
types, distributed storage practices, and diverse scholarly work-
fows. In particular, we focus on central access modes to humanities 
research data, understood as the ways through which researchers 
become aware of research data and argue that each access mode 
involves a Dimension of Visibility that is shaped by diferent factors 
infuencing how and whether research data become visible within 
these modes of access. To capture these dynamics, we introduce the 
Humanities Research Data Visibility Model (HRDVM), a literature-
driven model that brings together multiple strands of literature. 
The model integrates a typology of Humanities Data Types, Data-
Holding Entities, and Modes of Access with their corresponding 
Visibility Dimensions. 

Current research data infrastructures predominantly support 
access through digital search and retrieval, focusing on optimizing 
system-side components such as indexing and ranking. While these 
are essential, they refect a narrow understanding of access that 
overlooks other pathways through which research data become vis-
ible. We argue that research data infrastructures should not be lim-
ited to retrieval-based access, but should support multiple modes of 
access that refect the diverse ways in which researchers encounter 
and recognize data. This view resonates with Burrows [39], who ar-
gues that humanities infrastructures often remain search-oriented 
systems with sophisticated retrieval functions, while overlooking 
the research processes needed to exploit these sources. 

Against this background, we state the following research ques-
tions: 

RQ1 In what ways is the visibility of humanities research data 
conceptually constituted through diferent modes of access, 
and which factors shape this process? 

RQ2 What implications do these conceptualizations of visibil-
ity and access have for the design of humanities research 
data infrastructures? 

To answer these research questions, we frst conducted an ex-
ploratory literature review that focused on research dealing with the 
search for and use of research data, particularly in the humanities. 
We systematized the results of this review in the HRDVM. Finally, 
based on this model, we drew implications regarding humanities 
research data infrastructures. 

While our analysis focuses on the humanities, the underlying 
concept, that each access mode is associated with a distinct Di-
mension of Visibility, can be transferred to other domains and non-
academic contexts, such as industry or cultural institutions, where 
it can be applied to their respective access logics and practices, as 
well as to their information resources. 

The contributions of this paper can be summarized as follows. 
We introduce the HRDVM, which brings Humanities Data Types, 
Data-Holding Entities, Modes of Access, and their Visibility Dimen-
sions together. Based on that, we derive implications for humanities 
research data infrastructures based on the access modes of humani-
ties scholars. 

The remainder of the paper is organized as follows. After pre-
senting related work on research data in the humanities in Section 
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2, we introduce the HRDVM in Section 3. Based on that, we then 
outline implications for a humanities research data infrastructure 
in Section 4. Section 5 concludes the paper and presents directions 
for further research. 

2 Related Work 
This section provides an overview of related work on humanities 
research data practices. It includes defnitions of research data in 
the humanities, as well as studies on data seeking and sharing. The 
overview provides insights into how humanities scholars engage 
with research data, while also revealing a gap in the literature with 
respect to connecting access modes to the visibility of humanities 
research data. 

2.1 Humanities and the Nature of Humanities 
Research Data 

The humanities comprise a set of disciplines concerned with the 
study of human society, culture [125] and human record [36]. This 
scope is e.g. refected in re3data’s subject hierarchy [24] or the 
Subject Committee of the Deutsche Forschungsgemeinschaft clas-
sifcation of disciplines belonging to the humanities [13]. These 
classifcations include felds such as ancient cultures, linguistics or 
history. Against this disciplinary background, conceptual defni-
tions of humanities research data vary in their emphasis. DARIAH-
DE defnes humanities research data as sources, materials, and 
research results that are collected, written, described, or evaluated 
in relation to a research question within the human and cultural sci-
ences, and that are available in machine-readable form for purposes 
such as archiving, citation and further scholarly processing [21]. 
The European Federation of Academies of Sciences and Humani-
ties ALLEA Working Group E-Humanities has a similar defnition. 
They defne humanities research data as all materials and resources 
that scholars collect, produce, and utilize throughout every stage of 
the research cycle [61]. Schöch, by contrast, describes humanities 
data as constructed and machine-actionable representations that 
abstract and select aspects of humanities research objects [111]. A 
function-oriented perspective is ofered by Borgman, who char-
acterizes data as evidentiary entities of phenomena in academic 
research [36]. 

Together, these defnitions illustrate the conceptual breadth of 
research data that can be considered in the humanities. Although 
these conceptual defnitions explicitly employ the term (research) 
data, this terminology contrasts with scholarly practice. Humanities 
scholars rarely refer to their materials as data or research data. 
Instead, they commonly use more precise and discipline-specifc 
terms such as primary and secondary sources, research materials, 
readings, or sources [49, 83, 88, 103]. 

This preference for discipline-specifc terminology refects the 
practical conditions of humanities research. Unlike felds in which 
data are primarily collected or created for scientifc purposes, the 
social sciences and humanities often rely on data originally col-
lected for non-research contexts, such as business and government 
records, social activities, genealogical sources, or literary work 
[126]. In addition, humanities research relies on unique, often phys-
ical materials, and almost any evidence of human activity may be 
seen as a research object [36]. Such artifacts function not only as 

evidence but also as sources of inspiration and reinterpretation, em-
bedded in ongoing processes of meaning-making [88]. Moreover, 
humanities research data are often heterogeneous and unstructured, 
and their study is inherently iterative and cumulative, with human-
ities scholars repeatedly engaging the same data over decades or 
even entire academic careers [101]. 

This diversity of research data in the humanities constitutes an 
initial key element for modeling in the HRDVM, which we will 
explore in more detail in Section 3.2 and Figure 1. 

2.2 Research Data Practices in the Humanities 
Studies on research data practices across disciplines have examined 
how data are searched [54–56, 72] and shared [70, 119]—or have 
addressed both [69, 73, 120, 121]. However, to the best of our knowl-
edge, existing studies in the humanities tend to focus on individual 
access points rather than on the relationship between access and 
visibility as well as its signifcance for research data infrastructures. 
Previous work has examined individual access sources in the hu-
manities, such as data journals [91, 96, 97], repositories [53, 91], or 
linked data [91] without situating them within a broader frame-
work of access modes. Furthermore, previous literature focuses on 
digital access and overlooks analog forms of access. As a result, 
there is no perspective that links modes of access to the visibility 
of humanities research data. Hence, we focus our consideration 
of related work on data seeking and sharing in the humanities, as 
these represent two fundamental ways in which access to research 
data is created and realized. 

2.2.1 Data Seeking in the Humanities: Research on information 
seeking in the humanities has received substantial attention [27, 
28, 33, 34, 38, 43, 46, 80, 117, 128, 129]. In contrast, studies on data 
seeking in the humanities are limited, and those that do exist focus 
on diferent aspects of this area. Li et al. analyze characteristics 
of data seeking behavior and data seeking approaches adopted by 
humanities scholars [81], whereas Kemman et al. show that hu-
manities scholars in the Netherlands and Belgium primarily rely on 
general-purpose search engines and prefer keyword-based search 
over other retrieval strategies such as related terms or Boolean 
operators [68]. Lian et al., on the other hand, investigate dataset 
search behavior in cultural-heritage work [85, 86] and Hauf et al. 
examine the criteria humanities and social science scholars apply 
when selecting a data source for their research [63]. 

2.2.2 Data Sharing in the Humanities: Research on information 
sharing in the humanities has also received attention [43, 124]. 
Some studies have also examined data sharing practices in the 
humanities. For example, Klungthanaboon [71] analyzes digital hu-
manities researchers in Thailand, identifying data types, collection 
practices, sharing motivations, and barriers. Similarly, Ruediger and 
MacDougall [108] explore sharing intentions, anticipated reuse, and 
perceived challenges in data-intensive humanities projects. Focus-
ing specifcally on image data, Late et al. [78] show that sharing 
remains largely informal and is often mediated through personal 
networks. Li et al. [82], in contrast, examine data-related collab-
oration in interdisciplinary digital humanities teams, identifying 
core data activities and collaborative modes. From an institutional 
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perspective, Strange et al. [118] examine the challenges of sustain-
ing open digital humanities data collections beyond the lifetime of 
research projects. 

Since these aspects of data seeking and data sharing in the hu-
manities are foundational for our considerations on the visibility of 
research data, we will further systematize the foundational modes 
of access in Section 3.4. 

3 Humanities Research Data Visibility Model 
Based on the related work outlined in Section 2, this section in-
troduces the HRDVM, as shown in Figure 1, to address RQ1. The 
model comprises fve core elements: Disciplinary Data Practices (a), 
Humanities Data (b), Data-Holding Entities (c), Modes of Access (d) 
and their corresponding Dimensions of Visibility (e). The Modes of 
Access are particularly central to addressing RQ1, as they capture 
the ways through which researchers become aware of humanities 
research data and the factors that shape their visibility. 

The following subsections introduce each element, explain how 
they relate to each other within the model, and connect them to 
the existing literature. Rather than treating visibility as a stable 
property of data, the model conceptualizes it as an outcome of 
conditions shaped by how data are produced, stored, and accessed, 
with particular emphasis on the Visibility Dimensions (Section 3.5) 
generated by diferent Modes of Access (Section 3.4). 

3.1 (a) Disciplinary Data Practices: 
The Disciplinary Data Practices describe how humanities disci-
plines determine which human-made artifacts are recognized as 
relevant research objects. Artifacts do not become research data by 
their mere existence, but through processes of selection, classifca-
tion, and framing guided by specifc research interests. As Borgman 
notes, institutions organize and represent objects in accordance 
with their missions [36], a logic that also applies to disciplinary 
practices. Consequently, the same artifact may acquire diferent 
meanings depending on the disciplinary context. For example, a 
nineteenth-century handwritten notebook may serve as a histori-
cal source for historians or as material for authorship analysis in 
literary studies. These practices shape the Humanities Data used 
within a feld and determine which materials enter Data-Holding 
Entities. In doing so, they establish a form of pre-access visibility by 
defning which materials become available for subsequent access 
and perception, alongside the visibility dimensions associated with 
diferent Modes of Access. 

3.2 (b) Humanities Data: 
Humanities research employs a wide range of data types, refecting 
the inherent heterogeneity of humanities data. Existing classif-
cations capture this diversity by focusing on observable charac-
teristics, such as modality (e.g., textual, numerical, audio) [106] 
or the type of scholarly object represented (e.g., publications, pri-
mary sources, events) [57]. Complementing these classifcations, 
Borgman proposes a creation-oriented typology that distinguishes 
between material objects, their digital representations, and born-
digital materials [36]. Building on this perspective, we extend this 
typology by introducing physical representations alongside digi-
tal representations. Accordingly, the HRDVM distinguishes four 

categories of humanities research data: Physical Objects, Physical 
Surrogates, Digital Surrogates, and Born Digitals. 

In the HRDVM, Physical Objects refer to tangible artifacts exist-
ing in the real world (e.g., books or paintings), Physical Surrogates 
to their physical reproductions (e.g., facsimiles), Digital Surrogates 
to digitized versions of Physical Objects (e.g., scans or 3D models), 
and Born Digitals to materials created in digital form (e.g., digital art 
works). These categories are not mutually exclusive. A single object 
may exist across multiple modes of this typology. For example, a 
Physical Object may also be available as a Physical Surrogate and 
as a Digital Surrogate. Whether such artifacts are recognized as 
research data and stored in Data-Holding Entities depends, again, 
on Disciplinary Data Practices. 

3.3 (c) Data-Holding Entities: 
The Data-Holding Entities refer to the entities in which research 
data are stored and maintained. We distinguish Physical Storage 
and Digital Storage. Physical Storage denotes geographically situ-
ated locations requiring on-site access, such as libraries, archives, 
museums, or private collections. Digital Storage refers to logically 
addressable locations within digital infrastructures, including repos-
itories, databases, digital archives, project websites, and personal or 
collaborative storage environments. These examples are illustrative 
rather than exhaustive, as data in the humanities can be stored 
in a wide range of physical and digital entities. Furthermore, this 
distinction is not absolute but refects a continuum of storage prac-
tices that also includes hybrid forms. For example, a museum may 
preserve Physical Objects on site while simultaneously maintaining 
Digital Surrogates within its digital infrastructure. 

The Data-Holding Entities can be positioned in relation to the 
data pyramid of humanities research data in the institutional con-
text proposed by Andorfer [32], which synthesizes concepts from 
Sahle and Kronenwett [109] and Hügi and Schneider [65] with 
the data pyramid model of Hey et al. [64]. The humanities data 
pyramid models the movement of data throughout the research 
workfow, distinguishing between sources (at the bottom), working 
data generated during the research process, and publications as 
forms of scholarly output (at the top). The Data-Holding Entities 
in our model correspond to the foundational level of Andorfer’s 
pyramid, where he also models institutional storage next to the 
sources. However, HRDVM extends this focus by accounting for a 
broader landscape of entities in which humanities data are stored. 

3.4 (d) Modes of Access: 
The Modes of Access refer to the ways through which researchers 
become aware of and encounter sources preserved by the Data-
Holding Entities. In this context, access is understood as awareness 
and discovery. 

To derive these Modes of Access, we reviewed literature on 
information-seeking and research data-seeking practices in the hu-
manities. Relevant publications were identifed through a manual 
search conducted with Google Scholar by using the terms “human-
ities information seeking”, “humanities research data seeking”, and 
“humanities information behavior”. The search was not restricted by 
publication date and was complemented by backward and forward 
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citation searches. Citation chaining was continued until no addi-
tional relevant publications emerged. Only publications written in 
English were included. 

From this literature, we extracted the resources and channels 
through which humanities researchers are reported to become 
aware of and locate relevant sources or research data. Table 1 sum-
marizes these literature-derived resources and shows how they can 
be grouped into broader access patterns. Rather than treating each 
resource as a separate category, we abstracted them according to 
the underlying way in which access is enabled. This resulted in 
four elementary Modes of Access: Social Interaction, Information 
Systems, Physical Access, and Scholarly Literature. 

Social Interaction refers to access mediated through interpersonal 
practices, including peer-to-peer communication (e.g. conversations 
or email), as well as interactions embedded in broader social settings 
(e.g. workshops, conferences, and seminars). Information Systems 
denote access via local and web-based infrastructures, including 
institutional catalogs, repository search interfaces, recommender 
systems, search engines, and generative search systems (see Kelly 
et al. [67] for an example of a RAG-System applied to cultural 
heritage materials). Physical Access captures access through on-
site engagement with materials in libraries, archives, or museums. 
Scholarly Literature refers to access mediated through publications, 
where research data are encountered via citations, references, or 
descriptions. 

It should be noted that the resources and channels mentioned 
in Table 1 do not constitute an exhaustive list of all possible access 
routes. Additional or emerging resources and channels, such as gen-
erative search, may exist and can still be assigned to the proposed 
Modes of Access, even if they are not yet prominently addressed in 
the reviewed literature. 

Table 1: Derivation of Modes of Access from literature-
derived resources and channels 

Mode of Access Resources/Channels 
Archivists, librarians [31, 129] 
Colleagues [28, 31, 33, 34, 129] 

Social Interaction Conferences [28, 34, 80]; seminars [28] 
Supervisors [28, 34]; lecturers [33] 
Social media [80] 
Databases [28, 33, 34, 68, 84, 86, 129] 
Online fnding aids of libraries/archives [84] 
Online catalogs [84] 
Search engines [28, 68, 86, 123] 

Information Systems Video platforms [68, 86] 
Social media [86] 
Open data platforms [86] 
Repositories [31, 123] 
OPACs [28, 31, 34, 123] 
GLAM institutions [28, 33, 34, 129] 

Physical Access Personal collections [28, 129] 
Bookstores [28, 34]; book exhibitions [28] 
Journal articles/literature [33, 34, 123] 

Scholarly Literature Reference materials [33] 
Bibliographies [34, 123] 

3.5 (e) Dimensions of Visibility: 
Within the model, research data do not become visible merely by 
being stored or made available in Data-Holding Entities. Instead, vis-
ibility emerges through the Modes of Access by which researchers 
become aware of them. Accordingly, each mode is associated with 
a distinct Dimension of Visibility, which shapes how data become 
perceptible in practice. These dimensions are structured by a set of 
factors that condition this perceptibility. The model distinguishes 
four such dimensions: Social Visibility, associated with Social In-
teraction; Digital Visibility, associated with Information Systems; 



JCDL ’26, October 13–16, 2026, Frisco, TX, USA Lachner and Henrich 

Physical Visibility, associated with Physical Access; and Literature 
Visibility, associated with Scholarly Literature. 

This perspective aligns with Neumayer et al. [102], who concep-
tualize visibility as a socio-technical process rather than a stable 
property of data. While their framework, developed for social me-
dia data, emphasizes dimensions such as actors, technologies, and 
meaning, our model adapts this core premise to the context of re-
search data by linking visibility to distinct Modes of Access. In the 
following, each Dimension of Visibility is introduced by outlining 
central and initial factors that shape how research data become 
perceptible within the respective access modes. 

Social Visibility. Social Visibility shapes the perceptibility of re-
search data through Social Interaction. In peer-to-peer contexts, 
factors contributing to the Social Visibility arise from the data 
seeker and the information holder. 

On the side of the data seeker, one factor is the articulation of 
information needs. Research data may remain socially invisible 
when researchers do not ask others about their existence. Such 
restraint can be driven by concerns about social exposure such 
as appearing incompetent [37]. More generally, seeking help can 
signal incompetence, dependence, or inferiority to others [79]. In 
academic environments where competence is highly valued, re-
vealing such uncertainty may be perceived as risky. As a result, 
researchers may refrain from asking even when relevant knowl-
edge about research data is available within their social network. 
For example, a researcher searching for archival data may hesitate 
to ask a junior colleague for assistance, despite that colleague’s 
direct knowledge of the data, because seeking advice from some-
one perceived as less established may be interpreted as signaling 
a lack of expertise. In this way, research data may remain socially 
invisible not because they are unknown within a community, but 
because articulating information needs entails a perceived risk of 
negative social reaction. This mechanism mirrors Chatman’s the-
ory of information poverty, which claims that individuals often 
avoid revealing their problems because they believe the potential 
negative consequences outweigh the benefts [41]. 

On the side of the information holder, one factor is the will-
ingness to share information about research data. Research data 
may remain socially invisible when researchers who are aware 
of the data choose not to disclose its existence to others. Such re-
straint may be shaped by strategic or normative considerations. 
Researchers may withhold information due to concerns about com-
petition, expectations of reciprocity, and prevailing disciplinary 
norms [58, 59]. As a result, information about research data may 
circulate selectively within social networks. For example, a scholar 
may share knowledge about a dataset with close collaborators while 
withholding it from others when no reciprocal relationship is an-
ticipated. In this way, research data may remain socially invisible 
because information holders deliberately limit disclosure based on 
social, strategic, or normative considerations. 

Beyond direct peer-to-peer interactions, Social Visibility is also 
shaped through disciplinary norms in broader social communica-
tion settings such as conferences, workshops, seminars, and social 
media platforms. These communication settings provide opportu-
nities for research data to be mentioned or informally circulated, 

thereby increasing their perceptibility within a scholarly commu-
nity. Disciplines difer in their data sharing activities [35]. In com-
munities characterized by a strong culture of data sharing, these 
forms can increase the perceptibility of research data, whereas in 
more strict disciplines, they may contribute little to data percepti-
bility. 

Digital Visibility. Digital Visibility shapes the perceptibility of 
research data through Information Systems. Factors contributing 
to Digital Visibility arise both from the research data itself and 
from the design of the Information Systems through which they 
are accessed. 

On the resource side, one factor is the quality and scope of meta-
data associated with research data, also addressed by the FAIR Prin-
ciples [130]. Because many information systems rely on metadata 
to represent, organize, and retrieve information objects, metadata 
determine how resources are matched to user queries and thus 
whether and how they become perceptible to researchers. Con-
sequently, metadata quality and completeness constitute critical 
components for efective access and retrieval [52, 130]. If metadata 
are incomplete, inaccurate, or inconsistent, this negatively afects 
the discoverability of the resources [104]. As a result, suitable re-
search data may remain digitally invisible even when they are 
technically available within an information system. For example, 
a digitized archival collection may record the place of origin in-
consistently across metadata entries, using modern names in some 
cases and historical or abbreviated variants in others. As a result, 
region-based queries may retrieve only a subset of relevant materi-
als, since the system cannot reconcile these variants as referring to 
the same location. 
The types of metadata used to describe a resource are a further 
factor contributing to Digital Visibility. Diferent metadata types, 
such as administrative, descriptive, preservation, technical, and use 
metadata [52], capture diferent aspects of research data and enable 
diferent forms of discovery and access. As a consequence, only 
those dimensions of a resource for which corresponding metadata 
exist can be taken into account during retrieval. If a resource lacks 
the metadata types corresponding to the criteria used in a search 
query, the information system will not surface it, even when the 
resource itself would be highly relevant to the user’s research in-
terest. For example, a digitized correspondence collection can be 
described thematically through descriptive metadata and therefore 
be discoverable via topic-based searches. However, if contextual 
metadata are not recorded, the same collection may not be retrieved 
by researchers searching for sources from a specifc region. In this 
context, one can try to improve the quality and completeness of 
metadata using LLMs. Currently, many projects are reporting re-
sults in this direction (see, e.g., [29, 76, 99, 127]). While some of 
these results are promising, in many cases they are still far from 
perfect. For the time being, well-maintained metadata will remain 
a crucial foundation in many felds. 

On the information system side, Digital Visibility is shaped by 
several interrelated mechanisms that impact how research data are 
retrieved for users. 

One factor is indexing. Indexing determines which elements of 
research data are represented in the system’s internal structures 
and are therefore available for search and retrieval. Depending on 
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the indexing strategy employed (see, e.g., [45, 60]), certain aspects 
of a resource are foregrounded while others remain invisible, even 
when they are documented in the underlying record. For example, 
an archival dataset may include metadata describing the geographic 
origin of its source, but if the system indexes only full text and not 
the place-related metadata felds, location-based search queries will 
not retrieve the data. 

Building on indexing, retrieval and especially ranking algorithms 
constitute a further factor, as they determine which indexed re-
sources are selected and how they are ordered in response to a 
query. A variety of retrieval and ranking techniques can be applied 
to an information system (see Hambarde and Proenca [60] for an 
overview of prominent categories and techniques for information 
retrieval and ranking). Consequently, even when research data are 
indexed and technically retrievable, their visibility also depends on 
the specifc retrieval and ranking techniques and their combination. 

Searcher actions, tactics, and strategies are shaped by the ca-
pabilities provided by a search system [74]. As these capabilities 
are made accessible through the user interface, the interface itself 
constitutes a further factor contributing to Digital Visibility. By 
defning the available interaction options, such as search felds, 
flters, and navigation structures, interfaces shape how users for-
mulate queries and explore research data, enabling certain search 
strategies while constraining others. Consequently, which search 
options are provided determines which research data become easily 
accessible and which remain difcult to explore, regardless of their 
presence and indexing within the system. For example, Kules and 
Shneiderman show that faceted search interfaces shape searchers’ 
tactics and infuence which results users choose to examine [75]. 
This is corroborated by a systematic literature review of the chal-
lenges humanities scholars encounter when adopting software tools 
in digital humanities projects, which identifes insufcient search 
support as one of the interface-related practice barriers [89]. This is 
further supported by usability testing on archival retrieval systems, 
where unclear interface elements prevented users from efectively 
using integrated digital humanities features [87]. This underscores 
the importance of search systems as gatekeepers to research data: 
both the way results are prioritized and ranked, and the clarity 
with which functionality is presented determine whether relevant 
research data actually become visible to users. 

Physical Visibility. Physical Visibility shapes how research data 
become perceptible through Physical Access. One factor contribut-
ing to Physical Visibility is the ordering and shelving systems of 
physical Data-Holding Entities, which determine how materials are 
arranged and grouped. In libraries, archives, and museums, objects 
are typically organized according to thematic, chronological, or 
classifcatory schemes (see Simmons et al. [113] for an overview 
of diferent classifcation principles used for museum objects). As 
a result, related materials are often located in close physical prox-
imity, enabling scholars to discover additional relevant resources, 
even when these materials are not part of the original search in-
tent. Such forms of exploratory discovery align with fndings that 
serendipitous encounters play a signifcant role in humanities re-
search [46, 48, 50, 80, 110]. 

Another factor is staf expertise and institutional knowledge prac-
tices. Personnel in libraries, archives, and museums often possess 

detailed, experience-based knowledge about collections, their orga-
nization, and the context of materials, much of which remains tacit 
and not fully captured in catalogs or fnding aids [48, 90, 132, 133]. 
As a result, staf actively mediates access and shapes visibility by di-
recting researchers to relevant materials, suggesting related sources, 
or highlighting resources that might otherwise remain unnoticed. 
In this sense, they act as knowledge gatekeepers whose expertise 
signifcantly infuences what becomes perceptible during Physical 
Access. Accordingly, Physical Visibility depends not only on orga-
nizational structures but also on the availability and willingness of 
personnel to share their knowledge. Recent eforts aim to external-
ize and formalize such tacit knowledge, e.g., through consultation 
services like the NFDI4Culture Helpdesk [94]. 

A further factor concerns institutional rules and access con-
ditions. Whether research materials can be viewed and used is 
shaped by usage regulations, data protection requirements, and 
legal constraints such as copyright [47, 133]. In some cases, access 
is conditional on meeting specifc requirements, e.g., demonstrating 
a legitimate research purpose. These rules and conditions directly 
afect the perceptibility by determining which materials are made 
available to humanities researchers and under what circumstances. 
Materials subject to strict restrictions may remain unnoticed during 
Physical Access, whereas less restricted materials are more readily 
encountered. 

Literature Visibility. Literature Visibility shapes the perceptibility 
of research data through Scholarly Literature. The frst group of 
factors contributing to Literature Visibility can be described as 
contextual visibility factors, as they infuence whether a publication, 
and the research data associated with it, are encountered at all. 

One contextual factor is the publication outlet. Data reported 
in highly visible journals or widely read venues are more likely to 
attract attention than those published in peripheral outlets. This 
pattern refects cumulative advantage processes in science, com-
monly referred to as the Matthew Efect, whereby recognition con-
centrates on already prominent scholars [98]. Empirical evidence 
further shows that the publication venue itself shapes visibility. Lar-
ivière and Gingras demonstrate that the journal in which a paper 
is published has a signifcant infuence on its citation rate [77]. 

Another contextual factor is author reputation, which shapes 
whether a publication, and the data associated with it, receives at-
tention. Reputation acts as a signal of credibility and quality, helping 
researchers cope with information overload and directing attention 
toward particular works [105]. It also serves as a proxy for trustwor-
thiness, allowing scholars to rely on fndings without incurring the 
costs of verifcation [115]. Empirical evidence shows that reputa-
tion signifcantly infuences citation dynamics, especially early in a 
publication’s life cycle [105]. In practice, author names function as 
heuristics in the evaluation of newly encountered work, reinforcing 
cumulative visibility advantages [105]. Consequently, publications 
by well-established authors are more likely to be noticed, read, and 
cited. 

The second group of factors contributing to Literature Visibil-
ity are content-based visibility factors. These factors concern how 
data are represented within the publication, including the ways 
data are described, referenced, and contextualized. The type, depth, 
and quality of research data descriptions in scholarly publications 
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Table 2: Dimensions of Visibility and their associated factors 
shaping perceptibility 

Dimension of Visibility Factors shaping perceptibility 
Articulation of information needs 

Social Visibility Willingness to share information 
Disciplinary data-sharing norms 
Metadata quality and scope 

Digital Visibility Metadata types 
Indexing 
Retrieval and ranking techniques 
Interface afordances 
Ordering and shelving systems 
Staf expertise and institutional knowledge 

Physical Visibility practices 
Institutional rules and access conditions 
Publication outlet 

Literature Visibility Author reputation 
Representation and contextualization of data 
in publications 

shape how such data are perceived. When researchers rely on the 
scholarly literature to identify relevant research data, publications 
typically serve as the primary interface through which data are 
frst encountered. Moreover, they constitute the primary form of 
documentation through which data are introduced, described, and 
interpreted according to Borgman [35]. Consequently, the informa-
tion provided in publications plays a central role in determining 
whether data are recognized as relevant. If data are only briefy 
mentioned or insufciently contextualized, they may be overlooked 
or judged as irrelevant, even when they would be suitable for a 
given research purpose. This is consistent with prior work showing 
that data reuse depends, among other factors, on the availability of 
contextual information and documentation [35, 134]. 

Table 2 summarizes the Dimensions of Visibility and the infuenc-
ing factors discussed in the section. Several of the factors identifed 
above have corresponding implications for the design of research 
data infrastructures. We will discuss these in more detail in the 
following Section 4, focusing on the scenario of the humanities. 

4 Implications for Humanities Research Data 
Infrastructures 

Building on the proposed HRDVM and addressing RQ2, this section 
derives implications for humanities research data infrastructures 
by translating the identifed Modes of Access, their corresponding 
Dimensions of Visibility, and the initial factors contributing to these 
dimensions into basic considerations for infrastructure design and 
implementation. 

For the Digital Visibility factors summarized in Table 2, one 
implication concerns the role of metadata for research data. Meta-
data are commonly understood as data about data, primarily used 
to describe and represent research objects by documenting their 
characteristics. From this perspective, metadata serve a represen-
tational function by specifying what a resource is. However, this 
perspective limits the potential of metadata for reuse of research 
data. Rather than being understood solely as descriptive, metadata 

should also be conceived as carriers of potential use. This perspec-
tive shifts attention from only documenting the existing properties 
of a research object to also capturing information about how, in 
which contexts, and for which research interests the research data 
can also be meaningfully used. This (re)use-oriented perspective 
is not directly refected in currently used metadata schemata. For 
example, an examination of the Dataset schema [22] of schema.org 
shows it does not include an explicit feld for documenting the 
purposes for which a dataset is (or might be) suitable or the con-
texts in which it could be (re)used. Instead, such information can 
only be expressed indirectly through the CreativeWork properties, 
such as exampleOfWork or workExample. Incorporating such in-
formation into the metadata schema through explicit felds (e.g., 
potentialUse, reusePotential or usageContext) would enable research 
data infrastructures to account for reuse contexts during discovery 
and retrieval processes. A similar situation can be observed in the 
humanities. Although prior work has proposed metadata models 
for humanities research data [30, 114], these approaches primar-
ily focus on descriptive, structural, and contextual aspects rather 
than explicitly representing potential reuse contexts. One obvious 
problem here is the question of whether possible usage scenarios 
can be comprehensively anticipated when curating research data. 
This naturally has its limits. On the other hand, the concept of SEO 
is well known in the creation of websites, demonstrating that the 
fndability of digital content can be actively shaped by anticipat-
ing typical search behaviors and query formulations for which the 
provided content could be relevant, even in the absence of clearly 
defned use cases. Against this background, it becomes clear that 
when creating metadata, it is ultimately a matter of changing per-
spective. Instead of simply describing the data, metadata should 
be written clearly with the aim of being found by relevant search 
queries. 

Literature Visibility is modeled as a mode of access in HRDVM 
emphasizing the importance of scholarly literature as a way to raise 
awareness and interest in research data. Clearly, this does not mean 
that data infrastructures need to manage publications in the same 
way as research data themselves. Nevertheless, one implication of 
this perspective is that research data infrastructures should inte-
grate literature-based access mechanisms for discovering research 
data. In consequence, this requires publication metadata models 
that explicitly and unambiguously represent the research data used 
in scholarly work, particularly for research data infrastructures that 
primarily rely on metadata. 

Modeling research data as identifable objects within publica-
tion metadata can enable such infrastructures to more systemati-
cally leverage publications for data discovery and reuse. Currently, 
publication metadata schemata rarely provide properties that are 
explicitly designed to represent research data as part of scholarly 
work. For example, this limitation is evident in the ScholarlyArticle 
schema [25] of schema.org. Although this schema allows scholarly 
works to be linked to other resources through properties such as 
isBasedOn, isPartOf or workIsDerivedFrom, it does not include a 
property that explicitly denotes the use of research data such as 
usedDataset. As a result, research data can only be referenced in-
directly, through properties that are not designed to distinguish 
research data from other scholarly resources in an easy way. 

https://schema.org
https://schema.org
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A second, complementary approach to supporting literature-
based access may be the integration of literature-derived knowl-
edge graphs into a research data infrastructure. Scholarly literature, 
including conventional publications and data papers, often contains 
valuable information about research data, expressed in narrative 
descriptions of datasets, their research context and reuse poten-
tial, as well as in fgures and tables. Extracting such information 
from the literature and linking it to the corresponding research 
data through a knowledge graph can enhance the perceptibility, 
the discoverability and the reuse of research data (see, e.g., Stocker 
et al. for a related approach towards an Open Research Knowledge 
Graph [116], Martin and Henrich for a more technical idea to link 
publications and related resources [93] and McGillivray et al. for 
linking research papers to data papers [95]). 

Following the Social Visibility factors summarized in Table 2 
and Social Interaction as a Mode of Access, another implication is 
that research data infrastructures should support the visibility and 
accessibility of implicit knowledge that is generated, carried, and 
exchanged through social interaction. The following approaches 
outline initial possibilities for integrating this aspect into humani-
ties research data infrastructures. 

One possible approach is the explicit modeling of responsibilities 
and points of contact for research data that are held by the infras-
tructure. Such modeling can help integrate socially distributed 
expertise into the infrastructure by indicating whom to consult 
regarding the research data. 

Another approach is the integration of forum-like spaces that 
support scholarly exchange about research data. An illustrative 
example of this approach is Forum4MICA [23], a forum dedicated 
to topics related to research data and its management in the social, 
educational, behavioral, and economic sciences. It supports direct 
communication between data users and data providers via a forum-
based interface. In contrast to Forum4MICA, which is organized 
as a general discussion platform, a potential forum for humani-
ties research data could be designed as a data-anchored space in 
which scholarly exchange is explicitly linked to specifc research 
data, thereby supporting the articulation and preservation of im-
plicit knowledge. Regardless of its nature as a general discussion 
forum, Forum4MICA can serve as a starting point and reference 
model, in combination with empirical work, for developing com-
parable forum-based components for a humanities research data 
infrastructure tailored to the needs of humanities scholars. 

A further implication derived from access through Social In-
teraction is that research data infrastructures should disseminate 
the research data they hold in order to increase awareness within 
scholarly communities and society of this data, rather than primar-
ily promoting the infrastructure itself. Promoting a research data 
infrastructure as a platform provides limited informational value 
for potential users. Although such promotion signals the existence 
of the infrastructure, it does not necessarily convey what kinds of 
research data it stores or how they can be used. Data-centered dis-
semination addresses this limitation by making the data and their 
scholarly potential visible. Existing research on how (research) data 
infrastructures disseminate research data is limited, with only a few 
contributions such as Butzlaf et al. [40]. An illustrative example of 
data-centered dissemination, however, is provided by bavarikon [3]. 

Bavarikon is the digital portal of the Free State of Bavaria for pre-
senting art, culture, and knowledge from museums, archives, and 
libraries across the region. Although bavarikon does not function 
as a research data infrastructure in the frst place, it demonstrates 
how active, data-focused promotion can contribute to the visibility 
of data and cultural objects and can serve as an inspiration for 
data-centered promotion strategies in research data infrastructures. 
Bavarikon uses a range of communication channels to create aware-
ness of cultural and scientifc objects, including its website [3], a 
podcast [17], and multiple social media platforms [14–16, 18, 19]. 
Through social media promotion, these objects gain visibility and 
circulate via interaction mechanisms such as sharing, reposting, 
linking, and commenting. Beyond this, bavarikon further amplifes 
visibility through curated virtual exhibitions [5] and active dis-
semination via press releases, posters, and other printed materials 
[4]. 

Of course, bavarikon’s target audience difers from that of typical 
research data infrastructures, as it is explicitly designed for both the 
general public and scientifc users [112], rather than being primarily 
researcher-oriented. Therefore, the prioritization of channels must 
be optimized specifcally in each case. However, the clear focus on 
the target audience and the promotion of the infrastructure via its 
content rather than as an infrastructure in itself remain as a model 
for research data infrastructures. 

As a side note, cultural heritage portals such as bavarikon are 
sometimes assumed to primarily address a non-academic public. 
This assumption, however, does not fully hold. According to its 
mission statement, bavarikon targets both scientifc users and the 
general interested public [112]. Findings by the cultural heritage 
portal Europeana [1] further support this picture. A study by Clough 
et al. [42] on search motivation and search targets within Euro-
peana shows that, among 240 survey responses, 30.4% of users—the 
largest group identifed in the study—described themselves as aca-
demics. This indicates that researchers constitute a substantial and 
active user group of cultural heritage portals and suggests that 
such platforms are already situated closer to the researcher side 
than is often assumed. This raises the question of whether such 
platforms may, in terms of their user base, already approximate or 
increasingly converge with research data infrastructures, even if 
their institutional tasks and design priorities continue to difer. 

The Physical Visibility factors summarized in Table 2 point to 
the importance of ordering and shelving systems. In physical Data-
Holding Entities, ordering and shelving practices allow researchers 
to discover research data through spatial proximity. Research data 
infrastructures can draw on this principle by translating physical 
ordering logics into the digital environment, thereby creating new 
possibilities for making research data visible by enabling contextual 
browsing and the perception of relationships between research data 
(see, e.g., the bohemian bookshelf as an illustration of how diferent 
ordering principles are translated into digital systems to support 
serendipitous discovery [122] or Windhager et al. for a survey on 
visualization of cultural heritage collection data to enhance access 
to cultural collections [131]). 

Even the factor of staf expertise and institutional knowledge 
practices can be adapted to the digital world. Infrastructures can 
provide access to experts through various channels (email, phone, 
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chat, etc.) [94]. This often benefts not only those asking questions 
but also the operators of the infrastructure, as it allows them to gain 
a better understanding of the target audience’s needs over time. 

A last implication derived from Physical Access is that research 
data infrastructures should also support the perceptibility of re-
search data that exist only in physical form but are not digitally 
available. By referencing descriptive records, metadata or fnding 
aids that represent these physical research data, infrastructures 
can signal their existence and make researchers aware of relevant 
physical materials. 

The implications outlined in this section are intended merely as 
illustrative examples. In our view, the HRDVM (Figure 1) and the 
factors summarized in Tables 1 and 2 can efectively support the 
targeted optimization of research data infrastructures with the goal 
of achieving high visibility for research data. 

5 Conclusion 
This paper challenged the implicit assumption that research data 
are visible to potential users simply by existing and being made 
accessible. Building on the premise that visibility is not a stable 
property of the data itself [102], we argued that visibility is instead 
the outcome of interacting conditions that shape whether and how 
research data become perceptible to humanities scholars. We fo-
cused in particular on four central Modes of Access to humanities 
research data and their corresponding Dimensions of Visibility, each 
shaped by individual factors. To conceptualize these relationships, 
we introduced the HRDVM, distinguishing Information Systems, 
Physical Access, Scholarly Literature, and Social Interaction as cen-
tral modes through which data are encountered. For Information 
Systems, Digital Visibility is shaped by metadata quality, indexing 
and ranking mechanisms, and interface design. Physical Visibility 
depends on spatial organization, institutional regulations, and hu-
man mediation. Literature Visibility is infuenced by publication 
outlets, authorship, and the representation of research data within 
texts. Social Visibility emerges from the articulation of information 
needs, willingness to share, and disciplinary norms. 

These factors should be understood as initial factors illustrating 
how visibility is structured within each Mode of Access. Based on 
this framework, we derived implications for research data infras-
tructures. Rather than viewing them solely as retrieval systems, 
we argue for a broader perspective that supports multiple modes 
of access and their visibility conditions. This includes rethink-
ing metadata as carriers of reuse potential, integrating literature-
and physical-based access, incorporating social expertise and tacit 
knowledge, and actively promoting research data. Improving vis-
ibility, therefore, cannot be achieved through technical optimiza-
tion alone but requires accounting for the diferent modes through 
which data become perceptible. The HRDVM provides a conceptual 
basis for guiding future research and infrastructure design. Future 
work should test and refne the factors proposed as contributing 
to the diferent Visibility Dimensions and translate the resulting 
implications into concrete infrastructural practices. In the context 
of literature-based access, a next step is to examine how and to 
what extent humanities publications document research data in 
their content and metadata. 
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