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Abstract

We present a methodology for making sense of the communicative role of data visualizations in journalistic storytelling and
share findings from surveying water-related data stories. Data stories are a genre of long-form journalism that integrate text,
data visualization, and other visual expressions (e.g., photographs, illustrations, videos) for the purpose of data-driven story-
telling. In the last decade, a considerable number of data stories about a wide range of topics have been published worldwide.
Authors use a variety of techniques to make complex phenomena comprehensible and use visualizations as communicative de-
vices that shape the understanding of a given topic. Despite the popularity of data stories, we, as scholars, still lack a method-
ological framework for assessing the communicative role of visualizations in data stories. To this extent, we draw from data
Journalism, visual culture, and multimodality studies to propose an interpretative framework in six stages. The process begins
with the analysis of content blocks and framing elements and ends with the identification of dimensions, patterns, and relation-
ships between textual and visual elements. The framework is put to the test by analyzing 17 data stories about water-related
issues. Our observations from the survey illustrate how data visualizations can shape the framing of complex topics.

CCS Concepts

* Human-centered computing — Visualization design and evaluation methods; Empirical studies in visualization;

1. Introduction

Over the last decade, data journalism has gained popularity as a
hybrid practice that combines different disciplines, including com-
puter science, information design, and storytelling, to find stories in
data and present them for public use [HL20]. This development is
due to the rapid socio-technological transformation and maturation
of the web, which enables journalists to explore innovative forms
of news-making [HCHC20,KM13,RHDC18,SH10]. Among those,
data stories have reached particular popularity. Data stories are a
genre of long-form data journalism that combine text, infographics,
statistical charts, and various other types of visual artifacts—such
as photographs, videos, and illustrations—that ideally fit coherently
into the main narrative [WEK18]. Data stories are characterized by
a strong interdependence of textual and visual elements. Authors
often resort to common patterns to blend every element seamlessly
and provide rich context to readers [SH10]. Prior visualization re-
search has paid close attention to this genre, either by investigating
the rhetorical aspects of data visualization [HD11, Ali21, Hul19]
or by focussing on the role of sequencing in establishing sub-
genres [SH10, HDR*13]. However, there has been little research
on the interplay between data visualizations and the other elements
present in a data story. In many cases, data visualizations appear to
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act as arguments promoting a particular understanding on a given
issue by employing framing effects [HD11]. Here framing refers to
the selective representation of a topic, which can shape audience
perceptions or interpretations of the issue. Even less consideration
has been given to methodological frameworks for the systematic
assessment of interdependence among these elements. Text plays
a fundamental role in providing context for visual elements and is
equally important in shaping the reading experience [SH22]. How-
ever we know little about their respective roles and therefore we
ask: What is the communicative function of data visualizations in
data stories and how do they relate to other story elements?

This study focuses on data visualization and its interplay with
other modes of representation such as text, photographs, videos,
and illustrations. We adopted an interpretative approach and ran a
content analysis on a selection of stories from different media out-
lets. Given the variety of examples, we devised a series of criteria
for collecting a sample of data stories. First, to maintain a high qual-
ity standard, we limited our selection to award-winning data stories.
Then, in order to ensure the comparability of their textual and vi-
sual representation, a topical focus was necessary for our selection.
Data stories often provide context and can facilitate the understand-
ing of demanding topics that can challenge our understanding, for
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instance migration or climate change [Knil5]. Especially the latter
has become a popular topic for data journalists all over the globe.
Water—its scarcity, surplus, symbolic and practical value—is in-
creasingly at the center of climate change coverage. Water can also
be considered a hyperobject [Mor13] that stretches across spatial
and temporal boundaries at a scale difficult to experience from a
human perspective. Thus, reporting on water also means discussing
several other connected problems such as the biodiversity crisis,
health problems, and geopolitical tensions. Given these premises,
we decided to use water as a topical focus for sampling data stories
with which we finally obtained a corpus of 17 articles. We devised
a framework for examining data stories and characterizing the com-
municative role of data visualizations. Our contribution is twofold:
1) a framework for the interpretative analysis of visualizations in
data stories, and 2) observations from the close study of data visu-
alizations in water-related data stories.

2. Background

This work relates to prior research on data visualization, human-
computer interaction, journalism, media and communication.

2.1. Data stories as a multimodal artifact

Long-form digital journalism has gained momentum among aca-
demics and practitioners, captivating the audience by combining
multimedia resources such as text, photographs, videos, and data
visualizations like dynamic maps [Hiil7]. By taking into account
an expanded variety of long-form digital journalism, data stories
are defined as “hybrid multimodal artifacts that weave numbers,
words, images and design into a coherent whole” [WEK18]. This
inherent hybridity of data stories with different semiotic modes in-
teracting and cooperating makes these artifacts complex and inter-
esting to analyze. These modes can be understood as a variety of
expressive resources used to generate meaning that takes visual,
verbal, pictorial, graphic, and other forms [Hii20, Bat17].

Research on multimodality has expanded beyond linguistics,
now also concentrating on other forms of expression such as pho-
tography, diagrams, page layout, and typography [Hii20]. This de-
velopment is essential to data visualization, as this broadening
of the forms of expression also encompasses the data story and
its components. As an attempt to extend the multimodal analy-
sis to data visualization, a recent study focuses on the concept of
canvas and how the properties of semiotic modes can appear in
them [Hii20]. This type of analysis is of interest to us due to the
decomposition of the data visualizations analyzed into different el-
ements generated by the author. We will use this decomposition to
analyze the components that make up data stories.

The fundamental component of journalistic stories is the narra-
tive, which can be defined as a sequence of temporally structured
events coherently related to each other with causal links [Tho93].
To generate these narratives, or stories, artifacts must have a co-
herent and cohesive relationship between the different modes, both
textual and visual [WEK18]. The sequential structure of text and
data visualization alternating with other visual elements is a com-
mon pattern in data stories.

2.2. The communicative effect of data stories

The relations between the different elements of a story shape the
impression and understanding of the respective topic. Especially
when applying data visualizations to represent social, cultural, or
ecological issues, it is hard to maintain that data visualizations are
unbiased, objective, or neutral [DFCC13]. On the contrary, they
function as political artifacts that can challenge or naturalize partic-
ular worldviews [Nar20,DK20]. There is still little empirical work
on this aspect; however, a forerunner in this type of research is the
work by Hullman and Diakopoulos [HD11] providing a taxonomy
of rhetorical uses of information visualizations.

Regarding the role of authors and readers, data stories can be
considered a particular combination of explorative and commu-
nicative visualizations [SH10]. To understand the complexity of
how people interpret narrative stories, “viewing codes” [Cha07] de-
fine them as the cultural, perceptual, cognitive, and psychological
lenses that shape the conventions of what users expect to be com-
municated by specific visualizations.

Research on journalism has extensively studied how textual de-
vices can generate specific orientations towards a topic [AJ21,
Ali21]. This is known as framing and is an expanding research area
in data visualization [vBMK™20]. Framing can be defined as the
process through which people develop a particular conceptualiza-
tion of a topic or reorient their thinking about it [CD07]. A narrower
definition of framing in communication is that it seeks to select
some aspects of reality and make them more prominent in commu-
nication, which determines how people understand, remember, and
evaluate how to act on a problem [Ent93]. The elements compris-
ing framing in communication are phrases, images, and presenta-
tion styles, which reveal what the communicator considers relevant
to an issue by emphasizing certain aspects [Dru01].

We seek to extend the concept of framing to visualization in data
stories and understand framing as the process in which particu-
lar aspects of a phenomenon are—deliberately or not—presented
in more relevant or salient ways and thus promote particular
evaluations, interpretations, and decisions [BLW11, vVBMK*20].
Framing has been studied more extensively in images and illus-
trations [PBDSdV15, PHFH19, KL05, Ken0O1], which can serve
as a starting point for framing analysis of data visualization.
Some authors claim images are more powerful framing tools than
text [KLOS5, PHFH19] since people tend to accept the visual frame
with little hesitation. This could be explained by the stronger emo-
tional and immediate cues of visual forms [RD11,BMG*10].

3. Interpretative framework for visualizations in data stories

Our framework rests on two different, yet complementary ap-
proaches. First, we use the perspective proposed by Entman [Ent93]
who identified main elements of framing that a text can contain:

Problem definition: The issue that is at stake.

Causal interpretation: The forces that create the problem.

Moral evaluation: Judgments about motivation and fault.
Treatment recommendation: Suggesting and justifying solutions.

A data story may perform all four or a subset of these framing el-
ements and it could be that particular story components address
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Figure 1: A selection of data stories of water-related issues, including first row [B1020,Blo21] and in second row [The21a,Reu21b]

particular framing elements. Second, the levels of visual framing
by Rodriguez and Dimitrova [RD11] suggest a four-tiered model
for identifying and analyzing visuals as: 1) denotative systems,
2) stylistic-semiotic systems, 3) connotative systems, and 4) ide-
ological representations. The levels of visual framing have been
proposed for photographs, however, they can also be transferred to
data visualization [vBMK*20], since framing can be understood as
a window of reality and it can directly impact how environmental
discourse is understood. The levels of visual framing offer clues
for understanding how meaning is constructed in a visualization
by examining the different visual characteristics and how they are
organized and connected. For our research, we follow a two-fold
methodology that integrates elements of framing [Ent93] and lev-
els of visual framing [RD11] as particularly appropriate for our re-
search on visualizations in the context of data stories. The elements
of framing can help understand the communicative functions of vi-
sualizations with regard to a given issue, e.g., if they address the
problem definition or causal interpretation. Whereas the levels of
visual framing turn our attention to the particular characteristics of
the visual form. This combination of both approaches lets us ap-
praise both form and function of visualizations in data stories.

We surveyed 17 data stories focusing on water-related topics,
with the intention of observing the communicative function of data
visualizations, and their interdependence with other modes of rep-
resentation. For this purpose, we drew on archives of two major
data journalism competitions: Sigma Awards and SND (Society
for News Design) Awards. First, we searched for all the articles
awarded in 2021 and 2022 to select stories with relevant keywords
such as water, flood, drought, sea, ocean, river, precipitation, rain,
lake, and glacier. From this initial selection we obtained a sample
of 122 stories. We reviewed each of the items to ensure that they
correspond to three key requirements: The article had to adhere to
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the definition of a data story and exhibit its fundamental character-
istics (i.e., integration of text, data visualization, and other visual
elements such as photographs, illustrations, videos); the topical fo-
cus had to be on water-related issues; finally, the article had to be
written in English. Based on these criteria, we obtained a corpus
of 17 stories published by news outlets worldwide (4), in USA (7),
Hong Kong (2), Singapore (2), Australia (1), and UK (1). This lim-
ited sample allowed us to perform qualitative in-depth analysis of
each story, including the careful consideration of each visual and
textual element as unique units. Moreover, we considered a total of
117 data visualizations across the 17 stories.

After the selection, we analyzed the stories in our sample fol-
lowing six steps inspired by previous research and based on the
elements and levels of (visual) framing. Our analysis has been ex-
ploratory applying a qualitative research design approach in an iter-
ative fashion. Six coders worked in tandems over the course of six
months. They started by reading and coding the stories individually
and met regularly to discuss their progress and coding effort in or-
der to reach consensus about coding results. In the first months, this
process of individual and then group iteration allowed us to build a
qualitative framework. Over the last two months, we tested it with
the stories reviewed in this study. During this time, coders regularly
met to coordinate and reflect on the methodological process and re-
fine the respective steps. It is during these negotiations when the
interpretative methodology emerged, while examining data stories
and exchanging impressions and insights. The six steps of the an-
alytical process are illustrated in Figure 2. The process starts with
coders identifying and naming individual content blocks and ends
with arranging all observations in a matrix, across 19 fundamental
dimensions of visualizations in data stories.

Step 1—Identify content: In the first step, we assigned different
media types to all content blocks. The process consisted of observ-
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Figure 2: The analysis of this study included six steps. The first five were carried out for each of the data stories separately, and in a final step
we integrated all the observations into a matrix. In step (1) we visually identified the content blocks. In (2) we describe the framing elements
and then (3) assign a framing element to each content block. In step (4) we grouped the visual representations by type (photographs, maps,
graphs, etc.) and analyze the levels of visual framing for each group [RD11]. In step (5), we recognize patterns and relationships among the
stories and formulate overarching questions. To answer them we used the observations from all the previous stages. Finally in step (6), we
collected the findings of the stories we analyzed in a matrix with 19 dimensions that emerged from the previous steps.

ing each element within the story flow and label it according to its
form. We identified several types of content blocks: paragraphs of
text, illustrations, photographs, videos, charts, diagram, and maps.
The goal of this step was to understand how each story is visually
structured and how content blocks relate to each other.

Step 2—Recognize framing elements: In step two, we relied on
Entman’s concept of framing [Ent93] to recognize what elements of
framing were at play: Problem definition, causal attribution, moral
evaluation, and treatment recommendation. For each of the stories
within the corpus, coders briefly described in one paragraph if and
how each of the elements was present in the respective story. This
allowed coders to reach consensus and prepare for the next step.

Step 3—Classify content blocks: Whereas the classic defini-
tion of framing typically focuses on text, we distinguished between
three components according to the definition of data stories: Text,
visuals, and data visualization. Building on the description of fram-
ing elements from Step 2, we evaluated each content block—text,
visuals, and data visualization—to decide if one of the framing el-
ements applied and classified them accordingly. This allowed us to

identify the most recurrent framing elements, both for the overall
corpus as well as by mode of representation.

Step 4—Assess visual framing levels: After analyzing which
framing elements were included in the narration of data stories, we
then moved on to also investigate the visual framing deployed. To
do this, we took apart the linear story flow and grouped the visual
components together by type—photographs, maps, graphs, illus-
tration. This allowed us to approach each group of visual compo-
nents holistically to examine the extent of visual framing within
each type across multiple components. To examine the visual com-
ponents, we relied on the four-level framework for the analysis of
visual framing [RD11] that investigates visuals as denotative (level
1), stylistic-semiotic (level 2), and connotative systems (level 3)
as well as ideological representations (level 4). This allowed us to
identify the tone of data visualizations and other visuals.

Step 5—Reach consensus: In this phase, coders worked initially
in tandem to consolidate their independent findings on their sample
subset. Then, all coders jointly formulated and refined the analysis
questions to derive observations and comparisons across the entire
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sample, in addition to the story-by-story analysis done in previous
steps. From this discussion six questions emerged:

. How do the visual content blocks compare/relate to each other?
. How do they help frame the story?

. What is the relationship between visual and textual elements?

. How is the larger concept of water represented?

. What is the status of people in the story?

. Which emotions are conveyed by the story?

[ NS O S

Step 6—Consolidate: The goal of this final step is to consolidate
previous observations into one single matrix. To achieve this coders
worked together to address the questions raised in the previous step.
Discussing the questions led to a system of dimensions suitable
to characterize the communicative function of visualizations in the
data stories of the sample. All questions from Step 5 were translated
into individual dimensions and different possible values for each
dimension. For example, the question “How is the larger concept
of water represented” was translated into the dimensions “presence
of water” and “role of water”. The dimension “presence of water”
could have the values “minimal” or “prominent”; the dimension
“role of water" could have the values “threat”, “resource", “witness
of climate change”, or “devastating power”. One or more dimen-
sions for each question have been integrated into a visual matrix
comprising 19 dimensions (see Figure 3). The dimensions serve
different scopes within our analysis and range from defining the
role of people and water within the story, to judging the visual co-
herence among visual blocks. Single dimensions are described in
detail in the following section. Compiling the matrix helped us in
consolidating our analysis across the stories’ sample and ultimately
discussing emerging patterns concerning the role of data visualiza-
tions in relation to other content blocks.

4. Dimensions

To characterize the communicative function of data visualization
and how it relates to other story elements, we developed a classi-
fication system comprising several dimensions. This has been dis-
tilled following our bottom-up categorization process and, when
possible, we mobilized existing taxonomies from related domains
and adapted them to our research. To this extent, part of the dimen-
sions are concerned with observing framing effects and agenda set-
ting in the analyzed stories [Wea07, Ent93]. Additional dimensions
consider the role of human and non-human actors in the narrative,
the coherence of visual elements, and geographic scale of the story
setting. Below we discuss each group of dimensions, their respec-
tive categories and frequencies. We use colors to differentiate them.
The number in parentheses used after naming a dimension refers to
the total number of stories in which it was identified. In Figure 3,
we list all the dimensions identified in each of the stories.

4.1. Presence and content of framing elements

The first set of dimensions encode the position of framing elements
within the story. We created a dimension for each of the four fram-
ing elements and determined which components of the article are
responsible for it. These dimensions are critical to detect the recur-
rence of framing patterns across our sample of stories. After defin-
ing which story components are responsible for framing, we also
identified their main topic.
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text 17
Problem visuals 13
definition datavis 17

not included 0

text 15
Causal visuals 5
attribution datavis

not included
text 11

Presence of framing elements

Moral visuals 1
evaluation datavis 2
not included 6
text 10
Treatment visuals 1
recomm. datavis 1
not included 7

Table 1: Framing elements are present across all content blocks.
However, problem definition and causal attribution are prominent,
especially for visuals and data visualizations.

Problem definition refers to the issue at hand and its costs and
benefits for other actors involved in the story. Across our sam-
ple, problem definition concerns a variety of topics: Food security,
flooding, drought, heavy rainfall, melting glaciers, sea-level rise,
weather extremes, wildfires, and biodiversity crisis. In the major-
ity of cases, the problem is defined by the excess or scarcity of
water. For food security and biodiversity crisis the focus is on the
long term effect of water scarcity or excess on animals and land,
whereas for the remaining ones the focus is on extreme events and
their social, economic, and environmental impact.

Causal attribution defines which forces are at the root of the
problem and is used to attribute responsibility to one or more
agents. In our sample, causal attribution is attributed variably to
humans and nature. We identified seven main responsible agents:
Hydro-power, climate change / global warming, unsustainable agri-
culture, high dependency, heavy rainfall, lack of investment, urban-
ization. Especially for unsustainable agriculture, high dependency,
lack of investment, and urbanization the responsibility is clearly on
human agents and social conflicts.

Moral evaluation evaluates causal agents and their effects. As
the name suggests, the reader is likely to form a moral judgment
and becomes able to trace causality between story components. In
our stories, moral evaluation is attributed to six different agents:
Politics, inefficient infrastructures, climate change or increased
global emissions, human influence or activity, and social inequal-
ity. All these agents are connected variably to human activity across
different domains: Society, politics, and the economy.

Treatment recommendation is used to share solutions or sug-
gest strategies in order to address the problem or its cause. We
found five different types of treatment recommendations: Limit
global warming or reduce carbon emissions, prepare for change,
support ecosystems, build or improve infrastructure, develop poli-
cies or political solutions. Given the clear focus on climate change,
all these strategies are concerned with either protection or adap-
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food security
floodings
drought

heavy rainfall
melting glaciers
sea level rise

Problem
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human influence

social inequality
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change
protection
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develop policies
not given
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Table 2: Floodings, droughts, and climate change are considered
key problems across most of the stories in our sample. Additionally,
humans are considered responsible for these extreme events.

tation. Only two types of solutions are focused more broadly on
system change: Limit global warming or reduce carbon emissions,
and develop policies or political solutions.

The framing elements are presented in the data stories both in
the text as well as in the visual content and data visualizations (see
Table 1). We identified that all the articles contain a problem defini-
tion. Of the total of 17 stories analyzed, all used text and data visu-
alization to outline the problem. At the same time the vast majority
also did so through the other visual blocks (13). When we look at
the causal attribution, only one of the articles does not mention
them; we see that many use text (15) and almost half do so through
data visualization (8). On the other hand, the framing elements cor-
responding to moral evaluation and treatment recommendation are
present in fewer stories, but when they appear, it is through text
(moral evaluation: 11 and treatment recommendation: 10). Only
one story uses visual content and data visualization to communi-
cate moral evaluation and recommend treatments. When observ-
ing the topics addressed by the stories in our corpus, we notice the
prevalence of certain issues (see Table 2). The most frequent prob-
lems are flooding (7) and drought (4), followed by glacier melting
(3), food security (2) and wildfires (2). As for the causes, these are
also varied but with a clear majority attributed to climate change

Local 13
Regional 10
Scale of egmna
R National 9
storyline 8
International 3
Planetary 3

Table 3: Local and regional stories are the most common across
our sample. In some cases, authors combine more than one scale
within the same story.

or global warming (11). In relation to moral evaluation, the sto-
ries most frequently relate it to human influence (6) and to climate
change and the increase of carbon emissions (4). That is to say that
these stories highlight the responsibility of human influence and
activity for the cause of the problem and/or the problem itself. Fi-
nally, the stories that present treatment recommendations do so by
proposing to improve infrastructure (5) and prepare for change (4),
while only two stories recommend limiting global warming.

4.2. Scale of storyline

This dimension maps the scale of the narrative, intended as the po-
litical, cultural, geographical, and social extent at which the story is
told. We identified five levels of scales, as visible in Table 3. Data
stories can be local [Reu21b]) , regional, national, international, or
planetary (e.g., Figure 1.d, [Reu21b]). The first three types iden-
tify stories concerned with small or medium scale problems, often
recounted at the level of a community (local), or country-wide (na-
tional). The last two types include examples from more than one
country up to a planetary scale. It is not uncommon for stories to
have more than one scale, if the author decides to transition be-
tween different magnitudes of the same problem. When observing
how these scales are represented in our stories, we identified that
most of them are represented locally (13) and/or regionally (10), as
shown in Table 3. Both international and planetary scales are less
common, with three stories each.

4.3. Presence and roles of actors

This dimension evaluates the presence and roles of actors in the
story. It considers human actors as well as non-human entities and
critically assesses how they are described. For this study, we mainly
considered two sub-categories: water and people. Table 4 summa-
rizes both groups with their dimensions.

Water is portrayed in various ways: As a threat (7), resource (7),
witness of climate change (7), or devastating power (5). In the first
case, water is presented as a future threat to humans, cities, and the
environment. When water is presented as a resource, the focus is
instead on its importance for human life. The last two types denote
water as directly connected to climate change. When water is wit-
ness of climate change, authors frame it as a clear proxy for global
warming. Instead, when presented as a devastating power, it is of-
ten implied how water is capable of destroying infrastructures and
the natural environment.

People are consistently included in almost all stories. When we
recognize them as affected (11), people are present in the story to
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Threat 7 ||
Resource 7 ||
Role Witness 7 |
8 Devastating 5 .
g None 0
Minimal 2 |
@ Presence Prominent 14 | I
g None 1 |
< Affected 11 |
Experts 11 |
o | Rote Politics 3 | ™
% None |
A Minimal 10 | —
Presence | Prominent 5 L
None |

Table 4: Water and people are treated very differently in our sam-
ple. Water has a prominent role and is often depicted as a threat.
People are less central and represented as victims or science ex-
perts. Political actors are very seldomly mentioned.

illustrate the impacts and effects water has on them (e.g., Figure
1.b). In some cases people report from their own experience and
how water-related problems impact their life. Scientists—or scien-
tific experts (11)—usually take an advisory role and add a scientific
perspective to the topic. People are recognized as political actors
(2) when their role in the story explicitly concerns policy-making
or activism; they are described as active subjects capable of mak-
ing and/or influencing political decisions. People are not always
present in the story, when this is the case, their role is encoded as
“none” (2). When we compare the presence of water and people in
the stories, we recognize that the former, as expected, is much more
prominent (14) than the latter (5).

4.3.1. Tone of narrative

The tone of the narrative is concerned with its emotional affor-
dances. This dimension considers text, visual, and data visualiza-
tion alike, as visible in Table 5. Ultimately, we were able to distill
three different types for this dimension that apply invariably to tex-
tual and visual elements: negative tone, neutral tone, and positive
tone. When the tone is negative, text and visual elements are used
to convey an alarming or depressing picture (e.g., Figure 1.c). For
visuals, this usually suggests a certain use of color or perspective
that induce negative feelings. When the tone is neutral, components
are used to simply describe an event or portray its context. Finally,
a positive tone is observed when elements in the stories are used to
convey hopeful or constructive content.

After examining our corpus of data stories, we can conclude that
the tone used in the stories is either neutral or negative and this is
consistent with the visual and data visualization blocks. The visuals
are slightly more negative than neutral while with the data visual-
ization it is the other way around; neutral and negative. The story
that has a positive tone is presented through data visualizations and
visual blocks, not through the story.

© 2023 Eurographics - The European Association
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Neutral 8 ]
Story Negative 9 [
Positive 0
° Neutral 7 ]
é Visuals | Negative 9 ]
Positive 1 |
Neutral 9 |
Dataviz | Negative 7 ]
Positive 1 |

Table 5: Story, visuals, and data visualizations share negative and
neutral tones across our sample. Only few stories have positive or
hopeful content.

g well-connected 15
59 Text,

3 . not connected 2
£ | visuals,

R . overlaps flow 9
< | datavis -

g alternating flow 0
= | Visual consistent 15
& | blocks inconsistent 2

Table 6: Overall data stories are well designed. Content is well-
connected and visually consistent.

4.4. Relation between elements

The last two dimensions are concerned with the interdependence
of the story’s components (see Table 6). The first dimension eval-
uates the relation between text and visuals, i.e., how text and other
elements interact within the story context. Story elements can be
well-connected or not connected. In the first case, the visual and
text blocks are well intertwined, for example, with the text refer-
ring to the charts or the photos showing people mentioned in the
text. In the second case, the visual blocks and text blocks are not
well connected to one another, i.e., the text does not refer to the
charts or the addition of visual elements does not seem to follow
a clear narrative purpose. The second dimension highlights how
different blocks are laid out on the article page. Story blocks can
overlap or alternate. When elements overlap, this means that the
story is composed in whole or in parts by visual, textual or data
visualization elements that flow over others (e.g., Figure 1.a). An
example is a map overlaid with text boxes and annotations allowing
the story to be followed. Conversely, when the elements alternate,
it means that the content blocks are arranged one after the other
without overlaps. Visual elements do not exclusively refer to text,
they also refer to each other. Therefore, the third dimension deter-
mines how visual components relate to each other. In this case, we
decided to discuss consistency versus inconsistency. When visual
components are consistent the design of visual blocks is consistent
across the data story or the visual blocks are graphically layered on
top of each other. For example, photographs or charts overlapping
maps. If visual components are inconsistent the design of visual
blocks varies across the story leading to confusion, using different
types of encoding, color choices or contrasting visual elements.

When looking at the frequency of relationships between ele-
ments, we see that for the most part texts are well connected to visu-
als. Likewise, when examining visual and data visualization blocks,
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they are also mostly consistent with each other. With respect to the
layout we find both overlapping and alternating arrangements.

5. Patterns

For all 17 stories surveyed, we were able to apply our dimensions
and recognize repeating patterns. Categorizing all items across our
sample allowed us to shed light on the communicative role of data
visualization as well as other key elements of water-related data
stories. The distribution matrix in Figure 3 is key in reading these
patterns and understanding their relevance within the genre. In the
following, we outline the main recurring observations.

Structure of data stories. Water related data stories are all char-
acterized by a variety of media integrated in the story. This in-
tegration is not superficial and limited to single pairs of artifacts
and text, but several types of multimedia elements are woven in
together and constitute the final outcome. In most of our stories vi-
suals, text, and data visualization are well connected. Interactivity
reinforces the interweaving between different elements. In several
occasions annotations or text appear above or intertwined with vi-
sualizations, creating a stronger connection between the two con-
tent blocks. They are not independent blocks, but they reference
each other tightly as a coherent whole. The strategy of overlap-
ping and mixing different content blocks is used often across our
sample and constitutes a distinguished layout. In some cases, for
instance, boxes of texts are used as overlays for maps (e.g., Figure
1.a) as the user scrolls or clicks through the story. In this case, vi-
sualization is used to establish a visual base upon which the story
unfolds [Kon20,ABC20]. Whenever stories were composed of dif-
ferent visual elements, we found them to be mostly visually con-
sistent. Color encoding, typography, and layout are all important in
maintaining consistency. Creators of data stories seem to pay par-
ticular attention to ensuring a coherent visual structure Data visual-
izations are very detailed and specifically designed for data stories,
although interactivity is quite limited, resorting to click or scroll.
The visual components are often quite elaborate and well produced.

Role of data visualization. Data visualization is mostly used to
frame the problem and its causal agents. However, it is rarely used
to communicate treatment recommendations. In our corpus of sto-
ries only one of them [The21b] uses data visualization to suggest
a solution. Data visualizations tend to function as a way to provide
evidence of a problem and its causes, supporting with data what is
described textually. To this extent, data visualization is more neu-
trally connoted. Whereas other visual artifacts and text often con-
vey a negative tone (e.g., Figure 1.f), data visualization is slightly
more often used as a neutral element within stories (e.g., Figure
1.d). Designers systematically employ bland color schemes, typog-
raphy, and visual elements, making the data visualization grammar
decisively more neutral, especially when compared with other vi-
sual artifacts. This finding suggests that charts are used as a con-
textualizing element, rather than an explicitly rhetorical one. More-
over, data visualization represents problems and causes (as framing
elements) and across our corpus these are essentially negative and
alarming issues (flooding, drought, climate change, unsustainable
agriculture, etc). Therefore we observe an inconsistency or discrep-
ancy between the neutral tone conveyed by the visualization and the

negative content it actually represents. Maps are central to water-
related data stories and it is possible to distinguish some main use
cases among the items in our sample. In some cases, maps are used
to georeference a place such as a lake, river, or mountain (e.g., Fig-
ure 1.g). This allows users to understand the geographical context
of the events. Sometimes maps do not contain data at all and are not
meant to provide additional information, but they serve as guidance
through the narrative. For instance, in [Al 20] and [Reu21a] the vi-
sualizations depict rivers and readers use vertical scroll to follow
the downstream flow encountering pieces of the narrative.

Interdependence between frames and tone. Problem definitions
span all types of content blocks, while text and data visualization
are also used to determine causal attribution. However, when look-
ing at frames in relation to the tone of content blocks a discrepancy
is noticeable: Text and visuals are more often considered to have a
negative tone, while data visualization is predominantly connoted
as neutral. This pattern highlights that both text and visuals are used
explicitly to mobilize emotions, for example, through photographs
representing desperate people in the midst of devastating floods or
fields of crops burned by the sun [Reu20,Reu21a,Blo20]. Data vi-
sualization is presented as neutral, even when it is used to frame
negative content. This difference in tone possibly signals the com-
plementary roles of different content blocks: Authors tend to pro-
vide more layers of information for the benefit of the reader.

Representation of water. The main problems discussed in water-
related data stories are floods and droughts. These issues are com-
plex and have widespread causes and effects. Authors often resort
to scaling down the problem at a local level to make it more un-
derstandable and relatable. However, in some cases authors also
choose to switch between local and global perspectives, going from
regional stories to planetary overviews (e.g., Figure 1.i). This strat-
egy allows them to show that problems associated with water, al-
though they have affect locals’ lives, have also a crucial planetary
component. The stories in our sample mostly use maps to represent
water. These make it easier to situate problems and their effects in
a specific territory, contributing to bind them to human experience
and make them easier to grasp for readers. Therefore, water is al-
ways visually present in stories, specifically as a threat or necessary,
but scarce resource for human subsistence.

Presence of people. Unlike water, people have a less promi-
nent presence in our corpus. They are represented mainly through
photographs, which tend to portray people as victims of floods,
droughts, or other water-related threats (e.g., Figure 1.c). Even
when scientific experts are present in stories, they usually only sup-
port the problem definition. Political actors are largely absent. This
tendency suggests that data stories related to water are focused on
reporting incidents, problems, trends, or extreme events as con-
sequences of climate change that potentially threaten our society.
Authors offer little room for solutions or in discussing the role of
policy-making or activism in regards to climate change issues. By
portraying people as victims, authors often dismiss their role as
causal agents of climate change. There is no emphasis on making
people responsible for the problems, and certainly less on making
them participate in the solutions.
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Figure 3: Distribution of the dimensions for each of the 17 stories we analyzed. From left to right: [Kon20, Sou21, Reu20, Sou20, Reu21a,
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6. Conclusion

In this paper, we have introduced an interpretative framework to un-
derstand the communicative role of data visualization within data
stories. This methodology sets out to systematically interrogate
how charts and maps are used in relation to other narrative com-
ponents (e.g., text, photographs, videos) and which communicative
function and framing role they fulfill. While our framework can be
applied to data stories about any topic, for the purpose of this study
to test it, we selected and analyzed a sample of 17 data stories fo-
cusing on water-related topics. The results of this initial analysis,
already shed light on recurring patterns. The visual structure of data
stories is similar across our sample, with visual and textual blocks
closely tied to each other, for example, with the text referencing
a chart. Data visualization is often used to frame problems, rather
than to discuss solutions. While often used to represent critical is-
sues, the tone of data visualization is predominantly neutral, rather
than positive or negative. People are often represented through pho-
tographs, rather than through visualizations. The role of people in
the stories is likely to be passive, for instance as victims of floods or
droughts. Water, instead, occupies a prominent role in the analyzed
data stories and is often portrayed as a threat. Maps are particularly
important to depict at which scale water is causing problems. For
this purpose, local scales are favored over international or plan-
etary overviews, likely reflecting the authors’ interest to make a
story relevant to their respective readerships in communities and
regions. These findings establish a ground for further examination
and critical discussion of data stories on pressing issues such as
water issues, biodiversity loss, or the climate crisis.

More consistency and constructiveness. All the stories across
our sample focus on framing water-related issues where data vi-
sualization plays a key role: Maps and charts are designed to pro-
vide the societal or geographical context as well as the extent of the
events that are taking place. We argue that data stories, rather than
being limited to a neutral tone, would benefit from visualizations
designed more consistently (both in terms of visuals and content)
and in tune with the overall tone of the narrative. Data visualiza-
tion is rarely used to represent potential solutions. Whereas water-
related problems are often critical, we recommend that authors in-
vest more care in discussing possible solutions. In the design of
data stories treatment recommendation should be given the same
space and attention of problem framing and moral evaluation. This
could support a shift from an informative function of data stories to
providing a more constructive approach with regards to the issues at
hand. There is evidence that solutions journalism makes people feel
more in control of the situation and hence more likely to take ac-
tion [TL22]. Data visualization has the—currently underutilized—
potential to support problem solving and support readers in devel-
oping a constructive perspective on difficult problems.

Two types of visual structure. Another point for discussion con-
cerns the visual structure of data stories. Across our sample, we
identified two main layout types: Overlap and alternate flow. The
former is designed to convey a holistic image of several textual and
visual blocks. The latter is effective in delivering content orderly to
the reader. Whereas effective, both structures revolve around text as
the core element for the story, taking little advantage of visualiza-
tions’ flexibility and potential for interactivity. We suggest to better

interweave visual artifacts and use data visualizations as a foun-
dational block when planning data stories. In some cases, making
data visualization or other visual artifacts more central could be a
good way to foster readers’ engagement with the content.

Limitations. The strength of the presented interpretative frame-
work is the abundance of dimensions which allowed us to study
data stories in depth and evaluate specific cases reliably. One ob-
stacle we encountered during our work concerns the number of di-
mensions and the possibility to expand them indefinitely. By iter-
ating over our system of dimensions we managed to set out its key
elements. However, further scrutiny should be paid to the choice
of dimensions and their importance in defining data stories. Simi-
larly, since we analyzed aspects such as tone of story components,
we had to deal with variable degrees of subjectivity in interpret-
ing some of the elements. Although trying to mitigate subjective
interpretation by iterating over the coding multiple times and with
different coders, it is impossible and perhaps undesirable to entirely
remove personal perspectives. When it comes to understanding the
tone or message behind a visual or textual artifact, interpretation
plays an important role. For this reason our interpretative frame-
work is explicitly designed to accommodate subjectivity, while fos-
tering consolidation of coders’ interpretation. It is important to ac-
knowledge that our findings are based on a relatively small set of
data stories on a specific topic. To further validate the viability and
study the transferability of the framework, more such studies on a
wider range of topics need to be carried out.

Future research. Aside from its limitations, this systematic ap-
proach to data stories and the communicative function of data vi-
sualization therein poses a great opportunity for future work in
visualization research and design. In this study, we report on the
rationale of water-related data stories and on the communicative
function of data visualization. We do so by rolling out an inter-
pretative framework that comprises several key dimensions of data
stories and allowing for comparison across news outlets and genres.
As data stories develop further, both in terms of form and content,
more thorough categorization systems are needed. There is the po-
tential for this framework to be expanded and include several other
aspects such as the role of interactivity, relevance of storytelling in
maps [Rot21], the type and consistency of visual grammar across
different types of artifacts, and the recurrence of visual models. Ad-
ditionally, more content specific dimensions could be added to in-
clude other topics and types of data stories. To this extent, we hope
this framework will be applied to other topics beyond water-related
issues as important steps forward to its consolidation.
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