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Abstract
This study presents the construction and validation of a formal conceptual model, or domain ontology, useful for the formal
representation and analysis of conversations on heritage, memory and identity (HMI) on social network sites (SNS), of inter-
views with participants in such conversations, and of scholarly works engaging with such phenomena. The ontology provides
for the first time a conceptual framework for HM interactions on SNS addressing the semiotic and discursive nature of such
interactions in the context of cultural-historical activity theory and semiosphere theory. Part of the Connective Digital
Memory in the Borderlands research project, it is developed using an evidence-based knowledge elicitation and domain mod-
eling approach. The study presents the three components of the ontology: an event-centric core conceptual model, an induc-
tively derived concept taxonomy, and a meta-theoretical conceptual scheme, based on a combination of conceptual analysis
and lexical analysis of relevant scholarly literature. To validate the ontology, it then provides an example of how it can be used
to represent an actual HMI-related SNS conversation and scholarly intervention using knowledge graphs, a quantitative analy-
sis of the occurrence of taxonomy terms in different subfields of HMI on SNS studies, a qualitative analysis of concepts used
in studies on non-professional, archeological, and institutional heritage communication on SNS, and a meta-theoretical
account of studies of HMI on SNS. The ontology can be used as a framework for theorization and for the development of
data models, questionnaire protocols, thematic analysis vocabularies, and analysis queries relevant to HMI on SNS research.
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Introduction

Communication on social network sites (SNS) emerged
recently as an important new field for practices related to
heritage, memory, and identity (HMI). The meteoric rise
of social media platforms such as Facebook, Instagram,
Twitter, and YouTube in the 2010s made them a relevant
domain of inquiry for broader research communities and
fields, whose diverse epistemic orientation and theoretical
arsenal becomes consequential for researchers interested
in HMI practices on SNS. Research on HMI-related
practices on SNS draw from diverse theorizations of
material and intangible heritage in the context of heritage
studies (Harrison, 2013, 2020; Kirshenblatt-Gimblett,
1995; MacDonald, 2009; Meskell, 2015; Roued-Cunliffe
& Copeland, 2017; Smith, 2006; Waterton & Watson,
2015), but also from the historical field of memory studies

and its recent shift toward mediated practices (Hoskins,
2018; Olick & Robbins, 1998; Roediger & Wertsch, 2008),
as well from communication and media theory (Hall,
1993; Livingstone, 2005) and the focus on participation,
social networking and the logic of platforms within digital
media studies (Boyd, 2007; Jenkins et al., 2015; Van Dijck
et al., 2018).

Several hundred publications of HMI on SNS,
authored by researchers in fields as diverse as history,
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museum studies, communication and media studies, geo-
graphy, political science, sociology, anthropology, arche-
ology, psychology, information studies, tourism studies,
and marketing, have been published in the last decade.
Some scholars focus on how SNS operate on online plat-
forms endowed with algorithmic mechanisms of datafica-
tion, commodification and selection (Van Dijck et al.,
2018), and support their members with identity, presence,
relationships, reputation, group membership, conversa-
tions, and content sharing functions (Kietzmann et al.,
2011). Others show how HMI practices emerge in diverse
contexts and institutional-community negotiations sur-
rounding digital heritage (Cameron & Kenderdine, 2007;
Drotner & Schrøder, 2013; Giaccardi, 2012; Kalay et al.,
2007; Parry, 2010). More recently, Chiara Bonacchi
leveraged the power of big data to demonstrate the rele-
vance of HMI-related SNS practices in contexts such as
Brexit, Donald Trump’s demonization of immigrants,
and the rise of populism and nationalism in Italy
(Bonacchi, 2022). At the intersection between heritage
and digital social media communication, research on
HMI on SNS practices addresses issues as diverse as
Holocaust commemoration (Manca, 2021; Wight, 2020),
the ‘‘memory wars’’ of Eastern and Central Europe
(Rutten et al., 2013), heritage preservation (Sedlacik,
2015), community engagement with local history (Hood
& Reid, 2018), archeological communication (Colley,
2014) between professionals (Richardson, 2015) and with
mateur communities (Kelpsiene, 2019), institutional
museum communication (Kidd, 2014), education
(Charitonos et al., 2012), and marketing (Chung et al.,
2014). These phenomena are distinct in their simulta-
neous dependence on the logic of social media platforms
(Van Dijck et al., 2018), and on a process of translation
across different—historical versus contemporary, scho-
larly and institutional versus grassroots—semiotic com-
munities (Y. M. Lotman, 1990).

This markedly transdisciplinary literature on HMI-
related practices on SNS ranges from advocacy paers
suggesting why SNS are useful for institutional heritage
communication or community activism, to evidence-
based investigations on the properties, motivations, and
effects of empirically-attested SNS interactions related to
HMI, including qualitative, quantitative, and mixed-
methods studies. Recent systematic literature reviews
account for scholarship on loosely related themes such
as participation in online communities (Malinen, 2015),
social media and activism (Allsop., 2016) and social
media in tourism (Zarezadeh et al., 2018), or on nar-
rower topics such as social media in museums and heri-
tage (Vassiliadis & Belenioti, 2017), Holocaust-related
social media memory and education practices (Manca,

2021), and difficult heritage on SNS (Kelpšien_e et al.,
2022). Yet the underlying structure of HMI on SNS,
viewed both as a field of practice and a field of knowl-
edge, is not addressed by any of these studies. To our
knowledge, no published theoretical synthesis or individ-
ual study from those we examined presents a holistic
conceptualization of the diverse range of manifestations,
factors, motivations, causes, and effects of the particular
kinds of SNS memory work which engage with heritage
and involve identity construction and representation.

Processes of conceptualization and operationalization,
broadly recognized as constituent parts of social
research, entail the mapping of selected dimensions of
objects of inquiry into structures of indicators (variabls)
amenable to observation and data representation
(Babbie, 2015)—in other words, the definition of the
main entities and relationships that capture salient
aspects of a domain of inquiry, that is, its ontology
(Crotty, 1998). In this light, an ontological framework
on how memory practices on social media engage with
heritage and the past to shape conversations on contem-
porary identities and values based on an explicit concep-
tual model, understood as a kind of proto-theory
suitable for elucidation and validation (Bates, 2005), can
be useful for theory building and operationalization in
the transdisciplinary field of HMI-related practices on
SNS. To serve this purpose, the objective of this study is
to establish, and validate, a formal conceptual model, or
ontology (Guarino et al., 2009), suitable for the systema-
tic, evidence-based representation and study of referential
and discursive aspects of conversations on HMI on SNS,
of interviews with participants in such conversations, and
of scholarly works engaging with such phenomena.

In doing so, the study addresses the following research
questions:

RQ1. What is a conceptualization of the activity struc-
ture of semiotic interactions on SNS adequate to
account for their referential and discursive aspects,
and how can it be expressed in the form of a core
(upper and middle layer) ontology?
RQ2. What is a conceptualization of the semiotic con-
tent of HMI-related interactions on SNS adequate to
account for their thematic and meta-theoretical
dimensions, and how can it be expressed in the form
of a concept taxonomy (constituting the lower level of
the ontology)?
RQ3. How can the ontology defined in RQ1 and RQ2
be validated in the context of data constitution and
systematic analysis challenges encountered in scho-
larly research on HMI-related semiotic practices on
SNS?
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Theoretical Framework

Two theoretical approaches are particularly relevant as
intellectual foundations for conceptualizing HMI on
SNS work, viewed as a specifically semiotic kind of
mediated action. The first, cultural-historical activity the-
ory, considers domains of social action as activity systems
composed of a hierarchy of purposeful, interconnected
activities, performed by individual or collective actors in
the context of some division of labor; each activity is
directed toward some object, that is, physical or concep-
tual entities which may embody the fulfillment of some
actor goal, or intended to meet some actor need by means
of tool mediation, involving both physical and/or cogni-
tive mediating tools (Engeström, 1999; Leont’ev, 1978).
The second, cultural semiotics, posits that cultures are
communicative systems consisting of a relatively stable
set of rules in tandem with an aggregate of texts that both
realize these rules and have the capacity to generate them
(Y. M. Lotman et al., 1978), and operating within vari-
ably structured semiotic spaces, or semiospheres exhibit-
ing processes of creolization at their boundaries (J.
Lotman, 2005).

Both activity theory and cultural semiotics are theore-
tical constructs that may be represented in the form of a
conceptual model. Models differ according to discipline,
subject-matter, or purpose or research (Burke et al.,
2011), and may range from quite informal schematiza-
tions to ontologies, defined as formal specifications of a
shared conceptualization of some domain (Gruber, 1995;
Guarino et al., 2009). There are, in fact, several ontolo-
gies developed to account for interactions on social
media, situated, for the most part, situated in the context
of either semantic web engineering social media data ana-
lytics (Mika, 2004). They are focused on providing form-
alisms that aid the analysis of platform connectivity
structures between SNS users (Golbeck & Rothstein,
2008), sentiment analysis (Kumar & Joshi, 2017; Thakor
& Sasi, 2015), influence (Razis & Anagnostopoulos,
2014), social network analysis (Pankong et al., 2012),
user activities (Rosenberger et al., 2015) and product rec-
ommendations on SNS (Villanueva et al., 2016).
Additionally, different ontologies draw from practical
argumentation theories (e.g., Mann & Thompson, 1988;
Toulmin, 1958; Walton, 2006) to account for the argu-
mentation structure in social media conversations (for a
survey, see Schneider et al., 2013). For example, SIOC
(Lange et al., 2008) seeks to model argumentative discus-
sions on SNS by incorporating the DILIGENT ontology
argumentation module to model Arguments, Issues and
Positions leading to some Decision by way of Challenges,
Justifications and Argumentation (Tempich et al., 2005),
further elaborating the influential gIBIS argumentation
model (Conklin & Begeman, 1988; Shum et al., 2006).
Despite specific strengths, no single ontology among

these can account for the cultural-historical, meaning-
laden, semiotic activity related to HMI on SNS work and
scholarly investigation.

On the other hand, we employ CIDOC CRM—‘‘. a
theoretical and practical tool for information integration
in the field of cultural heritage. \.. achieves this by
providing definitions and a formal structure for describ-
ing the implicit and explicit concepts and relationships
used in cultural heritage documentation and of general
interest for the querying and exploration of such data.
Such models are also known as formal ontologies. These
formal descriptions allow the integration of data from
multiple sources in a software and schema agnostic fash-
ion.’’ (CIDOC-CRM, 2022). CIDOC CRM, also ISO
standard 21127 for the integration, mediation and inter-
change of heterogeneous cultural heritage information
(Bekiari et al., 2021) is a widely established core ontology
which fits remarkably within activity theory’s interac-
tionist orientation and relational conceptualization of
activities in fundamental relationship to actors, objects,
and mediating tools (Engeström, 2000). CIDOC CRM
considers cultural objects from the viewpoint of events
and activities, broadly defined as ‘‘meetings’’ between
(human) actors, physical things and (often related) con-
ceptual objects, timespans and places. In preference to
alternative activity theoretical ontologies such as the
CSCL collaborative learning ontology (Barros et al.,
2002), CRM demonstrates a high degree of maturity,
wide adoption, rigor, and extensibility. Among its formal
extensions, CRMinf provides a detailed structure for
representing the production of inferences and adoption
of beliefs, but it is oriented toward representing the pro-
venance of scientific knowledge in the light of scientific
observation, rather than the wide range of communica-
tive action manifested in the HMI on SMS field (Doerr
et al., 2016; cf. Stead & Doerr, 2015). The earlier KP
Lab Ontology aims ‘‘to support the planning, supervi-
sion, and monitoring of knowledge creation and knowl-
edge mediation activities and their products’’ across
heterogeneous contexts (Doerr et al., 2012), while
Scholarly Ontology (Pertsas & Constantopoulos, 2017),
a generalization of the NeMO digital humanities meth-
ods ontology (Hughes et al., 2015), aims to model scho-
larly process across disciplines. While both are closely
related to CIDOC CRM, neither provides for the range
and specificity of HMI on SNS. The MIDM ontology
(Van Ruymbeke et al., 2018) extends CIDOC CRM to
account for multiple interpretations of the same observa-
ble (archeological) reality, and introduces, usefully, an
explicit distinction between ‘‘content’’ and ‘‘discourse,’’
but covers a narrower field than our domain of diverse
semiotic activities related to HMI practices on SNS. In a
different approach, the CHARM ontology (Gonzalez-
Perez et al., 2012, p. 191), intended to provide a model
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for representing multiple viewpoints in heritage knowl-
edge work, introduces the notion of valorization to
makes explicit an important relationship between ‘‘pri-
mary’’ and ‘‘secondary’’ knowledge activities. While
insightful, CHARM adopts a very different upper ontol-
ogy layer than CIDOC CRM, and therefore it cannot
benefit from its significant expressive advantages and
activity-centric orientation.

Methodology

In this study, we followed an ontology engineering
approach which prioritizes epistemic validity in the
domain of HMI on SNS research over technical applic-
ability for computation (Akkermans & Gordijn, 2006).
To ensure that the ontology constitutes a useful and
valid representation of data and knowledge in the appli-
cation domain, we combined expert knowledge elicita-
tion with formal analysis of SNS data structures, and
lexical analysis. Because of its maturity, extensibility,
completeness and clear documentation, we chose to
adopt CIDOC CRM as the foundation for building our
domain specific ontology, covering the scope of HMI on
SNS semiotic practice and related scholarly activity,
drawing from alternative ontologies for insights on
addressing aspects of the domain that are not covered by
the core CRM model.

The task of ontology building was distinguished in
terms of a three-layer structure:

1. The upper layer, borrowed from CIDOC CRM,
and providing entities and relationships that rep-
resent fundamental dimensions of physical and
social reality.

2. The middle layer, or our core ontology, aiming to
capture the conceptual structure of entities and
relationships representing semiotic activity on
social media, and epistemic activity in scholarly
work that accounts for and is introduced to such
semiotic activity.

3. The lower layer, accounting for more fine-grained
aspects, represented as taxonomies of concepts
from the perspective of heritage studies, memory
studies, and social media studies.

The research workflow adopted (Table 1) represents the
sequence of activities of ontology definition and valida-
tion in the study.

In what follows, we adopt the definitions of key con-
cepts and terminological conventions in CIDOC CRM
(Bekiari et al., 2021). CRM entity names such as E7
Activity are capitalized and prefixed by En, while CRM
relationship names, such as P2 has_type, are in small let-
ters and prefixed by Pn. Names of entities in our

Table 1. Ontology Building and Validation Research Workflow.

Ontology definition Formal analysis of SNS data structures based on an examination of SNS conversations and user data exposed
(a) on the web interface, and (b) through the Application Programming Interfaces of Facebook, Instagram, and
Twitter.

Expert elicitation workshops on aspects of the HMI on SNS domain relevant to diverse research interests and
backgrounds, involving the study co-authors and five additional researchers whose collective expertise and
interests lie on cultural heritage studies, museum studies, communication and media studies, cinema studies,
linguistics, philosophy, and digital heritage.

Computer-assisted lexical analysis of a convenience corpus of published works in heritage studies, memory
studies, social media studies, and digital heritage, in whose intersection most HMI on SNS research lies, and
researcher-driven appraisal and thematic organization of theoretical and substantive concepts into
taxonomies.

Iterative ontology building workshops, applying CIDOC CRM in a convenience sample of examples of HMI on
SNS conversation threads and research papers, identifying relevant CRM classes and relationships, and
creating new subclasses and relationships as necessary until a stable shared version of the middle ontology
was approved.

Ontology validation Iterative development of a knowledge graph representing an instance of semiotic activity related to HMI on
SNS, and its interpretation in scholarly work, until a stable approved version was reached.

Computer-assisted lexical analysis of a corpus of published works in the target domain of HMI on SNS
research, and validation of the lower ontology through matching of taxonomy terms derived in step 3 in the
corpus.

Researcher-driven validation of the relevance of taxonomy terms through critical analysis of research
contributions in the corpus in the target domain.

Researcher-driven validation of the usefulness of the ontology for theory building through critical examination
of the use of mediacentric, culturalist, and ineractionist taxonomy terms in published HMI on SNS research.
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ontology are shown in Inner Capitalization Italics.
Taxonomy terms are presented in SMALL CAPITALS.

Ontology Definition

The following ontology aims to model semiotic activities
related to SNS and their epistemic uptake in scholarly
work. Its scope includes communicative activities of plat-
form users such as posting, sharing, commenting, tagging
and reacting, but also scholarly activities of researchers
engaging with SNS, as well as activities linking the two
domains of social media communication and scholarly
work. The intellectual framework shaping the ontology
draws from activity theory, and cultural semiotics.

The ontology aims to be as compatible as possible to
CIDOC CRM. It does not aim, however, to be a formal
extension of CIDOC CRM, but rather a specialization
created for the pragmatic purposes of supporting repre-
sentation, analysis, and formulation of scholarly propo-
sitions and questions in a specific domain, trading
compatibility for expressiveness.

Core Ontology

Based on conceptual modeling of HMI on SNS practices,
the core ontology represents entities and relationships
relevant to the representation of semiotic activity on
SNS and related scholarly activity (Figure 1). Ontology

entities (shown capitalized in italics) are defined as equiv-
alent classes or subclasses of CIDOC CRM entities and
inherit their properties (identified by prefixes E and P).
The central notion is Semiotic Activity, representing com-
municative or meaning-bearing activities on (or related
to) SNS, and defined as a subclass of E58 Creation by
adding properties for modification, type and property
assignment of conceptual objects involved in SNS or
related scholarly activities. A Semiotic Activity may P9
consist_of other Semiotic Activities; it can be as broad as
someone’s overall communicative activity history on
Facebook, and as granular as a single reaction to a
Facebook post; as broad as the overall scholarly activity
of a researcher, and as granular as an annotation, or
identification of some property, of a single tweet. In
addition, a Semiotic Activity may P134i be_continued_by
additional Semiotic Activities. A Semiotic Activity may
P16 use_specific_object Affordance or Tool, a subclass of
E29 Design or Procedure representing some media or
system affordance, corresponding to the activity-
theoretical notion of mediating tool. An Affordance or
Tool may P148 have_as_component some more granular
Affordances or Tools, and thus may represent from the
entire set of functionalities of a social media platform
such as Facebook to the minimal affordance of provid-
ing a ‘‘like’’ button in the same platform.

A Semiotic Activity P108 produces or P31 modifies
some Expression, a subclass of E31 Document, E33

Figure 1. Core ontology representing the main entities and relationships of semiotic and scholarly activity on SNS.
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Linguistic Object, and E36 Visual Item, representing
some object with a fixed, recognizable form which acts
as a carrier of meaning. An Expression can have_as_
component other Expressions; it can be as broad as a
monograph, a Facebook message thread including com-
ments and media, or a list of hashtag query results, and
as narrow as a word in a post, an Instagram photo, or a
sentence in an article. Each Expression P67 refers, P129
is_about, or P138 represents one or more instances of
Meaning, a subclass of E89 Propositional Object with
identifiable meaning in the form of a proposition, ques-
tion, evaluation, affect, motivation, etc. An Expression
may also P67 refer_to, P129 be_about, or represent any
Referent, an equivalent class to E1 CRM Entity repre-
senting anything that the Expression refers to; for
instance, a Facebook post may refer to some historical
event (an instance of Event, an equivalent class to E5
Event), or a historic place (an instance of Place, an
equivalent class to E53 Place). In addition, a Semiotic
Activity may be P15 influenced_by or motivated_by
some Meaning; for example, ‘‘posting a comment in a
commemorative Facebook group’’ may be motivated_by
‘‘nostalgia’’ (an instance of Meaning), or influenced_by a
Meaning which a previous post on the same Facebook
thread (an instance of Expression) P67 refers_to or P129
is_about.

Any Semiotic Activity is P14_carried_out_by a Person,
an equivalent class to E21 Person, and may involve one
or more instances of Collectivity, an equivalent class to
E74 Group, through different sub-properties specializing
of P11 has_participant: For example, Semiotic Activity
is_addressed_to a Collectivity, to represent the situation
of a social media activity of posting a comment on the
timeline of a Facebook group, or a scholarly activity of
presenting one’s research results to a group representing
an epistemic community. A Person may belong to one or
more Collectivities; for example, a SNS researcher may
belong to a Collectivity of researchers in social media
studies, users that are members of a specific Facebook
group, or Instagram users who have posted photos using
a specific hashtag. A Person may assert, and a Person or
Collectivity may have_belief_in or have_affect_for (sub-
properties of P67i is_referred_to_by) some Meaning.
Also, an Expression may P72 have_language, or
P137_exemplify some Semiotic Code, a subclass of E56
Language and E28 Design or Procedure that refers to the
possible expressions, vocabulary and rules of some
shared semiotic code in which a Collectivity has_compe-
tence; Semiotic Code is related to the notion of semio-
sphere central to the Tartu school theory of cultural
semiotics, but is also applicable to additional notions in
different theories within communication studies.

Finally, Concept, an equivalent class to E55 Type,
accounts for characterizations of entities which do not

require the definition of additional properties; each
Concept may P127 have_as_broader_term some other
Concept, or P150 define_typical_parts of some other
Concept. Subclasses of Referent, such as Semiotic
Activity, Expression, Collectivity, Meaning, Affordance or
Tool, etc., may P2 have_as_type some instance from a
relevant sub-hierarchy of Concept. For example, an
instance of Semiotic Activity such as ‘‘retweeting’’ a tweet
P2 has_type ‘‘disseminating,’’ an instance of Concept
within a sub-hierarchy restricted to the characterization
of Activities; on the other hand, the
Expression‘‘#idlenomore’’ P2 has_type ‘‘hashtag,’’ an
instance of Concept in a sub-hierarchy identifying differ-
ent formats and genres of Expression. In CIDOC CRM
terms, Referent P2 has_type Concept is a shortcut
(Bekiari et al., 2021, p. 21), standing in place of a more
extended Activity structure. We also use shortcuts to
indicate, most notably, the relationship between an
Expression and its Meaning, the connection between a
Person and some Collectivity, the belief some Person or
Collectivity has in some Meaning, and the competence of
a Collectivity in a Semiotic Code. This is to enable com-
mon operations, which correspond to established con-
ventions in the domain of HMI on SNS research.

The ontology may be applicable to a range of semiotic
activity on social media communities, to scholarly work
related to such activity, and to interactions thereof. Such
interactions may be seen as processes of retroduction,
involved in the production of knowledge when research-
ers re-express the terms of some reality in theoretical
terms (Bhaskar, 1979). In the broader context of semiotic
activity and digital curation ‘‘in the wild’’ (Dallas, 2016),
such processes correspond closely to the notion of trans-
lation, occurring in the boundaries between non-
professional and professional semiospheres engaged in
cultural HMI practices (Laužikas et al., 2018).

Concept Taxonomy

To populate the concept taxonomy, we relied on a lexical
analysis of a convenience sample of 220 English language
scholarly publications, including introductions to major
edited volumes and textbooks, literature reviews, and
synthesis studies, from four research areas: cultural heri-
tage studies (42 items), memory—including Holocaust—
studies (44 items), social media studies (93 items), and
digital heritage studies (41 items). We surmised that the
vocabulary of canonical works from these fields will be
highly relevant to the target field of HMI on SNS stud-
ies. We used the MaxQDA software to conduct fre-
quency analysis of words and 2 to 5 word combinations,
excluding common words. We manually excluded com-
mon words, and terms occurring \5 times, added rele-
vant terms from a broader social science vocabulary, and
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ended up with 953 concepts. To these, we added 196
cited author references indicating interest in the theoreti-
cal work of major authors, resulting to 1,149 terms. The
high-level structure of the taxonomy (Figure 2) is orga-
nized in three facets, or domains of concepts: (a) sub-
stantive, a container for terms defining the type of core
ontology entities, that is, Activity, Semiotic Activity,
Collectivity, Affordance or Tool, and Expression; (b) the-
oretical, a container for terms defining thematic and
grounded theory concepts characterizing instances of
Meaning; and, (c) meta-theoretical, a container for con-
cepts related to meta-theoretical and epistemological
dimensions of Meaning.

This structure is well-suited to accommodate terms in
our frequency analysis. Substantive taxonomy concepts
as diverse as THEMATIC ARCHAEOLOGIST, NATION-STATE,
PERPETRATORS, TROLLS, and FACEBOOK GROUP MEMBER may
be organized under faceted sub-hierarchies of collectivity
type. Terms such as YOUTUBE, FACEBOOK WALL, and
HASHTAG can be defined as P127 having_broader_term
affordance or tool type. References to activities such as
PILGRIMAGE, HOLOCAUST DENIAL, WITNESSING, and
COLLECTING can be classified as activity types, while terms
such as POSTING, RETWEETING and SHARING as semiotic
activity types, while SELFIE, FACEBOOK PAGE, CASE STUDY,

and MONUMENT as expression types. In addition, thematic
and theoretical concepts may be organized in one of the
theoretical domain sub-hierarchies. For example, terms
like DISSONANT HERITAGE, AUTHORIZED HERITAGE

DISCOURSE, and DIALOGIC MUSEUM fit under cultural heri-
tage concept, while references to USER-GENERATED

CONTENT, DIGITAL EXHIBIT, or MUSEUM MEDIASCAPE under
digital heritage concept; on the other hand, notions such
as GLOBAL MEMORY, COUNTER-MEMORY, MULTITUDE, and
ACTIVE FORGETTING can readily be classified as memory
studies concepts; finally, terms such as DISINFORMATION,
FILTER BUBBLE, AFFILIATIVE COMMUNITIES, TRANSCODING,
and platform fit within the vocabulary of social media
studies concepts.

Meta-Theoretical Dimensions

An underlying dimension within concept taxonomy
terms goes beyond substantive, grounded and thematic
classification, reflecting meta-theoretical orientations
shared by specific thought collectives (Fleck, 1979), and
providing the rationale for positing a meta-theoretical
domain as part of the concept taxonomy, in addition to
these substantive and theoretical domains. In this meta-
theoretical domain, the SNS field of practice may be

Figure 2. High-level structure of concept taxonomy.
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observed from three perspectives or approaches which
we term mediacentric, culturalist, and interactionist.

The range of mediacentric approach is broad and het-
erogeneous, including strands as diverse as classic media
theory (TORONTO SCHOOL), new materialism (MANUEL

DELANDA), new realism (MAURIZIO FERRARIS), and soft-
ware studies (LEV MANOVICH). The centrality of media is
asserted in audience studies approaches involving
MESSAGE transmission through communication channels;
in USES AND GRATIFICATIONS research, looking at motiva-
tions and needs media satisfy; or, in the AGENDA SETTING

APPROACH, investigating how media shape collective
agendas (including how HMI is framed in contemporary
debates). Yet, media focus alone is an insufficient condi-
tion for a mediacentric approach. Some approaches—
including GERMAN MEDIA THEORY, BRUNO LATOUR and
ACTOR-NETWORK THEORY, or JEAN BAUDRILLARD and his
SIMULACRA—even attribute a kind of primary AGENCY to
media. Some degree of MEDIA DETERMINISM also underlies
some studies pointing to (SOCIAL) MEDIA LOGIC or MEDIA

ASSEMBLAGES, focusing on POSTHUMANIST dimensions of
complex actions within SNS, or describing the latter in
MEDIA ECOLOGY terms. Here, THE MEDIA SPHERE is predo-
minantly seen as an APPARATUS, functioning according to
CYBERNETIC or algorithm-based principles. Broader med-
iacentric approaches address the complex relations
between people and media, involving collaboration,
FIGURATIONS (involving humans, and technological
arrangements), and HYBRID relations. Proponents also
focus on MEDIATIZATION or DATAFICATION of the social,
REMEDIATION, or TRANSMEDIA STORYTELLING.

The culturalist approach does not deny the impor-
tance of media, but avoids overemphasizing it.
COMMUNICATION is posited as the way CULTURE is (re)pro-
duced. It provides the means not only for the
PRODUCTION OF CULTURE, but also for its description—the
CONSTITUTIVE MODEL serves as both a prescriptive and a
descriptive model of communication. SYMBOLS, and
SYMBOLIC FORMS serve as building blocks for culture,
where culture is conceived by culturalists as a SEMIOTIC

STRUCTURE, an interplay of NARRATIVE and DISCOURSE,
MYTH and RITUAL, MEANING and METAPHOR, whereby
MEDIA (including SOCIAL MEDIA) are perceived as an
ENVIRONMENT where human culture takes its various
shapes. Material objects attain meaningfulness here only
through processes of SEMIOSIS (variably accounted for as
part of a SEMIOSPHERE, described in terms of a
CHRONOTOPE, etc.), or through FIGURATIONS in which,
unlike other approaches, the social imaginary is empha-
sized more than human-media relations.

Within the culturalist approach, the CONSTITUTIVE

MODEL leads to memory studies notions such as MILIEUX

DE MÉMOIRE, COMMUNITY PARTICIPATION, and MEMORY

COMMUNITY. Communities play a significant role,

pointing to phenomena such as COLLECTIVE NARRATIVE,
COLLECTIVE IDENTITY, COLLECTIVE MEMORY and COLLECTIVE

TRAUMA—the latter two assuming the possibility of
CONTESTED MEMORY and MEMORY CONFLICTS between
DOMINANT MEMORY NARRATIVES and various forms of
counter-memory. People adopt, and adapt for their pur-
poses, CLUSTERS OF IDENTITIES. Additional terms include
PARTICIPATION (PARTICIPATORY HERITAGE, PARTICIPATORY

CULTURE) and AFFILIATION (AFFILIATIVE IDENTITY,
AFFILIATIVE COMMUNITY, AFFILIATIVE OBJECTS). The
approach draws from diverse theoretical frameworks:
SOCIOCULTURAL/ACTIVITY THEORY, (CULTURAL) SEMIOTICS,
HERMENEUTICS, but also POST-STRUCTURALIST and
POSTMODERN theorizing, and CRITICAL THEORY. Notions
such as CULTURAL CAPITAL, BONDING and BRIDGING SOCIAL

CAPITAL, and CULTURAL HEGEMONY, point to symbolic
dimensions of SOCIAL DIFFERENTIATION, CITIZENSHIP, and
STRUCTURES OF POWER.

The dominant notion of the SYMBOLIC, and SYMBOLIC

FORMS, leads to the idea of SYMBOLIC INTERACTION, which
brings us to the interactionist approach. While cultural-
ists focus on the holistic interplay of various elements,
the interactionist approach approaches the social from
the perspective of individual agents and their interac-
tions. The approach draws from frameworks such as
SYMBOLIC INTERACTIONISM, RECEPTION STUDIES,
STRUCTURATION THEORY, PRACTICE STUDIES,
ETHNOMETHODOLOGY, and the DRAMATURGICAL THEORY of
the self. While cultural reality is often reified in the cul-
turalist approach, here it is conceptualized as con-
structed, giving rise to various forms of CONSTRUCTIVISM

and CONSTRUCTIONISM. Personal identity is assumed to be
constructed, and a matter of creation rather than merely
interpretation. However, since the individual here is
RELATIONAL rather than atomic, this is a matter of
INTERPERSONAL not individual (sensu stricto) creation.
Knowledge, too, is described as SITUATED (SITUATED

KNOWLEDGE, SITUATED COGNITION), and is achieved by
interaction, rather than as a result of the cartesian
SUBJECT—OBJECT DIVIDE. Therefore, it is unsurprising that
here interpersonal relations create IMAGINED

COMMUNITIES, whereby COLLECTIVE REMEMBRANCE,
EXPERIENCE and ACTION are perceived and conceptualized
very differently to the culturalist approach.

Individual and SOCIAL CONSTRUCTION takes place also
in the online realm. The digital, on the other hand, might
also be a DIGITAL PUBLIC SPHERE, where, from the interac-
tionist point of view, RATIONAL AGENCY intermingles with
PERFORMANCE and HABITUS. Moreover, while some inter-
actions are DELIBERATIVE, DIALOGIC, and PARTICIPATORY,
others take the form of CONFLICT and DISSONANCE. SOCIAL

CAPITAL accumulated online might be not only BRIDGING,
but also leading to INEQUALITY, and thus inviting
critical—at least in the theoretical level—interventions.
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Ontology Validation

We now turn to presenting four activities which use the
ontology to address pragmatic research challenges, and
thus validate it, in the target domain of HMI on SNS
research.

Representing Semiotic Activity Structure

The first validation activity is intended to address the fol-
lowing challenge:

Challenge 1. Can the ontology be used to represent
adequately instances of HMI-related semiotic and
scholarly activities on SNS in practice?

Two knowledge graphs, based on the core ontology,
are produced to address this question. The first instance
(Figure 3) concerns a Facebook group conversation on
the June 1941 Uprising in Lithuania. In this case, Peter
(Person) reads (Semiotic Activity) a post (Expression)
related to the 80th anniversary of the June uprising in
Lithuania. The Person who carried_out the Semiotic
Activity which produced this Expression represents the
Uprising as an honorable action. But Peter, who belongs
to the Liberal political party (Collectivity), employs a lib-
eralist Semiotic Code) to decode the SNS message differ-
ently from the author. Peter evaluates (Semiotic Activity)
the opinion of the post’s author as wrong (Meaning),

and posts (Semiotic Activity) a comment (Expression) on
the original post.

The second knowledge graph (Figure 4) addresses a
more complex semiotic interaction, whereby a scholar
uses SNS data as evidence to understanding online com-
munities. Simon and Peter are members of different com-
munities (Collectivities): Peter, in particular, belongs to a
community of researchers studying contested heritage
and memory (Collectivity). He uses SNS conversations
(Expressions) as evidence for understanding Lithuanian
commemorative communities. Peter’s premise (a
Meaning) is that SNS posts and comments (Expressions)
exemplify different Collectivities related to diverse his-
tory- and heritage-based ideologies (Meanings) and
modes of understanding the past (Semiotic Codes). Peter
collects and analyzes (Semiotic activities) SNS conversa-
tions (Expressions) using established scholarly theories
(Semiotic Codes, Meanings), and, on this basis, describes
and provides explanations (Semiotic Activity) for
research findings in the form of scholarly publications
(Expression).

Knowledge graphs based on our ontology may be
used to model knowledge creation processes (use, reuse,
interchange) across HMI studies and social media scho-
larship to account for HMI-related SNS practice. The
process bridges professional scholarly knowledge work
to non-professional HMI practices (Semiotic Activities)
involving researchers and SNS users (Actors) who are
members of different scholarly and grassroots

Figure 3. Knowledge graph representing a Facebook conversation on contested heritage.
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communities (Collectivities). It can account also for an
inverse semiotic practice of translation between scholarly
and vernacular (non-professional) knowledge, showing
how Meanings in HMI and SNS scholarship expressed in
scholarly publications using scholarly language (Semiotic
Code) may be translated to vernacular Expressions
employing non-professional ‘‘languages’’ (Semiotic
Codes), through interpretive Semiotic Activities involving
the (re)use of pre-existing information and knowledge,
and leading to the creation of new information and
knowledge. Such processes, shared by non-professional
community members participating in HMI practices,
involve existing community knowledge, conceived as
schemata of Meanings communicated through
Expressions made intelligible through a Semiotic Code,
which act as organizing frames to: (a) filter and reject
scholarly knowledge unacceptable to the community;
and, (b) interpret filtered scholarly knowledge to create
expressions understandable among community members.
These organizing structures are fundamental to the con-
struction of identities, represented, in terms of our ontol-
ogy, as ego-networks connecting a community
(Collectivity) with a ‘‘language’’ (Semiotic Code) shared
by its members (Persons), SNS actions (Semiotic
Activities) it engages with, messages (Expressions) pro-
duced by such activities, and new non-professional
‘‘knowledge’’ (Meanings) resulting from them. This pro-
cess is conditioned by knowledge-related needs, motives,
goals and aspirations (Meanings) of the members of the

community, also by the algorithmic capabilities of social
media platforms (Affordances and Tools).

Frequency Analysis of Concepts in Scholarly Literature

The second challenge addresses the applicability of the
concept taxonomy:

Challenge 2. How can we use the ontology to make
sense of the most relevant concepts employed by
researchers for the study of different subfields of
heritage-related SNS activity?

To address this question, we performed a frequency anal-
ysis of concept taxonomy terms in six subfields of HMI
practice on SNS literature: (a) Holocaust on SNS, (b) dif-
ficult heritage on SNS, (c) memory and identity on SNS,
(d) non-professional grassroots communities on SNS, I
archeological professional communities on SNS, and (f)
museum, institutional, and tourism communication on
SNS (Table 2).

Corpus documents were imported to MaxQDA, and
autocoding was performed using a term dictionary con-
taining all concepts and author names in the taxonomy.
Codings for common proper names, and ambiguous
terms, were checked manually and false positives
removed. We performed a frequency analysis of term
occurrence and calculated the range and variance of
occurrences of each term across documents. The analysis

Figure 4. Knowledge graph representing scholarly engagement with the Facebook conversation of Figure 3.
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yielded 44 concepts appearing in at least 50% of all doc-
uments, deemed to be shared, and characteristic of the
whole corpus (Figure 5).

Terms from the concept hierarchy (Figure 2) appear-
ing equally often across different literature subfields
include AUDIENCE (a collectivity type) activity types such
as ACTIVITY (sic), PROCESS, DISTRIBUTION, and DIGITIZATION,
affordance or tool types such as INTERNET, FACEBOOK and
ALGORITHMS, and expression types such as MESSAGE and
ARCHIVE. Most, however, belong to the vocabulary of
either theoretical concepts, being related to research
themes and grounded theory notions SUCH as ATTENTION,
AFFECT, INFLUENCE, EMBODIMENT, AUTHENTICITY,
ECOLOGIES, and MARGINALIZED, the work of media scholar
HENRY JENKINS, and methodological concepts such as
QUALITATIVE, ETHNOGRAPHY, and INTERPRETIVE, or meta-
theoretical concepts such as PARADIGM and INTERACTION.
by virtue of their frequency across subfields, such con-
cepts can be said to characterize the broader field of
HMI on SNS.

To identify how concept frequency differs across sub-
fields (Table 1), we calculated separately the frequencies
and produced wordcloud diagrams representing up to
100 most frequent concepts in publications within each

subfield, excluding terms that occurred less that 10 times
on average per document (Figures 6–11).

Some substantive concepts are unevenly distributed
between subfields. Among affordance or tool types,
INSTAGRAM is more frequent in holocaust-related studies,
wiki among memory and identity on SNS works,
TWITTER among archeological communities on SNS pub-
lications, and YOUTUBE both among holocaust and diffi-
cult heritage on SNS publications. and, among
expression types, SELFIE and HASHTAG shows much more
often in Holocaust on SNS studies. But analysis shows
even clearer differences in theoretical andmeta-theoretical
concept frequency across subfields. Excluding obvious
associations, concepts with higher frequency specifically
in holocaust-related publications include REMEMBRANCE,
TRAUMA, VICTIMHOOD, GENOCIDE, ESTHETIC, and DARK

TOURISM, and repeated references to authors such as WULF

KANSTEINER, JOANNA GARDE-HANSEN, ASTRID ERLL, and
MARIANNE HIRSCH (Figure 6); in difficult heritage publica-
tions, concepts such as colonial (and related terms, such
as DECOLONIZATION), PUBLIC SPHERE, CIVIL WAR and
DIALOGIC (Figure 7); in memory and identity studies, dis-
tinctive concepts include POLITICS, NATIONALISM, SYMBOL,
COLLECTIVE MEMORY, HUMAN REMAINS, CONTESTATION,

Table 2. Thematic Subfield, Count and Method of Selection of Publications in Corpus of Literature on Heritage, Memory and Identity
Practice on SNS.

Subfield Publication count Method of literature review

Holocaust on SNS 24 Critical, based on Google Scholar queries and citation hopping
Difficult heritage on SNS 81 Systematic
Cultural memory and identity on SNS 21 Critical, based on Google Scholar queries and citation hopping
Non-professional communities on SNS 36 Critical, based on Google Scholar queries and citation hopping
Institutional communication on SNS 87 Critical, based on Google Scholar queries and citation hopping
Archeological communities on SNS 25 Systematic

Figure 5. Frequent concepts (total occurrences .100) with the
least variance across subfields.

Figure 6. Most frequent concepts in Holocaust on SNS
publications.

Kirtiklis et al. 11



TERRORISM, DIGITAL MEMORY, IDEOLOGY, MYTH, and
MIGRATION (Figure 8); in non-professional communities
studies, concepts such as LANDSCAPE, HERITAGE STUDIES,
INTANGIBLE HERITAGE, STORYTELLING, COLLECTING, and
HERITAGE TOURISM, and references to authors such as

LAURAJANE SMITH (Figure 9); in studies of archeological
communities on SNS, concepts like PUBLIC ARCHEOLOGY,
AUTHORITY, ETHICS, and INEQUALITY (Figure 10); and, in
institutional communication studies, concepts such as
PARTICIPATION, EXHIBIT, CURATION, CO-CREATION, and
CULTURAL INSTITUTION (Figure 11).

Taxonomy Concepts in Scholarly Discourse

The third challenge aims to address the following
question:

Challenge 3. To what extent are taxonomy concepts
represented in the scholarly discourse of studies of
heritage-related communities and institutional com-
munication on SNS?

Much of the literature on cultural heritage in SNS
focuses on institutional and professional heritage com-
munication, concerned with the creation of a successful
social media strategy that could foster meaningful USER

Figure 7. Most frequently mentioned concepts in difficult
heritage on SNS publications.

Figure 8. Most frequent concepts in memory and identity on
SNS publications.

Figure 9. Most frequent concepts in non-professional
communities on SNS publications.

Figure 11. Most frequent concepts in archeological communities
on SNS publications.

Figure 10. Most frequent concepts in institutional
communication on SNS publications.
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ENGAGEMENT. Amateur participation and non-
professional communities are usually discussed in con-
junction with professional HERITAGE COMMUNICATION,
considering only in part differences between organiza-
tional and participatory CURATORIAL PRACTICES.

Most studies focusing on SNS heritage communica-
tion concern museums, which were first to recognize the
potential of social media to attract AUDIENCES, aspiring to
become community-based knowledge-sharing agents,
contribute to a richer experience between artifacts and
visitors, and foster interactive communication between
the institution and its audience (Russo et al., 2006)—a
shift that soon became an integral part of the rising
PARTICIPATORY MUSEUM paradigm (Simon, 2010).
However, many studies showcased examples of ineffec-
tive museum communication on SNS in achieving ACTIVE

ENGAGEMENT (Alexander et al., 2008; Holdgaard, 2011;
Kelly, 2009; Kotler et al., 2008; Rentschler & Hede, 2007;
Russo & Peacock, 2009). The main reason advanced is
that museums typically use SNS predominantly through
a MARKETING FRAME (Kidd, 2011), or limit themselves to
broadcasting information about their activities and
events (Alexander et al., 2008; Kotler et al., 2008; Liew,
2014; Rentschler, 2007). This is in contrast to using
INCLUSIVITY and COLLABORATION frames (Kidd, 2011),
which successfully engage the community directly in
museum activities such as curating, archiving and man-
aging collections, or capturing community stories and
autobiographies in new content (Bernstein, 2008).
Therefore, the importance to create institutional policy
for SNS and to measure IMPACT has been widely acknowl-
edged (Cadell, 2013; De Man & Oliveira, 2016; Finnis
et al., 2011; Malde et al., 2013; Marakos, 2014; Pett,
2012; Rodrı́guez Temiño & González Acuña, 2014;
Visser & Richardson, 2013; Walker, 2014a).

SNS are popular platforms among archivists, because,
like blogging and wiki sites, it provides an easy way for
the creation of a virtual archive (Garaba, 2012; Theimer,
2010). However, some DIGITAL ARCHIVES studies point to
sustainability concerns for preservation and future access
of heritage information on SNS (Jeffrey, 2012; Law &
Morgan, 2014; McNealy, 2011). This requires more pro-
found study into processes of archiving highly interactive
datasets, especially where discourse of potential future
value is taking place, and where USER-GENERATED

CONTENT is being gathered (Jeffrey, 2012). Beside, con-
ceptual and technological differences between SNS ser-
vices influence how cultural heritage representations are
evolving in these particular environments: notwithstand-
ing similar mechanisms of how cultural heritage is con-
stituted across SNS when compared to the traditional
outlets of communicating knowledge, FACEBOOK is
‘‘heavily colonized by representations of professional
and academic archaeology,’’ while Twitter presents ‘‘a

cacophony of professional and non-professional voices
of individuals and organizations,’’ and both platforms
are different from PINTEREST, which is more ‘‘collector
centric,’’ highlighting ‘‘the significance of imagery and
impressions of the spectator’’ (Huvila, 2014, p. 27).

In fields of professional practice such as ARCHEOLOGY,
the use of SNS is seen as an efficient attempt in speeding
up discoverability of archeological content (Kansa &
Deblauwe, 2011; Matthews & Wallis, 2015; Richardson,
2012) and fostering SCHOLARLY COMMUNICATION by
increasing INTERACTION between archeological and ama-
teur archeology-related communities (Beale & Ogden,
2012; Richardson, 2012, 2015; Walker, 2014a).
Community building aspects are closely related to the
notion of SOCIAL CAPITAL, of which SOCIAL NETWORKS are
important generators and facilitators (Kansa &
Deblauwe, 2011; Morris, 2011; Richardson, 2015).
However, using SNS for archeological communication
was found to have limited uptake, due to broader factors
such as corporate communication policies, digital lit-
eracy, costs, ICT infrastructure, ethical issues, regional
traditions, and individual attitudes (Beale & Ogden,
2012; Colley, 2014; Laracuente, 2012). Other studies also
emphasized that the participation in public conversations
through SNS invites reconsidering questions of archeolo-
gical information AUTHORITY and reliability (Larsson,
2013; Richardson, 2012, 2014; Sánchez, 2013; Walker,
2014b). As noted, archeological organizations rarely sup-
port plural, participatory approaches to archeological
heritage, or acknowledge a SHARED AUTHORITY, thus indi-
cating a gap between professionally produced archeologi-
cal data and non-professional or COMMUNITY

PARTICIPATION (Morgan & Pallascio, 2015; Richardson,
2014). Some studies showcased that PRO-AMATEUR

COMMUNITIES on SNS are better at interacting with online
audiences than memory institutions, and at engaging
with cultural heritage CURATION (Dallas, 2018; Giaccardi,
2012; Terras, 2010).

The importance of community participation and pub-
lic action in cultural heritage was emphasized in the
Faro convention (Zagato, 2015), whereas public engage-
ment was thought to generate a new kind of heritage
from below, defined as GRASSROOTS HERITAGE (S. B. Liu,
2010, p. 2975). New AFFORDANCES of digital, networked,
and mobile technologies, enabling an ethos of ‘‘doing it
together’’ in addition to ‘‘doing it yourself’’ (Jenkins
et al., 2015), are essential principles of participatory cul-
ture. Digital technologies, including SNS, are deemed
central for grassroots PARTICIPATORY HERITAGE, initially
defined as ‘‘a space in which individuals engage in cul-
tural activities outside of formal institutions for the pur-
pose of knowledge sharing and co-creating with others’’
(Roued-Cunliffe & Copeland, 2017, p. XV); on the other
hand, the growth of the meaning of communication for
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the ‘‘present’’of heritage has been noted throughout the
research literature (Jones, 2017; Kalay et al., 2007;
Kirshenblatt-Gimblett, 1995; Laužikas et al., 2018), and
thus, participatory heritage may be conceptualized more
concretely as ‘‘new forms of cultural heritage practice
that emerge through the CO-CREATION and CONVERSATION

of people who engage with cultural heritage objects for a
variety of purposes, such as nostalgic incentives, com-
memoration, hobbyist interests, self-expression, pleasure
or searching for an alternative source of knowledge and
information’’ (Kelpšien_e, 2021, p. 190).

The complex interconnections between professional
and AMATEUR COMMUNITIES point to the existence of a
‘‘middle space’’ (Kansa & Deblauwe, 2011; Laracuente,
2012; Richardson, 2018; Richardson & Almansa-
Sánchez, 2015), also conceptualized as a virtual CONTACT

ZONE where diverse, unofficial, and personal narratives
can be presented together (Purkis, 2017, p. 434). Others
suggested that interactions on SNS, connecting profes-
sional and non-professional communities, could be per-
ceived through SEMIOSPHERE theory’s (Y. M. Lotman,
1990) notion of a CREOLIZED PERIPHERAL SPACE with a
generative capacity to create new paradigms which might
migrate to a newly-formed center, and thus become
canonized and dominant in the future (Laužikas et al.,
2018). Such creolization has been a challenge to many
cultural heritage organizations, creating frictions with
organizational policies and structures; for example, most
institutional websites replicate institutional hierarchy in
their information architecture, while community-driven
initiatives are usually based on a ‘‘grassroots and up’’
approach and use SNS for cultural discussions, debates,
documentation and the promotion of COMMUNITY

IDENTITY, occasionally (and ironically) illustrated by
images taken from institutional databases (Brown &
Nicholas, 2012). On the other hand, VIRTUAL IDENTITY

CONSTRUCTION in SNS heritage communities is enabled
by both affiliations\in the physical world and associa-
tions created digitally with material objects, places, sym-
bols, and signs (Schau & Gilly, 2003). AFFILIATIVE

IDENTITIES (Schau & Gilly, 2003) are thus produced
through a ‘‘collective bond that links individuals to col-
lectivities through practices of cultural consciousness,’’
enacted in SNS through different kinds of affiliative
objects, and demonstrating a contingent, fluid, and
hybrid status of cultural identity formation (Dallas,
2018, p. 126). For example, in some SNS communities,
affiliative identity arises from the collection, sharing, and
transformation of resources related to a place of interest
(Wesberg & Jensen, 2017), while in others it manifests
itself as EMOTIONAL COMMUNITY brought together by the
affiliative power of nostalgia (Gregory, 2015).

Meta-Theoretical Dimensions of Difficult Heritage on
SNS Scholarship

The fourth challenge to validate the ontological frame-
work presented in this study is:

Challenge 4. Can a meta-theoretical classification of
studies of difficult HMI on SNS emerge from concepts
and authors they refer to?

The mediacentric, culturalist and interactionist meta-
theoretical approaches can be traced in difficult HMI on
SNS literature.

The mediacentric approach is of rather lesser impor-
tance, Often, media representations of heritage are char-
acterized as SIMULACRA (Rautenberg & Rojon, 2014;
Wells, 2016; Wong & Qi, 2017; Zalewska, 2017), but this
is used as a buzzword rather than in the meaning of JEAN

BAUDRILLARD’S concept. ASSEMBLAGE is also often men-
tioned, yet not in a Deleuzian sense, but simply as a
gathering of media (e.g., Carter-White, 2018; Rutten
et al., 2013; Wight, 2020; Zuanni, 2020). The very notion
of media does not exceed the dichotomy between
TRADITIONAL and SOCIAL MEDIA (e.g., Kow et al., 2017;
Rutten et al., 2013; Vajda, 2017; Zhao & Liu, 2015).

The most widespread concept is REMEDIATION, used to
characterize the digital memory of diverse objects, such
as the Soviet past (Kapr�ans, 2016; Kozachenko, 2019),
the Finnish civil war (Heimo, 2014), the siege of
Sarajevo (Knudsen, 2016), the transatlantic slave trade
(Morgan & Pallascio, 2015), the Kambodian genocide
(Benzaquen, 2014); World War II (Makhortykh, 2020),
and Tibetan self-immolations (Warner, 2014). The
REMEDIATION of TRAUMATIC experience and its heritage—
notably, the memory of the Holocaust on Youtube—has
not only positive aspects (Gibson & Jones, 2012;
Kansteiner, 2017; Makhortykh, 2019), but also implies
contestation (Carter-White, 2018; Manca, 2021). Related
frequently occurring concepts to REMEDIATION, drawing
from on the work on ANDREW HOSKINS, are MEDIA

MEMORY and CONNECTIVE MEMORY (Birkner & Donk,
2020; Carter-White, 2018; de Smale, 2020; Mahmutović
& Baraković, 2021; Makhortykh, 2019, 2020; Rutten
et al., 2013). Interestingly, the notion of MEDIATIZED

MEMORY appears more often than the concept of
MEDIATIZATION, defined by mediatization theory as a
(meta)process whereby media become constitutive of
social phenomena (Lundström & Sartoretto, 2022).
MEDIA ECOLOGY is used in a somehow similar sense, to
explain the evolution of polarized discourses related to
troubled identity and political dependency (Osuri, 2019).

The culturalist approach is particularly visible in the
popularity of the concept of NARRATIVE, and NARRATIVE
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ANALYSIS, elucidating the role of NARRATIVES as commu-
nication frameworks (Kirin, 2020). The conflict between
MONOLOGIC and DIALOGIC NARRATIVES is noted, and pre-
ference for the latter is supported (Arrigoni & Galani,
2019; Galani, Markham, & Mason, 2020) as it is more
beneficial for the whole of society. Culturalist MEMORY

STUDIES on SNS tend to focus on NARRATIVES (Arrigoni &
Galani, 2019; Brentin, 2016; González Zarandona et al.,
2018; Kirin, 2020; Koskinen-Koivisto, 2019) and DIGITAL

STORYTELLING (Crooke, 2018; McCandlish & McPherson,
2021; Staiff, 2010).

Unsurprisingly, memory is often analyzed and defined
in culturalist terms, through concepts such as memory of
events, place memory, collective cultural forgetting,
memory and collective identity, performative memory,
and remembering. Several scholars focus on a social
rather than individual perspective, drawing from con-
cepts coined by the classics in the field, COLLECTIVE

MEMORY by MAURICE HALBWACHS (Arrigoni & Galani,
2019; Birkner & Donk, 2020; Brentin, 2016; Heimo,
2017; Kirin, 2020; J. Liu, 2018; Zhao & Liu, 2015) and
LIEUX DE MÉMOIRE by PIERRE NORA (Arrigoni & Galani,
2019; Baumann, 2020; Carter, 2015; Drinot, 2011;
Farrell-Banks, 2019; Heimo, 2017; Ibrahim, 2016;
Knudsen, 2016; Knudsen & Stage, 2013; Liboriussen &
Martin, 2020; J. Liu, 2018; Silberman & Purser, 2012;
Zhao & Liu, 2015). The memory of events, memory of
places, and remembering are concepts called upon to dis-
cuss different kinds of exhibitions, websites (Arrigoni &
Galani, 2019), memorials, and heritage sites, while per-
sonal or family memories on SNS are rather rare (Carter,
2015; Heimo, 2014, 2017).

SYMBOLS are particularly important for culturalist
approaches as a means of assigning MEANING (Gibson &
Jones, 2012) to places and events, but the notion is often
used in an untheorized manner. Visual SYMBOLS discussed
include gestures (Damcevic & Rodik, 2018), drawn images
(El-Farahaty, 2019), photographs (Farquhar, 2013;
Garduño Freeman, 2010; Ryzova, 2015), or material
objects appearing as visual content (Adriaansen, 2020;
Kozachenko, 2019). SYMBOLS also appear in verbal com-
munication, for example, nationalist slogans chanted dur-
ing football games (Sindbæk Andersen, 2016), or anthems
(Bosch, 2020), or take the form of complex symbols, such
as past events functioning as political symbols (Rodrı́guez-
Temiño & Almansa-Sánchez, 2021). SYMBOLS might be
considered a CONSTITUTIVE element of reality (Dobysh,
2019). Moreover, the symbolic is perceived as a realm of
social existence, where phenomena such as SYMBOLIC

VIOLENCE and SYMBOLIC TRAUMA (González Zarandona
et al., 2018; Kapr�ans, 2016; Zhukova, 2020) take place.
SYMBOLIC REALITY permeates actual reality (Ibrahim, 2016)
in places which, after PIERRE NORA, are identified as LIEUX

DE MÉMOIRE, both offline (Arrigoni & Galani, 2019;

Zalewska, 2017) and online (Sumartojo, 2020). SOCIAL

CONSTRUCTION here is situated in the process of SEMIOSIS

(Damcevic & Rodik, 2018; Mahmutović & Baraković,
2021). SYMBOLS and SYMBOLIC MEMORY are also actualized
through RITUALS (Brentin, 2016; Koskinen-Koivisto, 2019;
Rutten et al., 2013; Wight, 2020), which, along with
NARRATIVES, produce and sustain MYTHS (Ibrahim, 2016,
2017; Khlevnyuk, 2019; Kozachenko, 2019; Makhortykh,
2020; Ndlovu, 2018; Peralta, 2022; Rutten et al., 2013).

Memory practices on SNS are perceived by cultural-
ists as ways to deal with institutional forgetting, to sus-
tain officially CONTESTED MEMORY PRACTICES (Ibrahim,
2016; Mylonas, 2017), and to resist COLLECTIVE

HISTORICAL AMNESIA (Ibrahim, 2016, 2017) and collective
cultural FORGETTING (Rutten et al., 2013). Thus, it seems
that MEMORY in the culturalist approach is first and fore-
most framed as communicative (Horsti, 2017;
Kansteiner, 2017; Kozachenko, 2019; Modrow, 2018;
Rutten et al., 2013). The culturalist approach provides
the ground for CRITICAL HERITAGE, and CRITICAL

HERITAGE STUDIES (Lorusso, 2014; Pietrobruno, 2013;
Zuanni, 2020). However, it also contributes to classic
topics in critical theory such as CRITIQUE OF HEGEMONY in
the HMI sphere, such as hegemonic Eurocentrism
(Horsti, 2017), nationalism (Kozachenko, 2019), and
also hegemonic interpretatins of HMI and resistance
(Birkner & Donk, 2020; Friesem, 2018; Kaprans, 2016;
Liboriussen & Martin, 2020; Osuri, 2019).

The interactionist approach is manifested in discus-
sions of PUBLIC SPHERE, not only following JÜRGEN

HABERMAS’ original notion (Arrigoni & Galani, 2019;
Bonacchi et al., 2018; Knudsen & Andersen, 2019;
Mylonas, 2017), but also considering critics such as
NANCY FRASER, DOUGLAS KELLNER, and TODD GITLIN

(Bosch, 2020; Mylonas, 2017). Both conceptualizations
are relevant for understanding memory practices and
dealing with DIFFICULT HERITAGE in social networks.
But the notion of PUBLIC SPHERE is also quite often used
as a non-theoretical, common-sensical term. On the
other hand, the frequently occurring conception of
DIALOGUE comes close to the Habermasian notion of
DELIBERATION. Dialogue epitomizes the shift from a dis-
semination model of communication (one-to-many) to
a networked one (many-to-many), as the feature of
interpretative and interactive approaches oriented
toward in three dimensions of (a) polyvocality, (b) civic
listening and (c) the tension between institutional and
online spaces for dialogue (Arrigoni & Galani, 2019;
Galani, Markham, & Mason, 2020). In addition, some-
times the notion of dialogue is developed in the line of
thinking described as ‘‘philosophy of dialogue’’ or ‘‘dia-
logue philosophy,’’ based on the works of MARTIN

BUBER, LEVINAS, BAKHTIN, and LØGSTRUP (Galani,
Mason, & Arrigoni, 2020; Illman, 2011).
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Interactionist and culturalist approaches are not
mutually exclusive in difficult HMI on SNS scholarship.
In some areas they converge, while in others they stand
in dialectical tension. Convergence may be spotted in the
concept of public defined, following SONIA LIVINGSTONE,
as ‘‘a collection of people who may not all know each
other but share ‘‘a common understanding of the world,
a shared identity, a claim to inclusiveness, a consensus
regarding the collective interest’’ (Boyd, 2007, p. 125;
Livingstone, 2005, p. 9), and related concepts such as
BENEDICT ANDERSON’s IMAGINED COMMUNITIES (Bosch,
2020; Budge & Burness, 2018; de Smale, 2020; Galani,
Mason, & Arrigoni, 2020; Kozachenko, 2019; Rutten
et al., 2013; Staiff, 2010; Tzanelli, 2017; Wells, 2016;
Whigham et al., 2019), ZIZI PAPACHARISSI’s notion of
AFFECTIVE PUBLICS, and concepts of HYBRID SPACE,
NETWORKED PUBLICS, and VIRTUAL COMMUNITIES (Bosch,
2020). Other shared concepts include REMEMBERING,
COLLECTIVE ACTION or MEMORY, COLLECTIVE REMEMBRANCE

or PARTICIPATION. on the other hand, dialectical tension
might be detected in discussions concerning the relation-
ship between collective identity and heritage: For exam-
ple, when drawing the construction of NATIONAL

IDENTITY, following Guibernau, ‘‘from five elements: the
psychological (a feeling of belonging to a group, against
a common enemy), historical (the selective use of history
to build a collective memory, a connection to a lineage
of ancestors), cultural (the recognition of symbols,
rituals, and imagery), territorial (shared spaces that pro-
vide a good life to citizens), and political (a sense of com-
mon values)’’ (Farrell-Banks, 2019, pp. 90–91).

Conversely, psychology-based research paradigms
focusing on TRAUMA, AFFECT (including AFFECTIVE

ETHNOGRAPHY) and EMOTIONS (including the EMOTIONAL

GEOGRAPHY) take predominantly an interactionist point
of view. Trauma may be distinguished into individual,
cultural and collective, but in all cases the element of
social construction is present (Zhukova, 2020).

Discussion

In this study, we defined an ontology for semiotic and
scholarly activity on SNS, addressing the needs for scho-
larly research in the narrower field of HMI while staying
as closely as possible to the CIDOC CRM ontology
(Bekiari et al., 2021). CIDOC CRM’s upper ontology is
suitable for our event-centric conceptualization, which
puts Semiotic Activity in the center, connected to some
Person as subject of the activity and some Group as its
recipient, and producing some Message and assigning it
some Meaning while employing pre-existing Meanings,
while employing some Affordance or Tool and observing
some Semiotic Code (Figure 1). We therefore go beyond
social media ontologies we consulted, by addressing

semiotic aspects of user activity on SNS, and scholarly
activities which address such SNS user activity.

Some additional aspects of our ontology where we
diverge, extend, or specialize CIDOC CRM warrant con-
sideration. Firstly, to ground the ontology and make it
applicable in the specific field of scholarly research about
HMI on SNS, we defined its lower layer as a taxonomy
of Concepts, providing extensible vocabularies for cate-
gorization of Semiotic Activities, Collectivities,
Affordances or Tools, Expressions, and a variety of
Meanings established in the context of cultural heritage,
digital heritage, social media, and memory and identity
discourses (Figure 2). Secondly, we grounded the ontol-
ogy and taxonomy work on a conceptualization of med-
iacentric, culturalist and interactionist meta-theoretical
approaches governing scholarly discourse related HMI
on SNS. Finally, to provide ground truth, we validated
the results of the study through four examples: a repre-
sentation of an actual HMI-related SNS conversation
and scholarly intervention using knowledge graphs
(Figures 3 and 4), a quantitative analysis of the occur-
rence of taxonomy terms in different subfields of HMI
on SNS studies (Figures 5–11), a qualitative analysis of
concepts used in studies on non-professional, archeologi-
cal, and institutional heritage communication on SNS,
and an meta-theoretical account of studies of HMI on
SNS.

Secondly, we considered whether we should enrich the
ontology so that it can account for granular argumenta-
tive interactions between participants in, especially, diffi-
cult and contested heritage contexts. As noted, there are
several existing ontologies aimed to formally represent
practical and formal argumentation and knowledge
work. Our Meaning entity may be viewed as a superclass
of Scholarly Ontology’s notion of Assertion, encompass-
ing affective and evaluative dispositions beyond the
domain-specific cases of SO’s Annotation, Research
Question, Proposition and Goal entities (Pertsas &
Constantopoulos, 2017, p. 178), and as a superclass of I4
Proposition Set in the CRMinf extension to CIDOC
CRM, as it extends to a much wider range of instances
beyond ‘‘formal binary propositions that an I2 Belief is
held about’’ (Stead & Doerr, 2015, p. 10). Given, how-
ever, that our interest, in the context of HMI on SNS, is
primarily in the relationship between Expressions and
Meanings expressed by Persons and shared with
Collectivities whose communicative practice as governed
by specific Semiotic Codes, our ontology does not seek
to represent the argumentation operations and struc-
tures, or the detailed scholarly activity processes these
studies address.

Thirdly, a major aim for our ontology was to repre-
sent directly and clearly the semiotic, communicative,
meaning-making aspects of activities such as posting a
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message, commenting on a message, or replicating it in a
different communicative context (e.g., by sharing it on
Facebook, which creates a copy of the original message
on the sharer’s page). Being a broadly applicable refer-
ence ontology, CIDOC CRM does not provide directly
for semiotic aspects of activity. We therefore defined two
entities, Expression and Meaning, to represent the two
complementary notions of signifier and signified in semi-
ological theory. In this, we drew from a similar distinc-
tion between ‘‘medium’’ and ‘‘content’’ in the definition
of ‘‘Representations’’ by the CHARM ontology
(Gonzalez-Perez et al., 2012); but, unlike CHARM, we
set these entity classes within an event-centric ontology
structure aligned with CIDOC CRM. Therefore, in our
model, the relationship connecting Expression with
Meaning is a ‘‘shortcut’’ (Bekiari et al., 2021, p. 21) for a
structure mediated by a Semiotic Activity, mediated by
the Affordance or Tool at hand, and also by the Semiotic
Code, that is, the meaning-making structures applied in
the process of encoding – when a user posts a message
on social media, bas–d on - decoding – when other users
read that message (Hall, 1993).

A fourth, thornier, challenge, was how to account for
semiotic activities which had as their object other semio-
tic activities, such as when scholarly research seeks to
interpret some aspect of HMI-related semiotic activity
between SNS users. In line with Lotman’s cultural
semiotics theorization (2005), we conceive the field of
semiotic activity on SNS and the field of scholarly activ-
ity related to HMI as virtual semiospheres, and the way
they interact (for instance, when scholars interpret SNS
conversations, or when an SNS user refers to from some
scholarly assertion about the past) as manifestation of
creolization work in the boundaries between professional
and non-professional communities (Laužikas et al.,
2018). In line with this theorization, and to provide for
the diversity of such operations of translation or creoli-
zation, we opted to stay closer to core CIDOC CRM by
providing a formalization of the relationship between
primary and secondary semiotic work through classifica-
tion into Activity Types, rather than by adopting differ-
ent entities as modeled in CHARM’s Valorizations
(Gonzalez-Perez et al., 2012, p. 191), or the explicit rep-
resentation of inferential and belief adoption processes
as posited by CRMinf (Stead & Doerr, 2015) and
MIDM (Van Ruymbeke et al., 2018). Therefore, our
ontology represents the process of knowledge translation
between non-professional and professional SNS activities
as a sequence of Semiotic Activities, the first of each
characterized through some SNS Activity Type (e.g.,
posting on Twitter) and related to a Non-Professional
Collectivity Type (e.g., member of a Lithuanian partisans
Facebook group), while following ones related to both
an SNS Activity Type (e.g., commenting) and a Scholarly

Activity Type (e.g., theorizing, conducting a research
study, etc.) in the context of an Epistemic Collectivity
Type (e.g., heritage studies researchers) and mediated by
a relevant Semiotic Code (e.g., the semiosphere of critical
heritage studies).

Finally, in building the concept taxonomy, we ana-
lyzed classifications provided by the literature of social
network sites for specific aspects of SNS activity. Given
our understanding of the field of HMI on SNS, however,
we concluded that we need a bottom-up, evidence-based
approach to identifying specific terms that can truly cap-
ture the diversity and multiple foci of scholarly research
on the field. Therefore, we established an approach to
start from a provisional dictionary of terms from a fre-
quency analysis on a corpus of publications from the
established fields of heritage studies, memory studies,
digital heritage, and social media studies, enrich it with
relevant terms from the social and human sciences, orga-
nize them using qualitative data analysis methods in spe-
cific hierarchies, and validate it empirically by analyzing
term occurrence in a comprehensive ‘‘target’’ corpus of
publications on the narrower, ‘‘intersection’’ field of
HMI on SNS. To our knowledge, while automated and
quantitative methods of ontology extraction are com-
mon, there are no prior studies that apply such a mixed
methods approach, combining frequency analysis with
qualitative data analysis, for the development and vali-
dation of a concept taxonomy.

The objective of the study has been to develop an
ontology ‘‘for the systematic, evidence-based representa-
tion and study of referential and discursive aspects of
conversations on HMI on SNS, of interviews with parti-
cipants in such conversations, and of scholarly works
engaging with such phenomena.’’ The ontology is not
meant as just a theoretical exercise, but as a pragmatic
construct that can be used to serve purposes of data con-
stitution, analysis, and theory building. Therefore, to
ensure fitness-for-purpose, we adopted a research design
which included an explicit process of validating the ontol-
ogy by applying it for the purpose of four concrete activi-
ties that might emerge in the process of actual HMI on
SNS research. Firstly, with regard to data constitution,
we demonstrated that the ontology is fit for the purpose
of data representation in the case of a semiotic interac-
tion between SNS users referring to the contested mem-
ory of the June 1941 uprising in Lithuania (the referential
aspect), and the subsequent uptake of this interaction in
scholarly interpretation, viewed as a process of transla-
tion (the discursive aspect). Secondly, with regard to
analysis, we showed how the taxonomic hierarchies
defined as part of the ontology can be used to provide a
‘‘distant reading’’ of a corpus of 274 publications investi-
gating HMI on SNS by means of a frequency analysis of
taxonomy concepts and cited authors, enabling, in
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addition, the extraction of useful insights on the differen-
tiation between subfields of SNS practice related to the
Holocaust, other contexts of difficult heritage, memory
and identity work, non-professional communities, insti-
tutional communication, and archeological communities.
Thirdly, we provided a complementary critical qualita-
tive account demonstrating that taxonomy concepts in
the ontology do inform the discourse of publications in
the field of HMI on SNS scholarship. Finally, we demon-
strated the usefulness of the ontology for theory building
by using it to test the hypothesis that the intellectual
structure of the scholarship of difficult HMI on SNS
may be understood in the light of latent mediacentric, cul-
turalist and interactionist meta-theoretical lenses. The
successful application of the ontology in these four differ-
ent scenarios indicates that it can be a useful instrument
for the representation, analysis and theoretical investiga-
tion of social media interactions related to heritage,
memory, and identity.

Conclusion

In this study, we presented an ontology suitable to sup-
port the process of data constitution, analysis and theory
building on semiotic activity of HMI on SNS and related
scholarly activity and validated the ontology through
successful application in four examples of relevant inves-
tigations on related data and scholarly literature. To
address RQ1, the study establishes a core ontology
through a structure of entities and relationships suitable
for expressing HMI-based interactions on SNS while
accounting both for the purposeful, tool-mediated activ-
ity of participants, and for the cultural semiotic nature of
communicative acts, based on an intellectual framework
of activity theory and cultural semiotics, departs in sev-
eral notable ways from prior work in cultural heritage
ontologies. To address RQ2, it introducing a concept tax-
onomy relevant to requirements specific to HMI on SNS
practice which accounts not only for substantive concepts
representing the properties of SNS communicative activ-
ity structure and theoretical or thematic concepts charac-
terizing the referential content of SNS communications,
but also meta-theoretical concepts pertaining to the
meaning of these communications. To address RQ3, the
study introduces a novel process of taxonomy ‘‘ground
truthing’’ based on lexical analysis of a corpus of refer-
ence works from the fields of cultural heritage, memory
studies, social media studies, and digital heritage, and of
ontology validation based on its use to support data con-
stitution, analysis and theory-building in HMI on SNS
research.

Based on its conceptual structure and formal proper-
ties, the ontology can be a useful framework for the fol-
lowing purposes:

1. To construct data models for the collection and
representation of data from SNS platforms, and
build research datasets from SNS posts, com-
ments, and reactions.

2. To develop thematic guides and questionnaires for
qualitative interviewing related to HMI on SNS.

3. To build thematic analysis vocabularies and code
systems for qualitative content analysis of SNS
data, interview transcripts, and literature review
items.

4. To formulate queries useful to filter and summar-
ize evidence represented in a corpus of primary
and secondary data related to HMI on SNS.

5. To get insights for the identification of sensitizing
concepts or the construction of a theoretical
framework for studies related to HMI on SNS.

Limitations of the study are related to the conceptualiza-
tion and design decisions it adopts, and to the unavoid-
able trade-off between expressiveness and usability.
Firstly, the core ontology does not account for the repre-
sentation of rhetorical, narrative, discourse, or argumen-
tation structures within Expressions, and therefore
complementary conceptual structures and tools will be
necessary to formally support related analysis proce-
dures. Secondly, the concept taxonomy is structured as a
monothetic hierarchy, a structural limitation which,
while easy to maintain and use, may be at odds with
polythetic (‘‘family resemblance’’) or fuzzy (non-determi-
nistic) way categories may be pragmatically constructed
and understood in social and epistemic practice; it is
therefore not meant as a formalism suitable for funda-
mental theoretical research on epistemic concepts within
heritage, memory and identity in social media studies.
Finally, the applicability of the ontology as a schema
was tested only by testing its expressiveness in represent-
ing examples of HMI-related SNS interactions in the
form of a small number of knowledge graphs; further
work will be necessary to assess if an ontology-compliant
database of HMI-related SNS interactions can be useful
in supporting queries to account for a variety of impor-
tant research questions.

In our ongoing research, we already applied the ontol-
ogy to generate an applicable data model, in the form of
a property graph schema, for the collection and represen-
tation of several thousand conversations related to
Lithuanian cultural heritage and history from Facebook
and Instagram, and for initial searches related to research
questions in the project. We also used the concept taxon-
omy for the identification of sensitizing concepts for the
study, and for the definition of the thematic guide for
conducting interviews with SNS mnemonic actors, which
we expect to test in practice in the forthcoming period. In
addition, we used ontology entities and concept
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taxonomies as the guiding structure to develop a provi-
sional code system which we intend to use for lexical
analysis and qualitative coding of both SNS conversation
threads and interview transcripts. In future work, we aim
to report on how well the ontology serves the needs of
such an evidence-based investigation of semiotic activity
on SNS, a hugely consequential field for further studies
of heritage, memory and identity work in the emerging
global communication domain of online social networks.
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Fábrega-álvarez, P., & G€uimil-Fariña, A. (2012). Extending

an abstract reference model for transdisciplinary work in

cultural heritage. In J. M. Dodero, M. Palomo-Duarte, & P.

Karampiperis (Eds.), Metadata and semantics research

(pp. 190–201). Springer. http://link.springer.com.myaccess.

library.utoronto.ca/chapter/10.1007/978-3-642-35233-1_20
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