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a b s t r a c t

In this study, we explore the impact of genre and navigation on user comprehension, preferences, and
behaviors when experiencing data-driven disease stories. Our between-subject study (n=85) evaluated
these aspects in-the-wild, with results pointing towards some general design considerations to keep
in mind when authoring data-driven disease stories. Combining storytelling with interactive new
media techniques, narrative medical visualization is a promising approach to communicating topics
in medicine to a general audience in an accessible manner. For patients, visual storytelling may help
them to better understand medical procedures and treatment options for more informed decision-
making, boost their confidence and alleviate anxiety, and promote stronger personal health advocacy.
Narrative medical visualization provides the building blocks for producing data-driven disease stories,
which may be presented in several visual styles. These different styles correspond to different narrative
genres, e.g., a Slideshow. Narrative genres can employ different navigational approaches. For instance,
a Slideshow may rely on click interactions to advance through a story, while Scrollytelling typically
uses vertical scrolling for navigation. While a common goal of a narrative medical visualization is to
encourage a particular behavior, e.g., quitting smoking, it is unclear to what extent the choice of genre
influences subsequent user behavior. Our study opens a new research direction into choice of narrative
genre on user preferences and behavior in data-driven disease stories.

© 2023 Elsevier Ltd. All rights reserved.
1. Introduction

Storytelling is a time-honored approach to share knowledge
nd communicate complex concepts to a general audience. Mod-
rn media enables the incorporation of data-driven storytelling
ith interactive graphics in a technique described as narrative
isualization [1]. Used in various scientific fields, including as-
ronomy [2], climate research [3], and cell biology [4], narrative
isualization has shown the potential to communicate scientific
nsights to general audiences in a comprehensible and engaging
anner.
While clear communication is important for sharing complex

nformation with a general audience, it is critical in medicine,
hich can have severe consequences in cases of communication
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failure. Educating patients and their families on various condi-
tions and options for treatment is vital for informed consent
for any care, treatment, or services rendered by a healthcare
provider. In the public health space, sharing relevant information
in the right way can promote healthy behavioral changes, such
as scheduling screening and taking preventative measures for the
disease.

The field of medical illustration often takes responsibility for
communicating medicine to patients and the broader public, ap-
pearing often in newspapers, television, and health organization
websites. Medical illustrations and animations can depict nor-
mal and abnormal processes or treatments in a narrative that
provides general information and facilitate engagement and em-
pathy. However, these pieces are hand-crafted and not easily
tuneable to different audiences and scenarios. Adopting methods
from narrative visualization to tell data-driven disease stories
may leverage the strengths of medical illustration while reducing
production time and enabling the telling of more personalized,
customizable disease stories.
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Research to date on the use and value of narrative medical
isualization remains limited. Meuschke et al. [5] recently pro-
osed concepts for designing data-driven medical stories about
iseases in a narrative medical visualization framework that out-
ines several opportunities for further research. Effective visual
ethods to communicate medical data, such as volume images
nd measurements of blood flow data, to a general audience,
equire investigation. There is similarly little research on the most
ppropriate narrative genre and associated navigation strategy for
nteractive, data-driven medical stories.

Our prior work [6] explored a subset of these opportunities by
iscussing the design considerations for data-driven disease sto-
ies focusing on the story of a common congenital heart condition
nown as a bicuspid aortic valve (BAV). The data-driven aspect
f this story is the use of blood flow visualizations to drive the
tory narrative. This extension expands upon our exploration of
arrative genre and interaction design considerations in narra-
ive medical visualization. We contribute a second data-driven
isease story that affects a different system of the body and
ses a different source of medical data and different interactive
isualizations to drive the story. This additional story enables
s to comparatively evaluate these design considerations on a
ore general level. Both stories have the same communication
oal: to inform a general audience about the respective diseases,
heir risks, treatment methods, and methods of prevention. We
resent both stories in two narrative genres: the Slideshow genre
nd the Scrollytelling genre [7]. While both Scrollytelling stories
re implemented similarly, the Slideshow stories differ in their
egree of interaction within slides. This allows us to evaluate
ser interaction in more detail within a particular genre. We con-
ucted a comparative, between-subject user study to evaluate
he relative effectiveness of these genres in terms of interaction,
avigation, and transitions of data-driven disease stories that
rovides a good proof-of-concept. This extension also includes
ata logs to evaluate which sections of the story users spend
he most time in, to understand user behavior during a story
xperience.

. Related work

In this section, we discuss foundational visualization consid-
rations for broad audiences, describe essential aspects of story-
elling and narrative visualization, and discuss current efforts in
arrative visualization for medicine.

.1. Visualization for broad audiences.

A broad audience can be defined as a group of people who
iffer in terms of age and culture, and who typically lack specific
omain knowledge of a given topic [3]. When targeting such an
udience, prior work has shown that data can be made more
ngaging and memorable when embedded in a narrative [8].
emorability can also be encouraged with bespoke visualiza-

ions that are adapted specifically to the data of interest, rather
han a more generic, e.g., scatter plot visualization [9]. Interac-
ivity may also encourage more active user engagement with
he data [3]. When visualizing complex data such as those from
edicine, broad audiences also prefer design choices that sup-
ort a clear, engaging, and understandable presentation of the
nformation [10]. In line with the research mentioned above, our
wn work aims to apply these insights to effectively visualize
omplex medical data for broad audiences, using narrative-driven
pproaches, customized visualizations, and interactive features to
nhance engagement and comprehension.
230
2.2. Visual data storytelling essentials

A visual data story consists of four essential components [11]:
1. Story pieces: The content and/or information that is con-

veyed through the story, e.g., through text or visualization.
2. Structure: The way the content of the story is composed to

control the flow of the scenes and navigation through the
story.

3. Characters: People or objects that can be either real or
fictive who carry out actions in the story.

4. Conflict: Problem(s) or challenges that the characters must
solve to build tension.

tory pieces are composed of visualizations of the most impor-
ant facts of the story to be communicated, e.g., with data [12].
tory elements such as labels, arrows, motion, audio, and textual
xplanations [13,14] typically complement these visualizations
o emphasize the key story facts. We primarily use data visual-
zations, text descriptions, and icons in our data-driven stories.
tory content can then be structured into a series of acts that

are integrated into a story arc that defines the narrative progres-
sion of the story. Aristotle’s tension arc is a common Western
narrative visualization story structure [15], which divides the
story content into three acts: (1) an introduction, (2) a climax,
and (3) a denouement. These can be further divided into up to
seven acts [16]. Both of our data-driven stories follow a five-act
structure, namely Freytag’s Pyramid. Story characters and the
main story conflict may be introduced throughout these acts,
with the conflict reaching a peak in the climax and reaching a
resolution in the final act. Because our data-driven stories focus
on disease, our characters are both patients and doctors, and the
conflict comes from being affected by the disease while striving
to live a healthy life. Each act further divides into scenes, which
arrange into a story path. A story can be linear (having only one
story path) or elastic (offering multiple optional story paths or
branches diverging from a main path). We chose the latter to al-
low users to view additional information, such as an explanation
of the medical imaging device used to make the diagnosis. Scene
transitions require animation or interaction to progress along a
story path [1].

2.3. Narrative visualization strategies.

Narrative visualization leverages these storytelling essentials
with data. A given story structure with its various story pieces
and scenes may be presented in several different styles, so-called
narrative genres. Segel and Heer [1] discriminated seven genres:
Magazine Style, Annotated Chart, Partitioned Poster, Flow Chart,
Comic Strip, Slideshow and Film/ Video/ Animation. These genres
are not mutually exclusive and can be combined. Our work uses
the Slideshow genre for one of the two presentation methods for
evaluation. In this genre, slides may be fully static, or contain ani-
mations. The sequencing and transition techniques for slides have
been investigated in detail by Hullman et al. [17] and served as
inspiration in our presentation design. The second genre that we
investigated in this study, known as Scrollytelling, is a long-form
article rich in images and multimedia that is common in online
journalism. It is broadly thought to have been introduced in 2012
by the New York Times [18] and examined in detail by Seyser
and Zeiller [7]. Recent work provides a more general overview of
Scrollytelling techniques [19,20]. The Slideshow and Scrollytelling
use fundamentally different navigational techniques. While in a
Slideshow, users navigate between slides through discrete clicks
or taps, Scrollytelling enables a continuous navigation experience
by scrolling via either a mouse or trackpad.

The choice of narrative genre exerts some influence over the
interactivity of the data-driven visual story, which ranges from
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uthor- to reader-driven [1]. A fully author-driven story, often
ntended for live presentations, consists of static visualizations
n a linear story path with no interactivity. In contrast, fully
eader-driven stories have no strict story path or ordering and
xhibit extensive interactivity. It is debatable whether reader-
riven stories belong to narrative visualization since the author
annot ensure that a message has been conveyed when the user
as considerable freedom to explore the story.
Interactive visualizations lie between these two interaction

trategies, combining and balancing aspects of both through a
tructured narrative with limited interactive elements. Segel and
eer [1] defined an Interactive Slideshow to follow an author-
riven format to navigate between slides with reader-driven in-
eractions available within each slide. Other hybrid interaction
tructures have also emerged. The Martini Glass structure begins a
tory in an author-driven format to ensure that the user views the
ntended content before opening up later in the story to allow for
eader-driven free exploration. Our implementations of the BAV
tories follow this approach.
Many additional elements enter into the design of narrative

isualization related to genre and interactivity. Hullman and
iakopoulos [14] propose a framework to classify several of
hese elements. They differentiate multiple editorial layers of
narrative visualization, starting with the data and continuing up
to user interactions. They additionally describe rhetorical tech-
niques, which include visual metaphors, individualization, and
filtering. The narratives of data-driven stories can be expressed
in different so-called narrative design patterns, e.g., humans-
behind-the-dots, that align with the story author’s messaging
intent and target audience. Bach et al. [21] introduced eigh-
teen narrative design patterns for telling data-driven stories.
Edmonds and Bednarz [22] build on these works analyzing nar-
rative visualization elements to derive a categorical classification
of data-driven stories in terms of the strength and persistence of
traditional narrative structures, e.g., Aristotle’s tension arc. Cur-
rent narrative visualization research focuses on story generation
and story editing using machine learning techniques [23–25].

2.4. Narrative visualization for medicine.

While narrative visualization has become popular and acces-
sible for information visualization [26,27], there is little research
for combining medical visualization with narratives [5]. Research
in this area focuses mainly on volume data, including Höhne [28],
who presented a first approach for interactive exploration of
volume data in the context of a museum exhibition, and Wohl-
fart and Hauser [29]’s authoring tool for generating interactive
medical stories based on volume data. However, medical data
also include non-spatial data, 3D models, and flow data that are
important to tell data-driven disease stories. Our study uniquely
includes these different data sources as the story pieces to our
two stories.

Sallam et al. [30] studied the effect of data-driven medical
videos on users’ attitudes towards healthy lifestyle changes. Their
findings indicate that such videos should convey concrete solu-
tions to medical problems, and adapt the level of threat in the
messages to the users’ perception of risk. We incorporate these
recommendations in both presentation styles of the two data-
driven disease stories created for our study. Our work builds
on the previously-designed stories for narrative visualization of
aortic blood flow [6] and Cerebral Small Vessel Disease [31,32].
These stories follow some of the concepts proposed by Meuschke
et al. [5], using the same tension arc as well as certain parts of
their proposed template, e.g., the presentation of a patient. The
main focus of this work, however, is to examine the narrative
genre in terms of user behaviors, transitions, navigation, and
interaction.
231
3. Medical background

In the following, we describe the medical background of our
disease stories. We briefly introduce the disease itself as well
as the data used for its diagnosis, which is used to build our
data-driven disease stories.

3.1. Bicuspid aortic valve (BAV)

Cardiovascular diseases (CVDs) are a leading cause of death
worldwide, with these numbers only increasing each passing
year [33]. Early and accurate assessment of individual patient risk
and disease severity is crucial for providing effective treatment.
CVDs lead to deformation of the vessel geometry, which can
cause quantitative and qualitative changes in blood flow [34]. To
determine the severity of CVDs, physicians examine blood vessel
morphology and internal blood flow [35,36]. One image modality
used for this purpose is four-dimensional phase-contrast mag-
netic resonance imaging (4D PC-MRI), which allows for non-
invasive measurement of patient-specific blood flow.

One specific type of CVD that 4D PC-MRI is particularly useful
for evaluating is bicuspid aortic valve (BAV) disease, in which
two of the three leaflets of the aortic valve are fused. The resulting
change in blood flow can lead to aneurysm formation, which is
a dilation of the vessel wall that can rupture and cause serious
harm to the patient [37]. An aneurysm also increases risk of
impaired heart function and aortic wall problems in patients with
BAV, who require regular monitoring [38,39].

3.2. Cerebral small vessel disease (CSVD)

Cerebral small vessel disease (CSVD) describes a range of
disorders resulting from the malfunction of tiny blood vessels
in the brain that are destructive to the surrounding brain tis-
sue [40]. It is more common than stroke, occurring 6–10 times
more frequently, and is the most frequently observed incidental
finding on brain imaging studies [41]. Over time, CSVD can lead
to motor and cognitive dysfunction and greatly increases the
risk of dementia. CSVD is diagnosed using magnetic resonance
imaging (MRI), which can show different kinds of brain lesions
that indicate the severity of the disease. Biometrics data, such as
patient blood pressure, is also useful in diagnosis.

Though affecting a substantial proportion of the population,
most people have never heard of CSVD. As such, it is a ripe topic
for meaningful scientific education and outreach. Additionally,
preventing early-onset or serious CSVD later in life is straight-
forward at the individual level by maintaining a healthy lifestyle
and monitoring one’s blood pressure regularly.

4. Story authoring

For the BAV story, we used 4D PC-MRI data acquired before
and after BAV treatment. We used the software Bloodline [42] to
generate visualizations of the aorta and internal blood flow. The
CSVD story uses MRI data from the brain and segmentation masks
of the lesions as well as tabular data capturing patient risk factors
from the University Hospital Magdeburg. We supplemented the
stories with photos, illustrations, and icons. A detailed description
of the visual elements in the stories, as well as the design process,
can be found in the works of Kleinau et al. [6] and Mittenentzwei
et al. [31].
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Fig. 1. Structural overview of the CSVD and BAV stories. The graphs represent the higher-level structures of the two stories embedded in Freytag’s Pyramid.
Diamond-shaped story nodes mark the start and end scenes. Each circular story node represents a thematic section (act) within the respective story. Downward
branches and dashed lines indicate optional paths that users can voluntarily visit.
Fig. 2. Excerpts of the stories implemented using different tools where (a) shows the CSVD Slideshow in Unity, (b) the BAV Slideshow in PowerPoint, and (c) the
crollytelling version of the BAV story in ScrollyVis.
.1. Comparison of story boards

Both stories follow a similar structure by using Freytag’s Pyra-
id, see Fig. 1. The CSVD story has multiple optional branching
aths at its beginning and end, while the BAV story follows a
artini glass structure more closely, with most branching paths
t its end. These optional branches offer in-depth or additional
nformation on selected aspects of the story, e.g., the functioning
f MRI or additional disease information. Offering optional paths
n the story allows the users to determine the level of detail of
he story, making it suitable for a wider range of users. This is
ecessary to make this disease information accessible to a general
udience.
Both stories incorporate a short explanation of MRI as well as a

ictional patient as the main character. While the BAV story uses
stylized cartoon character who is neutral in terms of age and
ender, the CSVD story contains a more realistic depiction using
hotographs. The CSVD story also contains a supporting character
n the form of the treating physician.

.2. Genre implementation

We used the Slideshow and Scrollytelling narrative genres to
reate the stories described above. We wanted to investigate
hich navigation method is easier for a broad audience to use,
hether the resulting transitions are perceived as pleasant, and
hether the amount of interaction is enjoyable. Furthermore,
e wanted to investigate the influence of the navigation method
232
on user behavior, e.g., if users tend to spend more time within
the story of a certain genre. The implemented prototypes can
be found via the following hyperlinks for BAV Slideshow, CSVD
Slideshow, BAV Scrollytelling and for CSVD Scrollytelling.

4.2.1. Slideshow-based navigation
The first implementations were based on a traditional

Sildeshow, where users interact by clicking to navigate through
the slides. To create the BAV Sildeshow we chose
Microsoft PowerPoint. The CSVD Slideshowwas implemented using
the game engine Unity. Each slide contains a navigation bar and
a progress bar which orients the user to where they are in the
story, and howmuch remains in case they are struggling to follow
along. To access additional information, the user can click on
underlined text comments in the BAV story or animated icons in
the CSVD story.

To visualize blood flow in the BAV story, the animations cre-
ated with Bloodline are converted to GIFs and inserted into the
stories. This ensures that the videos play automatically, so that
there are no missed video experiences. The motion from the
video also draws the user’s attention to the blood flow. The CSVD
story contains static MRI data. Animated icons are used to indicate
interaction possibilities with the visualizations, such as rotation
and clipping on 3D models.

PowerPoint’s feature to move to the next slide when clicking
on any non-interactive slide elements makes accidental switch-
ing between slides very likely. Another challenge was over-
coming PowerPoint’s slide show aesthetics when using other
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ransition techniques such as more gradual transitions. This was
ften just possible through careful slide design. For gradual tran-
itions, slides were kept nearly identical with minimal changes,
hich, combined with morphing or inconspicuous slide tran-
itions, creates a visual effect of continuous change within a
lide.
In summary, using PowerPoint brought some limitations to

he story design, compared to Unity. The interaction functionality
f PowerPoint mainly consists of different slide transitions while
nity is specifically designed to create interactive media and thus
ffers more possibilities for including interactions within slides.
owever, to create a Slideshow in Unity, the story author has
o have basic coding knowledge. Furthermore, a powerful game
ngine like Unity is not intuitive for inexperienced users, and
ay often be overkill. Using PowerPoint to create a Slideshow is

much quicker and easier for users who have no experience with
game engines or coding. However, exploiting the functionalities
of PowerPoint to create a narrative Slideshow is still complicated
and time-consuming.

4.2.2. Scrollytelling-based navigation
We used the ScrollyVis Editor [43] to re-create both stories

using the Scrollytelling genre. The main interaction method here
is scrolling, but some click interactions are added to enable se-
lection of story path branches. While the content of each of the
two stories is identical in both genres, one main difference in
interacting with the story is how the user deviates from the
main story path via these branches. In Scrollytelling, the users
must actively decide whether they want to go an optional path
or not. Branching in the Slideshow is integrated into a scene as
a highlighted interactive comment or animated icon. The visual
design of the ScrollyVis implementation follows a dark theme,
see Fig. 2(c). This was a design standard predefined by the editor,
which was previously evaluated in a user study [43].

A main feature within the ScrollyVis Editor is the navigation
tree on the side to follow the progress of the story, similar to the
progress bar in PowerPoint. In addition, the implementation of
the text structure differs between the Slideshow and Scrollytelling
genres. In PowerPoint and Unity, slide text can be displayed
sequentially in an animation, so that multiple text items can
be displayed at the same time. ScrollyVis takes care of building
text by scrolling instead so that a maximum of one text block
is displayed at a time. Furthermore, interaction with elements
inside the story (such as rotating a 3D object) only works through
scrolling. The only exception is videos that contain play and pause
buttons.

The ScrollyVis editor does not have an option for including
GIFs. We used videos instead to include animations that were
inserted as GIFs in PowerPoint as well as advanced interaction
techniques (such as clipping a 3D model) used in Unity. When a
new video in ScrollyVis appears, it starts automatically. It can be
paused at any time by scrolling further down or using the pause
button. This makes the videos more interactive than the GIFs, but
less interactive than the Unity story implementation.

5. Evaluation

We conducted a user study to investigate the influence of
different genres and topics in terms of interaction, navigation, and
transitions in the context of our specific use cases. We focused on
the following aspects and defined three research questions (RQs):
Interaction. The stories offer different amounts of interaction
ranging from GIFs and videos to rotation and clipping of 3D
objects. Therefore, RQ1 investigates: ‘‘How does interaction in-
fluence usability throughout the story?’’. We investigated if par-
ticipants preferred a certain amount of interaction and how the
amount influenced the time they spend in the story.
233
Navigation. Our stories offer two main strategies for navigation,
vertical navigation via scrolling and horizontal navigation using
clicking. Furthermore, optional story branches can be accessed
in different ways. Based on these options, RQ2 investigates: ‘‘Is
vertical navigation, via scrolling, or horizontal navigation, using
clicking, more efficient for visual storytelling?’’. By comparing
different navigation techniques, we explore if participants pre-
fer one technique over another and if they influence the paths
participants take through the story.
Transition. Our stories are rather complex, covering several as-
pects of diseases that most participants are unfamiliar with. Thus,
RQ3 investigates: ‘‘To what extent do the genre-specific transi-
tions influence the usability and aesthetics of the story?’’. We
investigated if transitions between story sections were found
pleasant and if users were able to follow the central theme in
the different story versions.

5.1. Study design and participants

The study was performed with 85 participants (51 male, 31
female, 3 nonbinary), with an age range from 8 to 61 years (mean
age: 27.32). Most participants had a high school diploma, a bach-
elor’s or master’s degree. We acquired participants at the Long
Night of Science, a university event aimed at the general public.
Additional participants were recruited through invitations and
announcements to university students. We screened out students
enrolled in medical courses. We conducted a between-subject
design study in which each participant interacted with one of the
two story implementations. We divided participants so that 22
viewed the slideshow implementation and 23 the scrollytelling
implementation of the BAV story. The CSVD versions were viewed
by 20 participants each.

All implementations were presented on two Wortmann Terra
All-in-One-PC 2211 with an Intel Core i3 with 3.4GHz, 8GB RAM,
an Intel HD Graphics 2500. Each PC had a 21.5’’ touchscreen with
Full HD (1920 × 1080) resolution.

Participants used touch input only to interact with the story
during the study. After experiencing the story, participants were
asked to fill out a qualitative questionnaire. This questionnaire
contained questions regarding participant demographics, user ex-
perience of the navigation types (clicking and scrolling), and
knowledge checks to verify if the intended messages were re-
ceived. The results of the knowledge checks did not differ from
the findings in the prior work of Kleinau et al. [6], where almost
all of the participants answered most questions correctly. We are
not able to draw conclusions to evaluate our stories in terms
of interaction, navigation, and transitions from the knowledge
checks. Therefore, we do not discuss the results further in this
paper.

We logged the time each participant spent at each story node.
In the Slideshows, a story node is a single slide while in the
Scrollytelling implementations a story node describes one ele-
ment that can be faded in and out via scrolling (e.g., a text or
image). To improve the comparability of results, we aggregated
the measurements of multiple story nodes for Scrollytelling. For
instance, in the CSVD story, we aggregate time spent in all story
nodes that relate to the explanation of MRI. This includes text
as well as video story nodes. Data logs are not available for all
participants, due to errors when mapping the time measurements
to the questionnaire results, e.g., because participants did not
enter the correct ID. 10 data logs that cannot be mapped to a
questionnaire were excluded from this analysis.

The times for the first and last node were excluded for every
participant because the stories were often idle in these positions,
either when waiting for the next participant or while a participant
filled out the questionnaire. Furthermore, data logs that were
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Fig. 3. Participant responses to usability questions for the Slideshow and Scrol-
lytelling versions of the BAV and CSVD stories. We parameterized the responses
to the Likert scale, by giving them numbers from one to five, to calculate the
mean (µ) and standard deviation (σ ) per story version for each question.

recorded after the last visit to the end node were excluded.
Participants must terminate the story at the end node to obtain
the ID needed to complete the questionnaire. Thus, the data
logs that were saved after visiting the end node are most likely
caused by to participants going back in the story to complete the
questionnaire or provide qualitative feedback on specific aspects
of the story. In the Scrollytelling version of the BAV story, one
outlier was excluded. This participant had more than twice as
many slide transitions as the other participants.

We also observed participants navigating the story and docu-
mented what issues emerged using the think aloud method [44].
The questionnaires and study data are included as
supplemental material.

5.2. Results

In this section we discuss the results of our user study in terms
of interaction, navigation and transitions within the limits of our
use cases.

5.2.1. Interaction
Our first question pertained to the relationship between in-

teraction of the genres and story usability (RQ1). Participants
rather disagreed when asked if they would prefer to interact
less with the story (Fig. 3, statement 2). They generally agreed
that it was easy to interact with the story through scrolling or
clicking, with higher agreement when clicking (Fig. 3, statement
3). It is noticeable that the CSVD slideshow was rated the best. The
234
interaction with the CSVD story was rated to be intuitive, with
slightly higher agreement in the Slideshow (Fig. 3, statement 4).

Additionally, participants reported that the interaction with
the BAV Slideshow was sometimes perceived as sluggish, with
buttons not always responding immediately when pressed. When
interacting via scrolling, we found that users needed more guid-
ance. Participants struggled at first to understand that they should
scroll to interact with the story. Some described this interac-
tion as not very intuitive. Some participants were unsure when
to continue scrolling when a video was shown, as the video
started again when it was finished. One participant proposed to
automatically show accompanying texts when a video is shown.

The participants spent a considerable amount of time at the
first story nodes, which contained interactive or animated con-
tent, such as a blood flow animation video in the BAV story and
nodes titled ‘‘MRI’’ and ‘‘Disease’’ in the CSVD story, see Fig. 5.
However, the participants did not stay as long at later nodes with
interactive or animated content.

5.2.2. Navigation
We next discuss participant behaviors related to RQ2, which

investigates the different navigational methods for the respective
Slideshow and Scrollytelling genres. Fig. 5 shows how participants
navigated through the stories. On average, participants stayed
5 min 34 s (min: 3 m 40 s, max: 8 m 50 s, σ : 1 m 23 s) in
the CSVD Slideshow, 4 min 18 s (min: 2 m 38 s, max: 6 m 41 s,
σ : 1 m 11 s) in the BAV Slideshow, 6 min 13 s (min: 2 m 37 s,
max: 9 m 54 s, σ : 1 m 50 s) in the CSVD Scrollytelling, and 7 min

s (min: 2 m 46 s, max: 12 m 23 s, σ : 2 m 21 s) in the BAV
crollytelling. We were not able to find any differences between
ubgroups defined by gender, age, and education. The CSVD story
ffers more optional story branches in the beginning compared
o the BAV story. Fig. 5(a) and (c) show that many participants
ook these branches, leading to the time lines being spread wider
long the x-axis of Fig. 5. Since the BAV story follows the Martini
lass structure, most participants follow a rather linear click-path
f the story until several optional branches are offered at the end,
ee Fig. 5(b) and (d). Only a few participants chose to view the
ptional story branches at the end of the BAV story, while the
ptional information in the beginning and middle of the story
ere more frequently viewed. Some optional paths at the end
f the story were not visited at all. Fewer participants viewed
his additional information in the BAV Slideshow compared to
AV Scrollytelling. Participants viewing the CSVD Slideshow and
he BAV Scrollytelling versions were more likely to go back in the
tory, showing in the more frequent appearance of jagged lines
n Fig. 5(a) and (d). Only a few participants decided to go back
o multiple story nodes. Across all participants, the average time
pent on the same story nodes in each story version is similar.
Participants’ comments about the Slideshow mainly concerned

avigation. The transitions between slides were stated as good-
ooking by one participant and too slow by another. Participants
oted that navigation from left to right was aligned with the read-
ng direction. Participants wanted an option to switch directly
etween non-adjacent slides, such as an interactive menu bar to
witch to specific scenes. Many participants felt that the scrolling
peed was too slow. One participant did not recognize they could
croll up again. Some participants only scrolled on the right side
f the screen, while scrolling was possible everywhere.
Some participants did not understand that they should keep

crolling after clicking on story nodes (see Fig. 4(b)) at branch-
ng points at the story and expected something to happen di-
ectly. The graph on the side describing the structure of the story
as appreciated; participants wished they could navigate directly
ith it.
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Fig. 4. Interaction design for deviating from the main path for the (a) BAV
Slideshow and (b) BAV Scrollytelling version of the story.

5.2.3. Transition
We next discuss participants’ ratings on story transition aes-

thetics and usability (RQ3). For all stories, most participants
agreed that they could follow the central theme of the story
(Fig. 3, statement 1). The answers for both versions of the CSVD
story include a noticeably larger span. The transitions between
the individual sections were also rated slightly more pleasant
in the Slideshow, but still with high ratings for both (Fig. 3,
statement 5). The navigation speed was perceived as appropriate,
with a higher agreement in the Slideshows (Fig. 3, statement 6).
t was additionally perceived as slightly easier to go back to an
lready covered section in the Slideshows, however, due to an
mplementation error, for the BAV Slideshow the answers of the
first 10 participants could not be included in this question (Fig. 3,
statement 7).

Logging the transitions users triggered while navigating the
stories, we are able to see that users revisited previous story
nodes more frequently in the Scrollytelling implementations. The
difference is especially noticeable for the BAV stories. An average
of 3.17 (σ : 4.41) transitions to previously visited nodes were
made in the BAV Slideshow and 10.43 (σ : 14.13) in the BAV
Scrollytelling. Users transitioned 7.75 (σ : 9.6) times to previously
visited story nodes on average in the CSVD Slideshow. In con-
trast, 8.58 (σ : 9) transitions were made on average in the CSVD
Scrollytelling.

Overall, participants reacted positively to all stories. Multiple
participants stated they would like to look at such stories in
their free time. Feedback included that the story was fun, and
that it reminded them of digital information boards in museums,
where the length of the story was remarked as reasonable. Some
participants wanted more detailed information, e.g., how specific
steps of the BAV therapy worked, or a more detailed explanation
of terms like 4D PC-MRI. The visualizations of the blood flow
in the aorta were hard to recognize for some participants, and
differences before and after treatment were recognized by vessel
shape rather than blood flow. In both stories, smaller technical
problems were discovered, such as confusing zooming behavior.

Slide numbers in the BAV Slideshow were commented by
one participant as unnecessary and were confusing when they
jumped through the additional slides. The arrows used for navi-
gation in the BAV Slideshow could be included better in the overall
slide design. One participant was confused by additional arrows
not used for navigation but to highlight parts of the visualizations
in the story. The structure of some slides of the CSVD story was
not clear. This is because they were thought to be too crowded
with charts and text. This led to participants not knowing how
to interact further with the story, which might be connected to
the negative rating in Fig. 3 (statement 3). Participants with more
slide transitions rated the transitions as slightly less intuitive and
pleasant in the questionnaire.

6. Discussion

We explored two concrete use cases for narrative visualization

in medicine by creating patient-centered stories about BAV and a

235
CSVD. Our study exposes a number of interesting results to probe
further in terms of story interactivity, navigation, and transitions.
In the following, we discuss our research questions in context of
our results.

6.1. Discussion of research questions

RQ1: How does interaction influence usability throughout the
story? Most users did not wish to have fewer interaction pos-
sibilities, see Fig. 3 (statement 2). These results do not seem
to be influenced by the topic or genre. Apart from the CSVD
Scrollytelling having slightly more participants who wished to
interact less, there is no noticeable difference between the stories
that mainly used videos (Scrollytelling), GIFs (BAV Slideshow) or 3D
nteraction (CSVD Slideshow), see Fig. 3 (statement 2). This means
hat it might be less important how many interaction possibilities
story offer, as long as these are embedded well in the overall

low of the story.
In the Scrollytelling implementation of the BAV story, many

articipants stayed rather long at the first story node (‘‘Vortices’’)
ontaining the blood flow animation as a video, see Fig. 5(d).
he same can be seen for the nodes ‘‘MRI’’ and ‘‘Disease’’ in the
crollytelling version of the CSVD story, see Fig. 5(c). However,
ig. 5 does not show that participants stayed as long at later story
odes with interactive or animated content. This might be caused
y participants needing more time to familiarize themselves with
he video implementation, or by a greater level of curiosity when
ncountering the first animated story content.
Q2: Is vertical navigation, via scrolling, or horizontal navi-
ation, using clicking, more efficient for visual storytelling?
n general, interaction to navigate the Slideshow was considered
asier and more intuitive than scrolling, see Fig. 3 (statements 3
nd 4). This may be because clicking remains a more common and
amiliar way of navigating Slideshows. The slow scrolling speed
egatively impacted the user’s perception of scrolling, see Fig. 3
statement 6). This might also be a reason why participants stayed
onger in the Scrollytelling implementations. The study results
n favor of clicking rather than scrolling could be interpreted
o mean that clicking is the more favorable interaction mode.
owever, there are multiple ways to implement scroll-based
torytelling and our evaluation considers only one of these.
The problem of participants not realizing that they should

croll after decision nodes could be solved by displaying the
ontinuing text directly when a decision is made. The influence
f scrolling speed is another open question that this study does
ot address. Simply assessing scrolling as less intuitive does not
ccount for the success of scrolling in digital articles and social
edia [45]. Additionally, interaction via scrolling led to an in-
reased number of people revisiting previous story nodes. This
ight be caused by the story nodes being smaller components
f the visualization, e.g., a single text block or an image in-
tead of a whole slide. This may make users feel that returning
o an early point of the story takes too much time or effort.
owever, returning to an previously-covered section was rated
ore negative for the Scrollytelling implementations compared

o the Slideshows, see Fig. 3 (statement 7). This might be caused
y the slow scrolling speed, making it cumbersome to go back
ultiple sections of the story. All story versions contained an

nteractive view, where the participants were asked to make
he correct diagnosis for the patient based on the information
resented previously. All four plots in Fig. 5 show that many
articipants went back to previous story parts to look up the
elevant information before making a decision. This implies that
his kind of quiz inside a story can be used to draw the users’
ttention to certain information.
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Fig. 5. Logging of the click paths of the participants, for (a) the CSVD Slideshow, (b) the BAV Slideshow, (c) CSVD Scrollytelling, and (d) BAV Scrollytelling. Each line
epresents a participant. Darker areas indicate that the data of multiple participants overlap. The size of the circles shows how long a participant stayed at a certain
ode of the story. The x-axis shows the number of transitions between different views in the story, e.g., changing a slide in the slideshow. The y-axis shows the
ifferent (aggredated) story nodes, their color-coding indicating to which part the story node belongs in the Freytag’s Pyramid, see Fig. 1. Story nodes containing
nteractive visualizations or animations are marked by a triangle , and optional story branches are marked by an empty outlined circle . Story nodes that are
nteractive and optional are marked by an outlined triangle . The time spent at the first and last story nodes is excluded because the stories were often idle in
hese positions. Instead, we mark these nodes with a diamond glyph of fixed size.
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The optional story branches after the end node of the BAV
tory were visited by very few participants, while optional infor-
ation within the story was viewed more frequently. This may
e because the optional branches were poorly integrated into the
ain story line. Additionally, these branches are not part of the
atient’s story, and therefore may be of less interest to users.
n average, participants stayed longer in the Scrollytelling stories
han in the Slideshows. This matches our other observation that
articipants tend to revisit previous story nodes more often when
sing Scrollytelling.
Participant comments suggest that further research is needed

nto the impact of slide numbers as a navigational aid. Slide
umbers may contribute to visual clutter with poor aesthetics.

Q3:To what extent do the genre-specific transitions influence
he usability and aesthetics of the story? The questionnaire
esults show that topic had a larger influence on how easily
articipants were able to follow the story compared to genre, see
ig. 3 (statement 1). The CSVD stories were rated very positively.
owever, following the story was rather hard for a few users,
specially in the case of the CSVD Slideshow. This might be due
o the CSVD Slideshow introducing more interaction within slides,
hich might have distracted participants from following the story
ontent. This also matches our prior observation that the interac-
ion with the CSVD Slideshow was difficult for some participants,
ee Fig. 3 (statement 3).
The implementation used for scrolling in this work deviates

rom scrolling in online news pages by first fading out a scene
efore showing the next one. This might have caused the story
o be perceived as unintuitive, leading to participants rating the
ransitions of the Scrollytelling versions as slightly less pleasant,
ee Fig. 3 (statement 5). The transitions of the BAV Slideshow
implemented in PowerPoint) received the best rating, see Fig. 3
statement 5).
236
The number of user comments on transitions indicates a size-
ble impact of ease of navigation on the quality of interaction.
ur evaluation highlights the importance of easy and fast transi-
ions between neighboring slides, and ways to transition directly
etween non-neighboring ones.

.2. Discussion of study design

Conducting the study as part of a larger event meant that
articipants were not required to take the time to complete a
uestionnaire, which may bias our results in favor of people
njoying our story. This would influence our general study results
ut does not affect the comparison of the two genres, as the
ias applies to both cases. However, in future studies participants
pting out of the questionnaire should be counted and reasons
ollected. Our results present a proof-of-concept for creating and
valuating the role of narrative genres on user preferences and
ehaviors in data-driven disease stories. However, the ease of
mplementation and results were greatly impacted by the chosen
oftware and its technical limitations.
The results of our study are based on only two stories. This

ame with tradeoffs, e.g., regarding the choice of transitions and
nteraction opportunities. We created a storyboard that could fit
oth genres, Scrollytelling and Slideshow, to allow the implemen-
ation of the same story in both genres. This means that we
ere only able to explore a small part of a larger design space.

n contrast to Slideshows, where it is common for the content
f an entire slide to change, Scrollytelling often uses advanced
echniques to create more sohphisticated transitions [19]. There-
ore, our results do not provide fully generalizable insights but a
tarting point for further research in this area.
The development of our stories highlighted the need for spe-

ialized software that could, for example, support story design in
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ultiple languages or provide easy-to-implement navigation con-
rols to generate multiple story paths or switch directly between
lides. In addition, the consistent integration of different media
elated to their style was a challenge that affected the perceived
uality of the results. A corporation with professional designers
ho work, for example, for the New York Times, could further

mprove the story interface in terms of fonts, color scales, and
ayouts. However, the focus of our proof-of-concept centered on
arrative genre interaction, navigation, and transitions, as well as
essons that can be learned for similar projects.

. Conclusion

We presented an evaluation for how narrative visualization
nd different interaction, navigation, and transition techniques
an be used to explain medical data to the general public. In the
ollowing, we summarize our major lessons learned and derive
mplications for the design of and future research into data-driven
isease stories. Since we only explored two use cases for the
enre implementations, which cover only a small part of the
esign space, the generalizability of our results is rather limited.
nstead, our work focuses on deriving initial lessons learned and
roviding many options for future work. Future generalizations
ill require a larger set of stories implemented using a broader
ange of the available design space, such as different transition
tyles.
We implemented the stories in a Slideshow genre with stan-

ard clicking interaction, and in the Scrollytelling genre via
scrolling interaction. Study results show a preference for interac-
tion via clicking, however, it may be that the scrolling interactions
were not sufficiently optimized. It would be interesting to com-
pare other interaction styles, such as a continuous data story
when scrolling, instead of showing and hiding content. Different
scrolling speeds should also be explored in future studies to im-
prove ease of use. In addition, Slideshow formats can be compared
with other genres, such as data comics and data videos.

We mainly followed the Martini Glass structure for the BAV
story but optional paths at the end of the story were rarely
viewed. Based on our study results, we would therefore suggest
including optional paths wherever possible throughout the story
rather than at the end. Further studies are needed to evaluate
how optional paths can be included in a story and what kind
of optional information should be presented. The degree of in-
teraction within the data visualizations had little influence on
the users. Stories with GIFs (BAV Slideshow) and videos (BAV
Scrollytelling and CSVD Scrollytelling) received similar results for
usability and data logs compared to the CSVD Slideshow contain-
ing the possibility to rotate and clip 3D objects. Providing the
users interactive tasks, such as providing a diagnosis, can be used
to draw their attention to certain information presented in the
story. However, we cannot say if this interaction is perceived as
entertaining (e.g., following the principle of gamification) or if
it leads to higher engagement or memorability. This presents an
opportunity for future work.

Many users commented on the quality of transitions and nav-
igation elements. These elements have a high impact on how
enjoyable users find the story. News sites can be an important
inspiration for addressing many of the negative comments made
by study participants, and we advise authors of future stories to
consider the techniques used by popular media outlets. For ex-
ample, if participants do not realize they are supposed to scroll at
the beginning of the story, having text that only partially appears
at the bottom of the screen could remedy this issue. Following
the suggestion of many of our participants, navigational elements
should be included to allow transitions to non-adjacent story
nodes. Further studies are needed to investigate how the quality
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of transitions and navigation can be improved in different gen-
res, leading to a more seamless and engaging story experience.
While prior work focuses on visualization-to-visualization transi-
tions for Scrollytelling of information visualizations, future work
is needed to investigate those transitions for scientific visualiza-
tions, as well as between scientific visualizations and information
visualizations.
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