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Many approaches to automatic design of graphical presentation are focused on creating graphical presentation 
for a given data type, often without considering actual instances of data. This is due to the fact that they aim to 
be general purpose solutions. In this study a method which draws attention to characteristics of the actual data 
to be presented is adopted. Knowing characteristics of data that will be shown to the observer in advance, 
allows much more customized approach and better performance of constructed visualization. Visualisation 
performance in this case is understood as an ability to identify and recognize presented objects quickly and 
easily. Construction of the method relies heavily on research in the area of data visualization and perceptual 
psychology – with special emphasis on figural goodness. 
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1. Introduction 
 
Data visualization is nowadays a common way 
to represent and analyze information. There are 
many well-known benefits of data visualization, 
among others: human natural ability to quickly 
process visual patterns, large amount of 
information represented in a single image, 
understanding of complex data is assisted. All of 
these results in great interest in the subject, so 
there is nothing surprising in many works being 
carried out on automatic design of graphical 
presentations [20, 23]. Their most common  
goal is to build a framework which creates  
a presentation method for a given data type.  
In their assumptions the data type is unrestricted. 
That means these are general purpose solutions 
that can present any kind of information. This 
gives great flexibility, but on the other hand 
surely there must be better solutions in some 
cases. 

In this paper the space of data types for 
which a presentation is constructed is narrowed, 
this results in the ability to use more informed 
design. The data considered here is a set of 
objects, each with limited set of attributes (more 
precise definition will be provided later). Other 
narrowing assumption is that a presentation is 
constructed for well-defined purpose. The goal 
in this case is to identify and recognize presented 
object among others in the set. This is a very 
common human task, especially for diagnostic 
processes, where a number of characteristics 

describing an actual state of some entity exist. 
These characteristics enable to recognize a cause 
of the entity's condition. A real-world example  
is medical diagnosis: referring to the process  
of identifying a possible disease based on 
symptoms [1, 2]. Here, the visualized objects 
correspond to the condition being diagnosed and 
the presentation goal is to support this process.  

In the next section an attempt to outline the 
problem of constructing visual presentation to 
achieve the above goal will be undertaken.  
But in the beginning, in order to set some 
theoretical background, areas of: graphical 
languages, Gestalt psychology and Structural 
Information Theory, will be introduced [9, 11, 
20, 21, 23, 27] . 
 
2. Graphical languages 
 
A graphical language can be considered as  
a description of how a graphic corresponds to 
represented information. According to pioneers 
in the area of automatic design of graphical 
presentations, graphical languages are similar to 
other formal languages through defining precise 
semantic and syntactic of constructed sentences 
[20]. Therefore, presentations can be seen as 
sentences in a graphical language. In context of 
an input data set, the main characteristics of  
a graphical language are its: expressiveness and 
effectiveness.  
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information occurs. The presentation can be seen 
as a graphical description composed of graphical 
objects which are identified by perception and 
based on it a perceptual description is built.  
The perceptual description is then interpreted 
and transformed to a cognitive level. Cognitive 
description is a mental representation of 
information incorporated in a graphical 
presentation. The basic model of perceptual 
processing and information extraction is shown 
in Figure 1. 

Coming back to the size of design space,  
in Schiff’s approach, graphical description  
is more fine-grained than Mackinaly’s set of 
primitive languages. Graphical objects that make 
up the graphical description are instances of 
graphical primitives. Possible primitives can be: 
lines, arrows, circles, rectangles. Each primitive 
has its fixed set of parameters, like: color, size, 
position, which altogether give large design 
space. To cope with this and handle construction 
of graphical language, Schiff defines two  
types of principles: logical principles and 
psychological principles [23]. Logical principles 
are a kind of filters which determine if  
a language is able to represent input data. 
Psychological principles perform further 
selection based on how suitable the language is, 
considering people accuracy and speed in correct 
understanding of encoding convention (encoding 
convention is elaborated in next sections). This 
is necessary since first-principle may have  
to deal with previously unknown graphical 
languages, contrary to Mackinaly’s approach 
[20].  

Psychological principles are subsequently 
divided into interpretive principles and 
perceptual principles. Interpretive principles are 
most difficult to specify objectively, because 
they describe characteristics that make  
a presentation easy to understand without any 
confusion. On the other hand, the perceptual 
principles determine how effective a graphical 
language is for a given data, where effectiveness 
is measured by speed and accuracy of perceptual 
distinction made by observer of a graphical 
presentation. Comparing to interpretive 
principles, this area is far more explored by 
researches and has better theoretical foundations.  

Summarizing, a set of principles is used for 
the purpose of filtering and selecting of  
an optimal graphical language for input data 
type. The finally selected language in terms of 
first-principle approach is composed of: 
• a set of graphical primitives that will be 

used in the presentation 

• a specification of correspondence between 
domains of each data tuple and some 
properties of  the graphical primitives 

• a specification of relationship between 
graphical primitives required to encode data 
relation, when multiple primitives  encode 
single data relation.  

 
3. Selecting encoding convention  
 
Now, let's focus on how to build a graphical 
language and eventually transform information 
into its graphical representation. As mentioned 
earlier, a graphical presentation can be described 
at several levels. The method of transition from 
one level to another is called encoding 
convention [23] – starting from the cognitive 
description, through the perceptual description 
down to the graphical description. Some 
examples of entities used at different levels are 
presented in Tab. 2. It is evident that encoding 
convention must specify a systematic method  
of mapping between subsequent description 
levels for a certain type of data set. Selected 
method should allow constructing a graphical 
presentation for any data set instance of given 
type. Automating the selection process is  
a critical area for the domain of automatic 
presentation design. In this article the area will 
be narrowed, so the encoding convention is 
partially predefined in a manual process, at the 
same time the focus is aimed at particular data 
type and detailed characteristics of the selected 
encoding convention.  
 

Tab. 2. Examples of entities for different levels  
of description [23] 

 
Level Entitites/Components and examples 

Cognitive objects/tuples/relations (e.g. <attrib1, 
attrib2, ...>) 
domains (set of possible attributes) 

Perceptual Perceptual objects (e.g. circle, 
rectangle) 
Properties (e.g. size, postion) 

Graphical Graphic objects (e.g. circle, point) 
Parameters (e.g. x, y, radius) 

 
The task of creating graphical 

representation is naturally divided into two 
subtasks which rely on the introduced 
description levels. The first one is to transform 
from the given data set (which is actually  
a cognitive description) to perceptual model.  
The main issue here is to choose data 
representation which allows an observer to note 
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The biggest issue in solving layout task 
comes from Problem III – grid selection. It is 
evident from the above discussion, that using 
naive approaches and checking all potential 
grids for a large set of attributes A is not possible 
in finite time (e.g. 100 attributes gives around 
10157 different grids). This problem does has not 
had yet good solution and will be a major topic 
of further research. 
 
6. Conclusions 
 
This article aims to outline the problem of data 
visualization, where a method of visualization is 
built for a specific data, not only for a data type 
but also for an instance of data. This allows to 
use their characteristics and build otherwise 
inaccessible solutions. At this stage the use of 
the data instance is not fully leveraged. It is 
implicitly covered in the whole presented 
method, which expresses in the fact that the data 
set is known from the beginning, but still it is  
not used directly in a specific algorithm.  
For example any particular characteristic of  
an object o from O is never considered.  
This leaves room which can be explored in grid 
selection algorithm. Since the naive solution to 
this problem is unacceptable, the work must be 
focused on other methods. Heuristic methods 
seem to be a good candidate to make use of  
the data characteristics. For example dividing  
the grid selection problem into smaller 
subproblems is one of a potentially possible 
approach. The division may be set based on 
occurrence frequency of particular attributes in 
visualized objects, taking into account similar 
groups of attributes shared by different objects 
or any other pattern appearing in data. Knowing 
such patterns allows to extract them and for 
instance to prepare fixed solution (fixed good 
figure) for the subset of attributes and objects. 
Then, it can be used as a constant element of  
the grid, which reduces the number of possible 
grid arrangements. This and other heuristics will 
be the subject of further research.  
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Zastosowanie koncepcji „figural goodness”  

do automatycznego projektowania wizualizacji zbioru danych 
 

T. RZEŹNICZAK 
 
Wiele rozwiązań z zakresu automatyzacji konstruowania prezentacji graficznych koncentruje się na 
konstruowaniu prezentacji graficznych dla wybranego typu danych, najczęściej bez uwzględniania konkretnej 
instancji danych w procesie przygotowania metody prezentacji. Wynika to z faktu, że podejścia te starają się 
być rozwiązaniami uniwersalnymi. W pracy zaproponowana jest metoda, która zwraca uwagę na cechy 
danych, które faktycznie będą przedstawiane. Znając charakterystykę danych, do zaprezentowania możliwe 
jest znacznie lepsze dostosowanie podejścia i poprawa wydajności zbudowanej wizualizacji. Wydajność 
wizualizacji w tym przypadku jest rozumiana jako zdolność obserwatora do odnajdywania i rozpoznawania 
prezentowanych obiektów w szybki i łatwy sposób. Budowa metody opiera się głównie na badaniach 
w obszarze wizualizacji danych i psychologii percepcji – ze szczególnym naciskiem na figural goodness. 

 
Słowa kluczowe: wizualizacja danych, języki graficzne, structural information theory, figural goodness. 
 


