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ABSTRACT

Statistical charts play a primordial role in different areas of our
life, such as information, education, communication or research.
However, authors and content publishers do not always follow the
accessibility criteria in the design and creation of this type of
content. Considering these premises, this work includes the main
approaches in which the scientific literature has focused so far to
improve the accessibility of statistical charts: text alternatives,
sonification, tactile alternatives and multimodal alternatives, with
the purpose of evaluating their suitability for people with low
vision and color blindness. Finally, some solutions are suggested
that seem technologically viable and that start from the use of
JavaScript libraries for the creation of interactive charts, in
combination with other standards such as WAI-ARIA and the use
of patterns to fill areas as a strategy to differentiate visual
variables.
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The important growth of statistical charts, as well as the
prevalence of users with low vision or colour blindness requires
special attention to be paid to the accessibility to these types of
resources as communication elements. Low vision is a distinct
visual disability from blindness which cannot be completely
corrected with lenses. Colour vision deficiency (CVD) refers to
the inability to distinguish certain colours combinations. These
individuals present a wide range of characteristics and may use
screen magnifiers, screen readers, or colour adaptations.

This research addresses the accessibility of statistical charts for
individuals with these profiles. This article includes the first phase
of an ongoing research, consisting of a review of the current work
and existing solutions, and provides some clues about possible
lines of work.

2  Current solutions

The literature offers four different strategies to improve the
accessibility of statistical charts: textual alternatives, sound
schemes, tactile alternatives and multimodal presentations.

Textual alternatives may consist of: titles, alternative texts, long
descriptions, tables and the use of dynamic and interactive
visualizations. The title and alternative texts express the content of
the chart in a summary manner. They are particularly helpful in
identifying the content of a chart. Long descriptions provide the
function or information contained in the chart in greater detail.
Tables contain the same data as the chart in textual format,
however, it is difficult to perceive trends or comparisons between
variables in the tables.

Finally, certain software libraries based on Web standards have
been designed to create dynamic statistical charts which offer
information to the screen readers. SVG in particular allows to
enhance images without losing quality and also incorporating
ARIA attributes for each of their elements [1]. Two libraries are
particularly relevant due to the degree to which they have been
adopted: D3' and Highcharts”. Both have additional modules that
implement solutions including patterns, keyboard support,

! https://d3js.org/.
? https://www.highcharts.com/.
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compatibility with screen readers, they are able to generate
alternatives in tabular format, or to use the WAI-ARIA
specification. An example can be seen in the following chart,’
which provides support material for this article.

Beyond the elements specifically created as alternatives, statistical
charts can feature other important texts to make them accessible
such as legends used to help interpreting the marks and variables
used; labels that detail the variables and categories represented,
and image captions which include a brief explanation about the
chart [2].

Different authors have explored the use of sonification techniques,
that represent information through sound, without using voice. In
this sense, several techniques have been explored: mapping charts
to musical tones [3] and vibrations [4], using sounds to
communicate trends [5], using volume, timbre and position to
represent quantitative and qualitative aspects [6] or to
communicate the shape of a curve [7].

Tactile alternatives are focused on converting digital information
into something tangible. Unfortunately, not all people with visual
impairment understand Braille and it is also difficult to represent
the complex details in charts with precision. This technique also
implies being dependent on printers or software which are not
available to all audiences.

Multimodality offers users the possibility to access content
through one or several combinations based on text, sound and
touch. Certain proposals combine tactile alternatives with
verbalized information and analyse the use of voice support
combined with chart haptic presentation [8]. Yu and Brewster [9]
use speech to provide information about the chart's values, while
Fritz and Barner [10] also use a light source to present the axes
and grid lines.

Regarding the use of colour, Olson and Brewer [11] propose
colour schemes on maps adapted for people with CVD. Other
contributions have analysed the usefulness of colour for specific
tasks [12], to make statistical judgements [13].

The use of different types of visual marks and encodings
(position, length, angle, volume and colour) has also been studied
[14]. The use of colour has been studied in depth by Mackinlay
[15], who classifies attributes such as hue, saturation and
luminosity according to their efficiency. Finally, according to
Ware [16], colour is useful as a nominal code, whereas the use of
grey scale is less effective. Using patterns and textures can also
help users with low vision and even for normal black and white
printing contexts.

5 Conclusions and future work

Of the four approaches proposed by the scientific community to
address the accessibility of charts, textual alternatives and the
proper use of other text elements offer highly flexible content that
can be adapted to the needs of each user. The use of safe colours,
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patterns and textures additionally seem to be effective solutions
for people with CVD. All the approaches can be addressed using
currently consolidated technological bases in certain existing
JavaScript libraries. The possibility to describe the charts'
information and the function more thoroughly using WAI-ARIA,
implementing secure colour schemes or an appropriate collection
of patterns, and finally, creating guidelines that include all these
aspects are the main lines of future work.
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