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INTRODUCTION 
After over 40 years of development, animated choropleth maps and cartodiagrams (diagrammatic maps) 
have become an operational tool for the visualization of dynamics. One of the first geographic animations 
using the cartodiagram method was probably that made by Casetti & Semple in 1969. Almost a decade ago 
now, it also became possible to produce complex animated choropleth maps and cartodiagrams 
(diagrammatic maps), by means of the application of more than one sub-animation. However, 
notwithstanding the achievements of many years of work now, simple and complex animated choropleth 
maps and cartodiagrams are still among the kinds of maps published less frequently on the Web 
(Dukaczewski & Bielecka 2009; Baranowski, Bielecka & Dukaczewski, 2010; Bielecka, Zwirowicz & 
Dukaczewski, 2010). For the process by which these types of animated map are designed encounters a 
considerable number of obstacles, the greater part of these being related to the need to comply with 
methodological conditions arising out of the specificity of the different types and subtypes of both methods 
of presentation (and combinations thereof), perceptions of these animations, and technical problems 
related to their design. The author has proposed methods of designing of simple and complex animated 
choropleth maps and cartodiagrams, employing the results of his previous investigations on entities  
cartotrophic and entities  polystaymic methods, as well as on properties of types and subtypes of 
animated choropleth map and cartodiagram (Dukaczewski, 2009). These methods (and related bases of 
rules) can facilitate the process of designing and production of animated choropleth maps and 
cartodiagrams . 
The efficiency of simple and complex animated choropleth maps and cartodiagrams also depends 
significantly on proper design of their legends. The early experiments (i.e. of Jensen (1978), Moellering 
(1980), Canvin and Reymond (1986)), and the most recent works (i.e. of DiBiase et al. (1991), Cote et al. 
(1993), Peterson (1999), Andrienko & Andrienko (1999), Harrower & Brewer (2003), Brewer (2003), 
Kumar (2004) See & Olson (2006), Bucher et al.(2007) Midtbø (2007), Christophe, Bucher & Ruas, 
(2007), Heer & Robertson (2007), Dykes, Wood & Slingsby (2010), and Riche et al. (2010)) have given 
rise to considerable development of the methodology where the design of the legends in a dynamic 
environment is concerned. However, the diversity and complexity of properties of different types and 
subtypes of choropleth map and cartodiagram gives rise to different limitations during this process. This 
implies a need to analyze the relationships between the properties of different types and subtypes of 
choropleth map and cartodiagram (and combinations thereof) and the properties of types and subtypes of 
related legends, as well as to take into consideration the results of these investigations in the course of the 
process by which legends are designed. 
OBJECTIVES, APPROACH AND METHODS 
The aim of the research detailed here was to propose procedural method of designing the legends for 
simple and complex temporal animated choropleth maps and cartodiagrams (diagrammatic maps), taking 
into consideration the results of investigations into the properties of their different types, the properties and 
limitations of different types of legend, the possibilities for combined usage of cartographic presentation 
methods and elements of legends, as well as semiotic and cartographic rules. 
To achieve this goal, it was necessary to propose a new typology of legends for different types and 
subtypes of simple and complex animated choropleth map and cartodiagram, to analyse the possibilities 
for combined usage of their elements, and to investigate possibilities for  and limitations to  their 
employment in the case of combinations of types and subtypes of choropleth map and cartodiagram (and 
combinations with legends of other cartographic methods). 
The next stage was then an analysis of combinations of interactive functions of legends for simple and 
complex animated choropleth maps and cartodiagrams. The proposed matrices of evaluation of combined 
usage of elements of legends, possibilities for applying elements of legends to different types and subtypes 
of choropleth map and cartodiagram, as well as matrices of evaluation of combinations of legends of types 
and subtypes of both methods (and combinations with other methods of cartographic presentation) were 
employed (as a base of rules) in a proposed method for the design of legends for simple and complex 
animated choropleth maps and animated cartodiagrams. 
RESULTS 
A typology of legends for simple and complex animated choropleth maps and cartodiagrams 

(diagrammatic maps) 
The proposed typology of legends for simple and complex temporal animated choropleth maps and 
cartodiagrams is based on a detailed typology for the two methods (Dukaczewski, 2009, 2010). In the case 
of all the types and subtypes of animated choropleth map and cartodiagram, an analysis of the possibilities 



for, and limitations on, the usage of different types of legends was carried out (the latter being 
distinguished on the basis of criteria concerning functionality, dimensions, potential relations with other 
legends, organization and elements, and structure). The results of these investigations allowed for the 
distinguishing of types of legend for simple and complex temporal animated choropleth maps and 
cartodiagrams. 
The first component to the typology  the detailed typology in respect of the two methods - included 
information on the main type of method, type of entity ( -point; -line; -area), level of measurement (a-
nominal, b-ordinary, c-quantitative scale) and type of value (c continuous, s-range). The nature of the 
information presented was then signalled (as H homogeneous, C comparative). In the case of 
cartodiagrams, information on type and subtype was added (type: I bars, II diagrams, III linear diagrams, 
IV dot histograms, and subtype: 1 simple, 2 summaric, 3 structural for point and area diagrams; as well 
as  for line diagrams: V vector and F flow chart and subtype: r range, s stream). In the case of 
choropleth maps, information about type and subtype were included (respectively: Q qualitative, S
selective; 1 simple, 2 summaric, 3 structural). It was possible to distinguish 58 subtypes of choropleth 
map and 137 subtypes of cartodiagram. Complex methods were noted as combinations of simple methods 
(i.e. K c1H/Kd c1HXK c1H. 
The second component to the typology included information about legend functionality (S  static, I  
interactive, D  dynamic), dimensions (1D, 2D, 3D), potential relations with other legends (/ - complex 
legend, X  cross legend), organization and elements (vertical, graph, centric, Ossan's triangle, segment, 
grouped columns, paired bars, two dimensional legend), structure (vertical: increasing, decreasing, 
bivariate, qualificative increasing, qualificative decreasing, amplitude; horizontal: increasing, decreasing, 
bivariate, qualificative increasing, qualificative decreasing, amplitude, proportional, unproportional, 
zoomed section, numerical strength, absolute values). 
The full list of types of legend, including also information on conditional solutions and wrong (but 
sometimes used) solutions is as shown in Appendix 1. Conditional solutions are shown in orange, wrong 
(but unfortunately sometimes used) solutions in blue. 
In the case of complex and/or cross legends, the analysis of the combined usage of elements (and 
properties thereof) points to the existence of a few limitations and conditional solutions, as shown in 
Appendix 2. 
Evaluation of the combination of legends for simple and complex animated choropleth maps and 

cartodiagrams 
The proposed typology of legends (App. 1), the matrix of evaluation of combined usage of elements of 
legends (App. 2), as well as previously elaborated matrices of: the evaluation of combinations of 
types/subtypes of choropleth map (Dukaczewski, 2009, App. 1), the evaluation of combinations of 
types/subtypes of cartodiagram (ibid. App. 2), and the combination of these types/subtypes with other 
types of cartographic presentation method (ibid. App. 3) were used to evaluate the combined legends for 
combinations of types and subtypes of these methods, using the semiotic rules and criteria applied in 
cartographic methodology. The result was an evaluation matrix for combined legends for types/subtypes of 
choropleth map (Appendix 3), for combined legends in the case of different types/subtypes of 
cartodiagram (Appendix 4), and for the application of legends to combinations of these methods with other 
cartographic presentation methods (Appendix 5). These matrices can be applied as tools when it comes to 
the design of legends for simple and complex animated choropleth maps and cartodiagrams. 
Evaluation of the combination of interactive functions of legends for simple and complex animated 

choropleth maps and cartodiagrams 

The level of interactivity of map functions is diversified. According to Asche and Herrman (1994), it is 
possible to distinguish three levels of interactivity. The first is related to viewing and displaying (choice of 
extent, scale, pan). The second allows for an interaction with a database to be created (choice of layers). 
The third level is related to analytical functions and the superimposition of layers. Crompton (2002) has 
proposed 5 levels of complexity to interactive functions: publishing (1), comparision (2), modification (3), 
extraction / combination / deletion (4) and detection of reasons or results (5). Dukaczewski (2007b) in turn 
proposed 7 levels of complexity of interactive functions of cartographic animation, related to: navigation 
(1), feeding of visualization (2), programming of visualization (3), development of visualization (by choice 
and/or query of information, choice of scope, period, localization and extent) (4), choice of method of data 
processing (5), choice of form of visualization (6), and analysis of spatio-temporal processes (by 
comparison between layers, or between layer(s) and animation, by comparison of two animations, by 
superimposition of layer(s) and animation or by superimposition of animations) (7). 
Analysis of the combination of these functions allowed for the proposing of a matrix of evaluation of the 
combination of interactive functions of legends for simple and complex animated choropleth maps and 
cartodiagrams (Appendix 6). This matrix can be applied as a tool by which to design complex interactive 
legends for complex animated choropleth maps and cartodiagrams. 
Procedural method for the designing of legends in the case of simple and complex animated choropleth 

maps and cartodiagrams 



The author proposes procedural method to facilitate the process by which legends for simple and complex 
animated choropleth maps and cartodiagrams are designed. This can work with the previously proposed 
entities cartotrophic methods for designing simple temporal animated maps (Dukaczewski, 2003, 2005) 
and the entities polystaymic methods for designing complex temporal animated maps (Dukaczewski 
2007a), as well as its modifications, specially adapted for the designing of simple and complex choropleth 
maps and cartodiagrams (Dukaczewski, 2009). 
These methods employ a choice of dynamized entities and levels of measurement, identification of types 
of change and animation, selection and verification of combinations of dynamized visual and dynamic 
variables, as well as the choice and verification of combinations of cartographic presentation methods. 
They also permit the definition of types of change, timescale, type of animation, type of scenario, and 
number of sub-animations. The bases of the rules applied by virtue of these methods allow the correctness 
and efficiency of selected solutions to be verified. The greater part of these solutions influence the 
processes by which legends are designed. The procedural method for designing legends for simple and 
complex animated choropleth maps and cartodiagrams is focused especially on those elements and 
processes underpinning the design of legends that were not taken into consideration in the case of the 
aforesaid entities cartotrophic and entities polystaymic methods. 
The proposed method for the design of legends has a modular structure, each module and sub-module 
being capable of independent application (as the name suggests). The consecutive modules and stages are 
as presented in Fig. 1. 
The first module is dedicated to the identification of type of animation and sub-animation, as well as the 
choice of type and general design of the legend. 
The first stage  the identification of the type and properties of the animation, will allow (in the case of a 
complex animation) for definition (and for verification of correctness if the entities polystaymic method 
has not been used previously) in respect of the combination of types/subtypes of methods, by way of the 
application of the matrices from App. 1 (evaluation of combinations of types and subtypes of choropleth 
map), App. 2 (evaluation of combinations of types and subtypes of cartodiagram), and App. 3 (evaluation 
of combinations of choropleth maps and cartodiagrams with other methods) (Dukaczewski (2009)). The 
definition (and verification of correctness) of employed visual and dynamic variables is then carried out 
(with the matrix of semiotic evaluation of combined applications of static and dynamic variables and 
related methods of presentation (Dukaczewski, 2009, App. 5). Similar definition and verification work is 
carried out in the case of simple animations. 
The next stage is a preliminary choice of type of legend for the N and N-1 sub-animations, employing 
App. 1. The verification of this choice should be achieved by reference to the matrix of evaluation of 
combined legends for types/subtypes of choropleth map (App. 3), the matrix of the evaluation of combined 
legends for types/subtypes of cartodiagram (App. 4), and the matrix of the employment of legends to 
combinations of the said methods with other means of cartographic presentation (App. 5). This allows a 
choice to be made as regards the type of legend for the N and N-1 sub-animations, this then being made 
subject to verification through application of the matrix from App. 2 (evaluation of the combined usage of 
elements of legends, and properties thereof). 
The second module is dedicated to the detailed design of complex and multi-module legends. As in the 
case of the previous module, it combines solutions for simple and complex animations. The first stage is a 
choice regarding the functionality of the N and N-1 legends. 



 
Fig. 1. Procedural method for the design of legends for simple and complex animated choropleth maps 
and cartodiagrams. 
Correctness of choice is verified by applying the matrix for the evaluation of the combination of 
interactive functions of legends for simple and complex animated choropleth maps and cartodiagrams 
(App. 6). The next task is a choice of dimension for the legend (using App. 1). The correctness of the 
chosen solution is verified using the matrices from Apps. 2, 3, 4 and 5. 
The third stage is an identification of the positive or negative types of value as regards the presented 
theme. This information can be used in selecting the organization and structure of the legend (also taking 
account of the information available in App. 1). Verification of this choice can be achieved through 
application of the matrices from Apps. 2, 3, 4, and 5. The last stage is a choice of layout for the legend, 
which should be made with consideration given to the rules of semiology and cartography, as well as 
cultural and social factors associated with the potential user. Once this has been done, it is possible for the 
N legend (or N sub-legend) to be implemented, before the N+1 legend is turned to. 
CONCLUSIONS 

The research detailed here has sought to contribute to the discussion on the properties of different types 
and subtypes of simple and complex temporal animated choropleth map and cartodiagram (diagrammatic 
map), their relations with different types of legend, as well as possibilities for the information in question 
to be used in facilitating the process of designing legends and hopefully also the development of 
cartographic animation methodology. 
The proposed method was tested during the preparation of legends for simple and complex temporal 
animations used in the testing of perceptions among 8 age groups. These tests showed that the method in 
question is operational. 
The approach taken can be expanded in the future, as consideration is given to ontogenesis/age 
determinants. The research on perception has allowed for a defining of general and detailed rules and for 



the devising of a table of guidelines, in regard to the usage of visual and dynamic variables, methods of 
presentation, types of animation, and interface functionality and specificity. These data were used to 
modify the matrices of correct usage of variables, as well as methods and related combinations of 
variables, which can be used to design the user age group  oriented animations, employing the entities
cartotrophic and entities polystaymic methods. The general and detailed rules and table of guidelines can 
be employed in a proposed method for the design of legends. However, the results of the research in 
question are (thus far) only representative and valid for the tested population in Warsaw. 
The research proves that it is possible to create a method for the design of legends for simple and complex 
animated choropleth maps and cartodiagrams, working with the entities  cartotrophic and entities  
polystaymic methods, employing as a basis the rules of these methods and results of new research on 
relations between the properties of types/sub-types of methods and legends, and on the properties of 
legends. The proposed 4 matrices for the evaluation of the simple and complex usage of legends and the 
matrix of combined usage of properties and elements of legends can facilitate the process by which 
legends for simple and complex animated choropleth maps and cartodiagrams are designed, in the case of 
scientific visualization especially. 
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Appendix 1 (part 1). The types of legends for simple and complex temporal animatedchoropleth maps and 

cartodiagrams (diagrammatic maps) 



 



Appendix 1 (part 2). The types of legends for simple and complex temporal animatedchoropleth maps and 
cartodiagrams (diagrammatic maps) 

 
Appendix 1 (part 3). The types of legends for simple and complex temporal animatedchoropleth maps and 

cartodiagrams (diagrammatic maps) 





Appendix 2. The evaluation of combined usage of elements of legends (and its properties) 

 



Appendix 3 Evaluation of the combinations of legends of choropleth maps 

 
Appendix 4 (part 1) Evaluation of the combinations of legends of cartodiagrams (diagrammatic maps) 



 
Appendix 4 (part 2) Evaluation of the combinations of legends of cartodiagrams (diagrammatic maps) 



 
Appendix 4 (part 3) Evaluation of the combinations of legends of cartodiagrams (diagrammatic maps) 



 
Appendix 5 (part 1) Evaluation of the combinations of legends of choropleth and cartodiagram maps with 

others cartographic presentation methods 



 
Appendix 5 (part 2) Evaluation of the combinations of legends of choropleth and cartodiagram maps with 

others cartographic presentation methods 



 
Appendix 6 Evaluation of the combination of the interactive functions of legends for simple and complex 

animated choropleth maps and cartodiagrams (diagrammic maps) 




