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Abstract
One of the biggest challenges today is how to present data to users in a clear and easy way in different domains

of application. One way to do this is to tell stories with data, as this makes it possible to improve user engagement
and understanding of a given context. By using narrative elements, it is possible to provide readers with better ex
planations of what is being presented. To understand the research scenario about this topic, a systematic review
of the literature was performed, through a snowballing procedure. As results, the main characteristics of these vi
sualizations were identified as well as the genres and tools used in their development, and the main visualization
techniques used. These results demonstrate that the most used genres are slideshows, data comics, annotated charts,
magazine style, and flow chart. One of the main open questions is about the genres used for each  different  type
of data, demonstrating that the topic is emerging and necessary.
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1 Introduction
There is a growing need to present data in a clear and easy
tounderstand way to users in different application domains
once a good visualization enhances users’ comprehension
(Heer et al., 2010; Ward et al., 2010).

Visualization tools provide resources to build dashboards
whose primary goal is to explain a point of view or a dis
covery. There are a variety of data visualization techniques:
tables, bar charts, line charts, bubble charts, and histograms
are examples of the most traditional ones.
Improving data visualizations is an ongoing debate topic

within the Information Visualization community. Hence,
over the years, researchers investigated ways to do it. One
way to do this is the use of narrative visualization techniques
(Segel and Heer, 2010).

Narrative data visualization (aka storytelling) arose be
cause, historically, human beings narrate facts to convey
some information (Kosara andMackinlay, 2013). Given this,
many authors started to investigate the use of storytelling as
a way to improve users’ engagement, interaction, and com
prehension from data visualization. Employing narrative ele
ments in data visualization can offer ways to explain specific
subjects not reached by the traditional techniques (Kosara
and Mackinlay, 2013; Figueiras, 2014a).
In a seminal study, Segel and Heer (2010) characterized

the components involved in narrative visualization into three
dimensions: genres, visual narrative tactics, and narrative
structure tactics. Each dimension comprises resources that
together aid the designers of narrative visualizations.
The researchers have explored different tools, techniques,

and patterns for narrative data visualization. For example,
Riche et al. (2018) presented an introduction to datadriven
storytelling. By gathering data visualization researchers and
journalists, their book defined the topic and provided a set of

examples for storytelling.
In other study, Ghidini et al. (2017) identified that Narra

tive Visualization could be considered a very recent research
area, despite being emerging, growing, and receiving increas
ing attention from academia. Likewise, Santos and Silveira
(2019) also noted that this is an emerging topic and identified
the need to discuss and explore the fundamental concepts for
designing narrative visualizations in theory and practice.
Considering the above and the ongoing goal of enhancing

data visualization, we decided to investigate recent works on
the topic. Thus, to delimitate our research, we defined five
research questions to investigate which tools are used in the
construction of narrative visualizations, themain application’
domains in the use of these techniques, and the fundamental
elements and characteristics in the development of narrative
visualization able to engage the reader according to the au
thor’s intention. To accomplish this research, we employed a
Snowballing procedure (Wohlin, 2014).
To present the research done, the next sections will de

tail consecutively its background (Section 2), the research
methodology (Section 3), the results (Section 4), the threats
to validity (Section 5) and the conclusions (Section 6).

2 Background
Advancing in data visualization research, Segel and Heer
(2010), Hullman and Diakopoulos (2011), and Kosara and
Mackinlay (2013), considered the use of narrative visualiza
tions as a means to enhance user engagement and compre
hension in data visualization. Narrative elements can offer
explanations in a way hardly reached by traditional means.
According to Segel and Heer (2010), some techniques that
can be used along with narrative genres are the messages and
interactivity. Messages can provide explanations about the

https://orcid.org/0000-0002-0085-5696
mailto:mariana.borges@edu.pucrs.br
mailto:mariana.borges@edu.pucrs.br
https://orcid.org/0000-0003-2339-1844
mailto:claiton.correa@iffar.edu.br
https://orcid.org/0000-0003-2159-551X
mailto:milene.silveira@pucrs.br
mailto:milene.silveira@pucrs.br


Fundamental elements and characteristics for telling stories using data Gomes Borges et al.

visualization, which are titles, subtitles, labels, annotations
and audio. Interactivity allows the reader to have control over
the visualization. Some common forms of interactivity in the
narrative visualization are buttons navigation, filter, search,
zoom, timeline, etc. It is important to use these elements very
carefully, because just as they can help the reader, they can
also hinder the intention of the author of the visualization,
generating some confusion in the reader.

Narrative visualization differs from the concept of telling
stories (Segel and Heer, 2010). Text or video stories usually
show a sequence of events and progression. In contrast, data
visualization is similar because it can be organized in a linear
sequence but offers interactivity which can instigate ones to
seek alternatives explanations.

In the seminal study of the topic, Segel and Heer (2010)
organized the design space for narrative visualizations into
three dimensions: genre, visual narrative tactics, and narra
tive structure tactics. The genre relates to ways to present
history, the number of scenes, elements, ordering, and the
number of frames.

The visual narrative dimension encompasses devices for
assisting and facilitating a narrative, such as highlighting ca
pability. The third dimension, narrative structure, involves
mechanisms to communicate the narrative structure, like a
progress bar and a time slider. They recognized seven gen
res of narrative visualization that can be more or less suit
able according to the data under exploration: Magazine style,
Annotated chart, Partitioned poster, Flow chart, Comic strip,
Slide show and Film/Video/Animation. They noted that gen
res may work best depending on the type of narrative being
told. The choice of these genres depends on a set of factors,
such as the complexity of the data, the narrative and the tar
get audience. According to them, the techniques and gen
res should be employed to balance authordriven and reader
driven narratives. This perspective led to narratives in which
the readers are provided with more interactive devices, i.e.,
readerdriven, and narratives with less interactivity, author
driven. The latter is more linear and tells the story.

Following the studies, Hullman and Diakopoulos (2011)
explored the rhetoric in narrative visualization and how it
frames the data to convey a particular message. They iden
tified a set of techniques and forms for rhetorical and how
they can be used to directly or indirectly prioritize certain in
terpretations. They also demonstrated how they interact with
users’ knowledge and their social context.

In Storytelling: the next step for visualization, Kosara
and Mackinlay (2013) observed that narrative visualization
research involves other fields beyond computer science,
such as psychology and social sciences. They presented re
searches directions regarding storytelling approaches and af
fordances, evaluation, how to make the visualization memo
rable, annotations and highlights, interactivity, and what to
learn from other disciplines.

The study presented here seeks to identify novel narrative
data visualizations researches and deepen the understanding
of elements and fundamental characteristics to build them.

3 Methodology
Narrative visualization is an emerging topic. Therefore, to
deepen the understanding of this subject’s fundamental ele
ments and characteristics, we performed a systematic review
on it. To accomplish this, we used the Snowballing procedure
for systematic reviews (Wohlin, 2014) .
Wohlin (2014) proposed this method that consists of defin

ing an initial set of studies and then performing iterations of
backward and forward steps seeking new papers. At each it
eration, the papers under evaluation are analyzed one at a
time. In the backward step, the reference list is scrutinized
to seek new studies. In the forward step, studies that cite the
one being evaluated are analyzed. The papers found in each
iteration are stored in a pile for the next one. This process
ends when no papers are found.
The Snowballing approach is considered an alternative to

other systematic literature review methods. It is a way to ad
vance in time, from a relevant study to identify another stud
ies published since then. According to Wohlin (2014), the
method should not necessarily be used as an alternative for
database research, other approaches can be used for greater
coverage of the literature. However, since the topic of this
research is recent, we chose to use only Snowballing.
Before starting the literature review, we defined our re

search questions, and the inclusion and exclusion criteria.
This information is addressed in Subsection 3.1, followed by
the details of the snowballing procedure presented in Subsec
tion 3.2.

3.1 Research Questions, Inclusion and Exclu
sion Criteria

The following research questions were defined to guide the
review study:

• RQ1: What narrative visualization genres are used and
their characteristics?

• RQ2: What data visualization techniques are being
used?

• RQ3: What tools are being used to build visualizations?
• RQ4: Which application domains are using narrative vi
sualizations?

• RQ5: What are the challenges when using narrative vi
sualizations?

In RQ1 we seek to find which genres are cited and used
and what are their main characteristics in order to obtain
an overview of this dimension. About RQ2, we seek to un
derstand which data visualization techniques are most used
in narrative visualizations. In RQ3 we want to understand
which are the most used tools and cited in the articles to
develop a visualization. In RQ4, we search an overview of
which application domains most use narrative visualizations,
for example: education, health, entertainment, etc. Finally, in
RQ5 we researched the main challenges found by designers
when using to develop narrative visualizations.

To conduct the Snowballing iterations and assist the re
searchers in deciding whether a paper should be included in
the review or not, we defined the following inclusion and ex
clusion criteria.
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The inclusion criteria are:

• The paper should have been published between 2010 1

and 2022;
• The paper should have been published in English;
• The title, keywords and the abstract should be related to
the research topic.

The exclusion criteria are:

• The publication should not be a tutorial, workshop, tech
nical report, or a thesis;

• Duplicate papers.

3.2 Snowballing Procedure
The first step was to identify the initial set of papers. Ac
cording to Wohlin (2014), there is no recipe to define this
initial set. However, he suggested that it be identified by
searching on Google Scholar to avoid bias favoring specific
publishers. In addition, the studies must come from differ
ent communities and different publishers, years, and authors.
One possibility to approach this in snowballing is to identify
a seminal or highly cited paper in the area of the systematic
literature study.
Therefore, considering the suggestions mentioned before,

we searched on Google Scholar using the keywords “narra
tive visualization” or “storytelling”. We found 911 papers
in the first query. Analyzing the results provided, we choose
three studies to compound the initial set for starting the snow
balling iterations.
The three initial studies were chosen due to their relevance

to the topic. The first, published by Segel and Heer (2010)
was chosen as it is the seminal article in the area, with great
importance for the continuation of the research on narrative
visualization. The other two articles were also chosen for
their relevance to the topic, ability to answer the questions
of this research and also due to the high number of citations
in Google Scholar. The three studies are presented bellow.

P1. Segel, Edward, and Jeffrey Heer. “Narrative visual
ization: Telling stories with data.” IEEE transactions on
visualization and computer graphics 16.6 (2010): 1139
1148.
P2. Hullman, Jessica, and Nick Diakopoulos. ”Visual
ization rhetoric: Framing effects in narrative visualiza
tion.” IEEE transactions on visualization and computer
graphics 17.12 (2011): 22312240.
P3. Kosara, Robert, and Jock Mackinlay. ”Storytelling:
The next step for visualization.” Computer 46.5 (2013):
4450.

After defining the initial set, we proceeded to the itera
tions of backward and forward snowballing.
In the first iteration, each paper from the initial set is taken

at once. Then, the backward snowballing step was per
formed. We analyzed the reference list of each paper. From
this list, we initially chose candidate studies based on the in
clusion and exclusion criteria.. In the following, we analyzed

1We defined the start period considering the main seminal paper in this
field, published in 2010 by Segel and Heer (2010).

each candidate’s title, publication venue, authors, and the
most relevant parts, such as the introduction, methodology,
and results. We aimed to check if they addressed narrative
genres, data visualization techniques, narrative structures, or
elements that could help us answer our research questions. Fi
nally, we pushed each paper selected into a pile for the next
iteration.
The forward snowballing step involves identifying new

papers based on those papers citing each paper in the set
being analyzed. Each paper’s citations were found using
Google Scholar. We checked the information of citing papers
similarly as approached in the backward step, i.e., we initially
chose candidates based on inclusion and exclusion criteria
and then checked title, publication venue, authors, and the
most relevant parts. Each selected paper was included in a
pile for the next iteration of backward and forward steps.
In the first iteration, after backward and forward snow

balling, from the initial set, 2 papers was selected in the back
ward step and 46 papers were selected in forward step. In the
second iteration, after removing articles examined in previ
ous iterations, and applying the inclusion and exclusion crite
ria, no new papers were selected. Thus, considering the three
papers from initial set and the 48 selected during the process,
a total of 51 papers were selected. Figure 1 outlines the snow
balling procedure performed in this study and Table 1 shows
the selected papers that are in accordance with the research
topic, bringing relevant results to our questions. The analysis
of the papers to be selected was done by pairs.

4 Results
This section presents the results from the analysis done in
the 51 studies selected. To answer our research questions, we
organized the results considering six dimensions: genres, vi
sualization techniques,tools, application domains, approach,
and structure adopted. Following, we present how the dimen
sions answer the research questions defined in our study. Fig
ure 2 shows highlights from each dimension.

• The dimension genres answersRQ1: What narrative vi
sualization genres are used and their characteristics?

• The dimension visualization techniques answersRQ2:
What data visualization techniques are being used?

• The dimension tools answers RQ3: What tools are be
ing used to build visualizations?

• The dimension application domains answers RQ4:
Which application domains are using narrative visual
izations?

• All dimensions answer RQ5: What are the challenges
when using narrative visualizations?

4.1 Genres
According to Segel and Heer (2010), seven Genres can be
used to build a narrative visualization, and they can be more
or less suitable depending on the data available to construct
the narrative. To identify the genres used in the papers se
lected, we fully read them. Our analysis revealed that the
genres often used are Slideshow, Data comics, Annotated
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Figure 1. Snowballing design.

Table 1. Selected papers per year.

Year Papers
2010 Segel and Heer (2010)
2011 Hullman and Diakopoulos (2011)
2012 Ma et al. (2011)
2013 Hullman et al. (2013), Kosara and Mackinlay (2013) Lee et al. (2013), Liu et al. (2013)
2014 Figueiras (2014a), Figueiras (2014b), Robinson et al. (2014), Yousuf and Conlan (2014)
2015 Lee et al. (2015)
2016 Arya et al. (2016), Boyd Davis et al. (2016), Brehmer et al. (2016), Bryan et al. (2016)

Chan and Qu (2016), Gutiérrez and Pérez (2016), Stolper et al. (2016), Wang et al. (2016)
2017 Arévalo and Dewan (2017), Brolcháin et al. (2017), Carpendale et al. (2017), Echeverria et al. (2017)

McKenna et al. (2017), Qiang et al. (2017)
2018 Bach et al. (2018), Chen et al. (2018), Comet (2018), Echeverria et al. (2018), Moretti et al. (2018)

Nowak et al. (2018), Seyser and Zeiller (2018), Thöny et al. (2018), Tong et al. (2018)
2019 Chen et al. (2019), Rodrigues et al. (2019), Zhao et al. (2019), Zhi et al. (2019)
2020 Liem et al. (2020), Weber (2020)
2021 Joshi (2021), Lan et al. (2021), Latif et al. (2021), Norambuena et al. (2021), Roth (2021)

Wang et al. (2021), Yang et al. (2021), Zhao et al. (2021)
2022 Zhao and Elmqvist (2022), Xu et al. (2022)

charts, Magazine style, and Flow chart. Figures 3 to 6 il
lustrate examples of the genre identified in the studies. The
data used to create these sketches were obtained in the Our
World in Data 2.

Figure 3 shows an example of Slideshow genre. This
genre follows the typical slideshow format but incorporate
iteration mechanisms that seek to engage and facilitate read
ers’ understanding. From the set of selected papers, three ex
plicitly mentioned the use of this genre. Wang et al. (2016)
presented an approach to help researchers and graduate stu
dents in reading academic papers. They employed interactive
slides to present literature reviews quickly. In another study,
Zhi et al. (2019) proposed comparing slideshows and vertical
data arrangement to investigate how they affect the reader’s
understanding of narrative visualizations. To evaluate this,
the authors conducted a study with 180 participants. They
measured the effect of the layout on user’s engagement, un
derstanding of the story content, and their ability to recall the
story information. Arya et al. (2016) explored the slideshow
genre to enhance the users’ visit to a museum. The applica

2https://ourworldindata.org/

tion developed in their study allows a user to plan a visit,
put this plan into practice, and then construct a presentation
summarizing moments of this visit to be shared with other
visitors.

Figure 4 illustrates an example of a Data comic. When us
ingData comics, the author has the benefit of a taxonomy of
transition types consisting of the moment to moment, action
to action, subject to subject, scene by scene, aspect by aspect,
and nonsequential transitions (Segel and Heer, 2010).
Zhao et al. (2021) listed five useful dimensions for the use

of resources and genres identified by Segel and Heer:

• Target audience for which the story is intended;
• Time and space: what is the delivery mechanism of time
and space for the story;

• Media components: What are the visual and sound
building blocks employed?;

• Data components: how is data transmitted to the
reader?;

• Viewing sequence: how is the media viewed by the
reader?
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Figure 2. Highlights from the dimensions.

>>2/20

Is primary enrollment data available in the Global Education

Monitoring Report 2018?

  Binary variable describing whether primary enrolment data, specifically total enrolment in primary education, is

  available in the SDG 4 monitoring tables of the Global Monitoring Report 2018.

1/20 >>

Global primary school 
enrollment

Data from OurWorldInData

Figure 3. Slideshow example.

The gross 
enrollment in 
primary education 
is expressed as a 
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This ratio can 
exceed 100% due to 
early entrance or 
repetition

The graphic 
shows the 
enrollment ratio 
over the world in 
2016
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today is focused on 
establishing the 
fundamental literacy

For this reason, primary 
education is 
compulsory and 
provided by the state in 
almost all countries 
around the world.

More 
information can 
be obtained on 
www.ourworldin
data.org

Figure 4. Datacomics example.

They concluded that understanding these dimensions turns
much easier to classify and use narrative genres and other
resources.
From the selected papers, Zhao et al. (2019) and Wang

et al. (2021) explored data comics. Zhao et al. (2019) inves
tigated aspects of partitioning and sequence as mechanisms
for comic strip narration. They implemented a data comics
authoring tool to compare basic infographics with infograph
ics enhancedwith captions, texts, and dotted boxes organized
as partitioned panels, a characteristic of comic strips. Wang
et al. (2021) show ways to make comics interactive. They de
scribe that adding interactivity to data comics can allow for
nonlinear storytelling, customization, levels of detail, expla
nations, and potentially enriched user experiences.
Figure 5 shows an example of an annotated chart. Anno

tated charts are mainly used with education data. Segel and
Heer (2010) said that this genre favors the understanding of
some information for the readers, and it should not be used
in excess, only in essential cases, according to the author’s
intention.
Two studies from Echeverria et al. (2018, 2017) employed

Figure 5. Annotated chart example.

annotated charts in the education domain. The goal was to
improve teachers’ and students’ learning by adding narra
tive elements in learning dashboards to enhance their commu
nicative power. In the first study, the authors explored what
data storytelling elements could be combined with the visu
alizations. In the second study, they integrated the findings
of the first in a model to improve the visualizations of stu
dent’s progress. Gutiérrez and Pérez (2016) aimed to fill a
gap they perceived in research exploring narrative elements
in the Business Intelligence (BI) process. The authors devel
oped a methodology intended to enhance the interpretability
of the information presented in BI dashboards by adding in
these dashboards narrative elements.
Narrative visualizations are often related to benefits, such

as improving data interpretation, user engagement, and in
creasing information memorability. In this sense, Liem et al.
(2020) investigated these benefits by employing narrative vi
sualizations (using annotated charts) to European immigra
tion data. As a result, the authors claimed that researchers
should be more careful in expecting such benefits from nar
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rative visualizations once they found smaller effects on users
than expected.
The study from Chan and Qu (2016) employed a Flow

chart, according to the example in the Figure 6, style to con
vey financial news. This genre presents information freely
explored by the users, i.e., the author of the narrative did not
define an ordering to convey the information.

Data Collection
Data 

Synchronization Data Analysis

Figure 6. Flowchart example.

Seyser and Zeiller (2018) adopted the Magazine style
(Figure 7 illustrates an example) to analyze visual story
telling in online journalism. This genre is usually adopted
in journalism and it is recognized by its similarity with news
in newspapers.

Figure 7.Magazine style example.

4.2 Visualization techniques
The Visualization techniques used are important elements
of the narratives and can be combined to tell the narrative.
Segel and Heer (2010) exemplify it bringing that bar chart
can use annotations to convey a new narrative, providing in
formation that the viewer would not identify on its own and
animations can update graphics. Annotations can even be
combined with highlights, animated transitions, and inter
activity. Common graphics can be built in steps, with anno
tations and explanatory animations.
Several visualization techniques appeared in the analyzed

studies. The techniques that appeared the most were bar
charts (Chan and Qu, 2016; Zhi et al., 2019; Wang et al.,
2016; Zhao et al., 2019; Lee et al., 2015), line charts (Echev
erria et al., 2017; Chan and Qu, 2016; Wang et al., 2016;
Echeverria et al., 2018; Kosara and Mackinlay, 2013), maps
(Figueiras, 2014b; Thöny et al., 2018; Liem et al., 2020; Lee
et al., 2015; Brolcháin et al., 2017; Moretti et al., 2018) and
bubble chart (Chan and Qu, 2016; Zhi et al., 2019; Wang

et al., 2016; Figueiras, 2014b). Other techniques such as an
imation, annotation, illustration, highlight, timeline and pie
chart were also used, although rarely. Figure 8 shows a word
cloud with the most used techniques.

Figure 8. Visualization techniques used.

4.3 Tools
Another dimension examined in this review is related to
Tools employed by the authors to build their narrative visual
izations. To construct a narrative visualization, they can em
ploy a handful of tools. These tools can vary from program
ming language libraries dedicated to building visualizations,
such as D3.js or Vue.js libraries, to specific tools intended
to support data visualization, such as Tableau or Adobe Il
lustrator. As long as narrative visualization has raised re
searchers’ interest, data visualization tools started to provide
facilities to permit authors to create stories with data. Table
2 shows the tools mentioned in the studies analyzed. Here, it
is essential to say that not all studies explicitly report the tool
adopted to construct a narrative visualization.

Table 2. Tools used

Tools Papers
Many Eyes Kosara and Mackinlay (2013)

Segel and Heer (2010)
Tableau Kosara and Mackinlay (2013)

Lee et al. (2015) Segel and Heer (2010)
Adobe Ilustrator Brolcháin et al. (2017)
D3.js Lee et al. (2015)Nowak et al. (2018)
HTML Zhao et al. (2019)
CSS Zhao et al. (2019)
SVS Ma et al. (2011)
Grapminder Kosara and Mackinlay (2013)
Geotime stories Segel and Heer (2010)

4.4 Application domains
The fourth dimension considered is theApplication domain
in which the studies adopted narrative visualization tech
niques to convey a message. Table 3 shows the genres used
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in the studies belonging to each domain. It is important to
say that this table summarizes studies in which both domain
and genre were reported in the original studies. Therefore,
studies that did not specify what domain they target were not
considered. Five domains were identified in selected papers,
Culture,Education, Journalism,OpenGovernment Data
(OGD), and Science.

Arya et al. (2016) used narrative visualization in the Cul
ture to let visitors share their experiences visiting the Canada
Aviation and Space Museum’s. They developed an applica
tion where people can plan their visit and share their findings
with other visitors. By sharing their experience, the visitors
are also creating a guide of the museum for others visitors.
By adding narrative elements to learning dashboards,

Echeverria et al. (2018, 2017) target the improvement of
teacher’s and student’s learning processes. The narrative el
ements added to the dashboards were labels, shaded area,
key data points, title, and line. These elements are related
to the dimensions of visual narrative and narrative structure
reported by (Segel and Heer, 2010).
Three studies are related to the Journalism domain. Zhi

et al. (2019) explored a New Your Times article to inves
tigate how different information and text linking to image
arrangements impact the users’ comprehension of the data.
The data conveyed the story of immigrants from banned na
tions. By providing different information arrangements, they
perceived that users performed better in the slideshow lay
out and visualization by linking texts to other visualizations.
By recognizing the inherent difficulty for people in reading
and understanding financial news, Chan and Qu (2016) de
veloped the FinaVistory tool to analyze European unemploy
ment after 2008 and financial news about the oil price in
2014. The authors’ goal was to provide a way to explain to
the audience the relation between the two topics. The tool
developed contains specific narrative structures, such as ran
dom access, messaging, and interactivity, to relate and con
vey the narrative. Seyser and Zeiller (2018) investigated the
use of infographics, a type of layout that mixes characteris
tics from partitioned posters and annotated charts, to present
complex data in online journalism and how they are inte
grated into articles.
Two studies combined narrative visualization for Open

Government Data (OGD). Gutiérrez and Pérez (2016) used
data provided by the National Water Commission of Mexico
(CONAGUA) to foster the use of narrative visualizations in
BI dashboards. Liem et al. (2020) used European immigra
tion data from 2000 to 2016 when researching the impact of
narrative visualizations on users’ attitudes and data compre
hension.
One paper addressed the scientific domainwhen exploring

narrative visualizations. Wang et al. (2016) used data based
on references taken from academics citations on reviews to
provide a way to read literature reviews. The results of em
ploying narratives reached by this study showed that papers
read become more effective and enjoyable.

4.5 Approach
The Approach can be author or reader driven (Segel and
Heer, 2010). A fully authordriven approach is linear, it

does not include reader interactivity. For example, non
interactive films and slideshows. This approach works best
when it is needed direct communication, telling a story with
out alterations. A purely readerdriven approach has a lot of
interactivity and there is no logical order.
Most examples of narrative visualizations use both ap

proaches. An important feature of narrative visualizations is
to find this balance, enabling limited interactivity in the con
text of a more structured narrative.
Only 15 papers explained the approach used: 4 bring a

authordriven approach (Arya et al., 2016; Echeverria et al.,
2017; Zhao et al., 2019; Echeverria et al., 2018); 6, a reader
driven approach (Figueiras, 2014b; Thöny et al., 2018;Wang
et al., 2016; Zhi et al., 2019; Chan and Qu, 2016; Liem et al.,
2020); and 5 identify both approaches (Segel and Heer, 2010;
Seyser and Zeiller, 2018; Chen et al., 2019;Weber, 2020; Ma
et al., 2011).

4.6 Structure adopted

The Structure dimension is strongly connected with the Ap
proaches one. Segel and Heer (2010) described the structure
as mechanisms that communicate the overall structure of the
narrative to the viewer and allow she/he to locate itself within
every view.
As described by Segel and Heer (2010), theMartini Glass

visualization structure starts with an authordriven approach,
uses questions, observations, or annotations to present a visu
alization. When the narrative proposed by the author is com
plete, it moves to a readerdriven stage, where the user is free
to explore the data. The structure resembles a martini glass,
with the stem representing the narrative in a single path and
then opens representing several possibilities that the reader
can enjoy.
Other example presented by Segel and Heer (2010) is the

Interactive slideshows structure that incorporates interac
tion in the middle of the narrative within the boundaries of
each slide. This structure allows the user to explore even
more particular points of the presentation before advancing
to the next stage of the story. It also allows interaction in
the middle of the narrative and has a more readerdriven ap
proach.
The other structure, Drilldown story presents a general

theme and then allows the user to choose a more specific
theme and get details and other related stories. This struc
ture has more emphasis in the readerdriven approach, as the
reader can choose when and what stories they want to view
(Segel and Heer, 2010).

In the articles we reviewed, there is not a variety of struc
tures identified, only those described by Segel and Heer
(2010):Martini Glass (Weber, 2020; Lee et al., 2015),Drill
down (Figueiras, 2014b; Chan and Qu, 2016; Lee et al.,
2015), and Slideshows (Echeverria et al., 2018; Wang et al.,
2016; Zhi et al., 2019; Arya et al., 2016; Chen et al., 2019).

4.7 Challenges

To answer RQ5, we observe that there is still a gap to be
able to identify which types of genres match the dataset so
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Table 3. Genres employed per domain
Domain Genres

Annotated Chart Flow Chart Magazine style Slideshow
Culture Arya et al. (2016)
Education Echeverria et al. (2018)Echeverria et al. (2017)
Journalism Chan and Qu (2016) Seyser and Zeiller (2018) Zhi et al. (2019)
OGD Gutiérrez and Pérez (2016)Liem et al. (2020)
Science Wang et al. (2016)

that the designer can develop a more concise narrative visu
alization. Some tools, such as Tableau, have some resources
for the development of narrative visualizations, but they are
still quite limited on that topic. Most still do not consider the
elements of narrative visualizations as part of its functional
ity. Most articles cite the use of structures and approaches
already identified by Segel and Heer (2010), but they do not
bring different contributions on these dimensions.

5 Threats to validity
The following points summarize the main threats to the va
lidity of our work and the strategies we followed to try over
come them:

• Initial set of papers definition: Before starting the
snowballing process, we were required to define the
initial set of papers. Two rounds of discussion were
conducted until we agreed on what papers should com
pound this group. Then, after applying the rules defined
by Wohlin (2014) we defined our initial set. Three re
searchers conducted this selection and the backward and
forward rounds for including or excluding a paper. We
did not encounter significant disagreements during the
process as a whole.

• Results: Some papers of our set explicitly declared do
main, narrative structures, or other characteristics that
helped us place them into the six dimensions. However,
the authors did not clearly define these characteristics
in some cases. Then, the results represent our interpre
tation from the information obtained from the papers
full read analysis. Tomitigate the interpretation bias, we
heid meetings among the authors to discuss the analysis
produced.

6 Conclusion
In this paper we identified the fundamental elements and
characteristics for telling a story using data. Among the
discoveries, we were able to understand the genres, tech
niques, tools, application domains, approaches, and struc
tures adopted in a narrative visualization.
Genres present challenges in the topic of narrative vi

sualization. We can identify that the most used genres are
slideshow, data comics, annotated charts, magazine style,
and flow chart and characterize these genres, but there is still
an opportunity to understand the types of data that can be
used in each type of genre and application domain in ques
tion.

One important issue about genre is that Segel and Heer
(2010) did not explored the relationship between genres and
data types. They just claimed that the choice for one genre or
another relies on the data under consideration. This relation
remains unclear.
Regarding the Tools, some were listed among the papers,

but it is not clear which ones are more adequate to construct
narratives, or what types of knowledge the user must have in
order to use them. A study aimed at identifying what tools are
most appropriate for building narratives would be interesting,
taking into account the user experience, the data used and the
intended narrative.
About Visualization techniques, it is important to high

light the need for combinations that led the user feels in
volved in the story, independent of the application domain
used. It is very important to use annotations and highlights
in any type of graph, as they generate insights for the reader
that would not be possible to identify.
The Structure and the Approach dimensions also com

plement each other. There were no new structures identified
in the papers, other than those that Segel and Heer (2010)
had described in their seminal paper, and not all papers iden
tify these dimensions clearly. Therefore, the study of these
dimensions can still be deepened, in order to understand if
they depend on other dimensions.
One of the main opportunities listed in this research is to

study genres in depth, creating real examples and connecting
them to data types. There is also a need for indepth studies
on each dimension, aiming at the narrative views and the rela
tionship between them. It is an emerging theme that deserves
even more attention from the academic community.
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