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Visualization approaches have been successfully applied to a variety of application
fields. Continuously published novel visualization approaches reflect the need for and
success of visualization approaches. However, when looking at visualization
techniques that designers apply in real-world applications targeted at a larger user
group (e.g., medical experts, engineers, journalists, and public authorities), novel,
published approaches hardly end up being used in real-world scenarios. The lack of
readily available visualization software solutions and guidelines on applying these is
unfortunate, especially since data science and data analytics are emerging fields, with
many users needing data visualization. As shown in the different use-case scenarios
outlined in this issue, implementing novel solutionswithin existing domainworkflows
is still a significant challenge for visualization researchers and domain experts.
Challenges and guidelines for integrating interactive visualization applications in
existingworkflows are outlined in different real-world applications presented in this
issue. The papers in this issue cover various domains and data types and comprise
success stories of visualization approaches in different application domains.

The need for interactive visualization applica-
tions for understanding complex datasets and
scenarios is accepted by experts from various

different application domains.7 This is also due to the
fact that with the progress of digitization, enormous
amounts of data are continuously collected, and
experts somehow need to make use of this vast
amount of information.9 The ability to turn data into
insights and actionable decisions plays an increasingly
important key role in many different domains.4

However, the development of visualization solu-
tions remains domain specific, with a lack for readily
available and easy-to-use software tools.8 Available
visualization applications that can be used without
programming skills are commercial and not freely
available,2 and are in many cases not suited for spe-
cific types of data (e.g., time series, geographic, and
spatial data). The usage of Open Source visualization
libraries is targeted toward users with programming
skills,1 which is often not the case for domain experts.

Further, the application of visualization techniques
lacks guidelines5 on when to apply which technique to
achieve a certain goal or fulfill a certain task.

Even the development of new visualization solu-
tions for domain-specific problems is still a complex
process. Models have been researched that describe
this process, such as the nested model,6 whose struc-
ture is very helpful in the development of new solu-
tions. Only in the last years field studies for validation
are increasingly conducted in a structured way.3 Nev-
ertheless, the validation by the adoption rate, which
might be more interesting for the application areas,
still plays a secondary role.10

VISUALIZATION IN THEWILD
We identified several factors that further enable the
integration of interactive visualization in existing
workflows, but also several factors that hinder the
application of visualization.

Conducive Factors
Data understanding. In all cases, domain
experts identified visualization as the primary tech-
nique to get insights into large amounts of data—
even before the research project started. Over the
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past years, the overall data and visualization literacy in
the general public have increased due to the perva-
siveness of visualizations during the pandemic and in
everyday life.

Human in the loop: Especially when dealing
with automated methods, domain experts agreed that
visualization is needed to understand the output and
relevance of automatically produced results. Human
judgment is always required at the end, especially
when decisions need to be made, and in this case,
domain experts need to be able to compare with real-
world data to judge and evaluate the automatically
generated results.

Participation: Domain experts are willing to par-
ticipate early in the visualization design process. Using
low-fidelity prototypes and quick first results, using
the data provided by the domain experts, increases
the possibility for participation and brings the oppor-
tunity to define the final requirements better.

User experience: Users tend to use applications
where they can see a clear benefit. If the benefit is
large enough, they are willing to accept minor techni-
cal problems.

Hindering Factors
Data preparation: Data readiness is still seen as
a significant challenge, and data preparation before
being able to visualize it takes up a substantial
amount of time in every project. Data preparation
(often referred to as data wrangling) also comprises
checking data quality and handling common data
issues (e.g., missing data).

Trust: Although visualization literacy generally
increased, domain experts are still reluctant to trust
what they can see in a data visualization fully. The
need for transparency, legibility, agency, and direct
interactions with underlying data characterizes the
agenda of the emerging field of data visualization.
Increasing trust in data visualization can also mean,
for example, to include additional statistical measures
for interpretation.

Wealth of information: When getting to know a
newly developed tool, users are easily overwhelmed
by multiwindow applications. The wealth of informa-
tion can be caused by a visualization design that tries
to show as many different aspects of the data as pos-
sible. On the other hand, as datasets continuously

grow and become more complex, the wealth of infor-
mation can also be caused by complex use-case sce-
narios. In this case, users need time to interpret the
information shown in the visualizations and put differ-
ent parts of the displayed information into relation
(e.g., real-world versus automatically generated data).
It will be an interesting challenge in the future to sup-
port the aggregation of information and guide users to
spot essential patterns, which could be, for example,
supported by applying natural language models.

Lack of standard software tools: Domain
experts, especially when not experienced in program-
ming, still rely on readily available and easy-to-use
applications like Excel for data analysis. The lack of
visualization software being readily available hinders
them from using more elaborate visualization
techniques.

Visualization design versus analysis pro-
cess: In some cases, the answers to questions
asked by domain experts do not lead to a final visuali-
zation prototype at the end but rather show the
importance of the design process, where domain
experts are motivated to interact and further dive into
their data, which is sometimes all that is needed to
lead to a conclusion. In such cases, visualization only
serves as a way for confirmation at the end.

ARTICLES IN THE SPECIAL ISSUE
We accepted four papers for this Special Issue
through the formal IEEE Computer Graphics and Appli-
cations review process of the seven submissions. Lot-
teraner et al.A1 present a design study together with
hydrogeologists working on groundwater manage-
ment. As a critical task, domain experts must continu-
ously monitor and protect groundwater quality to
ensure safe drinking water. In the design study, the
authors explored the use of interactive tools to under-
stand better the data collected at different sampling
stations. The design study outlines the necessary
steps to integrate interactive visualization into exist-
ing workflows for domain users who still need to gain
experience with data analysis. The authors carefully
outline the challenges during requirement engineer-
ing, the need for rapid prototyping, and the lack of
standard visualization tools for connecting spatial and
nonspatial data. Lo et al.A2 researched on the user
experience in augmented reality (AR) applications.
The authors concentrated on an AR app that runs on
smartphones and can be used by a novice audience to
retrieve additional information during large-scale
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sports events. The authors relied on a controlled lab
environment based on recordings of rugby games to
run the study. The authors found out that some tech-
nical factors like jittering do not impact the user expe-
rience in AR environments. Other factors related to
content, like registration accuracy (i.e., pointing to
wrong players), very strongly affected the positive
experience when using the application. The authors
outline the challenges of integrating AR into real-world
applications, including distance to objects and ergo-
nomics. Nowak et al.A3 explore the usage of interac-
tive visualization for architects during the design
process. So far, architects treated building codes as
separate information during the design process. The
only loose integration of building codes during the
design process is unfortunate. Building codes are criti-
cal to architectural design as they define legal con-
straints and standards regarding safety, accessibility,
sustainability, and others. The authors identified sev-
eral stages within the workflow where interactive visu-
alization could be helpful, for example, to maintain
awareness of building codes during the design pro-
cess. However, they also identified hindrances for
applying visualization, which include trust and a gen-
eral fear of being constrained in creativity in the

design process. Feierl et al.A4 explore the usage of
interactive data visualization for fault detection in
solar–thermal panels. Monitoring the performance of
solar–thermal panels is crucial to ensure proper long-
term operation. The data used for monitoring are very
complex (i.e., time-dependent, multidimensional, and
with different sampling intervals) and, thus, challeng-
ing to interpret, for which automatic fault detection
algorithms are prone to raise false alarms. The authors
outline a visual analytics framework development to
support domain experts in fault detection based on
time series data. During the evaluation, the authors
identified common problems when applying new inter-
faces, like nonvisualization experts being easily over-
whelmed with multiwindow applications and the
interpretation of time series data and algorithm
results simultaneously.
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