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Abstract—Visualization, as a vibrant field for researchers,
practitioners, and higher educational institutions, is growing and
evolving very rapidly. Tremendous progress has been made since
1987, the year often cited as the beginning of data visualization as
a distinct field. As such, the number of visualization resources and
the demand for those resources are increasing at a very fast pace.
We present a collection of open visualization resources for all
those with an interest in interactive data visualization and visual
analytics. Because the number of resources is so large, we focus
on collections of resources, of which there are already very many
ranging from literature collections to collections of practitioner
resources. We develop a novel classification of visualization
resource collections based on the resource type, e.g. literature-
based, web-based, etc. The result is a helpful overview and
details-on-demand of many useful resources. The collection offers
a valuable jump-start for those seeking out data visualization
resources from all backgrounds spanning from beginners such
as students to teachers, practitioners, and researchers wishing to
create their own advanced or novel visual designs.

Index Terms—visualization resources, surveys

I. INTRODUCTION AND MOTIVATION

Data visualization has become an increasingly important
solution for analyzing and exploring huge volumes of complex
data. As such, the number of data visualization resources has
grown very rapidly over the past decades. However, for stu-
dents, researchers, practitioners, or visualization scientists who
work in the field, searching for data visualization resources can
be challenging and time consuming due to the rapidly evolving
landscape of visualization and because a simple Google search
will not always lead to the most valuable resources.

This collection of visualization resources serves as an effec-
tive starting point when searching for both literature and tools
related to visualization due to the many hours of searching and
curating dedicated to this project and decades of collective
teaching and research experience. Many students, teachers,
practitioners, institutions and companies have been collecting
data visualization resources, such as Souto [60] who provides a
curated list of valuable open-source data visualization devel-
oper resources such as programming libraries, software and
websites. These collections focus on the tools and techniques
of visualization. Survey papers and literature, such as Lam et
al. [43]] and Isenberg et al. [35]] provide a valuable collection of

meta-data on research papers at the annual conference series
related to evaluating visualization.

This paper aims to provide a novel overview of collections
of data visualization resources. It also provides a categoriza-
tion of those resources. The contributions of this unique survey
include:

o The first survey of its kind on collections of resources

for data visualization,

o A novel categorization of visualization resource collec-
tions organized around readership with a focus on a
students, researchers, and practitioners.

Our web-based collection of visualization resources is avail-
able at: |https://sites.google.com/view/visres/.

Survey Scope: By resource we mean content that pro-
vides benefits to visualization students, practitioners, and
researchers. The inspiration behind this project comes from
real-life experience. We are often asked what visualization
resources are available from students, researchers, and practi-
tioners. This is a response to that common question.

We focus on free, visualization-specific resources, e.g., open
collections of visualization images or other collective meta-
data.

We catalog collections of visualization resources (as op-
posed to individual items). e.g. A survey of surveys and state-
of-the-art reports rather than an individual survey, or a survey
of books rather than an individual book. There are too many
visualization research papers (thousands) to list individually.
However, there are resources that present and explore the large
collection of visualization literature such as VisPubData [33]],
VisImageNavigator [[18]], and CiteVis [[61]]. Similarly, there are
over 100 survey papers on the topic of visualization and visual
analytics. Therefore, we focus on resources such as surveys of
surveys (6] [8]] [49]. We present collections of visualization re-
sources spanning different types such as literature and websites
that gather resources, together as a collection. In summary,
we include collections of visualization resources we believe
provide great value to students, researchers, and practitioners.

We prioritize collections of free open-source visualization
resources that benefit visualization students, practitioners, and
researchers. We focus on collections offered by non-profit
institutions and organizations. This includes higher educational
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institutions, non-profit institutions such as Wikipedia, and
collections of visualization resources gathered together for
public use by volunteers.

Finally, in order to make the scope manageable, we ensure
that the resources have a focus on visualization.

The Search Process: The search process for visualization
resources is challenging, time consuming, and cannot be
solved by a simple Google search. Although, we do incor-
porate Google search for some collections of visualization
resources. Our collection process consists of several aspects,
including teaching a visualization course where students them-
selves search for resources, experience in reading and re-
viewing visualization research papers, attending visualization
events such as conferences and workshops, and of course tra-
ditional search engine queries. This kind of process is difficult
to systematize and is the result of a team of visualization
researchers and students with more than 20 collective years of
search labor. The fruits of years worth of search labor benefits
the reader. We provide more details on how we search for
resources in each sub-section of the paper.

The Benefits of Collections: Focusing on collections
offers a number of benefits. Firstly, a collection of collections
serves as an effective approach to navigate the abundance
of visualization resources. Secondly, resource collections are
often developed and maintained by an individual or a team of
curators. Thirdly, by focusing on collections, we take advan-
tage of the many hours of search and construct labor already
invested in collecting the resources. Fourthly, by focusing on
collections, we inherit the benefits that bring similar resources
together and their respective categorization.

Categorization:: There are many different ways to group
and categorize visualization resources. One possibility is to
classify them based on type. For example, collections of
refereed research papers with accompanying online resources,
visualization books with online resources, open-source collec-
tions of visualization software, non-profit websites with collec-
tions of visualization resources, etc. Another possibility is to
categorize the resource collections based on visualization sub-
field. For example, visual analytics, information visualization,
or scientific visualization. However, as we shall see, it would
be difficult to categorize resources this way due to subject
cross-over. A third categorization could be based on target
audience such as resource collections for students, researchers,
practitioners, or visualization scientists. However, many re-
source collections are valuable to multiple types of users.
Another possibility is to classify resource collections based on
special subjects such as education, geospatial visualization, or
data-centered resources. However, this might result in many
different categories.

After considering several different categorization schemes,
we have chosen a grouping based on resource type because we
believe this is the most relevant with respect to the prospective
readers’ interest. In other words, resource type often aligns
with the different categories of readership. For example, a
researcher may be interested in finding starting points for
relevant refereed literature. Thus, we group the collections

of related refereed literature together. In another example, a
student may specifically be interested in data visualization web
sites that offer a helpful collection of resources. Therefore,
we have grouped the related web sites together. Attempting to
categorize visualization resources by subject will result in large
crossover between categories. Ultimately no categorization is
perfect in this case, i.e. results in no crossover.

Related Work: The web site usabiliTEST [66] is an
online tool for usability testing and information architecture
on web usability issues. The website provides a page called,
“Methods table” which provides a collection of resources on
usability. It is a very valuable collection of resources for the
Human-Computer Interaction (HCI) community. This is the
closest related work we found on collections of resources. To
our knowledge, no refereed paper has been published on this
topic.

II. RESOURCES FOCUSED ON COLLECTIONS OF REFEREED
LITERATURE

This category focuses on peer-reviewed literature that offers
collections of research papers. It offers a helpful starting point
for readers interested in obtaining starting points for literature
overviews. In this section, resources on surveys of surveys are
presented. Next, research papers with online collections and
resources are proposed. In the third sub-section, we provide
some surveys which gather online collections of images. The
fourth sub-section focuses on SurVis resources discussed in the
literature. Lastly, surveys of visualization books are discussed.

Refereed Survey-based Resources (Surveys of Surveys):
Surveys present a valuable means to quickly find previous
research on a particular topic, however, there are a growing
number of topics and therefore a growing number of surveys.
To address this, there have been recent developments on
surveys of surveys [[7] [8] [49] [50]. These surveys of surveys
are valuable resources offering a concise overview of the
interactive data visualization and visual analytic fields.

The Search Process: In order to find these surveys, we
searched for the phrase “visualization survey of surveys” and
a number of variants on this phrase. After our initial findings
we then did two further searches. The first one is a recursive
search, i.e., we examined the references found in the initial
survey of surveys. The second search is a forward looking
search, i.e., we utilized Google’s “cited by” feature for each
survey of surveys. For the rest of this paper we refer to
these searches as the recursive and forward-looking searches.
Inclusion Criteria: We include each survey of surveys we
find on the topic of visualization or visual analytics.

This category was pioneered with the work of McNabb
and Laramee who provide a comprehensive survey of 85
information visualization and visual analytics surveys [49].
This work is accompanied by a SurVis based web resource,
listing a large collection of surveys and state-of-the-art reports.

Text visualisation has seen rapid gain in popularity in recent
years, accompanied by a number of survey papers on the topic.
Alharbi and Laramee provide an overview of these with a
review of 14 text-based surveys [7]. Similarly, the surveys



from the cross-disciplinary field of molecular dynamics have
been analyzed by Alharbi et al. [8]].

A premier journal for publishing surveys in data visualiza-
tion and computer graphics, Computer Graphics Forum, has
an extensive collection of surveys — every survey published in
Computer Graphics Forum. The website by Chen [50] features,
over 180 survey papers presented in chronological order dating
back to 1985.

As a hot topic in comprehending patterns and predicting
trends of data, machine learning models have developed fast
in many different areas. Accordingly, information visualization
of machine learning models provides effective solution in
interpreting the workings of these models. Inspired by the
work of McNabb and Laramee [49], Chatzimparmpas et
al. [17] contributes a survey of surveys on the exploration
and interpretability of machine learning models. This work
contributes 18 papers related to the visualization of machine
learning (2014 - 2018).

Research Papers with Online Meta-data Collections and
Resources: There are a number of previous related papers that
examine collective meta-data from published visualization pa-
pers and publish the meta-data itself as a valuable contribution
for further research and analysis.

The Search Process: In order to find refereed literature
offering a collection of resources, we started with research
papers that we read first-hand offering meta-data collections.
We came across these research papers through regular reading
and reviewing of research literature, consistently attending
visualization conferences and related events, and personal
communication with other researchers in the field. Moreover,
these findings are based on a collective experience of many
years. In other words, the search is based on a team effort
by all the co-authors of this manuscript. After our initial
findings based on reading and experience, we then performed
two further searches for each research paper in this category:
the recursive search and the forward looking search described
previously. Inclusion Criteria: We include each visualization
paper that offers a valuable collection of meta-data that facili-
tates both search and comparison of visualization literature on
a collective level.

Lam et al. analyze information visualization papers and
classify their evaluation types into seven categories. They
published the full list of information visualization papers
along with their classifications online [43]]. This paper was
later extended to cover scientific visualization papers [35].
Stakso et al. published an online tool called Citevis that
shows which visualization papers are cited by others using
interaction [61]]. Isenberg et al. examine and classify the
types of contribution made by each visualization paper and
publish the full classification online [32]]. Isenberg et al. also
examine and classify the keywords used in each visualization
research paper and study how they compare to keywords used
by a typical visualization research paper submission system
[34]. They accompany their analysis with an online keyword
browser.

Conceptually, the work we present here extends that of

Isenberg et al. [33] who collected and curated a dataset
featuring every visualization conference paper ever published.
The collection is available online at VisPubData.org.

Matejka and Fitzmaurice implement a method to create
a dataset slightly modifying an already existing one [48].
While preserving their e.g. mean, standard, deviation etc., the
statistical properties maintained are the same. Their work was
based on the theory of Anscombe’s Quartet presented by F.J.
Anscombe [11] and the Datasaurus Dozen created by Alberto
Cairo [5]. Based on these methods, a web page is also provided
to demonstrate the variation of datasets [47].

Information Visualization Evaluation Using Crowdsourcing,
by Borgo et al., [15] contains a spreadsheet of 82 papers and
the crowd-sourcing meta-data ralated to each paper.

Survey Papers with Accompanying Image Collection
Browsers: A number of visualization survey papers have been
published that also assemble an online collection of images
related to the theme the survey covers. The list of web sites
accompanying image collection browsers are summarized in
Table [

The Search Process: We came across these survey papers
during a multi-year search process for visualization survey
papers and state-of-the-art reports. This search process was
undertaken while we were writing the Survey of Surveys (SoS)
in Information Visualization [49]. During our search for survey
papers in information visualization and visual analytics, which
is described in great detail by McNabb and Laramee [49],
we made special note of all the surveys with accompanying
image collection browsers. After our initial findings based on
publishing the SoS, we then performed two further searches for
each research paper in this category: the recursive search and
the forward looking search described previously. Inclusion
Criteria: We include visualization survey papers and state-of-
the-art reports that offer a collection of refereed visualization
images that facilitates both search and comparison of special
sub-topics in visualization and visual analytics. Table [I| and
Figure [I] provide an overview of image collection browsers.
One example of such a survey paper with an image collection
browser is from Schulz [59] which features a collection of
over 300 images that exemplify tree visualization. Another
excellent example of this is presented by Aigner et al. [4]]
[3]] which hosts an online collection of over 100 images on
the theme of time-oriented visualization. Kehrer and Hauser
present an online collection of visualization images on the
topic of multivariate and multifaceted scientific data [|37]]. The
collection features over 160 images related to this topic from
refereed sources.

Kucher and Kerren collect a large, online collection of
refereed data-visualization images [41]. Their collection holds
over 470 images. Kerren et al. present an advanced image
browser related to biological visualization techniques [38]].
This image browser has a special interactive feature that
shows citations in the form of a graph with over 140 images.
Kucher et al. present another survey paper on the state-of-the-
art in sentiment visualization [42]]. This is also an advanced
image browser that features a valuable collection of meta-data



TABLE |
IMAGE BROWSERREFERENCES A SUMMARY OF THE IMAGE COLLECTION BROWSERS DESCRIBED INSECTION[T] THESE PAPERS FEATURE A QUALITY
COLLECTION OF VISUALIZATION-RELATED IMAGES. SEE FIGURE[IIFOR IMAGES OF THE IMAGE COLLECTION WEB PAGES

Image Browser Name URL

Treevis.net[59] https://treevis.net/

TimeViz Browser [4] https://vcg.informatik.uni-rostock.dett/timeviz/timeviz.html |
Multiviz.net [37] https://multivis.net/ B
Text Visualization Browser [41] https://textvis.Inu.se/

BioVis Explorer [38] https://biovis.Inu.se/

SentimentVis Browser[42] https://sentimentvis.lnu.se/

TrustMLVis Browser [17] https://trustmlvis.Inu.se/

Finance Vis Browser[24] http:// nancevis.net/

Predictive Visual Analytics Browser [46] | http://104.196.253.120/pvarowser/

MVN Visualization Techniques [53] https://vdl.sci.utah.edu/mvnv/

UncertaintyViz Browser [36] https://amitjenaiitbm.github.io/uncertaintyVizBrowser/
VisImageNavigator [18] https://visimagenavigator.github.io/

Fig. 1. Thumbnail images of Image Collection Browser web pages. They are presented in the same chronological order as Table I.

shown when clicking on an image. It holds over 160 pee?80 images [36] all of which are dedicated to the topic of
reviewed visualization images. Chatzimparmpas et al. collagicertainty visualization.

200 refereed images on the topic of building trustworthy Chen et al. [18] have the most complete collection of the
machine learning methods using visualization [17]. The imag®age data ( gures, tables, equations, and algorithms) of all
browser also offers a detailed set of meta-data for each imatigee conference tracks of IEEE VIS in its 31 years of history.

Dumas et al. developed an online collection of visualizatiohhis dataset is also cross-linked to vispubdata [34] so one can
images focussing on nance [24]. The image browser supported images by keyword search. Their open-source models [44]
a number of ltering options and stores over 85 peer-reviewazan make the subsequent data collection easier with minimum
images. human intervention.

Lu et al. collect an archive of online images related to  Survey Papers with an Accompanying SurVis Web Page
the topic of predictive visual analytics [46]. A number ofSurVis [13] is a exible visual analytics tool used to structure
interactive Itering methods are available for over 70 imagesind present the list of references in surveys. The list of web
Nobre et al. showcase both a collection of images and guidarsites with SurVis Web Page are summarized in Table Il and
on visual designs related to multivariate network visualizatidrigure 2.
techniques [53]. Jena et al. present an impressive visualizaThe SurVis interface is divided into two main views.
tion image browser with advanced ltering options for oveAn overview of the literature collection and a detailed list
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TABLE I
SURVIS REFERENCES A SUMMARY OF THE SURVIS WEB PAGES DESCRIBED INSECTION Il. THESE PAPERS FEATURE A RELATEISURVIS WEB
PAGE.SEE FIGURE 2 FOR IMAGES OF THESURVIS COLLECTION WEB PAGES

Visualization Topic SurVis URL

Beck et al.,.Dynamic Graph Visualization [12] http://dynamicgraphs.fbeck.com/

Isaacs et al.Performance Visualization [31] http://hdc.cs.arizona.edu/people/kisaacs/STAR/

Vehlow et al.,Group Structures in Graphs [67] http://groups-in-graphs.corinna-vehlow.com/

Nusrat and Kobourov,Cartograms [54] http://cartogram.cs.arizona.edu/survis-cartogram/

Liu et al., Visualizing High-Dimensional Data: Advances in the Past Decadpt5] | http://www.sci.utah.edu/shusenl/highDimSurvey/website/
Federico et alRaperViz.org [25] http://ieg.ifs.tuwien.ac.atffederico/LiPatVis/

Beck and WeiskopfSparklines Literature [14] http://sparklines-literature.fbeck.com/

Windhager et al.Collectionvis.org [68] http://collectionvis.org/

Fig. 2. Thumbnail images of SurVis web pages. They are presented in the same order as Table Il

of references accompanied by an image. In the overviewsualizations. Isaacs et al. [31] and Vehlow et al. [67]
the collection is presented using a timeline that providesuse SurVis to exhibit their literature collection. The former
yearly chronology of the publication collection. The barchagresents visualization approaches that inform users on opti-
is integrated into the timeline to summarize the number afizing software performance. The latter presents approaches
publications in each year. The rest of the overview leveragttmt explicitly depict group structures in graphs. Nusrat and
selectable word-sized sparkline visualizations embedded Kobourov [54] use SurVis in their bibliographic analysis.
word clouds to visualize the publications metadata and cludusrat and Kobourov applied some modi cations to SurVis to
ters. The selector mechanism enables linkage between the tmeorporate different cartogram types and applications. Liu et
views. al. [45] survey the approaches that visualize high-dimensional
The Search ProcessWe discovered several survey paperéata. Federico et al. [25] review interactive analysis and
with accompanying SurVis web pages during a multi-yeatisualization approaches of patents and scientic literature
search process for visualization survey papers and state@talysis. Beck and Weiskopf [14] present the state-of-the-
the-art reports. The initial search process was carried out whilé of embedding word-sized graphics within scienti ¢ texts.
we were writing the Survey of Surveys (SoS) in InformatiokVindhager et al. [68] also use SurVis to present their literature
Visualization and Visual Analytics [49]. During our search fogollection which focuses on visual interface design for cultural
survey papers in information visualization and visual analytideritage collection data.
we made special note of all the surveys with accompany- Surveys of Books Books are traditionally overlooked
ing SurVis web pages. After our initial ndings based orwhen compiling state-of-the-art reports, however, they can
publishing the SoS, we then performed a forward lookingontain a vast trove of information. A survey by Rees and
search based on the original SurVis publication [13]. We usédramee addresses this by reporting on information visual-
Google's “cited by” feature to nd all research papers citingzation books [56]. In total, 41 books are reviewed totalling
the SurVis papeinclusion Criteria: We include visualization over 23,000 pages with a combined value of approximately
and visual analytics survey papers and state-of-the-art rep®8600 USD. Books are classi ed according to the audience
that offer an accompanying SurVis web page. with recommendations provided for readers, along with an
Several surveys incorporate SurVis to structure and visualiydication of how many pages are dedicated to each topic.
analyze a literature collection. Beck et al. [12] use SurVis A number of web resources also list information visualiza-
to systematically derive a hierarchical taxonomy of dynamiton books.The Search Processin order to nd collections
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