
How Do Captions Affect Visualization Reading?

Hanxiu ‘Hazel’ Zhu * ² Shelly Shiying Cheng * ² Eugene Wu ³

Columbia University

ABSTRACT

Captions help readers better understand visualizations. However,
if the visualization is intended to communicate specific features,
should the caption be statistical, and focus on specific values, or
perceptual, and focus on general patterns? Prior work has shown
that when captions mention visually salient features, readers tend
to recall those features. Still, we lack explicit guidelines for how to
compose the appropriate caption. Further, what if the author wishes
to emphasize a less salient feature?

In this paper, we study how the visual salience of the feature
described in a caption, and the semantic level of the caption descrip-
tion, affect a reader’s takeaways from line charts. For each single-
or multi-line chart, we generate 4 captions that 1) describe either the
primary or secondary salient feature in a chart, and 2) describe the
feature either at the statistical or perceptual levels. We then show
participants random chart-caption pairs and record their takeaways.

We find that the primary salient feature is more memorable for
single-line charts when the caption is expressed at the statistical
level; for primary and secondary features in multi-line charts, the
perceptual level is more memorable. We also find that many readers
will tend to recall y-axis numerical values when a caption is present.

Index Terms: Human-centered computingÐVisualizationÐ
Visualization design and evaluation methods

1 INTRODUCTION

Visualizations are used to communicate important data trends and
patterns, but can be hard to understand and remember. Captions help
the reader better understand the visualization, but how should they
be written? And how do they affect the reader’s takeaways?

Recent work studied how a reader’s takeaways after reading a vi-
sualization are affected by the visual salience of the data described in
the caption [7] and the semantic content in the caption [11]. Specif-
ically, Lundgard et al. [11] find that such content can be classified
into four semantic levels: 1) descriptions of the visualization encod-
ing; 2) statistical descriptions of values encoded in the visualization;
3) perceptual descriptions of trends, patterns, or outliers; and 4)
contextual knowledge not present in the visualization.

Of the four semantic levels, statistical and perceptual are most
relevant when composing captions that describe data encoded in

the visualization. However, in many cases, the visualization author
wants to highlight a particular feature in the visualization for the
reader. In these conditions, what semantic level should be used, and
do factors such as the visual salience of the feature or the type of
chart play a role?

This paper reports an initial study towards answering this question.
We present participants with single- and multi-line charts; each
chart’s caption describes either the most visually salient feature
(primary feature) or a non-primary feature (secondary), and is written
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at either the statistical or the perceptual level. We then study how
the participant’s takeaways relate to the content and emphasis in
the chart caption. Specifically, we hypothesize that the semantic
level and the feature described in a caption can affect if a takeaway
mentions the primary or secondary feature of single- or multi-line
charts.

We find that for single-line charts, the primary features are al-
ready prominent and memorable, and yet participants are even more
likely to recall it when a statistical level caption is present. The sec-
ondary features of single-line charts are still relatively salient, and
both statistical and perceptual level captions can make the features
more memorable to the participants. In contrast, multi-line charts
are typically crowded, so both primary and secondary features are
best described at the perceptual level. Regardless of chart types or
feature salience, captions help participants memorize the features
they describe.

Based on our findings, we provide guidelines to help data vi-
sualization practitioners write better captions to communicate the
feature they want to highlight. Our guidelines can also be used to
help standardize machine-generated captions.

2 RELATED WORK

Various accessible media publishers have established general guide-
lines for people to write natural language captions [3, 4, 14, 15], but
those guidelines often lack rationales and support from empirical
experiments [5]. This critique motivates our empirical study to better
understand how to write effective data captions.

2.1 The Impact of Visual Salience on Reader Takeaway

Prior work has shown that the salience of the feature described by a
caption affects what the reader takes away. Kim et al. [7] show that,
for single-line charts, when the caption mentions a salient feature,
reader takeaways more consistently mention the feature; when the
caption mentions a less salient feature, reader takeaways are more
likely to mention the most salient feature than the feature described
in the caption. In our study, we investigate how visual salience and
semantic level of a caption affect the reader’s takeaway. We also
offer recommendations when practitioners want to emphasize less
salient features.

2.2 Natural Language Models for Captions

The lack of rationale for caption guidelines raises the need to analyze
captions systematically. While the three-level model by Kim et
al. [8] guides people on how to scaffold visualization information in
order, Lundgard et al. [11] propose a concrete model that categorizes
the content in a caption into four semantic levels: 1) elemental and
encoded, 2) statistical and relational, 3) perceptual and cognitive,
and 4) contextual and domain-specific (Table 1).

Lundgard et al. [11] evaluate the effectiveness of each semantic
level, and suggest that both sighted and visually impaired readers
tend to regard semantic levels that communicate perceptual infor-
mation (level 3) and statistical information (level 2) as useful to an
extent. Although sighted users also ranked contextual level (level 4)
highly, this level depends on the reader’s subjective knowledge about
the world events (context). Our work teases out the nuances between
captions that communicate data in the chartÐin other words, the
perceptual and statistical levels.
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