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Abstract: Knowledge communication in cultural heritage and digital humanities currently faces
two challenges, which this paper addresses: On the one hand, data-driven storytelling in these fields
has mainly focused on human protagonists, while other essential entities (such as artworks and
artifacts, institutions, or places) have been neglected. On the other hand, storytelling tools rarely
support the larger chains of data practices, which are required to generate and shape the data and
visualizations needed for such stories. This paper introduces the InTaVia platform, which has been
developed to bridge these gaps. It supports the practices of data retrieval, creation, curation, analysis,
and communication with coherent visualization support for multiple types of entities. We illustrate
the added value of this open platform for storytelling with four case studies, focusing on (a) the life of
Albrecht Dürer (person biography), (b) the Saliera salt cellar by Benvenuto Cellini (object biography),
(c) the artist community of Lake Tuusula (group biography), and (d) the history of the Hofburg
building complex in Vienna (place biography). Numerous suggestions for future research arise from
this undertaking.

Keywords: visualization; storytelling; narration; biography data; object biographies; cultural collections;
GLAM data; data curation; data analysis; knowledge communication; digital history; digital humanities;
cultural analytics

1. Introduction

It seems safe to say that biographical research and related communication endeavors
have weathered long seasons of critical questioning fairly well. As the smallest possi-
ble “micro-analytical” lens of historiography and the humanities, the study of individual
biographies comes with the risk of producing rather anecdotal, subjective, and hagio-
graphic (i.e., overly reverential and uncritical) portraits of influential historical elite actors
only, while neglecting historical context and the analysis of larger societal (e.g., political,
technological, or economic) trends [1–4]. However, given the wide range of established
macro-analytical perspectives in the field of history, biographies keep playing an indispens-
able role for illustrating their bigger pictures and analyses of broader trends, providing
rich and detailed information for historical actors, and, thus, for “humanizing” history and
making its abstract concepts accessible and tangible for a wide range of audiences [5,6].
In fact, many observers even diagnose a renaissance of the biographical genre, invoking
the notion of a “biographical turn” [2,7]. Among other factors, this development has been
driven by the successful (a) generalization of the biography concept, but also (b) by the rise
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of digital humanities methods and tools, promoting new ways of biographical investigation
and representation.

(a) From person to object biographies: Transcending the traditional focus on human
actors, the genre of “object biographies” has managed to shift the historical focus from
human protagonists to the study of cultural artifacts or things in general, which also fosters
the study of human–object interrelations [8,9]. Gosden and Marshall spell out the conse-
quence of such a hybrid (i.e., person-and-object-oriented) approach for the narratological
standard lens of anthropocentric “hero journeys” [10]: “At the heart of the notion of biogra-
phy are questions about the links between people and things; about the ways meanings
and values are accumulated and transformed” [8] (p. 172). A first aim of this paper, thus,
is the discussion of the consequences for present-day storytelling: How can we facilitate
post-anthropocentric storytelling, where all kinds of entities can become the “hero” of a cultural
narrative? Related methods will arguably help to not only open up the protagonist position
for non-human entities with relevance in the digital history and cultural heritage fields
(such as artworks, institutions, or places) [11,12], but also for all sorts of “posthumanist”
assemblies in ecology, science, technology, and society contexts [13–19].

(b) Digital biography methods, tools, and workflows: In addition to conceptual shifts,
digital augmentations of humanities research methods have opened up new options and
avenues for biographical research and knowledge communication [20–23]. Digital language
and image-processing methods started to work their way into biographical and cultural
knowledge collections to extract large amounts of structured data and to semantically
annotate depicted or described entities. Linked data initiatives then started to classify and
combine related entities to build up bigger knowledge graphs of multiple types of cultural
resources. These graphs often connect large numbers of nodes of different entity types,
media, and data schemata by multiple kinds of semantic relations and, thus, provide a rich
source for the visual analysis and (narrative) communication of biographies and cultural
heritage topics in general [24–26]. It has been argued that this digital layer could even be
analyzed as a historical mirror and continuation of the history of things, creating novel
“object biographies” in the digital age [27,28].

Research questions: With this paper, we document a recent effort to build on the
outlined developments in biographical research, as well as the digital humanities (DH)
and cultural heritage (CH) fields—and to close existing gaps for related data, visualization,
and storytelling tools (see Figure 1). A number of questions and objectives guided this work
within the H2020-project InTaVia (https://www.intavia.eu (accessed on 15 April 2024)):

(a) How can we assemble a transnational knowledge graph, which draws together existing
biography and object data resources?

(b) How can we facilitate knowledge communication with data-driven, biographical sto-
rytelling? How can we avoid overly human-centered narratives to support storytelling
with all sorts of entities relevant in the fields of DH and CH?

(c) How can various visualization methods support storytelling in an integrated fashion?
(d) How can further media content enrich these stories?
(e) How can we support whole workflows of data practices needed for visualization-based

storytelling, including data search, creation, curation, and (visual) analysis?

In the following, we reflect on related work on visualizing biographies and telling
related stories (Section 2) before we introduce the InTaVia project and the integrated In-
TaVia knowledge graph. We developed a platform that supports whole workflows with bio-
graphical data, including visualization-based storytelling (Section 3). Four case studies illus-
trate the practical and theoretical potential of such approaches to biographical storytelling
(Section 4), while a more general discussion sketches out future challenges for research and
professional practice related to DH and CH (Section 5).

https://www.intavia.eu
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Figure 1. Guiding research questions (a–e) for visualization-based storytelling in CH and DH, with a
focus on integrating multiple data, media, and practices, which have been mostly separated so far.

2. Related Work

In the CH and DH fields, data visualizations are known for their potential to support the
study of both large and small text collections, thus facilitating activities of “close” and “distant
reading” [29] or “viewing” [30]. In this section, we summarize related efforts with a specific
focus on biography data—both for person and object biographies. While doing so, we will
look more closely into methods of narrative visualization design [31]—as biographical writing
naturally translates into narratively structured source data—and proceed from visualizations
of person biographies and object biographies to aggregated visual storytelling approaches in
these fields.

2.1. Person Biography Visualization

As for research into persons’ lives (Figure 2, top left), various visualization approaches
have been utilized to enable the visual investigation and representation of biographical
data. Concerning specific cross-sectional visualization techniques, we frequently encounter
maps [32,33] and graphs (i.e., network visualizations), which lend themselves to the visual
representation of networks between persons, things, and any other entity relevant for
person biographies (such as institutions, places, sets of things) [34–40]. But, also, any other
visualization type can help to analyze specific (e.g., set-type or statistical) characteristics of
biographical data, depending on the analytical focus tasks [41–44]. These standard views
also can be combined as dashboards or multiple coordinated views to represent various
facets of biographical data in parallel [45–47].
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Figure 2. Overview of visualization techniques, including narrative visualization designs (center and right),
supporting the analysis and communication of biographical data, whether from persons or things (left).

The essential temporal orientation of biography data (see Figure 2, temporal components
highlighted in blue) frequently promotes and requires the visual encoding of time—which
in its purest form is achieved by biographical time visualizations [44,48–51] in either an
individual, faceted, or aggregated fashion [52]. Time visualizations can be easily combined
with cross-sectional standard views (e.g., maps with coordinated timelines) for their spatio-
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temporal enhancement [53–56], or it is a range of other encodings, which encode the time-
oriented aspects like sequences of events in person biographies. Among them are color scales
(mapping time to color) [57,58], animation (mapping time to movement) [59], space–time
views (mapping time to a third dimension) [60,61], annotation of dates (mapping time to
numerical symbols) [62], or combinations thereof [63,64] to balance the distinct strengths
and limitations of specific temporal encodings.

2.2. How Time Orientation Translates into Narrative Designs

Closely related to the visualization of time are narrative designs (Figure 2, right), which
are of specific interest to tell the stories of individual lives in a temporally faceted fashion.
They can be implemented using a whole toolbox of narrative means, moving visualizations
of biography data into the field of “visualization-based storytelling” [65]. Storytelling with
data and visualizations is getting more and more popular, and related surveys analyze the
manifold approaches for “data-driven storytelling” in specific fields such as data journal-
ism [31,66,67], data videos [68,69], scientific publications [70], and DH [65]. Related surveys
on visualization-based storytelling analyze further characteristics such as linearity, user
freedom, representation, scale, and layout [31,52,70,71], but also emphasize story tropes,
genres, and the interactive implementation methods to define the progression through the
story thread (e.g., data comic, slideshow, scrollytelling; see Figure 2, right) [65,72].

To convey biographies as visual and interactive stories (e.g., utilizing visualizations in
lieu of rich multimedia content and connecting them with a story thread), visualization-
based storytelling tools focus on maps [53,73], timelines [74,75], graphs [76–78], or other
types of chart visualizations [79–81]. These tool sets are then used to tell stories of famous
biographies [82–86] or to narrate personal insights related to individual fates [87,88], which
again often represent the (hi)stories and fates of larger groups or collectives [80,89,90].

The relevance of such storytelling in CH and DH comes from the natural fit of narrative
designs with the omnipresent time orientation of the data and from manifold options to
create compelling collages of information, which interweave the bigger pictures of visual-
izations with contextual story threads, but also with rich media content such as portraits
of persons and scenes from their lives. In the particular cases of cultural actors and artists,
biographies are inseparably interconnected with their creation of artworks [91–97], while
entrepreneurs [98] or military leaders [81] are connected to objects, buildings, or places
throughout their lifetimes.

2.3. Object Biography Visualization

As for object biographies and histories of things, we find a notably smaller but similar
pool of work leveraging visualization techniques for exploring, analyzing, and commu-
nicating the “lives of things”. Prominent person-centered visualization techniques also
dominate this visualization genre: maps [99], graphs [100–102], charts [45,95,103], and time-
lines [104,105] are used to depict various events of object biographies. The matter of time
and changing circumstances seem to become more important because of the longer life-
times of objects throughout centuries, but on the other hand, the dating of events gets more
uncertain [43]. Again, color coding [106] or trajectories [55,107] are used to encode time
within other visualizations, such as maps. Associated multimedia content is shifting from
the depiction of humans to things, using photos, scans [108], (sound) recordings, 3D mod-
els [109], or other sorts of “digital twins” of cultural artifacts [110]. Such digital depictions
or reproductions of cultural objects—often also addressed as “digital relatives”—can also
be analyzed as derivates and cultural artifacts of their own, with specific characteristics
and biographies, so that the stories of digital objects (as non-trivial digital extensions of
object biographies) become a noteworthy subject matter themselves (see Section 5) [27,111].

Especially the use of 3D modeling to represent physical objects and their evolution
and (hi)stories are prominent: Here, the models are explorable in their three-dimensionality
to increase tangibility [112], or animated paths through the models guide the story pro-
gression [113,114]. A few solutions for such 3D storytelling editors to create tours and
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enrich the objects using further multimedia exist [114–116], especially within the field of
museum exhibition design. The potential for interactive and multi-entity storytelling lies in
the disentanglement of hidden stories between objects and persons [117,118]. In museums,
the concrete objects are sometimes augmented by interactive (e.g., gamified) elements or
visualizations [119,120] to add more context. Still, physical objects are also used as tangible
interfaces (i.e., controllers) between the real and virtual world [121,122]. Because of the
close connection between CH actors and objects, many story examples shed light on a
person’s creations tightly knit together with his/her biography [93,96,123,124]. Similar
to these person-centered stories, specific, highlighted examples act as representatives for
larger groups forming the (hi)story of whole object-centered topics [95,120,125–128].

2.4. From One to Many Entities

While biographical research necessarily starts from selected singular entities, every
contextual reflection equals a zoom-out shot that reveals their embeddings within collec-
tions, aggregates, or sets of entities: for persons, families, groups, schools, institutions, etc.
(covered by “prosopographical” studies) and, for objects, lifework collections, GLAM col-
lections, art historical formations, and aggregations (covered by collection studies and art
history). Visualization can support research in both fields, including prosopography visual-
ization [42,51,129,130] and cultural heritage collection visualization [45,104,131–134] (see
also Section 5). To create overviews of those collections, geo-spatial origins are illuminated
using maps [55,128,135] and their development over centuries with timelines [51,136,137].
Glyphs are prominently used to depict the distribution of various entities within a grouping
(e.g., to avoid visual overlap) on maps [127] or temporal histograms [138]. The inter-linked
entities and their evolution within network graphs for whole collections are naturally
analyzed within network graphs [40,42,100,101], where clusters and outliers within a larger
group become visible. These representations are sometimes accompanied by support-
ive visualizations where the focus lies on the statistical analysis with charts [95,100,127],
for example via theme rivers and histograms [51,95] to depict specific characteristics of the
collection data sets.

2.5. Research and Development Gaps

While the outlined DH and CH visualization fields are emerging and thriving, various
gaps require closer attention to fully support the analysis and storytelling of various entities
via visualizations in a comprehensive manner. More specifically, a lack of generalized multi-
protagonist storytelling tools (e.g., covering persons and things from one to many entities),
a lack of multi-visualization tools (e.g., covering maps and graphs and timelines), and a
lack of multi-practice tools (supporting visual analysis and storytelling and all sorts of data
preprocessing) is asking for more synoptic and functionally integrated solutions.

3. The InTaVia Platform

The H2020-project “InTaVia” (In/Tangible European Heritage: Visual Analysis, Cu-
ration & Communication) presents a holistic approach to cultural heritage integration
and presentation. By constructing a transnational knowledge graph (Section 3.1), InTaVia
connects isolated data collections, bridging tangible cultural heritage like paintings and
sculptures with intangible cultural heritage, such as biographical information. This integra-
tion of data on cultural actors and heritage objects from various European sources, along
with information on institutions, historical events, and places, aims to provide a more com-
prehensive view of cultural heritage and history. The InTaVia platform, whose architecture
and data flow are illustrated in Figure 3, consists of three main modules, which support
various cultural heritage data practices: The Data Curation Lab (DCL) (Section 3.2) covers
searching, creating, and curating data; the Visual Analytics Studio (VA Studio) (Section 3.3)
provides solutions for analyzing and interpreting data, mainly for CH and DH experts.
Complementing these modules, the Storytelling Suite (ST Suite) (Section 3.4) provides the
means to communicate relevant cultural and historical information to non-expert audiences
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through visual stories. Given the focus of this paper on storytelling, we will give a short
introduction to the first two components for orientation (see [58,139] for a more detailed
description of these components) and elaborate on the storytelling module thereafter.

The development of the InTaVia platform followed a participatory user-centered design
approach. More than 40 cultural heritage experts and GLAM practitioners were involved
in three workshops to identify relevant user practices and define user requirements at
the outset of the project [139]. In three iterations, users gave feedback on the state of the
platform development during workshops or individual test sessions. In Section 3.5, we
present some user feedback from the final evaluation.
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Figure 3. Architecture of the InTaVia platform, supporting a variety of cultural heritage data practices
with visualization-based interfaces, including the activities of searching, creating, curating, analyzing,
and communicating for a variety of user groups.

3.1. The InTaVia Knowledge Graph

InTaVia brings together data from four national biographical dictionaries: Austria
(APIS), Finland (BiographySampo), Slovenia (SBI), and the Netherlands (BiographyNet).
These biographical data have been harmonized to match the InTaVia Data Model IDM-
RDF [140], which is based on CIDOC-CRM [141]. After the integration and harmonization
of all biographical datasets, related cultural objects were retrieved from Europeana and
Wikidata for each actor.

The resulting InTaVia Knowledge Graph currently contains 24,588,310 triples on
165,960 actors from Austria, Finland, the Netherlands, and Slovenia, 230,068 cultural objects
from Europeana and 160,239 from Wikidata, as well as 3257 institutions and 24,446 places
(see Figure 4). The majority of documented biographical events (including events of object
creations) stretch out through the 19th and 20th centuries.

(a) (b)

Figure 4. The InTaVia Knowledge Graph contains nodes for historical actors, cultural objects, institutions,
and places—with a focus on the modern era from 1800 onward. (a) The InTaVia Knowledge Graph with
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actors in dark and objects in light green, generated with Cosmograph [142]. (b) The number of
entities by type (top) and the temporal distribution of biographical events (bottom) in the InTaVia
Knowledge Graph.

3.2. The InTaVia Data Curation Lab

The DC Lab is the entry point into the InTaVia platform by connecting to the InTaVia
Knowledge Graph (IKG) and by providing a means to search, inspect, collect, and curate
information on the vast CH data, which include persons, objects, institutions, and places.

Querying data: Users can access the knowledge graph through queries, which can be
customized based on specific parameters like text labels, entity types, or relations to specific
entities. This allows for targeted searches and retrieval of relevant DH and CH entities.
Query results are shown in a list where each entry provides a summary of the respective
entity, such as its label, type, and number of related events. Additionally, the result set
can be narrowed down further interactively in a visual overview of the returned entities.
To manage retrieved entities and reuse them across all platform modules, they can be
organized in user-created collections.

Collecting data: Collections are used throughout the DC Lab, VA Studio, and ST Suite
as user-defined sets of entities to save and manage the data that users are working with.
They can add individual entities or entire query result sets to a collection. Furthermore,
the DC Lab allows locally importing data from different sources like Excel sheets or JSON
files. It is important to note that these data are not shared with the IKG, nor is the IKG
updated when entities are locally edited. All the available information on an entity is
presented on a detail page that includes network, map, and timeline views on their related
entities and events, in addition to media files and a biographical text.

Creating and curating data: A specific screen enables users to create and curate data
in the DC Lab. This functionality allows manually correcting and enriching the data from
the knowledge graph, or merging it with locally imported data. In addition to curating
basic entity information like labels, linked URLs, and occupations, users can also enrich
an entity’s events and relations to other entities. Additionally, they can create new entities
not represented in the knowledge graph. These rich curation features give users complete
control over their data used for analysis and storytelling in the subsequent steps.

3.3. The InTaVia Visual Analytics Studio

The VA Studio module of the InTaVia platform provides temporal, spatial, and rela-
tional perspectives on cultural heritage information. To this end, users can create coordi-
nated visualizations in flexible workspaces with adaptable multi-panel layouts that provide
synoptic views with several perspectives on the data simultaneously. These tools help DH
and CH experts understand the connections and patterns within their data collections, and
develop and consolidate insights.

The three visualization types supported by the VA Studio are maps (including a
space–time cube option), network graphs, and timelines. Visualizations can be customized
to fit the current information-seeking needs. Multiple options for color encoding (e.g., by
entity type or by time) enable different perspectives on the data. Various visual aggregation
methods, such as donut charts or bee swarm clusters, prevent occlusion and visual clutter
in analysis scenarios with many events in close spatial or temporal proximity. In addition,
features like visualizing life paths with trajectories on maps or in space–time cubes support
historians’ analysis tasks. Moreover, the visualizations created in the VA Studio can be
re-used in the final stage of the workflow by incorporating them into visual stories.

3.4. The InTaVia Storytelling Suite

How can we convey complex cultural data to non-experts? From the outset, the In-
TaViaplatform was designed to support experts with the compilation of data-driven stories,
so to present CH and DH information in an engaging and accessible manner. By allowing
treating each entity (persons, objects, institutions, places) as protagonists or “heroes” of
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their own narratives, InTaVia offers a highly flexible tool for conveying a more in-depth
and interconnected narrative understanding of cultural history and heritage topics.

The Story Creator, as the first component of the Visual Storytelling Suite, instantiates
an innovative concept for crafting multimedia-rich, interactive slideshow-based stories. It
integrates several features to enhance the storytelling experience:

Content creation and editing: The central component is a slide editor, which allows
users to create and organize their content visually. It allows combining novel or pre-existing
visualizations from the VA Studio with other media into unique layouts, with a focus on
editorial ease of use and well-structured, appealing results (see Figure 5b).

(c) story flow(a) data panel (b) slide editor

Figure 5. Main parts of the Story Creator interface, zoomed in on the biography of Albrecht Dürer:
(a) The data panel on the left lists the entities in the collection; (b) the editor in the center allows creat-
ing slides with a combination of visualization and multimedia content; (c) the story flow component
on the right allows managing the sequence of slides.

Slide management and flow control: This feature provides an easy way to manage
multiple story slides through a thumbnail-based panel, where users can create, duplicate,
delete, or rearrange slides (see Figure 5c). It also allows creating “nested slides” for adding
narrative depth with substories, which unfold on users’ demand [31].

Visualizations and interactions: Regarding different types of visualizations, the Story
Creator supports a unique mix of methods: While various “single-method” tools exist
(such as StoryMapJS [73] or TimeLineJS [75]), the narrative assembly of maps, timelines,
and network graphs has not been possible before. InTaVia’s Story Creator allows creating
stories with all of these visualization types, and including details on demand and options
for further exploration (see Figure 5b, left). To that end, it uses modern, responsive design
elements that are compatible with both desktop and mobile browsers.

Multimedia content and combinations: All visualizations can be enriched and com-
bined with various multimedia content, such as images, videos, 3D models, text blocks,
and HTML content (see Figure 5b, right, blue elements). Interactive elements such as quiz
games or external media and 3D renderings can further raise the factors of user engagement
and narrative user experience.

The Story Viewer, as the second major component of the Storytelling Suite, provides the
missing link to story audiences and fosters the interactive reception of stories developed
with the Story Creator. It brings stories to life through dynamic visual elements, ensures
smooth transitions between slides, and delivers high-quality visual renderings in a respon-
sive manner to support mobile devices. Additionally, it incorporates interactive features
that aim to enhance user engagement and provide an immersive storytelling experience. Its
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design focuses on maintaining user interest and involvement, thus setting a new standard
for visualization-based storytelling technology.

In its entirety, the Storytelling Suite offers a comprehensive solution for creating en-
gaging, interactive, and visually appealing stories with a first-time combination of multiple
visualization types. Its focus on dynamic content creation for multiple types of protagonists
makes it a valuable tool for a wide range of applications, from educational storytelling
in the arts and humanities fields to cultural tourism, journalism, and presentations in
GLAM institutions. For practitioners, we explain the whole process of crafting a story in a
walk-through video (https://youtu.be/VafQAFCqduw (accessed on 15 April 2024)).

3.5. User Feedback

The final version of the InTaVia platform was evaluated during a workshop with twelve
GLAM practitioners in September 2023. These results were amended by three individual
test sessions with an art curator, a museum education specialist, and a history teacher.

Overall, workshop participants liked the Storytelling Suite and expressed their intention
to use it in the future, considering it to be “a very efficient pedagogic tool”. Important
discussions evolved on questions of the copyrights of images from the web, which are
used in the stories. Another open topic turned out to be visual clutter—e.g., of network
visualizations—and how visual information density could be reduced to show additional
details on demand only.

During the individual test sessions, most experts immediately saw the potential of the
Story Creator for their communicative practices: An art curator wanted to create stories on
exhibition projects. For art education, it could be used as a tool for collaborative design
tasks for students. The history teacher suggested creating interactive learning sessions with
quizzes to digitally accompany a history schoolbook. When creating stories, the experts
did not find the Story Creator fully intuitive in the first place, but could quickly use it with
some help. “The workflow model of InTaVia is a great one—which has the potential to
change my practice—and that of colleagues in various domains”.

In conclusion, the holistic workflow of the InTaVia platform (illustrated in Figure 1,
right-hand side) supports multiple practices from finding and curating cultural information
to analyzing and exploring it to communicating it in engaging visual narratives. While this
appears at first like a straightforward step-by-step process, reality often differs. Commonly,
many loops and jumps between the steps occur until all details of a biography are explored
and understood. While analyzing the data, missing attributes or links might be discovered,
and the need for additional visualizations might arise when authoring a visual story.
Accordingly, the InTaVia platform facilitates seamless switching between the DC Lab, VA
Studio, and ST Suite to foster this iterative process. Users can enter the workflow at
any stage and effortlessly jump between the steps, turning the platform into a powerful
multi-practice tool.

4. Use Cases

Given the outlined combination of features (Which stories are possible for which
types of “heroes”?), this section presents four narrative use cases revolving around dif-
ferent kinds of entities as story protagonists: persons, objects, groups, and places. These
stories emerged from associated cultural or historical research projects and from co-design
processes involving visualization experts, media designers, and domain experts. All of
them are available as editable example story use cases within the InTaVia Story Creator
(https://intavia.acdh-dev.oeaw.ac.at/storycreator (accessed on 15 April 2024)).

4.1. Person Biography: Albrecht Dürer

A first story provides an introduction to the life of Albrecht Dürer, including visual
representations of his biographical data and related cultural objects (https://youtu.be/
3MRpasJiLqI (accessed on 15 April 2024)). It is targeted at the general public with an
interest in art history. The underlying data have been manually curated by Anja Grebe

https://youtu.be/VafQAFCqduw
https://intavia.acdh-dev.oeaw.ac.at/storycreator
https://youtu.be/3MRpasJiLqI
https://youtu.be/3MRpasJiLqI
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and draws from her research on Dürer’s life and work [143,144]. A sub-story deals with
Dürer’s journey to the Netherlands, for which she studied his diary with highly detailed
travel records [145]. The biographical data have been enriched with related media on
Dürer’s artworks and uncertainty information [130], to illustrate how biographical events
and spatial movements influenced his artistic oeuvre.

Plot: The story recounts the life of the German artist Albrecht Dürer from birth to death
(see Figure 6). Recipients, thus, can contemplate important works and turning points of the
life of this exceptional artist: his education, the development of his craft, his travels, and
his international success. A combination of descriptive and narrative texts, visualizations,
and images shows how threads of life, business, and artistic work weave into each other.
While the main story conveys a biographical overview, it also offers to branch from the
main narrative into a detailed sub-story of Dürer’s journey to the Netherlands in 1520.

Figure 6. Overview of the story of Albrecht Dürer’s life.

Narrative visualization: The story combines interactive map and timeline visualizations
to let readers trace and explore significant events and milestones in Dürer’s life, revealing
travel patterns and his overall life path. Seamless transitions between selected points in
the visualizations on different slides support users in following the course of his life and
his travels. While users can consume the story passively and only interact with the slide
navigation, they can also freely explore the map and timeline visualizations.

4.2. Object Biography: Cellini’s Saliera

The Saliera story recounts the object biography of a prominent cultural artifact: The
golden salt cellar Saliera is a masterpiece of Renaissance art by the Italian goldsmith
Benvenuto Cellini, which came to renewed fame due to its theft and rediscovery. The story
aims at the general public and interweaves object information with biographical aspects of
its artist and information on other related persons. The data have been manually generated
by Maximilian Kaiser and enriched by members of the project team for an experimental
study on story designs.

Plot: Foreshadowing the recovery of the stolen golden salt cellar in 2006, the history of
Cellini’s masterpiece is told chronologically (see Figure 7): From its first conceptualization
by Benvenuto Cellini in the 16th century, where it was deemed unfeasible by the original
sponsor, to its actual production for the French king Francis I, who gave it to the Austrian
archduke as a present. Later on, it became forgotten until J.W. Goethe translated Cellini’s
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biography into German and interest in the artist’s work arose again due to his wild and
turbulent life, mixing high art with murder and other crimes. Eventually, the Saliera became
one of the most prominent exhibits at the Museum of Art History in Vienna. In 2003,
during restoration work on the museum’s facade, it was stolen from the museum in a
spectacular heist, to be recovered again after years of investigations in a forest near Vienna,
so that it is now on display again.

Figure 7. Overview of the story of Cellini’s Salt Cellar reporting on its trajectory and theft, but also
offering insights into its creator’s life.

Narrative visualization: Visualizations mainly focus on the object data and recount the ob-
ject’s biography with a timeline and a map, enabling users to trace and interactively explore
significant events and transportation patterns, in which the golden artifact was involved.

4.3. Set Biography: Tuusula Lake

This story centers on a prosopographic data set, aggregating the biographies of multiple
persons related to the Finnish Lake Tuusula into a collective narrative (https://youtu.be/
_9gr62cg85w (accessed 15 April 2024)). The target audience is the general public with an
interest in art and cultural history. The biographical information of the artists has been
gathered from the InTaVia Knowledge Graph (IKG). New cultural objects for the houses
have been created and merged with the data from the IKG [97].

Plot: The story focuses on a group of influential Finnish artists who settled to live
around Lake Tuusula in the early 20th century—and on the creative network generated
among them (see Figure 8). After an introduction, the recipient is guided to important
places around Lake Tuusula and introduced to the actors, important events in their lives,
and some of their works.

Narrative visualization: The story starts with two visualizations introducing the Tuusula
lake community as a group: (1) A map visualization conveys the cosmopolitan character
of the community, which was active all over Europe. (2) A network visualization of all
important actors of the community depicts how close knit the artistic collective around the
lake was, leading to influences and paintings of each other.

After setting the scene, the story focuses on a map of Lake Tuusula, which guides the
user around the artists’ residences along the shore. For each artist, a timeline illustrates the
most important life events—with a selection of them highlighted, while the others can be
explored by the readers.

https://youtu.be/_9gr62cg85w
https://youtu.be/_9gr62cg85w
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Figure 8. Overview of the story of the Tuusula lake community, shedding light on the historical
development of a close knit artist community settling around a Finish lake.

4.4. Place Biography: The Building History of the Vienna Hofburg

The Hofburg story is both a place and a complex architectural object biography
in Vienna, targeting the general public with an interest in imperial and cultural his-
tory, as well as tourists visiting the building complex of the Vienna Hofburg (https:
//youtu.be/VfMtttzMtJ4 (accessed 15 April 2024)). Though it appears to be one coherent
building complex today, it was built in steps and phases over centuries as a symbol of the
Habsburgs’ power. The data have been manually generated by Richard Kurdiovsky and
project colleagues and are based on a major research project by the Austrian Academy of
Sciences [146–151].

Plot: The story tells the construction history of the Hofburg in Vienna from its founding
in the 13th century until today (see Figure 9). Over the course of centuries, it developed
from a basic fortified castle to a huge palatial building complex as the power and empire
of the Habsburg monarchy grew. Visual representations of different construction phases
and building objects are shown in historic drawings, plans, prints, and 3D renderings. This
story also branches into a detailed description of the Hofburg’s building state around 1590
(which could be added for each of the presented building states in a similar way).

Narrative visualization: As the story focuses on a whole place of imperial living, a map
visualization is the central visualization component, around which the story unfolds. It
enables viewers to better comprehend the location of different buildings and the growing
size of the palatial building complex. The map is complemented by 3D renderings of the
Hofburg, which visualize the size of the building complex at each development stage.
At the end of the story, users can explore the building complex with the 3D engine of
Google Street View.

https://youtu.be/VfMtttzMtJ4
https://youtu.be/VfMtttzMtJ4
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Figure 9. Overview of the story of the Hofburg castle in Vienna, Austria, utilizing 3D renderings of
historical stages of the castle and a further interactive 3D model plus augmented reality experiment.

4.5. Comparative Summary

The outlined stories center on different kinds of heroes: a person (Dürer), an object
(Cellini’s Saliera), a place (the Vienna Hofburg), and a group (the Tuusula Lake community).
While each story has its unique characteristics, several commonalities become apparent:

(1) Setting: At the beginning of each story, the focus is put on a unique type of hero, setting
the scene and introducing the main actor. Depending on the entity type, different
kinds of information are given: For a person, it is the life range and occupation; for an
object, it is the creator and its temporal and regional origin; for a place, it is the spatial
context; for groups, it is their members. But, independent of the entity type, the initial
emphasis of all settings is on the importance and specificity of the protagonists: Why
are they of interest? Why are their stories told, and why should the recipient care?

(2) Visualization: Due to the inherent temporal nature of biographies, all stories make use
of time visualizations, which greatly helps guide viewers through important events
and stages of the heroes’ lives chronologically. Depending on the entity type, other
types of visualizations then provide complementary support for the comprehension
of a story: for instance, a network visualization emphasizes how a group of actors is
related, while maps make movement patterns transparent and help locate places.

(3) Linking the visualization with the story flow: For visualization-based stories, users should
be supported to create links between the textual paragraphs, which mostly carry the
narrative and interconnect the visualizations and other media [152–154]. In our use
cases, this is realized threefold: by placing related text blocks and visualizations side
by side, by highlighting relevant data points (places on the map or events on the
timeline), and by showing transitions between different places or events.

(4) User experience and engagement: How engaging a story is does not depend on the kind
of entity, but rather on the narrative design patterns: for example, whether story
hooks are presented at the outset or in the midst of a setting, whether tension is built
up successively and developed by a narrative arc, or whether surprising turns or facts
are presented within the story, which (re)kindle the viewer’s attention. Arguably,
story recipients can more easily identify with human actors than with a salt cellar or
with a building. However, by changing our perspective or by combining multiple
types of entities, we can “humanize” and dramatize such stories, as is shown in the
Saliera story, where its creator is prominently featured. We will come back to this point
in the discussion.
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5. Discussion

Various questions, which arise from the outlined endeavor, seem to be of general
relevance for storytelling within the DH and CH fields. We start from the assertion raised
in the paper title and discuss questions of scalability, conceptual accuracy, and visualization
design, but also challenges and opportunities opened up by novel technologies like Large
Language Models, Artificial Intelligence, and Mixed Reality. Finally, we elaborate on the
implications for DH and CH practice.

Can every thing be a hero? The InTaVia project created a knowledge graph and a
platform that allows modeling visualization-based stories on any kind of entity available as
a node in its knowledge graph. Obviously, this does not guarantee that each (kind of) hero
story will be equally successful in terms of user engagement and learning. User engagement
is oftentimes questioned when it comes to non-human entities, such as physical CH objects.
To study this effect, we recently conducted a pilot study in which we compared stories on
human actors with stories on cultural objects [155]. For object stories, the study participants
indeed reported slightly lower levels of engagement. A possible explanation could be that
objects are more frequently perceived as passive entities, whose course is only influenced
by others’ actions. Still, objects such as artworks, weapons, or tools obviously influence
persons and other entities and can be analyzed as protagonists; we just have to shift our
perspective [156]. However, the dominant form of metadata for CH objects makes their
dynamic and “biographical” representation difficult: objects frequently have only one (or
very few) structured events assigned (“has been created by”), whereas person biographies
are a much more event-focused genre. Further interesting object events (such as restorations,
modifications, sales, theft, destruction, but also, interpretations or inspirations) and related
entities are rarely documented in a structured fashion. But, biographical visualizations
depend on rich and structured event data—no matter which kind of entity—which makes
options for manual data enrichment essential. How much engagement and interest a
specific (type of) hero triggers depends also on the recipient of the story. For example,
identification with the story protagonist is known to increase engagement. But, also, the
right level of story complexity, which matches the recipient’s available cognitive resources
for processing and sensemaking and deviations both upward or downward put a positive
reception in jeopardy. Finally, identification with a protagonist can also be triggered by
tangible cultural objects, which can be exhibited in their “auratic” reality, and augmented
by visualization-based stories. Such hybrid or extended realities are known to blur the
borderline between digital and real story worlds and allow directly linking physical objects
and places of cultural importance to their digital derivates, further digital multimedia
content, and visualization-based stories.

Are we looking at the right kinds of heroes? The InTaVia platform has been devel-
oped to support a range of more open and less anthropocentric (i.e., “multi-protagonist”)
approaches to visual analysis and storytelling in CH and DH. Due to this strategy, it
allows complementing the traditional work with human-centered biographies with non-
anthropocentric accounts on the histories and biographies of things, institutions, places, or
combinations thereof. In combination with the design strategy to utilize multiple types of
data visualizations, this generates an impressive modeling spectrum for historiographical
topics. Regarding the resulting scale and scalability of InTaVia’s visualizations, Figure 10
shows how the Visual Analytics Studio (see Section 3.3) allows centering the work of digital
humanists and historians on individual biographies first (see Figure 10a), and proceeding
to the visual analysis and representation of smaller and larger aggregates of entities from
there (see Figure 10b,c). In contrast to many existing (mono-method and mono-scale) visu-
alization tools (see Section 2), this is a significant extension of the visual representational
range, and a development direction we consider as highly relevant for future research.
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Figure 10. Possible scales for multiple types of visualizations in the Visual Analytics Studio:
(a) Albrecht Dürer with only donut charts in the timeline as a form of visual aggregation; (b) artists
from the network around Lake Tuusula in Finland with a bee swarm depiction in the timeline and
map to minimize overlap; (c) larger group of 200 cultural heritage actors with a relation to Berlin,
Germany, with a distant view of the lifetimes in the timeline and donut charts on the map.

However, with the project’s initial design decision to build the InTaVia story viewer
as a responsive output device for non-expert audiences (see Section 3.4)—and, thus, to
acknowledge their common mobile-first expectations—the representational range of the
whole Storytelling Suite was deliberately reduced to the first two columns of Figure 10,
and to foreground knowledge communication with individual entities and small aggre-
gates. Future work on narrative visualization for CH and DH, thus, faces a wide field to
cover with multi-scale tools, but also the need to discuss the added benefits of seamless
upward scalability. It stands to reason that the benefits of covering the full spectrum—from
individual biography visualizations to representations of big history [157–159]—will be
offset by numerous development costs. Aside from substantial design challenges to enable
world historical “scalable viewing”, the need to consolidate large-scale databases first is
often discussed [28,160], but nowhere near completion. It seems obvious that evolving
AI and LLM technologies will help to make steep inroads towards enriching, harmoniz-
ing, and upscaling such projects, but only with co-creating a whole range of reliability
challenges in history-adjacent fields [161], where rich and uncontested sources are noto-
riously scarce to begin with. Beyond the challenges of assembling large-scale databases
with seamless granularity for rather natural historical entities (such as persons, objects,
and all their evolving types of aggregates), an even bigger challenge might be modeling the
connections of these entities to the conceptual entities (i.e., the various scholarly concepts,
terms, and ideas) that guide and govern historical inquiries [162]. As summarized at the
outset (see Section 1), there seems to be a valid and time-tested argument for working with
micro-analytical (e.g., person or thing-oriented) lenses in most communities of historio-
graphical practice and discourse. But, whether the lion’s share of DH visualization tools
is looking at the “right” kind of heroes and actors with their focus on concrete entities
(from “great (wo)men” to “common fellows” and from crowns to artworks and artifacts),
which are relatively easy to extract with standard-NLP methods, deserves a more intense
debate. As a consequence, the rather simple ontologies of historical entities and agents,
which undergird InTaVia and similar projects, could see fascinating extensions, together
with the visual grammars of related front ends and their visual displays.
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AI and Large Language Models: Applications of advanced Artificial Intelligence (AI)
and Large Language Models (LLMs) have already shown their tremendous potential for
CH and DH research and practice [163–166]. As such, possible contributions to biographical
research and storytelling have been explored in the InTaVia project [167–169], but we expect
their relevance to steeply rise, numerous challenges notwithstanding [170–172]. In history-
related fields, LLMs can introduce advantages in creating and assembling structured data
from textual sources [173], but also in detecting and combining the complex connections
between cultural objects, actors, and their historical context rendered in large data sets,
knowledge graphs, or unstructured sources [168,174]. AI algorithms are proficient in
pattern recognition, which allows them to reveal concealed links between entities of a
knowledge graph [175]. Using LLMs both in the creative and scientific writing process
is currently transforming content creation and storytelling processes everywhere, while
numerous issues have to be sorted out in real time [161,176]. However, we see the most
disruptive use of LLMs in CH fields arise with the options of dynamic, context-driven,
personalized, and real-time adjusted storytelling [164,177]. Such applications can build on
obvious advantages—in contrast to applications with fixed and expert-driven story content,
such as InTaVia—but until LLM applications can guarantee legitimate standards’ factuality,
not only fluency [161], we see a substantial need for both types of systems to evolve.

Complementing the opportunities of AI and LLMs for data mining, knowledge com-
munication, and storytelling in CH and DH, the field of visualization design is expecting to
see seismic shifts in the near-term future [178,179]. On the one hand, the number of tools
that utilize rule-based AI-approaches to support the effective and efficient mapping of data
to diagrams and their design dimensions is constantly growing [180]. On the other hand,
it is becoming apparent how LLM technologies will simplify, assist, and (semi-)automate
the creation process of narrative visualizations across the whole workflow cycle. This in-
cludes practices of data collection, data processing, and insight extraction, the construction
and structuring of narratives, the design and authoring of visualizations, together with
their presentation and interpretation [181,182]. However, when it comes to the mining
and visualization of CH and DH data, it seems particularly relevant to proactively deal
with omnipresent uncertainties and a lack of sources on the data side, together with in-
herent hallucinatory tendencies and missing standards for cultural–historical sensitivity,
methodologies, and source critiques on the tool provider side. As such, there is a growing
need to ensure that emerging options to (co-)create historiographical data, stories, and
visualizations will be accompanied by the development of robust strategies to ensure that
the results align with standards of rigor and reliability, while being transparent on their
provenance and on their expected limitations [161,183].

Extended Reality (XR), Object Presence, and the Metaverse: The utilization of mobile
applications and augmented reality designs in CH settings, such as museums or heritage
and archeology sites, holds great potential for more immersive and engaging story ex-
periences [184–186]. In analogue exhibition settings, objects can be points of departure
for storytelling, when they are augmented with digital information through smartphones
and wearable technology. As such, story audiences can directly interact with real objects
on site and gain from the “aura” of original artworks, which promises to enable richer,
more meaningful experiences and deeper understandings of the object’s significance and
history [187]. The rapid growth of XR and the Metaverse generates additional opportunities
for storytelling in the CH sector. The availability of not only 3D objects, but also rich, inter-
active, persistent, and fully immersive environments for object and story interaction opens
up deeper possibilities that still need to be researched and developed. Stories about objects
or other protagonists, for instance traveling through time and space, while interacting with
different people, and being involved in events can be mapped into freely scalable and
explorable space–time cubes [159]. Thereby, new options for hybrid knowledge exploration
and navigation and new forms of collaborative access emerge [188].

Implications for CH practice: The current state of the CH industry indicates that
GLAM institutions have successfully incorporated digital databases and tools for mediation,
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education, and storytelling [189]. Museums, for example, are increasingly offering on-
site mobile apps and interactive media experiences to enrich visitors’ knowledge and
experience of their exhibits. As museums are mostly object-focused, they are primary
candidates for using multi-entity storytelling methods as discussed in this article. However,
a range of practical challenges needs to be addressed in order to fully exploit the existing
potential. These include (1) skills, (2) data accessibility, and (3) technology: (1) Concerning
skills, cultural educators and other GLAM professionals must broaden and enhance their
competencies for different storytelling formats, media types, interaction modes, and data
relationships [190]. Analyses of digital storytelling practices highlight the obvious impact
of technology on story production, but also the omnipresent need to increase data and
tool literacy [191]. (2) Concerning data accessibility, CH practitioners can rarely exploit the
opportunities of multi-entity storytelling. To achieve this, increases in the accessibility,
connectivity, and interoperability of cultural databases are needed—which are currently
highly dispersed, incompatible, and isolated. The importance of interoperable digital
platforms for the storage, processing, and visualization of CH data—and improvements to
data accessibility—are also crucial for the sustainable and inclusive valorization of CH [192].
(3) Concerning available technologies, more powerful and accessible digital solutions are
required for the creation of engaging DH and CH stories that accommodate various content
types and user interactions [193]. Thus, the editing of dynamic stories linked to various CH
and DH entities requires novel editing tools to handle whole workflows together with their
conceptual and informational complexity. In this context, it will be key to refine and adapt
multi-level tools such as InTaVia and to ensure their functionality beyond the maturity level
of research prototypes.

6. Conclusions

Storytelling has been said to drive the development and reproduction of human
cultures and knowledge since prehistoric times [194]. Spectacular changes in media and
information technology—evolving at an ever-accelerating pace—have not diminished the
relevance and dominance of stories as a communication form a bit, but have multiplied
the ways in which cultural narratives can unfold and be reproduced, including spectacular
options for their multimodal and immersive expression.

With this paper, we started from work in the field of visualization-based storytelling
for biography research—and made the case for orchestrated integration efforts—to create
more synoptic and integrated storytelling technologies for the DH and CH data domains. The In-
TaVia project realized such a platform by following five development strategies, which
allowed integrating multiple data and tool dimensions, which have been separated before:

(a) Multi-database: The platform draws together multiple types of databases (i.e., on
cultural persons and objects) into a coherent knowledge graph.

(b) Multi-protagonist: InTaVia generalizes the protagonist role to cover multiple types of
entities in the CH and DH domains.

(c) Multi-visualization: The platform covers and combines multiple visualization types,
which have not been integrated by storytelling tools before.

(d) Multi-media: The platform leverages the power of multiple kinds of media (in lieu of
visualizations, also text, images, audio, video, 3D models, HTML content, etc.).

(e) Multi-practice: Finally, the platform follows a holistic, workflow-oriented design,
supporting multiple types of cultural data practices from information creation to
analysis and communication.

We consider such synoptic and integrative design approaches and resulting tools to be
of high relevance for the CH and DH domains, but also for adjacent data and application
fields, including education, journalism, and (inter-)cultural knowledge communication.
They provide scholars and practitioners of these professions with powerful all-round tools,
connect them to open data collections, and cover all relevant processing practices, while
being engineered for the efficient creation of highly context-specific results.
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With current AI developments shifting the ground under most DH, CH, and visual-
ization technologies in real time, projections for the relevance of all sorts of methods are
well advised to proceed cautiously and remain deliberately open for disruptive story turns.
However, given the known limitations of generative AI, it stands to reason that expert-
driven storytelling technologies such as InTaVia will play an important and indispensable
role for trustworthy cultural knowledge communication until further notice.
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