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Abstract
Data storytelling in information visualization combines analysis, design, and narrative to communicate insights
effectively. In this study, we examine 33 student projects from a master’s course at the University of Bologna
(2021–2025) that use cultural heritage datasets, often integrating multiple sources including Linked Open Data.
We investigate how visualization practices reflect dataset characteristics, support exploratory or explanatory
storytelling, and inform digital library design. While many metrics assess data quality, few consider how data
affordances in visualizations signal dataset richness and integration potential. To address this gap, we introduce
four metrics: Interaction Level (IL), Creator Complexity Index (CCI), Exploratory Data Analysis score (EDS),
and Explanatory score (XPS), quantifying interactivity, authorial effort, and narrative orientation. Our analysis
explores three research questions: (1) how visualization practices reveal data quality and complexity; (2) the
relationship between data integration and exploratory or explanatory storytelling; and (3) implications for digital
library policy and design.
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1. Introduction

Data storytelling has become a central practice in information visualization, combining analytical
rigor with narrative techniques to communicate complex insights effectively [1, 2, 3, 4]. In academic
and professional contexts, students and practitioners are increasingly expected not only to analyze
and visualize data, but also to craft coherent narratives that guide audiences through their findings.
Understanding how these narratives are constructed, and how visualization practices interact with data
characteristics, is essential to both advancing the pedagogy of information visualization and informing
digital library design.

It is becoming standard practice for digital libraries to provide datasets that adhere to FAIR principles
(Findable, Accessible, Interoperable, and Reusable) as these qualities facilitate data integration and
support rich, multi-source analyses. While many metrics and automated monitoring platforms [5] exist
to assess dataset quality and FAIRness, few studies have explored data quality indirectly through the
affordances it provides in visualizations created by practitioners. In this sense, the way data is used in
visualization—its ability to support integration, interactivity, and complex narrative construction—can
serve as a meaningful indicator of its quality [6, 7].

In this study, we examine the visualization and storytelling practices of 33 student projects produced
between 2021 and 2025 in a Digital Humanities master’s course on Information Visualization at the
University of Bologna. Students were tasked with creating data-driven stories around cultural heritage
datasets, integrating multiple sources, including Linked Open Data, and developing narratives that
address research questions within broad thematic areas such as art history, photography, and gender
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studies. These projects provide a unique lens to investigate how visualization choices reveal data
characteristics, support exploratory or explanatory storytelling, and inform digital library design.

We focus on three research questions. First, we explore how visualization practices reveal the qual-
ity and complexity of digital library data, asking whether more interactive or structurally complex
visualizations correspond to richer, more heterogeneous datasets. Second, we investigate the relation-
ship between data integration and the narrative orientation of data stories, distinguishing between
exploratory and explanatory approaches. Finally, we consider the implications of these findings for
digital library policy and design, aiming to translate observed practices into actionable guidelines for
data curation and visualization support. Rather than establishing predictive relationships, this work
proposes a structured framework for describing narrative and visual complexity in digital storytelling
projects and provides an exploratory empirical analysis of how these dimensions co-occur in practice.

To quantify these aspects, we develop a set of metrics capturing both chart complexity and narrative
strategy: the Interaction Level (IL), the Creator Complexity Index (CCI), the Exploratory Data Analysis
score (EDS), and the Explanatory score (XPS). Together, these measures allow us to systematically
characterize visualization effort, interactivity, and storytelling orientation, providing insight into how
students leverage data integration and visualization techniques to construct meaningful narratives and,
indirectly, how data quality enables these practices.

Results suggest that neither chart complexity nor interactivity systematically increases with dataset
integration, and that visualization choices often reflect narrative intent more than the number of sources
used. While exploratory stories show a modest inclination toward multi-source integration, explanatory
ones can be effectively constructed from a single dataset. These findings indicate that visualizations
cannot be treated as direct proxies for data quality, but they do reveal which data attributes—such as
completeness, interlinking, or spatial enrichment—most strongly support common visualization tasks.
This provides nuanced, evidence-based guidance for the curation and design of FAIR digital library
datasets.

2. Related Work

Research on Cultural Heritage (CH) data has established Linked Open Data (LOD) as a paradigm for
data dissemination [8, 9, 5]. Despite its wide usage, the complexity of graph data often hinders reuse in
dissemination projects, prompting calls for "Linked Open Usable Data" [10]. On the one hand, prior
work has extensively focused on LOD compliance to Findable, Accessible, Interoperable, Reusable (FAIR)
principles [11] and schema validity [8, 5]. On the other hand, recent surveys have categorized narrative
design choices driven by structured data [12]. However, little attention has been paid to data affordances
in dissemination projects, i.e. what practitioners can actually do with these datasets, creating a gap
between abstract quality assessments and the observable, narrative-level affordances expressed through
visualizations.

In particular, data integration is constrained by heterogeneity of schemas, missing or uneven granular-
ity of fields, inconsistent identifiers, and reconciliation challenges [13, 9]. Studies repeatedly highlight
how these issues limit reuse for visualization, especially for spatial, temporal, and network-based
representations. Metadata availability—such as geographic coordinates, controlled vocabularies, and
stable identifiers—determines which visualization types are even feasible and whether data can support
intended analytical tasks [14, 15]. These constraints are particularly evident in digital library contexts,
where dataset structure strongly influences whether visualizations can support comparison, aggregation,
or cross-collection narratives. To mitigate these constraints and support rich, multi-source analyses,
adherence to FAIR principles in digital libraries is paramount for facilitating robust data integration
and ensuring long-term reuse. The technical difficulty of querying multiple sources via interfaces
like SPARQL [16, 17] further adds friction to advanced integration workflows (as also observed in CH
data curation contexts, [14]). While recent work discusses LOD integration pipelines and proposes
quality-improvement strategies, few studies examine how visualizations produced by users surface the
underlying affordances (or limitations) of integrated cultural heritage data.



Our study aims to address this gap by analysing what data-driven web projects can tell us about CH
data sources. We focus on narrative solutions, interactivity, and chart complexity, as potential proxies
of data quality. We introduce a set of operationalizable measures (IL, CCI, EDS, XPS) and apply them to
33 student projects, revealing how visualization design indirectly reflects dataset characteristics and
digital library support for integration.

In particular, research distinguishes between reader-driven exploratory narratives and author-driven
explanatory ones, describing how structure, sequencing, annotation, and interaction shape interpre-
tation [18, 19, 4]. Recognizing that visualizations serve both exploratory and explanatory purposes,
exploratory forms rely on user agency (multiple linked views, zooming, filtering), while explanatory
forms foreground interpretive guidance through titles, captions, and annotated highlights [15]. In these
explanatory contexts, text plays a central role in conveying context and interpretation [19, 3]. We draw
on this theoretical distinction to operationalize the concepts of exploratory and explanatory narratives.
We designed the EDS metric to capture the degree to which a visualization invites open-ended investi-
gation, whereas the XPS metric reflects the presence of interpretive cues that guide the reader toward
specific insights.

Interaction taxonomies classify user actions according to intent (highlighting, filtering, zooming,
navigating, querying) and many works propose hierarchical schemes reflecting increasing cognitive
and analytical engagement [18]. These frameworks inform our Interaction Level (IL) metric, which
captures the strongest form of interaction provided by a chart. Chart complexity has been discussed in
terms of structural complexity (chart type), cognitive load, and authorial effort, with studies noting
that multi-layered or composite visualizations require more sophisticated design decisions [20]. Our
Creator Complexity Index (CCI) builds on these insights by incorporating chart type, analytic
features, annotations, and interaction, while also discounting repetitions to avoid inflated estimates of
effort.

Taken together, prior work has examined data quality, narrative visualization structures, and interac-
tion or complexity taxonomies individually. However, within the Digital Humanities, visualization’s
interpretive power remains often undervalued in comparison to textual analysis [21]. No existing study
has brought these strands together to examine how visualization practices within cultural heritage
storytelling serve as indicators of data affordances and integration potential. In particular, no previous
research has proposed metrics that quantify interactivity, authorial complexity, and narrative orientation
to analyse how users engage with CH data in practice.

3. Materials and methods

We analysed 33 web projects that showcase a data story produced by master students of a course on
Information Visualisation, running from 2021 to 2025 at the University of Bologna [22]. Students were
introduced to data analysis, visualisation, and storytelling techniques to gather, interpret and present
data, choosing effective visual representations to address research questions to communicate analytical
results through data-driven storytelling. While the instructor suggested broad themes, such as art
history, history of photography, gender studies, students then had to formulate their own research
questions within the selected theme and develop data-driven analyses and narratives. Students were
required to select one or more cultural heritage datasets, with a preference for Linked Open Data ones,
in order to try and integrate them.

For each project, we collected minimal demographic information, such as the number and gender
of contributors, and the data sources used. Then we split each data story into free-text and chart
components, further classified by two annotators. Free-text components are classified by narrative role
(title, introduction, research questions, data preparation, transition, counting, summary, conclusion),
while chart sections include annotations on descriptive texts (section title, chart title, free description),
chart type, chart features (e.g. if a bar chart is a stacked bar chart), interaction features (e.g. filters, zoom),
if the chart has any annotation that highlights salient aspects, the number of data points, whether the
data visualisation is a repetition (in a different form) of a previous one, and the number of data sources



used to create it.
After an exploratory analysis to appreciate visualisation and storytelling practices, we focus on our

three research questions, namely:

• RQ1. How do visualization practices reveal the quality of digital library data? We investigate
whether the visualization practices reflect underlying characteristics of datasets. Specifically, we
examine whether more interactive or structurally complex visualizations tend to rely on a larger
number of heterogeneous data sources. We do not assume a causal relationship; instead, we
explore whether visualization design can indirectly signal the presence of integrated or enriched
data. In parallel, we identify which visualization types explicitly depend on data integration
workflows, providing insight into how data complexity shapes visualization needs.

• RQ2. What is the relationship between data integration and the exploratory or explanatory nature
of data stories? We investigate how data integration relates to the exploratory and explanatory
goals of data stories. We classify each story according to its dominant orientation—exploratory
(EDA) or explanatory (XPS)—and examine whether these orientations are associated with the
number and heterogeneity of data sources used in the project. This allows us to assess whether
certain storytelling strategies tend to rely more heavily on integrated datasets.

• RQ3. What are the implications for digital library policy and design? Building on the findings from
the previous two questions, we investigate the implications for digital library policy and design.
Our goal is to translate the empirical relationships observed between visualization practices, data
integration, and storytelling strategies into actionable guidelines for data curation and service
design.

To quantify aspects relevant to chart complexity (RQ1) and narrative approach (RQ2) we defined four
scores, namely: the interaction level (IL), the creator complexity index (CCI), the Exploratory Data
Analysis score (EDA), and the Explanatory score (XPS).

The IL metric quantifies how interactive a visualisation is by classifying its interaction features into
six families, each representing a progressively higher degree of user engagement. These families are
weighted from 1 to 3, reflecting increasing cognitive load—from simple actions (e.g., hover) to complex
narrative interactions (e.g., animation, scrollytelling). For each chart, all detected interaction tokens are
mapped to their family, and the interaction level is defined as the highest weight present. This approach
avoids inflating scores through multiple low-level interactions while capturing the strongest form of
engagement the chart affords. The final metric ranges from 0 (no interaction) to 3 (high, narrative-level
interaction).

The CCI measures how demanding a chart is to produce by combining four components: chart type,
which sets a structural baseline (from simple bars to complex networks or sankeys); analytic features
added by the author (e.g., comparisons, trendlines), which contribute small increments; interaction
level, reflecting user-driven behaviours such as filtering or animation; annotations, which add a small
bonus for narrative effort. To avoid overestimating complexity, charts that visualise the same subset of
data in multiple forms are marked as repetitions, and their score is reduced with a 0.7 penalty factor.
The resulting CCI values provide an interpretable measure of authorial effort and can be aggregated at
the project level to compare how different stories deploy chart complexity in their visual narratives.

The Exploration Score (EDS) measures how much a story encourages users to investigate the data.
At chart level, it combines interaction intensity, the strength of focus controls (e.g., filters, search, zoom
vs. simple hover/click), and the presence of multiple related views of the same data segment. Scores are
aggregated per project (using average chart score and maximum interaction level) and normalised to 0–1.
The Explanation Score (XPS) captures interpretive guidance. It detects explanatory chart annotations
and “results”-oriented titles, and narrative features such as summaries and conclusions, which signal
interpretive closure. These elements are also aggregated and normalised to 0–1. Using median EDS and
XPS as thresholds, each project is classified into one of four categories: EDA, XPS (explanation-led),
Hybrid, or Descriptive.

All four metrics are automatically computed from structured annotations describing observable
visualization features rather than from subjective quality judgments. For each chart, attributes such



Figure 1: a) Chart type distribution in 33 projects; b) charts visual features.

as chart type, interaction mechanisms, presence of annotations, and analytic features were recorded
following a predefined schema. The annotator’s role was limited to identifying explicit interface and
narrative elements (e.g., presence of filters, annotations, chart composition). Metric values are derived
deterministically from these attributes through fixed weighting and aggregation rules, being therefore
fully reproducible and not depending on interpretive scoring. For example, a chart including filtering
and zoom interactions is automatically assigned a higher IL value than a static chart, while CCI increases
with the presence of composite chart structures and analytic overlays.

4. Results

Projects mostly rely on well-known, easy-to-understand and implement charting solutions, such as bar
charts, maps, and pie charts (Fig. 1a). Popular charts often include more sophisticated visual features,
e.g. maps including filters or facets (Fig 1b).

Overall, all stories present a good alternation between charts and texts (Fig. 2), which we believe
being a peculiarity of good explanatory storytelling. 19 projects (58%) present the research questions
leading the story, and 21 projects (63%) present data sources and data preparation operations for the
sake of the analysis – other good indicators of explanatory approaches. However, only 13 stories (40%)
present a conclusion where actionable or generalisable insights are derived from the analysis, and 8
projects (24%) present a summary of insights presented in charts, without further elaborating on them.

We observed a weak but statistically significant negative correlation between chart Interaction Level
(IL) and the number of data sources (Pearson 𝑟 = −0.138, 𝑝 = 0.017; Spearman 𝜌 = −0.138, 𝑝 = 0.016;
Kendall 𝜏 = −0.126, 𝑝 = 0.016) (Fig. 3a). This indicates that, in our sample, more interactive charts
tend to rely on slightly fewer data sources. While the effect is small, it suggests that high interactivity
does not necessarily require extensive data integration. Instead, interactive charts may often focus on
exploring or emphasizing complex aspects within a single dataset, rather than integrating multiple
sources. These findings imply that, although interactivity can enhance data storytelling, it is not a
straightforward indicator of dataset richness or integration. Notably, most charts (200/302) are static
visualisations (Fig. 4).

In contrast to interaction level, chart complexity (CCI) of single charts exhibited no meaningful
correlation with the number of sources (Pearson 𝑟 = −0.022, 𝑝 = 0.700; Spearman 𝜌 = 0.022,
𝑝 = 0.702; Kendall 𝜏 = 0.016, 𝑝 = 0.731) (Fig 3b), suggesting that the structural or analytic complexity
of charts does not depend on dataset integration. These findings imply that high interactivity may
focus on exploring or emphasizing a single dataset, while chart complexity is largely determined by
authorial choices such as chart type, analytic features, and narrative intent, rather than the number of
data sources integrated.

At the project level, the relationship between chart complexity and the number of data sources
depends on how complexity is measured. When considering average chart complexity (mean CCI, Fig.



Figure 2: Sequence of text and chart components in 33 projects.

Figure 3: a) Correlation between interaction level (IL) in single charts and the number of data sources b)
correlation between chart complexity (CCI) and the number of data sources.

5a), correlations with the number of sources are negligible and not statistically significant (Pearson
𝑟 = −0.063, 𝑝 = 0.730; Spearman 𝜌 = −0.080, 𝑝 = 0.660; Kendall 𝜏 = −0.059, 𝑝 = 0.644), indicating
that the typical level of chart complexity in a project does not predict dataset integration. In contrast,
when focusing on the most complex chart in each project (max CCI, Fig 5b), correlations are positive and
somewhat stronger (Pearson 𝑟 = 0.247, 𝑝 = 0.165; Spearman 𝜌 = 0.331, 𝑝 = 0.059; Kendall 𝜏 = 0.252,
𝑝 = 0.062), suggesting that projects featuring at least one highly complex chart tend to integrate more
data sources. Although these correlations are only marginally significant, the Pearson correlation does
not reach statistical significance (p = 0.165). Therefore, complexity alone cannot be considered a reliable
predictor of data integration in this sample. Nonetheless, the comparison of patterns suggests that
maximum chart complexity may better capture the relationship between visualization effort and dataset
integration than average complexity. In other words, while most charts in a project may be simple, the



Figure 4: Bubble chart showing that most charts are static and use few data sources.

Figure 5: a) Correlation between Mean CCI in projects and number of data sources b) Correlation between
highest CCI in projects and number of data sources.

presence of a highly demanding chart often reflects the need to combine and visualize heterogeneous
sources, highlighting a link between authorial effort and data richness.

Notably, in our study, 73% of chart types (30/36 types) may require multiple data sources to be built
(Fig. 6), and 28% types (10/36) always require multiple data sources, revealing a latent dependency on
data integration across any type of chart, regardless of its complexity.

The heatmap (Fig. 7) represents the co-occurrence of data sources and chart types across the 33
projects (values are normalised in percentage). It reveals a pronounced concentration of data-source
usage within a limited subset of collections, indicating that digital humanities visualization projects
tend to rely on a relatively small number of well-structured or readily accessible repositories. This is
evidenced by the cluster of chart types on the left of the matrix (e.g., bar, pie, treemap, timeline_rich) that
exhibit multiple medium- to high-intensity cells (approximately 40–100%) across the first several sources
on the x-axis. In contrast, data sources positioned toward the right margin display predominantly pale
cells (0–20%), suggesting only occasional or single-project usage. This asymmetry implies that factors
such as data completeness, standardization, or existing scholarly familiarity may govern the integration
of particular sources into visualization workflows.

In terms of chart-type requirements, the visualization demonstrates that complex or multi-dimensional
visualizations, such as timeline_rich, treemap, network, and card-rich, engage with a broader array of
sources, each showing numerous mid-range intensity cells across ten or more datasets. This pattern
suggests that these chart types demand heterogeneous or multi-faceted inputs and therefore draw
upon diverse data repositories. Conversely, highly specialized or methodologically narrow chart types



Figure 6: Number of data sources used to build specific chart types.

(including dot, chord, radial bar, and semi-doughnut) are associated with only one or two high-intensity
cells (80–100%), with the remainder of the row effectively empty. This indicates that such visualizations
are typically constructed from single, well-defined datasets and do not generalize across broader data
ecosystems. Finally, chart types dependent on structured categorical or geographic information (e.g.,
map_complex, network) show moderate-intensity cells (30–50%) clustered within a few specific sources,
reflecting more constrained data requirements that limit cross-source applicability.

We examined how the narrative orientation of projects relates to dataset integration (Fig. 8). Projects
with a more exploratory orientation showed a weak positive correlation with the number of data
sources (Pearson 𝑟 = 0.210, 𝑝 = 0.241; Spearman 𝜌 = 0.270, 𝑝 = 0.128; Kendall 𝜏 = 0.193,
𝑝 = 0.160), suggesting a slight tendency for exploratory stories to incorporate more datasets, although
the relationship is not statistically significant. In contrast, projects with a predominantly explanatory
orientation exhibited very weak and non-significant correlations with the number of sources (Pearson
𝑟 = 0.094, 𝑝 = 0.604; Spearman 𝜌 = 0.129, 𝑝 = 0.474; Kendall 𝜏 = 0.092, 𝑝 = 0.516), indicating that
explanatory narratives do not systematically depend on integrating multiple datasets. Overall, these
results suggest that while exploratory storytelling may modestly encourage the use of heterogeneous
sources, explanatory storytelling can be effectively constructed with a single or few datasets, highlighting
differences in how narrative strategies relate to data integration.

The project-level EDA/XPS map reveals distinct patterns in the distribution of exploration and
explanation scores across the sampled projects (Fig 9).

• Most projects cluster in the upper-right quadrant, indicating above-average performance on
both exploration and explanation, suggesting a subset of projects effectively balance knowledge
discovery with interpretability.

• A smaller cluster appears in the lower-left quadrant, representing projects with consistently low
scores on both dimensions.

• Two minor clusters are observed in the off-diagonal quadrants: one with high exploration but low
explanation, and another with low exploration but high explanation, highlighting cases where
projects excel in one dimension while underperforming in the other.

• Additionally, a tight grouping near the intersection of the dashed mean lines (approx. 0.4,
0.4) represents projects with average scores on both metrics. Outliers at the extremes further
emphasize the heterogeneity within the dataset.

Overall, while a weak positive association is suggested between exploration and explanation, the spread
across quadrants illustrates diverse project profiles, ranging from well-balanced high performers to
specialized or underdeveloped cases.



Figure 7: Normalised distribution of data sources required to build charts, grouped by type.

5. Discussion

Our findings offer several insights into how visualization practices reflect data characteristics, how
narrative strategies relate to data integration, and what these patterns imply for digital library design.
The heatmap analysis further reinforces these conclusions by showing how specific visualization types
and data sources interact in practice.

Results suggest that visualization affordances are only weakly coupled with the underlying data
richness of the projects (RQ1). Neither interaction level (IL) nor chart complexity (CCI) reliably predicted
the number of integrated data sources. This pattern aligns with the heatmap, where a small cluster of
sources on the left side shows high-intensity usage (approx. 60–100%) across many chart types, while the
majority of sources display only pale, low-intensity cells (approx. 0–20%). Despite this clear asymmetry
in data-source preference, most chart types (especially common ones such as bar, line, and map) appear
across a wide array of projects regardless of how many sources those projects integrate. Interaction
level even showed a weak negative correlation with dataset heterogeneity, suggesting that interactive
features were often used to explore internal structure within a single dataset rather than to navigate
multiple integrated ones. Similarly, structural or analytic chart complexity appears to stem more from
authorial design choices than from data availability, a point reflected in the heatmap’s observation that



Figure 8: a) correlation between exploratory approach in projects and number of sources b) correlation between
explanatory approach in projects and number of sources.

Figure 9: Classification of projects based on exploratory or explanatory narrativity.

specialized visualizations (e.g., dot, chord, radial bar) typically rely on one or two highly used sources
rather than on broadly integrated data. This aligns with recent prototype development efforts where
high interactivity is achieved through the deep exploration of single, well-structured collections rather
than broad integration [23].

Yet the project-level analysis nuances this picture. While the average chart in a project rarely reflects
data integration effort, the most complex chart often does. This suggests that data integration manifests
not as a general elevation of visual complexity across a project, but rather in the creation of one
or two strategically complex visualisations, typically those requiring reconciliation, enrichment, or
combination of heterogeneous sources. The heatmap corroborates this: complex chart types such as
timeline_rich, treemap, network, and card-rich show mid-range intensities (approx. 40–60%) across ten
or more sources, indicating that these visualizations selectively appear where integration is most likely.
In this sense, visualization complexity functions less as a continuous signal of data quality and more as
a local indicator of data integration effort.

These findings challenge assumptions within the digital library community that richer datasets will
automatically translate into more sophisticated or interactive visualisations. Instead, they show that
visualization complexity is a selective outcome, emerging only where authors intentionally leverage
integrated data to address specific analytical needs.



The relationship between data integration and narrative strategy reveals further subtleties (RQ2).
Exploratory-oriented projects (high EDS) showed a modest tendency to use more data sources, whereas
explanatory-oriented projects (high XPS) did not. This aligns with the distinctive aims of exploratory
and explanatory storytelling: exploration typically benefits from heterogeneity, allowing users to
navigate multiple dimensions of data, while explanation often relies on a curated subset of sources
that support a clear argumentative arc. The heatmap mirrors this distinction: exploratory-friendly
chart types (map_complex, network, timeline_rich) exhibit more dispersed, medium-intensity cells across
numerous sources, whereas explanatory staples (e.g., bar, pie) show high-intensity usage concentrated
in just a few main sources. The EDA/XPS map underscores this division. The most advanced projects
excel in both exploration and explanation, balancing interactive discovery with strong narrative closure
[4]. These hybrid projects frequently occupy the upper-right quadrant and tend to draw on richer data
ecosystems. In contrast, purely exploratory dashboards and purely explanatory essays each rely on
different types (and amounts) of data integration, showing that narrative strategy mediates how data
is mobilized rather than simply reflecting the number of sources available. Together, these patterns
suggest that data integration is not a prerequisite for strong explanatory storytelling, but it can enhance
exploratory depth and produce more versatile narrative designs.

Across both research questions, a central implication emerges: visualization practices expose not
only data quality but also the extent to which digital libraries support integration (RQ3). Students often
resorted to simple charts because many cultural heritage datasets lack essential fields (e.g., geographic
coordinates, timestamps, reconciled identifiers) or provide them inconsistently. A similar trend has
also been observed in surveys of DH projects [12]. The heatmap further illustrates how chart types
requiring structured metadata—such as map-based and network visualizations—appear only where
specific fields are present, as evidenced by their moderate-intensity cells clustered around a limited set
of well-prepared sources [15]. When structured metadata is available, students are more likely to design
complex or integrative visualisations. Importantly, this highlights a novel perspective on data quality
in digital libraries: even when multiple sources are available, the ability of data to support interactive
or complex visualizations can serve as an indirect indicator of its FAIRness and integration potential,
providing insights that traditional metrics alone may not capture.

Given this, digital libraries aiming to support rich visual storytelling should prioritize:

• Self-contained datasets for common visualization tasks, ensuring that widely used metadata (loca-
tions, dates, entity identifiers) is complete and reliable without requiring external reconciliation.

• Interoperable identifiers and crosswalks, enabling frictionless integration of heterogeneous
sources and supporting more advanced exploratory narratives.

• Clear documentation of data granularity and completeness, helping creators anticipate which
visualisations are feasible.

• Tools or APIs that streamline integration workflows, lowering the barrier to constructing high-
complexity, multi-source visual stories [8, 24].

Finally, the fact that visualization complexity often appears in isolated moments rather than across
entire projects suggests that digital library resources should be designed to support these “high-effort
points”—the specific visualisations that demand integration—rather than assuming a uniform trajectory
of complexity throughout a narrative.

Overall, the study indicates that visualization practices can serve as indirect indicators of data quality,
but only when interpreted through the lens of narrative intent and authorial strategy. Digital libraries
that understand this relationship can better anticipate user needs and design services that truly support
rich, integrated, and interpretable data storytelling.

Limitations. This study is based on projects developed within a single master’s course, which
inevitably reflects specific pedagogical goals, tools, and instructional constraints. As a result, the
observed visualization practices should not be interpreted as representative of professional or large-
scale digital humanities projects. Rather, the dataset provides a controlled environment to explore
early design tendencies and emerging narrative strategies. Future work will extend the analysis to
professional and publicly available visualization projects.



6. Conclusion

This study analysed 33 student data stories to understand how visualization practices relate to dataset
characteristics, narrative strategies, and digital library design. Using four metrics—Interaction Level
(IL), Creator Complexity Index (CCI), Exploratory score (EDS), and Explanatory score (XPS)—we
assessed how authors engage with cultural heritage data and how storytelling styles emerge from data
affordances.

Findings show that interactivity and chart complexity do not consistently increase with the number
of data sources. Interactive and complex charts often rely on well-structured single datasets, while only
the most demanding visualizations (high CCI) show a modest link to data integration. Exploratory
narratives tend to use slightly more heterogeneous sources, whereas explanatory narratives can be built
from one or two coherent datasets. These results suggest that visualization design reflects authorial
choice more than raw dataset richness.

For digital library design, the key implication is that data should provide strong affordances for
common visualization tasks—such as geolocation, stable identifiers, and interlinking—so users can create
both exploratory and explanatory narratives without heavy integration work. Improving metadata
completeness and interoperability can directly enhance the storytelling potential of cultural heritage
datasets.

Overall, examining data stories offers a valuable perspective on how data quality manifests in practice
and how digital libraries can better support analysis, creativity, and narrative communication. This
work highlights the value of examining data storytelling as a lens onto dataset affordances. By observing
how authors use and struggle with data, we gain insight into how digital library infrastructures can
better support analysis, creativity, and narrative communication. The proposed metrics and findings
can inform both pedagogical practices in visualization education and the ongoing development of
FAIR-aligned data services within cultural heritage institutions.
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