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ABSTRACT
Visualization recommendation systems help data analysts
navigate large, complex datasets by generating visualiza-
tions of meaningful patterns, outliers, and insights that could
influence downstream decision-making. However, recommen-
dations can easily mislead or confuse analysts when they
are not developed with care. In this survey, we review how
visualization recommendation systems have been designed
over the last 25 years and classify them by their underly-
ing recommendation goals and high-level implementation
strategies, including the user interfaces provided for navi-
gating and interpreting the recommended visualizations. To
understand their efficacy, we also review how visualization
recommendation systems are evaluated in the literature.
Given these observations, we present several open challenges
and promising directions for future work in designing effec-
tive visualization recommendation systems.

Zehua Zeng and Leilani Battle (2024), “A Systematic Review of Visualization Rec-
ommendation Systems: Goals, Strategies, Interfaces, and Evaluations”, Foundations
and Trends® in Databases: Vol. 14, No. 1, pp 1–71. DOI: 10.1561/1900000088.
©2024 Z. Zeng and L. Battle
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1
Introduction

Data is essential to understanding how to best support individuals,
organizations, and societies. It helps us make smart decisions in many
areas of life, such as whether to bring an umbrella to work, plan for
retirement, or distribute vaccinations and disaster relief resources. How-
ever, humans struggle to make sense of large, complex data in its raw
form (Fry, 2008). We need an intuitive representation of these data
that we can observe and reason about, one popular method being to
create interactive data visualizations. Specifically, we mean computer-
generated images of data that people can view and manipulate through
a graphical user interface (Card et al., 1999). That being said, an al-
ternative approach is to generate aggregate statistics (mean, median,
standard deviation, etc.) or fit statistical models to the data (e.g., linear
regression, logistic regression, etc.). However, statistical models may
fail to capture the shape and nuance of the original dataset. A classic
example is Anscombe’s quartet (see Figure 1.1), which showcases four
datasets with the same mean and variance but produce completely
different scatterplots. In this case, simply looking at the statistics would
lead one to believe all four datasets are the same. In contrast, the
visualizations reveal drastic differences between them. Furthermore, it

2
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Figure 1.1: Anscombe’s quartet is a group of datasets (x, y) that share identical
mean, standard deviation, and regression line but which are qualitatively different.
This set underscores the significance of visualizing data alongside statistical properties
to gain comprehensive insights.

may be unclear what distributional characteristics to calculate without
seeing the data first.

Visualization tools address this problem by generating intuitive
image representations of data that allow us to ascertain the funda-
mental characteristics of a large dataset. In this way, we can exploit
the human vision system to help analysts interpret data quickly and
easily. For example, we can render summaries of key data attributes
(i.e., columns) for a massive (e.g., billions of records) dataset using
just a few bars in a bar chart, allowing us to better utilize screen real
estate to maximize a person’s interpretation of large, complex data.
That being said, visualizations over large data can also be laborious
to generate and can inadvertently bias or mislead users when designed

Full text available at: http://dx.doi.org/10.1561/1900000088



4 Introduction

incorrectly. For example, the significance of Anscombe’s quartet is lost
when x and y are plotted as univariate histograms rather than as a bi-
variate scatterplot. It can be challenging to select the right attributes to
analyze, transformations to apply, and visual encodings to best visualize
a dataset.

1.1 What are Visualization Recommendation Systems?

Visualization recommendation systems aim to streamline this process
by automating some or even all of the choices an analyst must make
when creating effective visualizations (Zeng and Battle, 2023). This can
involve recommending attributes, transformations, and/or visual encod-
ings. When recommending attributes and transformations, the goal is to
select which data to display. When recommending visual encodings, the
goal is to generate visualizations that maximize the viewer’s ability to
perceive the selected data accurately. When designed well, visualization
recommendation systems can lower the barrier to creating effective data
visualizations. In other words, they increase the usability of visualization
tools as well as the utility of the output visualizations. Further, they can
help analysts avoid drawing biased or erroneous conclusions from the
data by steering analysts away from common analysis and perceptual
pitfalls. However, when designed poorly, visualization recommendation
systems can perpetuate the problems they intended to solve (Correll,
2019). We and others observed many scenarios under which visual-
ization recommendation systems generate sub-optimal results (Zeng
et al., 2022), and even worse, promote questionable practices such as
p-hacking (Zgraggen et al., 2018) or cognitive biases (Wall et al., 2019).

1.2 What is Interesting About Visualization Recommendation Sys-
tems?

We observe that the key challenge in designing visualization recom-
mendation systems lies in appropriately considering the user’s analysis
context, i.e., their analysis goals, data expertise, and potential biases.
Knowing what domain context to include and when to include it can
enable visualization recommendation systems to prune as well as con-

Full text available at: http://dx.doi.org/10.1561/1900000088



1.3. What Do We Aim for Readers to Take Away From This Survey? 5

textualize generated recommendations. For example, when the user has
little to no experience with a specific dataset or domain, then introduc-
tory visualizations such as summary histograms of individual attributes
could be useful (Wongsuphasawat et al., 2017). When the user has
extensive knowledge of a topic or domain, these same recommendations
may seem redundant or generic (Bao et al., 2022).

A second challenge in designing effective visualization recommenda-
tion systems lies in how to incorporate best practices when extracting
meaningful insights from data and visualizing them for various audiences.
For example, Zeng and Battle (2023) found 59 different papers from
the graphical perception literature that provides guidance on selecting
effective visual encodings, yet very few of these papers were ever used in
the design of visualization recommendation systems (Zeng et al., 2023).
Similarly, Zeng et al. (2022) reviewed many different strategies for ex-
tracting insights from data in the literature; however, most visualization
recommendation systems are only built around one or two of these
methods. Ideally, the design of a visualization recommendation system
should take all three factors into account (user analysis context, insight
extraction methods, and graphical perception guidelines). However, the
vast literature across these three topics can be difficult to navigate,
given how they span human-computer interaction, data visualization,
data management, and data mining research.

1.3 What Do We Aim for Readers to Take Away From This Survey?

In this survey, we review the state of the art in visualization recommen-
dation systems and algorithms. We discuss how user analysis context is
currently encoded within visualization recommendation systems. We
review how user context is used to inform the detection and extrac-
tion of insights from large, complex data. Further, we consider how
existing techniques translate these insights into perceptually effective
visualizations to be recommended to an analyst. Finally, we discuss key
challenges and opportunities for future research. Through this survey,
we hope to provide readers with:

Full text available at: http://dx.doi.org/10.1561/1900000088



6 Introduction

• A firm grasp of the key considerations in designing visualization
recommendation systems (Section 2).

• Awareness of the high-level strategies for implementing visualiza-
tion recommendation systems (Section 3–Section 5).

• An understanding of what it means for a visualization recommen-
dation system to be “effective” or not (Section 7).

• Actionable research problems/questions that one could work on
in future research (Section 8).
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