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Automatic evaluation
of information dashboard usability

Jiti Hynek, Tomas Hruska

Abstract—This paper combines generally known knowledge
about information dashboards and tools used for data
visualization with findings in the field of visual perception and
user interface evaluation, and discusses the idea of a new
approach of information dashboard evaluation which predicts
a rate of information dashboard usability and compre-
hensibility. Described approach is based on decomposing the
evaluation problem into several views in which different
aspects of dashboard usability are analyzed. Emphasis is put
on automation of this approach, which can save time and
money, on the contrary to testing on real users.
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.  Introduction

In the field of data visualization, it is often required to
present a big amount of data. These data can be used for
specifying particular tasks, goals or complex strategies.
Therefore, it is important to show these data well-arranged
and understandable.

One of the tools used for this purposes is information
dashboard (simply dashboard). This utility is usually
acommon part of information systems. It helps to
summarize data obtained by monitoring of activities which
needs to be performed for achieving of particular goal or
strategy (e.g. increasing of profit by 10%). The purpose of
this tool is to provide a quick view of results or actual state
of these activities.

If a dashboard is properly designed, it can help to
understand a semantics of visualized values. Then, data can
be easily transformed by a user to information and
knowledge used for specifying tasks, which need to be done
as a response to an actual state of system. On the contrary,
improper design of a dashboard can lead to an incomprehen-
sion of visualized data and unsuitable tasks specifications.

As described in [6], dashboards are improperly used in
alot of information systems. Presented data are usually
misleading and poorly arranged. Detecting such problems is
often neglected due to undesirable expenses, lack of time or
little awareness of negative impact on a dashboard usability
caused by these problems. The tool which would auto-
matically detect dashboard usability problems and inform
designer about usability problems is therefore required.

Ing. Jiii Hynek | prof. Ing. Tomas Hruska CSc.

Brno University of Technology
Czech Republic

129

n. Definitions

A. Dashboard

[6] defines a dashboard as:

a visual display of the most important information
needed to achieve one or more objectives; consolidated and
arranged on a single screen so the information can be
monitored at a glance.

As the definition says, the dashboard should not exceed
boundaries of a single screen, therefore no scroll bars or
menus for switching between multiple views should be
contained in here. A selection of data which will be
visualized by dashboard should be done in a connection with
a purpose, for which the dashboard is required. An emphasis
is given to the simplicity and graphical visualization of
presented data because it can help to better understand
meaning of these data.

[5] describes a dashboard as a presentation layer of
a business intelligence architecture and distinguishes
between three kinds of dashboard, depending on its purpose.
These three kinds are strategic, analytical and operational
dashboard. They differ from each other by a detail of view.
Operational dashboards may show actual raw data, which
are frequently refreshed, while analytical and strategic
dashboards are rather used for presentation of summarized
views or future predictions of some processes which are
used for analytical or strategic purposes.

According to a type and semantics of visualized data,
appropriate diagrams (graphical parts of dashboard) should
be chosen. There exist various types of diagrams [8], but
each of them is applicable only to a specific data domain
(e.g. pie chart could be suitable for value comparisons, but
not for monitoring of value changes in time).

No matter which diagrams are picked, they should be as
simple as possible and they should show data accurately. For
measuring of these factors, data-ink ratio and lie factor
metrics, presented by [14], can be used:

total ink used to print the graphic

@

data-ink ratio = -
data-ink
) size of effect shown in graphic
lie factor = ; -
size of effect in data
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B. Visual perception principles

Information presented by a correctly designed dashboard
should be quickly and correctly perceived. To design such
a dashboard, it is necessary to understand principles of
visual perception, which relates with the cognitive

psychology.

Vision is the dominant human sense. Eyes, as a receptors
of vision, detect light and send it as electrical impulses via
neurons to a brain, which processes this signal [7]. Brain
plays a crucial role in making sense of what is really seen. It
recognizes patterns in a processing image and tries to assign
meaning to them. Only a fraction of what is seen and is also
an object of a focus is registered by the brains attention [6].
This is caused by limited capacity of brains memory.

According to [9], we can distinguish between two types
of memories: short-term and long-term memories.

e The short-term memory stores items of an actual
focus of attention. It is volatile and it can store
highly limited amount of items (3-5 items [9]).

e The long-term memory can store a higher amount of
items which don't need to be focused. Manipulation
with these items is however significantly slower.

Items stored in the short-term memory are processed
attentively. [15] pointed out, that before that happens,
human partially preprocesses image without his attention. It
is done pre-attentively and very fast in the iconic memory
[6], which is demonstrated in figure 1.
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Figure 1. It is easier to count amount of digit 5 in the right image, because
different intensities of color are distinguished pre-attentively. Digits in the
left image needs to processed sequentially in the short-term memory.

Besides color, there are several another pre-attentive
attributes, which are explained in [15] or [6]. These
attributes relates with principles of Gestalt psychology
(described in [7]), which explain rules of recognizing shapes
in a picture (clustering visual items into a groups). It is
important to take these pre-attentive attributes and principles
into consideration because they can significantly decrease
time of an image processing by a human. For instance, these
principles can be used for choosing a suitable type of
diagram (figure 2).
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Figure 2. Realitions between values are more clear when they are
presented graphically because more preattentive attributes are applied there.

Besides pre-attentive attributes, there are also factors
which are not directly related with a data depiction but with
an observer. These factors are: experience of the observer,
goals of the observer and current context [9].

Recognition of the true meaning of a data depiction can
take a long time and sometimes the result of this recognition
can be distorted from reality (e.g. an optical illusion [2]).
These side effects are undesirable in a data visualization.
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Figure 3. Two same symbols are recognized differently as a letter H or
a letter A according to current context. Someone who can’t read english
words probbably doesn’t distinguish these symbols. Source of image: [9].

c. Usability of user interface

Usability can be considered in different ways. [11]
considers usability as a set of five attributes: learnability,
efficiency, memorability, errors and satisfaction. It relates
with a whole system, thus usability can be also considered
as a kind of software quality (ISO 9126, 1SO 25010:2011)

[1].

There are several ways to evaluate usability of a user
interface. [13] classifies evaluation methods into the four
groups — usability testing, field studies, predictive evaluation
and the methods of quick user feedback called as “quick and
dirty” evaluations.

According to [3], evaluation methods differs in a rate of
the three attributes — generalizability (an extensibility to
other people or situations), precision and realism. For
instance, field studies which observe a user in a natural
environment can be considered as realistic but not precise
(on the contrary of usability testing, which measures user
performance of specific tasks). These attributes are
influenced by obtrusiveness — factor which describes
whether (or how much) evaluators affect what is being
observed.

Data can be obtained from the evaluation process by
several ways. Tested users can be observed without an
intrusion (monitoring of their behavior), they can be asked
for questions (e.g. dialogues, questionnaires) and they can
be measured (e.g. Google Analytics). Their performance can
also be predicted without their presence. Experts are
however needed. Predictive evaluation requires to simulate a
real user behavior, which is a complicated task. Cognitive
psychology needs to be taken into a consideration.

A possible automation is advantage of predictive
evaluation. It can save time and money. To automatically
evaluate user interface, decision algorithms (sometimes
called as heuristics) are needed to be implemented. These
algorithms are based on an expert knowledge, according to
which decisions are made. This knowledge can be obtained
by an observing of users or from experts. Such base
of knowledge can be found for instance in [10, 12].

[4] discusses the user evaluation framework which uses
abase of knowledge consisted of set of ergonomic
guidelines. These guidelines contains restrictions defined by
expert, which specify allowed and disabled attributes of
visual elements (widgets). The restrictions are automatically
tested when a designer put or modify widget in a canvas
of a user interface. The framework does not specializes on
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particular kinds of user interfaces. It could be used as
an extension of widget library.

D. Problem definition

Our problem is to decide whether some selected dash-
board is usable. Existing solutions have been briefly dis-
cussed in the previous subsection. Their disadvantages are:

e either dependency on an opinion of end users,

e or little focus on specific design principles of in-

formation dashboards.

Our solution tries to solve the evaluation problem
automatically without presence of final users and tries to
define as precise as possible function evaluating usability
of information dashboards. It is done at the expense
of generalizability to other user interface types.

m. Our solution

The principle of our solution is based on decomposition
the evaluation function into several sub-functions, whose
goal is to analyze dashboards from different perspectives.
These dashboard perspectives store different type of infor-
mation about evaluated dashboard. Therefore, different
types of dashboard analyses can be done.

Then, a goal of every dashboard analysis is to take
values of particular dashboard attributes and test whether
selected values fit particular constraints, which are related to
a type of these values. Tested constraints represents
dashboard usability requirements:

requirements based on end users attributes,

e requirements based on principles of a dashboard

design and a visual perception.

The first type of usability requirements are different for
every dashboard, on the contrary to the second type.

pixels widgets
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Figure 4. Dashboard can be considered either as mattrix of pixels
or as a set of arranged widgets presenting data.

Yet, our solution considers two type of dashboard
perspectives (Fig. 4):

e amatrix of pixels,

e a set of graphical elements (widgets) containing
presented data and attributes which determine

appearance of these widgets.

These perspectives and possible evaluation approaches
considering these perspectives are discussed in the next
subsections. Specific evaluation constraints are not
mentioned, because they will be the object of our future
work.
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A. Dashboard as a matrix of pixels

The first perspective represents dashboard as a 2-dimen-
sional matrix of pixels, which contain color values. Size
of matrix is defined by a tuple (w, h), which indicates
a matrix resolution. Possible color values are represented by
a reduced set of basic colors (e.g. 8-bit color or set of basic
named colors).

amount
- n of pixels
BB
i '
L color

Figure 5. Matrix of pixels is translated to a color histogram
for further analyses.

The evaluation is done by analyses of statistical values
(e.g. color histograms). Especially, the following kinds
of dashboard evaluation are suggested for future research:

e Analyzing which colors and how many of them are

used in a dashboard.

Making of color histograms
frequency of color occurrence.

and measuring

Thresholding of image and measuring amount
of black pixels and their distribution in the image.

By using this approach, it should be taken into
consideration that some matrices can represent random
sequence of pixels. That means, that even if results
of analyses are satisfactory, the tested matrix of pixels
needn't be a correct dashboard. Also, this approach doesn't
reflect the principles of human perception (e.g. principles of
Gestalt psychology). Therefore this dashboard perspective
can be rather used for additional analyses.

B. Dashboard as a set of widgets

The second perspective considers dashboard as a set of
widgets containing attributes and presenting data. The
evaluation strategy of this approach is to analyze these three
aspects separately in three steps. For this purpose, we
defined a simple theory which defines three levels of a dash-
board description — model of dashboard, dashboard
template, and realization of dashboard — which corresponds
with the three parts of the dashboard — widgets, attributes,
and data.

1. model
L, O,
2. template + appearance 3. realization
55 i e

‘/7( L + data

Figure 6. At every level, different aspects of dashboard can be analysed —
widgets definitions at model level,
appearance of widgets at template level,
relation between widgets and data at realization level.
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1) Model of dashboard
At the first level, we focus on a set of graphical elements
from which a dashboard can be assembled. The set of these
elements is called model of dashboard.

Definition 3.1: Model of dashboard M = {w} is a set of
graphical elements (widgets) w, which can be contained by
a dashboard. Widget w is defined as a 4-tuple (S, Bw, Au,
Xw), Where:

e S, shape of widget w.
e  B,: behavior of widget w. *

o A, = {a.}: finite set of attributes a, = (iaw, Vaw) Of
widget w, where:

o g iS unique identifier of attribute a,,

o Vg is finite set of possible values of
attribute a,,.

o Xy = {x.}: finite set of variables xy = (ixw, Vi),
which store presented data by widget w, where:

o Iy IS unique identifier of variable x,,
o V,wis set of possible values of variable x,,.

* For purposes of this paper, Sy and By is let undefined. B,, can be
considered as an empty set of rules, because behavior of widgets is not
considered in this stage of research and S,, can be considered as a list of
geometrical shapes, whose quantity, size and appearance depends on real
values of attributes and variables which will be specified by dashboard
template and realization of dashboard.

Goal of this level is to analyze whether widgets
contained in a dashboard model are understandable and
suitable for dashboards (e.g. according to [6]: 3D charts are
not suitable for data visualization).

2) Dashboard template

The second level is focused on values which are
assigned to the attributes of dashboard widgets. For this
purposes, dashboard template has been defined.

Definition 3.2: Dashboard template Dy = (M, {(w, A)}),
where:

e M is model of dashboard.

e (w, A) represents one object of dashboard template
which is specified by:

o widgetw € M,

o set of object characteristics A = {(iaw, V)},
where:

" iy, identifier of widget attribute
aw € Ay (e. g. background),

= v € V,, is value of characteristic
(e. g. blue or 0000FF).

Dashboard template doesn't contain any informal data
which are intended to be presented to an end user. It is used
for analyses of dashboard appearance. For instance,
following factors can be analyzed:

e number of used widgets and their kinds,

e positions of used widgets (dashboard layout),
e text attributes (size, alignment, font type),

e widget styles (size, used colors).

3) Realization of dashboard
If the dashboard template requirements are satisfied, it is
not still guaranteed that dashboard based on this template
will help to accomplish desired goals. Dashboard needs to
correctly visualize semantics of data. For this purpose
realization of dashboard has been defined.

Definition 3.3: Realization of dashboard D'y = (M,
{(w, A, X)}), where:

e M, w, A has the same meaning as in the definition
of dashboard template (definition 3.2).

o (w, A, X) represents one object of dashboard
realization, where:

o X = {(ixw V)} is set of object valuations,
where:

= iy identifier of widget variable
Xw € Xy (€. 9. X-axis),

= v € V,, is value of variable
(e.9.[1, 2,3, 4].

In this level, dashboard contains data. Therefore, the
following new factors can be analyzed:

e relation between widgets and visualized data
(suitability of widgets),

e amount of visualized data,
e data-ink ratio and lie factor,
e missing values (e.g. axis names).

In  comparison with dashboard template factors,
evaluation at this level is more complicated, because
semantics of data need to be understood (e.g. analysis of
widget suitability for selected kind of data). Users may also
need to be familiarized with a context of visualized data.

c. Contributions

Described approach is not dependent on any particular
user interface design technology (e.g. programming
language, designer tools). Problem is solved theoretically in
general way.

However, there is relation between the second dashboard
perspective, where dashboard is considered as a set of
widgets and tools used for designing of user interfaces.
These tools works in a similar way. Person who designs or
implements dashboard choose widgets (from some palette of
graphical library), then assign attributes to these widgets
(defines their appearance) and then connects these widgets
with data (which can be represented by some database).

As shown in figure 7, this approach could be mapped to
some real technology.
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Figure 7. As an exmaple, we can take a dashboard implemented
as a single webpage, where structure of page is described via HTML using
some widget library, appearance of page is defined by CSS, data are
acquired from database using PHP with SQL queries and optional behavior
is implemented via Javascript. Then evaluation could be done
by analyses of these parts.

D. Limitations

Designer can choose ideal and highly understandable
widgets, arrange them suitably in a dashboard canvas and
bind them appropriately with data, whose semantics is
presented correctly without distortion. Still, this dashboard
can be unusable if the dashboard presents information which
don't help reach goals, for which the dashboard has been
designed. This problem refers to issues of conceptual design
of whole system, in which the dashboard is contained. For
now, our solution doesn't consider this problem.

iv. Future work

This paper discusses only basic philosophy of the new
solution of information dashboard usability evaluation.
Solution of the problem has been described by the approach,
which considers dashboards in two perspectives, where
different kinds of dashboard analyses are automatically
performed.

Future work will be primary focused on specifying
dashboard requirements based on principles of a dashboard
design and visual perception. Then, these requirements will
be used for setting of dashboard usability constraints, which
will represent base of knowledge used for analyses of the
two dashboard perspectives defined in this paper. Then, we
will determine whether these analyses are able to be
converted into formal algorithms which can be solved in
acceptable time.
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