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Task-Based Effectiveness of Basic Visualizations
Bahador Saket, Alex Endert, and Çağatay Demiralp
Abstract—Visualizations of tabular data are widely used; understanding their effectiveness in different task and data contexts is
fundamental to scaling their impact. However, little is known about how basic tabular data visualizations perform across varying data
analysis tasks. In this paper, we report results from a crowdsourced experiment to evaluate the effectiveness of five small scale (5-34
data points) two-dimensional visualization types—Table, Line Chart, Bar Chart, Scatterplot, and Pie Chart—across ten common data
analysis tasks using two datasets. We find the effectiveness of these visualization types significantly varies across task, suggesting that
visualization design would benefit from considering context-dependent effectiveness. Based on our findings, we derive recommendations
on which visualizations to choose based on different tasks. We finally train a decision tree on the data we collected to drive a
recommender, showcasing how to effectively engineer experimental user data into practical visualization systems.
Index Terms—Information Visualization, Visualization Types, Visualization Effectiveness, Graphical Perception
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I NTRODUCTION

V

ISUALIZATIONS aim to enhance understanding of underlying
data by leveraging visual perception, evolved for fast pattern
detection and recognition. Understanding the effectiveness of a
given visualization in achieving this goal is a fundamental pursuit
in visualization research and has important implications in practice.
A large body of prior research evaluated the general effectiveness of different visualization types [7], [8], [13], [16], [17], [21],
[35]. Guidelines and insights derived from these earlier studies have
significant influence on data visualization today. However, these
studies were conducted under conditions that were inconsistent
across studies, with varying sample sizes, a limited number of
tasks, and using different datasets. Research indicates, however,
the effectiveness of a visualization depends on several factors
including task at the hand [1], and data attributes and datasets
visualized [31]. For example, while one chart might be suitable
for answering a specific type of question (e.g., to check whether
there is a correlation between two data attributes), it might not
be appropriate for other types (e.g., to find a data point with the
highest value). Yet, we know little about how some of the basic
visualizations perform across different visual analysis tasks.
In this paper, we conducted a crowdsourced study to evaluate
the effectiveness of five small scale (5-34 data points) twodimensional visualization types (Table, Line Chart, Bar Chart,
Scatterplot, and Pie Chart) across 10 different visual analysis
tasks [1] and from two different datasets (Cars and Movies). Our
results indicate that the effectiveness of these visualization types
often significantly varies across tasks. For example, while pie
charts are one of the most effective visualizations for finding the
extremum value, they are less effective for finding correlation
between two data attributes. We also asked participants to rank
five different visualization types in the order of their preference
for performing each task. We found a positive correlation between
accuracy and user preference, indicating people have a preference
for visualizations that allow them to accurately complete a task.
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There is a renewed interest (e.g., [4], [19], [24], [29], [41],
[42]) in visualization recommendation systems that aims to shift
some of the burden of visualization design and exploration
decisions from users to algorithms. Our results can be used to
improve visualization recommendation systems moving forward.
In particular, our findings from the current study inform the ongoing
design and development of Foresight [11] at IBM. We envision
creating a recommendation engine that suggests visualizations
based on user-specified tasks. To this end, we develop Kopol1 ,
a prototype visualization recommender. A decision tree model is
trained on the user data and then used by Kopol to provide ranked
recommendations for a given task and data type. This model takes
into account performance time, accuracy, and user preference. One
relevant application area of such a recommendation engine can be
natural language interfaces for data visualization (e.g., [37], [38]).
In such interfaces people tend to specify tasks as a part of their
queries (e.g., “Is there a correlation between price and width of
cars in this dataset?”). Such an engine can be used to suggest more
effective visualizations given the task context.
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R ELATED WORK

Data representation is a main component of information visualizations. The fundamental focus of data representation is mapping
from data values to graphical representations [6]. Visualization
designers use elementary graphical units called visual encodings
to map data to graphical representation. Through human-subject
experiments, researchers have investigated the effects of visual
encodings on the ability to read and make judgments about data
represented in visualizations (e.g., [3], [30], [33], [34], [35]).
Although prior research has proposed models of visualization
comprehension [22], [27], [33], little is known about how visual
encodings or design parameters interact with each other or different
data and task contexts in forming the overall performance of a given
visualization. A large body of earlier work (e.g., [7], [8], [9], [12],
[13], [16], [17], [21], [34], [35]) has also studied the effectiveness
of visualization types with common design configurations for a
selected number of tasks.
1. https://kopoljs.github.io/

