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Abstract 
Map mashups consisting of a background map and overlaid thematic information from 
different sources are today common map products, and they are used for different purposes 
ranging from applications for domain experts to maps created by ordinary people. Despite this 
prevalence the efficient communication and use of map mashups is not widely studied, and 
cartographic textbooks do not give guidelines for designing them. This dissertation is the first 
step to fill this gap by investigating the visualization of map mashups consisting of a back-
ground map and point symbols overlaid on top of it. Three design issues that are relevant for 
map mashups are studied: 1) the design of pictographic symbols, 2) the management of over-
crowding of the symbols, and 3) the visual highlighting of the symbols in an interactive 
application. The design issues are studied by a combination of qualitative and quantitative 
research methods, and the aim was to produce theoretical knowledge from the three design 
issues and to use this knowledge for formulating practical guidelines for achieving good map 
mashup products. 

The results concerning the pictographic map symbols indicate that a set of universal qualities 
define the success of all pictographic symbols. This dissertation provides ten qualities that the 
symbols should possess as well as practical guidelines for achieving the qualities. In addition 
to maximizing the universal qualities, the users of the symbols should be taken into account in 
the design, because the cultural background of the users affects the comprehension and 
valuation of the symbols. This dissertation provides a model that identifies the tracks via which 
the cultural background affects the comprehension and valuation of the symbols. These tracks 
are based on differences in code systems, conceptual models and aesthetic judgments. Also, 
guidelines for symbols for intercultural use are proposed. The results concerning the over-
crowding of symbols indicate that symbol occlusion decreases the efficiency of the map, and 
that the design and visual variables of the symbols affect the occlusion tolerance. Therefore, 
symbolization is a valid method to manage the effect of overcrowding. However, symbolization 
is a usable method only to a certain degree, and other methods may be more suitable for some 
situations. The suitability of the methods for a specific map mashup depends from a set of 
requirements that are set by the purpose of use of the map. This dissertation provides a table 
that can be used to choose a suitable overcrowding management method for a specific map 
mashup. The results concerning the highlighting of symbols indicate that the most successful 
strategy for highlighting is to increase the saliency difference between the highlighted and non-
highlighted symbols. 
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Karta-mashupit, jotka koostuvat taustakartasta ja tämän päällä esitetystä eri lähteistä 
tulevasta teematiedosta, ovat nykyään yleisiä karttatuotteita, ja niiden käyttötarkoituksien 
kirjo ulottuu ammattilaissovelluksista kansalaisten itsetuottamiin karttoihin. Huolimatta 
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1. Introduction

John Snow visualized the home addresses of people who died of cholera on a
street map in order to illustrate the likely source of the cholera bacteria during
the  Broad  Street  cholera  outbreak  in  1854.  This  infamous  example  has  been
used in demonstrating exploratory analysis and human reasoning (Gilbert 1958;
Tufte 1983; Johnson-Laird 2006; de Mast & Kamper 2009).  It  is  also a good
example of a map representation that consists of thematic point symbols on a
background map (Field & O’Brien 2010). Today, map mashups combine back-
ground maps with overlaid thematic data that come from different sources.
Commercial maps by Google, Bing, and Here among others, as well as the vol-
untarily produced OpenStreetMap, are widely used as background maps in nu-
merous thematic maps and map applications created by commercial companies,
public administration and interested citizens. The advances in mobile and Web
2.0 technologies have created markets for mobile maps, and commercial com-
panies as well as public administration use background maps in their location-
based services. In addition to the professional actors, the advances in the Web
2.0 technology have made it possible for interested non-professional geogra-
phers to plot their data on maps (Haklay et al. 2008; Graham 2010).

Despite the wide prevalence of map mashups today, their design is not dis-
cussed in detail in textbooks of cartography. Furthermore, the creators of map
mashups are often self-educated map makers or neogeographers (Turner 2006;
Elwood 2008; Haklay et al. 2008; Graham 2010), and the problem is that these
neocartographers lack cartographic education (Xiao & Armstrong 2012), and
they may not even want to be educated (Kraak 2012). However, simple guide-
lines comprising do’s and don’ts about the most critical design issues of map
mashups would do a lot to improve the design of map mashups, and these sim-
ple guidelines could be easily communicated to the new generation of map mak-
ers.

1.1 Background and motivation

The motivation for this dissertation originates from a research project called
Shared Information Framework and Technology (SHIFT) that aimed to develop
a platform for information sharing between different actors in international cri-
sis management (Vesterinen 2008; Virrantaus et al. 2009). A core of the tech-
nical solution was a common operational picture (COP) that visualized situa-
tional reports, such as incidents and resources, with pictographic symbols on a
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background map (Korpi & Ahonen-Rainio 2010). One of the research objectives
of the SHIFT project was to design an intercultural and value-free set of picto-
graphic  symbols  for  maps  in  order  to  support  the  neutrality  of  the  platform.
Since the SHIFT project it has become possible to use the increased availability
of situational information produced by crowdsourcing in crisis management
(Goodchild & Glennon 2010; Corbane et al. 2012; Camponovo & Freundschuh
2014; Liu 2014), which has increased the amount of data and introduced a new
challenge of visual overload in a COP (Luokkala et al. 2015). At the same time,
the use of COPs are evolving towards an exploratory analysis systems that ena-
ble interactive actions such as querying and filtering.

A typical visualization of a COP is a map mashup that consists of a background
map and thematic symbols depicting data from different sources. To date map
mashups have mainly been studied from the technical implementation point of
view, while the studies on their effective and efficient use has been lacking (Field
2008; Field & O’Brien 2010). This dissertation, for its part, aims to fill this gap.
The different uses of COPs introduce the general types of uses of map mashups
that are tackled in this dissertation. When a COP is used for communication its
visualization problems are similar to those of tourist maps that contain picto-
graphic symbols that aim to present the locations of specific points of interest.
In this case the amount of data is relatively small and the correct interpretation
of the symbols plays a key role in the efficient communication. When a COP is
used for analyzing the situation on the basis of a large amount of information,
the efficient visualization of large amounts of data and good interactive func-
tionalities contribute to the efficient use of the map, as is the case in information
visualization in general.

In addition to crisis management and COP map mashups are used in wide va-
riety of application domains such as transportation, meteorology and law en-
forcement and purposes of use such as tourist maps, social media maps and
newspaper maps. Although COP is here used to explain the different kinds of
map mashups this dissertation deals with the design of map mashups in general
regardless of their application domains and purposes of use.

1.2 Core concepts

The core concepts of the dissertation are introduced briefly below. Some of these
concepts are covered more deeply later in the text.

Web mashup is a term used in computer science for applications that integrate
contents and functions that are accessible via open web APIs (Cappiello et al.
2011).  A typical  type of  mashup integrates  a  local  dataset  with a  Google  map
navigation user interface (Hartmann et al. 2006). The resulting visualization is
called a map mashup (Field & O’Brien 2010). Map mashups are considered in
this dissertation as a type of map consisting of a background map and thematic
data that is overlaid on top of the background map automatically without carto-
graphic editing.
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Nominal point symbols on maps are  used to  represent  what  is  at  a  specific
location on a map, and these symbols are conventionally divided into picto-
graphic and abstract ones on the basis of whether the symbol has some associ-
ations with, or resemblance to, the concept or object it represents (Forrest &
Castner 1985; Morrison & Forrest 1995). Instead of discrete categories
MacEachren (1995) suggests a continuum of iconicity based on the relative vis-
ual abstractness of the symbol. Pictographic symbols are also referred to as pic-
torials, pictograms, pictographs, and icons in other fields than cartography
(Wogalter et al. 2006) but the term pictographic symbol is used in this disser-
tation.

A referent is  the  concept  or  object  that  the  symbol  represents  on  a  map
(MacEachren 1995), and a design idea is the explicit content that is depicted in
the symbol to represent the referent (Korpi & Ahonen-Raino 2010). For exam-
ple, a design idea for a referent such as a police station might be a police car. A
representation strategy refers to the connection between the referent and the
design idea (Nakamura & Zeng-Treitler 2012).

The stereotype production method is a participatory method that is used by
symbol designers to gather design ideas from the potential users of the symbols
(Ng et al. 2012). The users are asked to draw pictures that best represent the
referent. The method is based on the assumption that symbols that are designed
by users have a good chance of being correctly interpreted by them (Schröder &
Ziefle 2008). The most frequent design idea is termed the population stereo-
type. In addition, the most common measure collected for analysis is the stere-
otype strength, which indicates the level of agreement among users (Ng et al.
2012).

Visual variables,  first  introduced in cartography by Bertin (1967/1983),  are
variables in the appearance of a symbol, and can be used to differentiate sym-
bols. Bertin’s basic variables include location, size, lightness, texture, color hue,
orientation, and shape. Later additions to this list have been made in order to
better fit to the digital map design and presentation environment: hue, satura-
tion, and arrangement (Morrison 1974), focus/crispness, resolution, and trans-
parency (MacEachren 1995), and perspective height (Slocum et al. 2009). A pic-
tographic symbol consists of several basic shapes such as circles and squares
and is therefore a complex case of shape. Visual variables are also of interest to
perceptual psychology and vision research, where the term visual attributes is
used (Wolfe & Horowitz 2004).

Visual clutter is a state in which “excess items, or their representation or or-
ganization, lead to a degradation of performance at some task” (Rosenholz et al.
2005), and two factors, information density and information layout, are identi-
fied as causes of clutter (van den Berg et al. 2009). In this dissertation, the term
overcrowding is used to refer to these two causes. In information visualization
clutter reduction methods are designed to manage the visual clutter caused by
overcrowding (Ellis & Dix 2007). In cartography, a corresponding term to visual
clutter is visual complexity. It is defined as the number and diversity of visual
elements on a map and managed by generalization operators (McMaster & Shea
1992). In this dissertation, the term overcrowding management methods is
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used to describe methods aiming to solve the problem of visual clutter and com-
plexity.

Selective visual attention is defined as a set of mechanisms of the human vis-
ual system that are used in selecting subsets of stimuli for complex processes
such as object recognition (Wolfe & Horowitz 2004). The selection is based on
bottom-up and top-down mechanisms. The bottom-up mechanism directs the
selection  to  visually  salient  objects  and  the  top-down  mechanism  directs  the
“spotlight of attention” according to the aims of the person (Itti and Koch 2000).

Visual saliency is a term used in computer vision to refer to the idea that cer-
tain parts of a scene are pre-attentively distinctive (Kadir & Brady 2001). Ob-
jects can be made visually salient by making them visually distinctive according
to pre-attentive or attention-guiding visual attributes (Treisman 1985; Wolfe &
Horowitz 2004). This dissertation deals with the bottom-up mechanisms of se-
lective visual attention.

Object recognition refers to a complex set of processes in the human visual
system (HVS) that combines multiple perceived features or attributes such as
shape and surface attributes  with perception of  an object  (Wolfe  et  al.  2009;
Rossion & Pourtois 2004). HVS is able to compensate for missing information
caused by occlusion, and processes enabling this are called visual completion
(Rensink & Enns 1998) or amodal completion (Gerbino & Salmaso 1987).

Brushing is an essential functionality of an interactive visualization environ-
ment in enabling users to dynamically select a subset of data items during one
viewing to see the corresponding data items in linked views (Roberts & Wright
2006). The visual effect that is applied to the selected data items is called high-
lighting (Robinson 2011).

1.3 Scope

This dissertation deals with design issues of map mashups visualizing point
data. The scope is presented in Figure 1 by characterinzing the map mashups
according to the volume of thematic data on a map and according to the inter-
activity of the map. Kraak (2011) named scale, symbol design, and background
maps as three factors that define the cartographic quality of map mashups. Of
these, this dissertation deals primarily with symbol design and scale, while the
design issues of the background map are left out from the scope of this disser-
tation. When there are relatively few symbols on the map, but the symbol must
present what is at a specific location, symbol design is the main problem when
visualizing point data. The problem is most complex when the symbols are pic-
tographic. The scale of the map defines the usable level of generalization of the
map. When there are a lot of symbols on a map, the main problem is adapting
the visualization to the scale, and, more specifically, managing the visual over-
crowding of the symbols. Then the identifiable features, in addition to individual
symbols, are patterns of symbols (MacEachren et al. 1999). The use of maps has
shifted from pure representation towards interaction and exploration (Roth
2013). The main focus of this dissertation is on cartographic presentation, but
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highlighting symbols on a map is a problem of interaction that affects the rep-
resentation of point data. Therefore, visualization problems of point data on
background maps are studied in this dissertation from the viewpoints of picto-
graphic symbol design, overcrowding management, and highlighting. The
current  efforts  in  each  of  these  three  fields  are  described  next,  together  with
identified needs for research.

Figure 1. Characteristics of map mashups and related design problems of point symbols. The

horizontal axis presents the volume of the data objects, and the vertical axis presents the repre-

sentative vs. explorative use of maps. Pictographic symbol design is a problem related to maps

where relatively few symbols are presented. Overcrowding management is a problem in maps

that present relatively high volumes of data with respect of the scale. The highlighting of point

symbols relates to maps with interactive functionalities to support explorative use.

1.3.1 Pictographic symbols

Before the widespread proliferation of digital and web maps pictographic sym-
bols on maps were mainly studied within the context of tourist maps (Forrest &
Castner  1985;  Blok  1987;  Clarke  1989;  Morrison  & Forrest  1995;  Leung  & Li
2002) because pictographic symbols can be self-explanatory to people from dif-
ferent backgrounds. In the era of web maps civilian crisis management has been
a field that has brought together people from different cultures, and thus picto-
graphic symbols have been required (Dymon 2003; Kostelnick et al. 2008;
Akella 2009). Mobile technology has intensified the need for pictographic sym-
bols to be able to be correctly interpreted without a legend, because the small
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screen size does not allow space for one. Studies relating to the design of picto-
graphic symbols for mobile maps have been the most recent topic of interest
within the cartographic community (Stevens et al. 2013).

The cartographic studies of pictographic symbols have mostly considered the
testing of the levels of comprehensibility of existing sets of symbols (Blok 1987;
Clarke 1989, Leung & Li 2002; Akella 2009). Identifying the guidelines for sym-
bol design for a specific purpose of use before the actual symbol design has also
been of  interest  (Kostelnick et  al.  2008;  Stevens et  al.  2009).  Dymon (2003)
introduced a project that mapped a wide variety of existing symbol sets used by
different  actors  to  be  used  as  a  background  for  a  new  symbol  standard.  Me-
dynska-Gulij (2008) studied the ability of non-professionals to design picto-
graphic symbols for a tourist map. Forrest & Castner (1985) organized an exper-
iment that compared the efficiencies of abstract, pictographic, and framed pic-
tographic symbols, and Morrison and Forrest (1995) experimented with the ef-
fects of size and color on the efficiency of pictographic symbols. In addition to
maps, pictographic symbols are used and studied in the contexts of traffic and
sidewalk signs (Shinar et al. 2003; Oh et al. 2013), safety signs (Wogalter et al.
2006; Lesch et al. 2011), facility signage (Rousek & Hallbeck 2011), mobile and
computer  interfaces  (Huang  et  al.  2002;  Pappachan  &  Ziefle  2008),  vehicle
dashboard icons (Chi & Dewi 2014), and pharmacy (Montagne 2013).

The existing cartographic work has produced symbol design guidelines as by-
products of the tests (e.g., Leung and Li 2002) and by identifying the require-
ments of a specific form of map use, such as humanitarian demining (Kostelnick
et al. 2008) and mobile maps (Stevens et al. 2013). However, collective work for
general use has not been produced, and the results from other contexts than
maps have not been made use of. Another limitation of the existing cartographic
studies is that the cultural backgrounds of the test subjects used in the symbol
testing have been culturally homogenous. Therefore the effect of cultural differ-
ences on the comprehension of pictographic symbols is identified but the ways
in which the culture affects the comprehension and how the problem could be
tackled remain unidentified.

1.3.2 Overcrowding

The overcrowding of symbols on maps is conventionally managed in cartog-
raphy by generalization operators that are used for maintaining the legibility of
topographic maps across scales by reducing the amount of information on the
map and by simplifying the representation (McMaster & Shea 1992; Regnault &
McMaster 2007). Different algorithms for generalizing point, line, and area ob-
jects are introduced as implementations of the generalization operators. In map
mashups the generalization operators are considered especially for generalizing
the thematic layer that is overlaid on top of a background map (Edwardes et al.
2005). Individual methods or strategies such as displacement (Kovanen & Sar-
jakoski 2010), aggregation (Burigat & Chittaro 2008), typification (Pombinho
et al. 2009), and selection (Swienty et al. 2008), are applied in generalizing
point-of-interest (POI) data in mobile map applications.
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McMaster and Shea (1992) introduced a systematic framework for generaliza-
tion and explained the philosophical objectives (i.e., why to generalize), carto-
metric  evaluation  (when to generalize), and spatial and attribute transfor-
mations (how to generalize). These aspects should be considered with map
mashups as well. Although map mashups share similar properties to topo-
graphic maps, and many of the guidelines that are applied to topographic maps
are relevant in the case of map mashups too, the conditions of when to general-
ize and methods for how to generalize need to be studied in the case of map
mashups.

Geometric conditions such as the congestion and coalescence of the symbols
are used as triggers that say when to generalize so that the legibility and aes-
thetic pleasantness of the map are maintained (McMaster & Shea 1992). How-
ever, the state in which the generalization is needed may be different in modern
map visualizations to that of conventional topographic maps, because it is pos-
sible that today’s map users can deal better with graphic information overload
(Kraak 2011). Therefore, studies aiming at revealing the amount of overcrowd-
ing that can be tolerated in map mashups could provide valuable information
for method developers.

The range of possible uses of map mashups is wide. In addition to mobile maps
presenting POIs, there are modern web map applications that enable spatiotem-
poral data analysis and exploration for interested map users and not just for
experts (Schumann & Tominski 2011). The requirements for visualizing the data
depend on the purpose of use of the map, and so must the methods for managing
the overcrowding. Visualizing POIs on a mobile map presents a case where the
design of the symbols is space-consuming in terms of pictographic shape, but
the amount of data (i.e., the number of POIs) is rather limited. An exploratory
map application may make do with simple symbols but the amount of data is
likely to be high. The management of overcrowded displays in the case of volu-
minous datasets is a common research problem in information visualization
(Ellis & Dix 2007), but many of the information visualization applications do
not  include  geospatial  information.  The  research  on  the  methods  for how to
generalize in the context of map mashups should take into account the variety
of uses of map mashups.

1.3.3 Highlighting

The digital environment has enabled interactivity that has been in a key position
in the “cartographic revolution” over the past two decades (Roth 2013). Geo-
visual analysis and geovisualization applications targeted at professional users
such as  researchers  and domain experts  are  highly  interactive,  but  more and
more often maps for the general public also enable interactive analysis-type
functions such as querying and filtering. In this setting the design of interactive
maps has become an important research challenge in cartography (Roth 2013).
Brushing symbols across multiple linked views is a common functionality of ex-
ploratory analysis applications. The results of brushing are visualized by high-
lighting the selected (or brushed) symbols from the rest of the symbols (Robin-
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son 2011; Griffin & Robinson 2015). When the highlighting effect on an interac-
tive map is being considered, the highlighting effect can be seen as a design task
that is related to the cartographic representation of interactive maps. The task
of the highlighting effect is to raise the highlighted symbols highest in the visual
hierarchy of the map mashups, while other thematic (i.e., non-highlighted) sym-
bols and background layer(s) are left lower in the visual hierarchy (Pyysalo &
Oksanen 2013).

Despite their prominent role in exploratory analysis, highlighting methods
have not been widely studied either in cartography or in information visualiza-
tion, and static color is the most frequently used highlighting method in com-
mercial applications. Robinson presented a review of possible highlighting
methods (2011) for highlighting symbols across multiple linked views. In the
context of map mashups the efficiency of highlighting methods was studied by
Pyysalo and Oksanen (2013) by comparing different methods for highlighting
outliers from the data in a map animation. However, more research is needed
to gain a better understanding of the range of highlighting methods that are
suitable for highlighting point symbols in a map mashup.

1.4 Limitations of the research

As stated above, this dissertation deals with the design of map mashups regard-
less of their purpose of use, and there are two main limitations to the scope.
First, this dissertation investigates point datasets, and second, the design issues
of the background map are left outside of the scope of this dissertation. The vis-
ual communication is studied as prerequisite for three design challenges that
further limit the scope of this research.

In addition to these general limitations, there are limitations that are related
to the individual design challenges. The design of pictographic symbols is
mainly studied from the viewpoint of the end result whereas the creative/artistic
design process is not studied. Also, the problematics of designing consistent
symbol sets is only touched in this dissertation. Highlighting is studied in the
context of one map view instead of interlinked views.

1.5 Objectives and research questions

The objective of this dissertation is to produce design guidelines for map
mashups consisting of point symbols on a background map. More specifically,
the aim is to tackle three design challenges: 1) the design of pictographic sym-
bols; 2) the management of the overcrowding of the symbols, and 3) highlight-
ing symbols on a map. The aim is to reach the objective by answering five re-
search questions that are explained below. Research questions 1 and 2 concern
the  design  of  pictographic  symbols,  3  and  4  concern  the  management  of  the
overcrowding of the symbols, and 5 concerns the highlighting of point symbols.

1. Which are the general factors that contribute to the compre-
hension and valuation of pictographic symbols and how
should these factors be taken into account in the design?
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Besides maps, pictographic symbols are used in many environments,
such as mobile and computer user interfaces, traffic, hazard and way-
finding signs, and instruction manuals. In all contexts of use the symbols
should be correctly and efficiently interpreted and their design should
be appreciated by the users in order to be successful. A more granular
set of generic factors or qualities that define the efficiency and appeal
and thus the overall  quality  of  the symbols  would be beneficial  to  the
design. Furthermore, concrete guidelines to achieve these qualities as
goals would help especially non-professional designers.

2. How does culture affect the comprehension and valuation of
pictographic symbols, and how should the cultural back-
ground of the users be taken into account when designing pic-
tographic map symbols for intercultural use?

Although a set of general qualities defines part of the success of picto-
graphic symbols, there are also case-specific factors that need to be
taken into account. The user population of a map is a case-specific factor
that needs to be taken into account in all symbol design projects. A prob-
lem emerges when the users have various cultural backgrounds. This is
a topical problem because more and more maps are used in sharing in-
formation between users from different backgrounds. The ways in which
the cultural background affects the symbol qualities, and thus the com-
prehension and valuation of symbols, are valuable information that can
be used in drawing up guidelines for designing symbols for intercultural
use.

3. How does overcrowding in map mashups affect the perception
of point symbols, and how should the effect of overcrowding
be taken into account in the symbolization?

The overcrowding of symbols is conventionally avoided in cartography
because  it  is  known  to  reduce  the  efficiency  of  a  map.  However,  map
mashups today tend to include large amounts of data, and a visual anal-
ysis type of use may require a certain amount of overcrowding to be tol-
erated. Therefore, it would be beneficial to know how much overcrowd-
ing map symbols can tolerate before they lose their efficiency and effec-
tiveness.  Furthermore,  information  on  how the  design  of  the  symbols
affects their tolerance for overcrowding could be used in choosing a vis-
ualization for objects on a crowded map.

4. Which other methods, in addition to symbolization, are avail-
able for managing the overcrowding of point symbols ion map
mashups and how can the methods be used?

Symbolization, i.e., simplifying the visualization of the symbols, has its
limitations as a method for managing the overcrowding of symbols, and
other methods may be more efficient in managing the overcrowding in
some situations. Therefore, all the methods that are suitable for manag-
ing the overcrowding of symbols, and the strengths and limitations of
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these methods, need to be identified so that the most suitable methods
for a specific use of a map mashup could be pointed out.

5. How should the highlighting of point symbols be visualized in
an interactive map mashup?

Interactivity is a core characteristic of maps for exploratory analysis. The
user is able to filter away symbols in order to focus the analysis on a spe-
cific set of objects, or highlight objects during one viewing to identify
objects in linked views. Highlighting can focus the attention of the user
on the highlighted objects, and therefore it can be seen as a method for
managing the overcrowding of the symbols on an interactive map. Be-
cause highlighting is such an important feature of an exploratory analy-
sis system, suitable methods for highlighting point symbols need to be
identified in order to design an efficient interactive map mashup.

1.6 Structure of the dissertation

This dissertation consists of a summary and six appended papers. Chapter 2 of
the summary reviews the related research that explains the theoretical founda-
tions of this research and introduces the earlier efforts to answer the research
questions.  Chapter  3  presents  the  research  materials  and  methods  that  were
used in the appended papers. Chapter 4 introduces the results obtained in at-
tempting to answer the research questions. Chapter 5 contains a discussion of
the theoretical and practical implications of the results, and Chapter 6 draws the
final conclusions.
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2. Related work and theoretical founda-
tions

In this chapter the prior research related to the research questions are intro-
duced as the theoretical foundations of this dissertation. The related work is or-
ganized under the three design tasks, namely the design of pictographic map
symbols, overcrowding management, and the highlighting of point symbols on
a map. However, some of the related research serve as a theoretical background
to more than one of the research questions. This kind of common theory is pre-
sented first under the title ‘perception of visual objects and symbols’.

2.1 Perception of visual objects and symbols

In this subchapter, the perceptual processes of HVS are explained with the help
of theories of attention and object recognition. Cartographic research on visual
variables is also reviewed. These theories are referred to later when theories rel-
evant to specific design tasks are introduced.

2.1.1 Attention

Visual attention has been studied extensively within cognitive psychology, and
is highly relevant to cartography because attention impacts on several map
reading processes (Lloyd 2005). Visual attention is controlled with bottom-up
and top-down mechanisms. Bottom-up mechanisms are driven by the proper-
ties of the visual stimulus, whereas top-down mechanisms guide the attention
under cognitive control according to the goals of the human perceiver (Hikosaka
et al. 1996). Visual attention has been explained in perceptual psychology by
visual search models and by saliency models.

Visual search models present a two-stage architecture where visual stimuli are
initially recorded along separable dimensions such as color and orientation into
features such as ‘red’ and ‘vertical’ (Treisman & Gelade 1980). In this early pre-
attentive processing stage numerous features can be processed in parallel, but
attention is required to bind, e.g., the color and orientation information together
at a specific location into a perception of an object in the second stage. The bind-
ing and object recognition are serial processes that are limited to only a few ob-
jects at a time. For this reason it is easy to find a red dot among a set of blue
dots, but it is more difficult to find an object that differs from the distractors by
a conjunction of features (e.g., a big red object among big blue objects and small
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red objects). However, the theory of guided search states that some conjunction
searches are more efficient than others because some dimensions or attributes
can guide the attention (Wolfe  et  al.  1989;  Wolfe  1994).  Wolfe  and Horowitz
(2004) reviewed a number of visual search studies and concluded that there is
“no doubt” that color, motion, orientation, and size (including length and spa-
tial frequency) are attributes whose features can guide the attention. In addi-
tion, a number of other attributes, including shape and luminance, are “proba-
bly” able to guide the attention (Wolfe & Horowitz 2004). For example, the vis-
ual  search for a big red object is  guided by the color and size processors that
activate the locations of red objects and big objects respectively.

Saliency models aim to predict the most salient locations in a display, i.e., the
locations that draw the attention of the perceiver (Itti & Koch 2000; Rosenholz
et al. 2007). In order to be salient an object must differ from its surroundings in
terms of the attention-guiding attributes introduced above. However, what is
also of importance is how much an object differs from other objects in the scene
(Duncan & Humphreys 1989; Nagy & Sanchez 1990). Furthermore, saliency
models aim at generalizing the results of visual search experiments from syn-
thetic images into natural ones (Rosenholz et al. 2007), and use center-sur-
round computations on different spatial scales in trying to define how much an
object or location differs from its surroundings (Itti & Koch 2000).

2.1.2 Object recognition

Object recognition is one of the most extensively studied topics in cognitive psy-
chology (Rossion & Pourtois 2004). The object recognition processes of HVS
combine the attribute information such as shape, surface variables, and charac-
teristic motion (i.e., binding) and match the resulting object with object repre-
sentations in the visual long-term memory (VLTM). Therefore, in order to be
recognized the object should be familiar to the perceiver so that object repre-
sentation is stored in the VLTM (Wolfe et al. 2009).

Theories of object recognition can be divided into those that are based only on
the perception of the edge information (e.g.,  Biederman 1987) and those that
also take into account the surface information such as color and texture (e.g.,
Tarr & Bülthoff 1998). Some authors have concluded that color information is
useful only when the color is highly characteristic of the object (Tanaka & Pres-
nell 1999; Therriault et al. 2009) or when the object does not have a character-
istic shape (Price & Humphreys 1989).

The effects of visual complexity in object recognition are explained by Gerlach
and Marques (2014) with the help of two processes in object recognition. When
perceptual representations are formed by binding features together, visually
complex objects are assembled more slowly than more simple objects. However,
when the assembled object representation is matched against the representa-
tions in the VLTM, visually complex representations are likely to activate fewer
candidate representations, and thus make the finding of the ‘winning’ candidate
easier.
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2.1.3 Visual variables of map symbols

Map symbols can be presented with visual (or graphic) variables such as shape,
color (hue), value (lightness), saturation, size, orientation, texture, arrange-
ment, focus/crispness, resolution, transparency, and perspective height (Bertin
1967/1983; Morrison 1974; MacEachren 1995; Slocum et al. 2009). These visual
variables are similar to the visual attributes used in vision research. However,
shape (or form) is sometimes in vision research divided into specific properties
such as intersections, terminators, and curvature (Wolfe 1994).

In cartography visual variables have been found to have different abilities to
visualize data on a map. Shape, color hue, and orientation are suitable for visu-
alizing nominal categories, whereas size, value, and texture can be used to visu-
alize quantitative data (Bertin 1967/1983). Furthermore, value and texture are
able to visualize differences only on ordinal and interval scales, whereas size can
be used to visualize proportional (i.e., ratio scale) differences (Bertin 1967/1983;
Kraak & Ormeling 2003). Orientation can be used especially for data that have
a direction or is measured on a cyclic scale (e.g., wind; Treinish 1999). Satura-
tion, transparency, and focus can be used to visualize subordinate information
such as uncertainty or temporal dimension in the symbols (MacEachren et al.
2005).

The  efficiency  of  visual  variables  in  visual  search  in  map  context  has  been
studied by Lloyd (1997) and Garlandini and Fabrikant (2009). Several factors
affect the efficiency of the visual variables in map context, and therefore differ-
ent results have been obtained in cartographic studies. Lloyd (1997) found out
that a symbol differing from the distractors in terms of its color hue was found
more efficiently than symbols that differed in terms of size, shape, or orienta-
tion. In the experiment of Garlandini and Fabrikant (2009) size was found to be
a more ef cient visual variable than color hue and color value.

2.2 Pictographic map symbols

In this subchapter, related work on the design of pictographic symbols is re-
viewed. First, the theoretical foundations for the qualities of pictographic sym-
bols are introduced by examining the symbol-reading process. Next, a closer
look is taken at the connection between the representation and the referent,
which is key to the correct interpretation of the symbol. After that, the recent
efforts to form guidelines for successful pictographic symbols are reviewed, and
finally the current efforts to study cultural factors in the comprehension of pic-
tographic symbols are introduced.

2.2.1 Symbol comprehension and valuation

The symbol reading process can be explained with two theories originating from
two different fields of research, semiotics and perceptual psychology. Semiotics
offers a philosophical view of symbol comprehension, whereas perceptual psy-
chology aims to identify the perceptual and cognitive processes used in object
recognition. Both of these approaches have been acknowledged in cartography.
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The comprehension of pictographic symbols has traditionally been explained
through the concept of the sign as introduced by Peirce (1935). Peirce explained
a sign as a three-way interaction between a “representamen” (the symbol, the
visual representation), an “object” (the referent that is represented by the sym-
bol), and an “interpretant” (the mental representation of the object or the logic
that connects the object and the symbol). The other famous model, which was
introduced by de Saussure (1959), explains the sign as a two-way interaction
between a “signifier” (the symbol) and a “signified” (the interpretant). The se-
miotic aspect of map symbols is analyzed in depth by MacEachren (1995). In
symbol comprehension it is critical that the “interpretant” enables the correct
interpretation.

A wider view of symbol reading is taken with perceptual object recognition
processes. On the basis of the processes explained above in Chapters 2.1.1. and
2.1.2., Keates (1996) divided symbol reading into four stages. First, the symbol
is detected from the background by the figure/ground processes (Wolfe et  al.
2009). Then the symbols are discriminated from others, i.e., perceived as being
different. After that, the symbol is identified, which means that the explicit con-
tents of the symbol are perceived by the object recognition processes (Wolfe et
al. 2009). The final stage is the interpretation, i.e., the comprehension of the
meaning of the symbol that has been identified. In order to be successful, sym-
bols must enable all four of the stages. The perceptual process is not linear but
instead bottom-up and top-down processes are in use simultaneously (Pappa-
chan & Ziefle 2008). Preattentive bottom-up processes enable symbol detection
and discrimination, while cognitive top-down processes are used in identifica-
tion and interpretation.

In addition to symbol comprehension, pictographic symbols need to be ap-
pealing to their audience in order to succeed as graphical products (Kent 2005).
However, some studies suggest that efficient communication is the main factor
contributing to the appeal of a symbol (McDougall & Reppa 2013).

2.2.2 Representation strategies for pictographic symbols

Pictographic symbols can be identified without a legend, because the connection
between the object or concept and its visual representation by the symbol can
be inferred. This is an advantage of pictographic symbols over abstract symbols.
However, the symbols must be correctly interpreted before this benefit can be
claimed. Therefore, interpretation is a problem that needs to be tackled, espe-
cially in the case of pictographic symbols.

Peirce (1935) classified signs into symbols, indexes, and icons on the basis of
the link between the visual representation of the sign and the referent it repre-
sents. Peirce’s triadic categorization has later been concretized by several au-
thors with different labels for categories (e.g. Krampen 1965; Modley 1966; For-
rest & Castner 1985; Familant & Detweiler 1993; Purchase 1998). Common cat-
egorizations divide the visual representations into: 1) those that represent the
referent by depicting its visual characteristics; 2) those that are attached to the
referent by a convention, and 3) those that represent the referent by depicting
concepts that are semantically related to the referent. These categories can be
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termed image-related, arbitrary, and concept-related (Forrest & Castner 1985)
or concrete-iconic, symbolic, and abstract-iconic (Purchase 1998), respectively.

The most detailed classification of the connections is given by Nakamura and
Zeng-Treitler (2012) in their taxonomy of representation strategies. They clas-
sify representation strategies on the highest level into visual similarity, arbi-
trary convention, and semantic association according to the earlier classifica-
tions but elaborate these categories further. Arbitrary conventions were further
classified into abstract, concrete, and transposed conventions. Semantic asso-
ciation was argued to be the most common strategy, but semantic association
between the representation and the referent can be built in multiple different
ways. Therefore, semantic associations were classified into eight categories:
comparison or contrast, exemplification, semantic narrowing, physical de-
composition, temporal decomposition, body language, metaphor, and conti-
guity (Nakamura & Zeng-Treiler 2012). Contiguities are analogous to meto-
nyms (i.e., a representation is used as a substitute for something else with which
it  is  closely  associated;  Oxford  University  Press  2015),  and  they  were  further
divided into physical contiguity, container, source, use, tool, cause or effect,
and object (Nakamura & Zeng-Treiler 2012).

2.2.3 Symbol qualities and design guidelines

The design of pictographic map symbols is not an extensively studied topic in
cartography. Design guidelines have been given mainly for a specific purpose of
use of a map, such as humanitarian demining (Kostelnick et al. 2008) or for a
specific medium such as mobile devices (Stevens et al. 2013) on the basis of an
analysis of the special requirements of the case at hand. Individual guidelines
have been given as results of experiments: Forrest and Castner (1985) found
that framing the pictograms with classifying frames increases the efficiency of
the pictographic symbols in a visual search task, Morrison and Forrest (1995)
concluded that image-related symbols are found more accurately than concept-
related symbols, and Leung and Li (2002) showed that widespread and conven-
tional symbols are the most effective.

Outside cartography pictographic symbols have been widely studied with the
help of measurable icon characteristics that were introduced by McDougall et
al. (1999). The original list consisted of five characteristics: concreteness, com-
plexity, meaningfulness, familiarity, and semantic distance. Distinctiveness
(McDougall et al. 2000) and aesthetic appeal (Reppa & McDougall 2015) were
later added to the list. The contribution of these characteristics to the efficiency
of pictographic symbols has been tested by a number of experiments, which
have formed the characteristics into qualities. Semantic closeness (i.e., low se-
mantic distance) has been identified as the most effective quality contributing
to the efficiency of symbol interpretation (Ng & Chan 2007, Chan & Ng 2010,
Chan & Chan 2013), while also familiarity, simplicity, concreteness, meaning-
fulness, distinctiveness, and aesthetic appeal seem to affect the interpretation
of  a  symbol  (McDougall  et  al.  2000,  McDougall  et  al.  2006,  Isherwood et  al.
2007, Ng & Chan 2007, Chan & Ng 2010, Chan & Chan 2013, Reppa & McDou-
gall 2015).
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Besides measuring efficiencies, guidelines for pictographic symbols have been
given  on  the  basis  of  practical  experience  (Horton  1994,  Wogalter  2006,
Wogalter et al. 2006), by collecting guidelines from literature (Wiedenbeck et
al. 1999), and by collecting opinions from professional graphic designers
(Huang et al. 2002).

2.2.4 Cultural factors and user issues

Taking the users of the maps into account is one of the key design considerations
in cartography (e.g. MacEachren 1995; Kraak & Ormeling 2003). Culture is one
of the most salient factors that differentiates map users. There are a number of
different  definitions  of  culture  in  the  literature  (Ford  &  Pauzie  2005;  Edsall
2007). On the basis of their review, Ford and Pauzie (2005) understand culture
as “the patterns of thinking, feeling and acting that influence the way in which
people communicate amongst themselves and with computers”. Edsall (2007)
summarizes his review by stating that culture is used to “describe or classify
human activity, including elements of society such as beliefs, knowledge, mor-
als, art, and traditions”. Models of culture aim at identifying cultural factors
that are used to organize cultural data (Victor 1992; Trompenaars & Hampden-
Turner 1998; Hofstede 2001). Perhaps the most famous of those models intro-
duces five main such factors that describe and differentiate cultures: power dis-
tance, uncertainty avoidance, masculinity, individualism, and time orientation
(Hofstede 2001). These factors are taken into account, for example, in user in-
terface design for different cultural areas (Ford & Pauze 2005).

Culture is often used to refer just to nationality, which is an oversimplification
of culture (Montello 1995; Edsall 2007). Besides nationality, the cultural back-
ground of an individual is formed by a number of factors such as age, gender,
language, level of education, occupation and domain knowledge, social class,
and the region in the country where they live (Nielsen 1993; Dillon & Watson
1996; Edsall 2007; Varnum et al. 2010). These factors may differentate the users
more than nationality does, and therefore it is suggested that overemphasizing
national differences should be avoided in practical design (Montello 1995).
However, there is a common understanding that the visible and tangible dimen-
sions of culture should be taken into account in user interface design (Edsall
2007), and an icon is such a tangible interface element that can be localized for
different cultures (del Galdo 1990; Bourges-Waldegg & Scrivener 1998).

Several experiments have shown that there are differences in symbol compre-
hension between participants with different cultural backgrounds (Piamonte et
al. 2001, Shinar et al. 2003, Pappachan & Ziefle 2006, Chan et al. 2009, Blees
&  Mak  2012).  In  all  these  studies,  the  cultural  differences  are  understood  as
meaning different nationalities. Differences between user groups have been
found in comprehension rates (Shinar et al. 2003, Pappachan & Ziefle 2006,
Chan et al. 2009) and confidence levels (Piamonte et al. 2001). A common result
is  that  local  symbols  are  interpreted more accurately  than international  ones
(Shinar et al. 2003, Chan et al. 2009). Blees and Mak (2012) tested whether the
symbol characteristics of McDougall et al. (1999) have a different effect on sym-
bol comprehension for people from different cultures, but found no significant
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differences in this respect between the two cultural groups they studied. The
need for symbols that would be correctly interpreted across cultural back-
grounds is acknowledged, but concrete guidelines for achieving this are rarely
given. Shinar et al. (2003) advise standardizing traffic signs and suggest apply-
ing good ergonomic design principles such as spatial compatibility, conceptual
compatibility, physical representation, and familiarity. However, international
harmonization might not always be the best policy, at least in warning design
(Lesch et al. 2009). Pappachan and Ziefle (2006) suggest using concrete and
detailed symbols  so  that  the meaning can easily  be  interpreted by those who
have not seen the symbol before.

2.3 Overcrowding management in visual displays

Related work on overcrowding management is reviewed in this subchapter.
First, the reported factors contributing to visual clutter and approaches used for
measuring  the  clutter  are  explained.  Then  overcrowding,  as  a  cause  of  visual
clutter,  is  reviewed  from  the  point  of  view  of  object  recognition.  Finally,  the
methods for solving overcrowding on maps and in information visualization dis-
plays as two fields closely related to map mashups are introduced.

2.3.1 Visual clutter

Visual clutter is a problem that is faced in multiple domains, and it is reported
to affect HVS processes such as visual searching (Neider & Zelinsky 2011) and
object recognition (Rosenholz et al. 2007) and to degrade the users’ understand-
ing of information on the display (Kim & Kaber 2009). In their recent review
Moacdieh and Sarter  (2015)  went  through a  number of  definitions of  clutter,
and classified the definitions into five perspectives on clutter, namely display
density, display layout, target-background or target-distractor similarity,
task irrelevance, and performance and attentional costs perspectives. The
most commonly named causes of clutter are an excess of items on the display
(Lohrenz & Beck 2010) or the density of the items (van den Berg et al. 2009).
This cause of clutter has been well studied as a number of visual search experi-
ments have been carried out to identify the attention-guiding attributes that do
not suffer from an increase in the number of symbols on the display (Wolfe and
Horowitz 2004). Other frequently-mentioned causes are high variation in visual
variables such as color, luminance, and orientation (Lohrenz et al. 2009; Rosen-
holtz et al. 2005), and the arrangement of the objects on the display, which may
cause the objects to be occluded (Peng et al. 2004; Bravo & Farid 2004).

The target-background or target-distractor similarity perspective on clutter
concerns the separability of a specific target from the background or the distrac-
tors (Chu et al. 2012). This problem is recognized by the visual search experi-
ments,  such  as  that  of  Duncan and Humphreys  (1989)  mentioned  already  in
Chapter 2.1.1. The task irrelevance view of clutter takes into account the task of
the user. Data objects that are relevant to the task may be beneficial to the user
but irrelevant data objects only contribute to the clutter (Alexander et al. 2008).
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The performance and attentional costs perspective takes into account the dis-
play-based factors mentioned in the other perspectives, as well as use- and user-
based factors, such as task difficulty, workload, and the experience of the user
in the definition of the clutter (Moacdieh & Sarter 2015). Something that is im-
portant to this view is that the same display may or may not be cluttered, de-
pending on the situation and the user (Moacdieh & Sarter 2015).

Multiple approaches to measuring clutter have been offered in order to evalu-
ate the need for clutter reduction. Different approaches stem from the different
perspectives on clutter. Moacdieh and Sarter (2015) classified the approaches
into image-processing, performance evaluation, and eye-tracking techniques
and subjective evaluation. Image processing techniques are used to measure
properties such as density, layout, and target-background similarity. Perfor-
mance evaluation techniques measure and compare the task performance by
using clutter-varied displays. The eye-tracking method is used to study how the
clutter affects the allocation of attention. Subjective evaluation, i.e., asking the
users to evaluate the amount of clutter in a display, is also used.

2.3.2 Overcrowded object recognition

The object recognition processes must survive overcrowded scenes, because
these situations are common in everyday life. Object recognition has been stud-
ied by vision scientists, especially in cases of object occlusions and crowding.

Humans are capable of recognizing objects even when the objects are partially
occluded. The missing information can be gained by processes of visual comple-
tion (Rensink & Enns 1998). These processes can be divided into global and lo-
cal ones (Kellman 2001). Local processes are simple perceptual contour inter-
polation processes (Kellman & Shipley 1991), whereas global processes are more
cognitive and are based on familiarity and global characteristics such as sym-
metry (Kellman 2001). It has been stated that occlusion has a negative effect on
the object recognition performance (Rosenholz et al. 2007), but the experiment
of Bravo and Farid (2006) indicated only a scant effect, and Rensink and Enns
(1998) stated that visual completion happens in the early stages of HVS, which
illustrates the efficiency of the completion. The context can reduce the amount
of information required for recognition, because when the person knows what
to  search  for  the  number  of  candidate  representations  in  the  VLTM  is  low
(Kosslyn & Koenig 1992). The roles of visual variables in object recognition may
get a different emphasis when the objects are occluded. At least the contribution
of color information to the recognition of  the object is  predicted to be higher
when the objects are occluded (Tanaka & Presnell 1999).

Crowding represents a milder case of overcrowding as compared to occlusion
as crowding is defined as “the deleterious influence of nearby contours on visual
discrimination” (Levi 2008). In other words, objects are more difficult to recog-
nize when they are located close to distractor objects than when they are in iso-
lation. The crowding effect thus slows down the object recognition of objects
located close to others (van den Berg et al. 2009), and this effect is proportional
to  the  distance  of  the  object  from  the  fixation  point  (Pelli  &  Tillman  2008).
Crowding also affects the identification of orientation (Wilkinson et al. 1997), as
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well as object size and color perception (van den Berg et al. 2007). Van den Berg
and et al. (2009) propose a model of clutter that is based on the definition of
crowding.

2.3.3 Cartographic generalization

Generalization has been a key topic in cartography for decades, and several con-
ceptual frameworks for generalization have been developed (Regnault &
McMaster 2007). One of the most comprehensive and most-cited framework is
that of McMaster and Shea (1992), who summarize that generalization is needed
for reducing complexity while maintaining spatial accuracy, attribute accu-
racy, aesthetic quality, and logical hierarchy. Generalization is divided into two
stages: model generalization and cartographic generalization. Model generali-
zation is used for reducing the information content in the data model, whereas
cartographic generalization is used for modifying the representation of the fea-
tures on the map (Sarjakoski 2007). A set of generalization operators have been
defined in order to automate the process.  McMaster and Shea (1992) classify
these operators into spatial transformations (simplification, smoothing, aggre-
gation, amalgamation, merging, collapse, refinement, exaggeration, enhance-
ment, and displacement) and attribute transformations (classification and sym-
bolization). Of these, aggregation, displacement, classification, and symboliza-
tion are applicable to point data (McMaster & Shea 1992). The selection of ob-
jects is not included in the generalization operators by McMaster and Shea
(1992)  but  in  a  process  that  precedes  the  actual  generalization.  However,  by
other authors also selection has been considered to be a generalization operator
(e.g. Edwardes et al. 2005).

McMaster and Shea (1992) introduce the geometric conditions under which
generalization is needed and measures that help when evaluating the geometric
conditions. The geometric conditions include congestion, coalescence, conflict,
complication, inconsistency, and imperceptibility (McMaster & Shea 1992). In
practice the generalization process is guided by cartographic constraints that
define the measurable requirements for the output. Burgardt et al. (2007) divide
the constraints into those that aim to preserve the appearance and those that
aim to improve legibility. Appearance-preserving constraints relate to the topol-
ogy, position, orientation, and shape of the objects, whereas legibility-improv-
ing constraints set minimal dimensions, e.g., for line length, and define when
an object needs to be removed or emphasized (Burghard et al. 2007).

2.3.4 Clutter reduction in information visualization

Clutter reduction is a common concern in information visualization that deals
with large datasets in limited-sized displays in an attempt to identify patterns
and detect outliers from the data (Peng et al. 2004). In information visualization
the users are provided with tools that enable them to interact with the visuali-
zation  and  the  data  is  presented  without  generalization  (Shneiderman  1996;
Benderson & Shneiderman 2003), which separates the information visualiza-
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tion displays from traditional topographic maps from the point of view of clut-
ter. However, the boundaries between fields such as information visualization,
geovisualization, and cartography are becoming fuzzier, and the different fields
offer useful methods for each other (Andrienko et al. 2007; Roth 2013).

On information visualization displays, as well as on maps, the clutter reduc-
tion is facilitated by the fact that displays are synthetic rather than natural im-
ages and objects can be clearly defined. However, the nature of the data and the
visualization method in use define the usual objects, for example, lines in a PCP
or a nodes in a graph. Multiple solutions to clutter reduction have been offered
for different types of information visualizations. In their joint work Ellis and Dix
(2007) present a taxonomy of clutter reduction for information visualization by
classifying the clutter reduction methods at the highest level into three catego-
ries (appearance, spatial distortion, and temporal) and further into 11 categories
(sampling, filtering, change point size, change opacity, clustering, point/line
displacement, topological distortion, space-filling, pixel-plotting, dimensional
reordering, and animation). However, some of these methods are not capable of
being used with objects that are represented on a background map or are not
applicable to point data. Ellis and Dix (2007) went on to form a set of eight cri-
teria from the reported gains of different methods in the literature, and used
these criteria to compare the clutter reduction methods.

2.4 Highlighting

Highlighting is not an extensively studied topic. Robinson (2011) listed the vis-
ual  variables of  Bertin (1967/1983) and MacEachren (1995) as possible high-
lighting methods, as well as methods such as leader line, contouring, and style
reduction. Five methods, hue, value, saturation, focus, and leader line, were
recognized as having the greatest potential according to five criteria (Robinson
2011). Of the methods with the greatest potential, Griffin and Robinson (2015)
compared the leader line method to color highlighting, and concluded that both
methods are efficient for highlighting. Ware and Bobrow (2004) found out that
motion is a more efficient and effective method for highlighting graphs than
static color. In their experiment Pyysalo and Oksanen (2013) concluded that the
design of the symbols and the background map as well as the task affected the
efficiency of the highlighting methods they tested.

While the related work on the highlighting methods is scant, an extensive
amount of  work has been done on perceptual psychology that can be used to
predict the potential methods. Robinson (2011) used the attention guidance
ability of visual variables as a criterion to evaluate the saliency potential of dif-
ferent methods. Attention guidance and saliency were discussed above in Chap-
ter 2.1.1. Additional perceptual processes that are relevant to highlighting are
perceptual grouping and motion detection. Perceptual grouping enables visual
elements (or highlighted map symbols) to be perceived to form a coherent
group, and motion detection processes are used when changes in symbols are
perceived (e.g., when a symbol gets highlighted). The related work on these two
perceptual processes is introduced below.
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2.4.1 Gestalt grouping principles

Perceptual processes such as contour integration and completion, as well as fig-
ure-ground organization, have been explained with Gestalt principles of group-
ing. The grouping principles include proximity, similarity, common fate, good
continuation, closure, symmetry, parallelism, synchrony, common region, and
connectedness (Ware 2012; Wagemans et al. 2012). The grouping principles de-
scribe stimulus factors that influence the perceived grouping of discrete ele-
ments (Wagemans et al. 2012). For example, according to proximity objects that
are close together are perceived as a group, and therefore a dotted line is easily
understood as a line. Similarity as a perceptual grouping factor can be produced
with different visual variables. For example, yellow objects or big objects can be
perceived as groups. Respectively, the Gestalt concept of similarity is compara-
ble  to  the  concepts  of  selection  of  Bertin  (1967/1983)  and  visual  isolation  of
MacEachren (1995). Bertin stated that selective visual variables enable symbols
to be perceived as visual groups, while MacEachren suggested that some visual
variables are more selective than others, and gave shape the grade “poor” and
arrangement and saturation the grade “marginal”, and other variables the grade
“good”. Similar results are gained from perceptual grouping, as color is found to
be a stronger grouping principle than shape (Quinlan & Wilton 1998).

Grouping principles can be divided into intrinsic and induced on the basis of
whether the grouping principles are based on the properties of the grouped ele-
ments or relations between the grouped elements and other contextual elements
that induce them (Palmer & Beck 2007). Inducing elements can be, for example,
polygons that encapsulate elements (common region) or a line that connects el-
ements together (connectedness). Inducing elements have been found to be less
efficient grouping principles than similarity of color (Beck & Palmer 2002;
Palmer & Beck 2007), but are able to overrule proximity (Palmer 1992; Palmer
& Rock 1994).

2.4.2 Motion and change detection

Motion detection is a process that is located in the early stages of HVS (Rensink
2002). Motion is defined as “unorganized flow at a location” (Simons & Rensink
2005), and, in addition to the perception of objects moving, motion detection
processes are incorporated when objects are perceived as changing (Rensink
2002; Simons & Rensink 2005). The motion effect is also called sensory transi-
ent (Hollingworth et al. 2010). Motion is an efficient visual attribute that is able
to guide attention (Wolfe & Horowitz 2007). In addition, motion is claimed to
be the only way to capture attention (Franconeri et al. 2005; Hollingworth et al.
2010), i.e., recruiting attention in opposition to the goals of the observer. In gen-
eral, changes towards higher saliency have been found to be efficient for captur-
ing attention. In this regard evidence has been gained at least from objects in-
creasing in size (Franconeri & Simons 2003), and changes in luminance toward
a higher degree of contrast (Spehar & Owens 2012). In addition to changing ob-
jects, motion detection processes include the abrupt appearance of a new object
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to capture the attention of  the observer  (Yantis  & Hillstrom 1994;  Cole  et  al.
2009).

Motion can be reviewed in the light of the perceptual grouping of objects. The
rule of common fate states that objects moving together are perceived as a
group.  Evidence  is  also  gained  from  the  perceptual  grouping  of  objects  that
change together. Sekuler and Bennett (2001) report that observers group ele-
ments together perceptually when the elements become brighter or darker sim-
ultaneously, even if the elements have different luminance values. Therefore,
the rule of common fate is generalized to concern objects that change together
in a similar manner (Wagemans et al. 2012). Furthermore, objects that change
or move together (not necessarily in the same direction) have been found to be
perceived  as  a  group  (Alais  et  al.  1998).  This  is  called  the  rule  of synchrony
(Wagemans et al. 2012).
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3. Materials and methods

The research strategy of this dissertation was to combine qualitative and quan-
titative research methods in order to achieve usable design guidelines for differ-
ent kinds of map mashups visualizing point data. Qualitative methods such as
literature surveys combined with expert analyses were used to achieve an un-
derstanding of the broad design challenges such as the design of pictographic
symbols and the suitability of methods for managing the overcrowding. High-
lighting as being more specific design problem was studied with user testing that
produced quantitative results. In addition, quantitative user testing was used to
study the effect of overcrowding on the perception of maps and the effect of cul-
tural differences of users on the design, comprehension and valuation of picto-
graphic symbols. Each of the research questions was mainly answered in sepa-
rate papers, with the exception of research question 2, which was answered in
Papers 2 and 3. Table 1 summarizes the research questions as well as the corre-
sponding methods used in the papers and general scopes of the papers. The re-
search methodology used in the appended papers is described below.

Paper  I answered  RQ1  by  a two-phase study  that  produced:  1)  the  general
goals for pictographic map symbol design in the form of symbol qualities, and
2) the descriptive guidelines that concretize the qualities into practice. In the
first phase, a literature survey was conducted, focused on disciplines and do-
mains in which pictographic symbols are commonly used. In the literature sur-
vey the general symbol qualities were achieved through a systematic analysis of
the qualities and guidelines mentioned as being relevant in different uses of pic-
tographic symbols. Procedural guidelines and context-specific guidelines were
excluded from the material, and closely similar guidelines were combined. After
that the guidelines were categorized into ten qualities. In the second phase, an
evaluation of map symbols designed by university students attending a mas-
ter’s-level geoinformatics course was presented. The task of the students was to
design pictographic symbols for different activity areas of regional planning.
The  symbols  were  evaluated  according  to  the  ten  symbol  qualities  that  were
identified in the first phase. The evaluation was performed descriptively so that
independent reviewers went through each of the symbols and symbol sets and
wrote  down problems that  they  saw as  lowering  the  quality  of  the  symbol  or
symbol set and tagged to some of the ten qualities. The detailed problem de-
scriptions  by  the  reviewers  then  went  through  a  process  of  generalization  in
which individual problems were identified from the descriptions and similar



Materials and methods

24

problems were considered being the same. Problems that were mentioned only
once were excluded from the list in order to describe the general mistakes that
should be avoided when designing map symbols.

The literature survey approach used in Paper I made it possible to identify a
broad  range  of  factors  contributing  to  the  overall  quality  of  the  pictographic
symbols, and expert analysis enabled the identification of the concrete design
problems that  need to  be pointed out  to  the designers  in  order  to  ensure the
qualities. The students simulated novice designers, which is well suited to the
current situation of map symbol design, where cartographers, let alone a grow-
ing number of  amateur map makers,  are usually not professional graphic de-
signers.

Table 1. The research questions (RQ), methods used, and scopes of each of the appended pa-

pers.

Paper RQ Methods Scope

I: Design Guidelines for Pictographic

Symbols: Evidence from Symbols De-

signed by Students

1
literature survey

analysis of symbols

design guidelines

pictographic symbols

II: Cultural Constraints in the Design of

Pictographic Symbols
2

user test

descriptive analysis

cultural differences

pictographic symbols

III: Effect of Cultural Differences and

Referent Characteristics on the Design

of Pictographic Map Symbols

2 analysis of symbols
cultural differences

pictographic symbols

IV: Identification of partially occluded

map symbols
3 user test

overcrowding

limits of perception

V: Clutter Reduction Methods for Point

Symbols in Map Mashups
4

literature survey

analysis of methods

(testing)

overcrowding

methods for solution

VI: An experimental analysis of three

methods for highlighting colorful picto-

graphic symbols

5
(literature review)

user test

highlighting

interactive maps

Paper II, for its part, answered RQ2 by analysing the results of a user test of
pictographic map symbols designed to be used on maps for international crisis
management. On the basis of the descriptive analysis Paper II gives guidelines
for symbols that are designed to be used in intercultural environments. In the
user test, crisis management professionals were asked to connect symbols to
meanings that were provided (i.e., referents). On each test page there were more
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symbols than there were referents (see Figure 2), and for some of the referents
more than one symbol thought to be ‘correct’ was provided. The symbol choices
made for each of the referents were calculated. The test was designed to produce
information on the comprehension levels and cultural dependence of the sym-
bols that had been designed, as well as to select the final set of symbols from
among the alternative designs. However, in the case of some referents interest-
ing differences were recognized between respondents from different national
and organizational backgrounds. The choices made by North American and Eu-
ropean subjects were compared against each other, as were the choices made by
civilian subjects and subjects with a military background. The reasons for the
differences in choices made by different user groups were discussed in the paper
in an attempt to identify the constraints via which the cultural background of
users affects the identification and valuation of the symbols.

Figure 2. One of the test pages of the user test presented in Paper II.

Paper III answered RQ2, complementing the results of Paper II, by providing
information on the differences in design solutions that are due to differences in
the cultural background of the designers. Furthermore, it provided a more gran-
ular view of the connection between the design idea and the referent. Paper III
reported an analysis of the semantic contents of the symbols designed by the
university students. The symbols used in the analysis were the same ones that
were used in the quality analysis that was presented in Paper I. The contents of
the symbols were analyzed in four stages. First, the measures from a participa-
tory design approach called stereotype production method were used. The cal-
culated measures were population stereotype, describing the most common
ideas for each referent, and stereotype strengths, showing the ratio of the most
common design idea to the total number of designs. Second, the numbers of
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concepts needed to cover 50% and 75% of the total number of designs were cal-
culated for each referent. Third, the most common representation strategies for
each referent were identified according to the taxonomy of representation strat-
egies of Nakamura and Zeng-Treitler (2012). These measures were used in order
to study the level of agreement among the designers in their design ideas and
design strategies. In the fourth stage, the first and second stages were performed
separately with Finnish and international groups of students in order to study
the degree to which the variation in the design ideas for the referents is due to
the differences in the cultural background of the designers.

Paper IV answered  RQ3 by  a  user  test  giving  information  on  the  occlusion
tolerance of map symbols. The task of the subjects was to identify which of the
five symbols presented in the legend appeared only once on a map mashup con-
sisting of a background map and thematic point symbols. Three of the five sym-
bols presented in the legend made several appearances on the map, whereas one
of the symbols made two appearances and was called the ‘second best guess’
(Figure 3). The locations and occlusion levels of the target symbol and the ‘sec-
ond best guess’ were controlled. The target symbol and one of the ‘second best
guess’ symbols were either totally visible or partially occluded by other symbols.
The symbols were varied in terms of color hue, abstract shape, or pictographic
shape. The occlusion levels used in the test varied according to the symbol de-
sign.  The occlusion levels used with the symbols that varied in terms of their
color hue were 50% and 75%, and with the symbols that varied in terms of their
abstract or pictographic shape 25% and 50%. The response time and accuracy
of the responses were recorded.

The purpose of the user test was to define a reasonable limit for the degree of
occlusion of the point symbols in a map mashup. Furthermore, the effect of the
design of the symbols on the occlusion tolerance of the symbols was tested with
the help of the three variations of the symbols (i.e., color hue, abstract shape,
and pictographic shape) in order to give guidelines for symbol design for sym-
bolizing point data in crowded map mashups. In the theoretical framework pre-
sented in Paper IV, it was hypothesized that surface-based visual variables, such
as color variables, would tolerate occlusion better than contour-based variables,
such as shape, and that abstract symbols would tolerate occlusion better than
pictographic symbols. Two-way repeated measures ANOVA was used to com-
pare the efficiency of totally visible symbols to the efficiency of half-occluded
symbols. The task presented in the experiment was more complex than in basic
visual search experiments so that it would match up better to the complex tasks
of visual analysis.

Paper V answered RQ4 by reviewing a range of methods available for solving
the overcrowding of symbols in map mashups visualizing point data for differ-
ent kinds of purposes. To this end, a three-phase literature-based analysis was
presented. First, different kinds of methods were collected from the carto-
graphic and information visualization literature to expand the set of methods
from symbolization into covering all of the common methods. Second, the cri-
teria for assessing the suitability of the methods were also collected from the
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cartographic and information visualization literature in order to gain an under-
standing of the range of potential requirements to be taken into account when
the methods are applied to specific purposes of use. Third, the methods were
assessed against the criteria to detect the strengths and limitations of different
types of approaches. Each method was given a grade – yes, mainly, partially,
or no – depending on how well the method met each of the criteria. The result-
ing evaluation table was tested by applying it for selection of suitable cultter re-
duction methods for a map mashup application. This kind of qualitative ap-
proach  was  chosen  in  order  to  be  able  to  review the  majority  of  the  possible
methods available and to be able to take into account the needs of a wide variety
of purposes of map mashups.

Figure 3. User interface of the test presented in Paper IV. In this case, the symbols are varied by

color hue, and the target symbol (purple), as well as one of the ‘second best guess’ symbols

(pink), is half-occluded.

Paper VI combined the theoretical knowledge and experimental results in an-
swering a narrow but little-researched design problem described by RQ5. To
this end, a user test producing information on the relative efficiency and subjec-
tive  valuation  of  the  different  strategies  available  for  highlighting  a  subset  of
symbols on a background map was performed. The set of potential strategies
was narrowed down by reviewing the literature on perceptual psychology. On
the basis of the review, three alternative strategies available for highlighting
symbols on a display were identified: 1) reducing the saliency of the non-high-
lighted symbols; 2) increasing the saliency of the highlighted symbols, and 3)
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adding a connecting element to perceptually group the highlighted symbols
(Figure 4). Three methods were chosen to represent the three strategies, and the
efficiency  of  these  methods  was  tested  with  users  in  order  to  achieve  infor-
mation on the relative efficiency of the strategies. The test maps consisted of a
background map and a set of different pictographic symbols that were color-
coded with bright colors. The subject was first given the target symbol to search
for. Then a non-highlighted map was shown and after a short while some of the
symbols were highlighted, and the task of the subject was to state the number of
the highlighted symbols that were of the target type. The response time and ac-
curacy of the responses were recorded. After the reaction test, the users were
asked to rate the methods used in the test on a scale from one to five from the
worst to the best.

The method for increasing the saliency of the highlighted symbols was applied
by enlarging the size of these symbols to 150% of the original and by adding a
red  halo  around  the  symbols.  This  method  was  called  the  style  propagation
method. The method for adding the connecting element was applied by using a
line that connected the highlighted symbols together through the shortest path.
This method was called the leader line method. The method for reducing the
saliency of the non-highlighted symbols was applied by reducing the saturation
of these symbols to gray, and was called the style reduction method.

Figure 4. Examples of test screens of the test presented in Paper VI. First in the procedure, the

target symbol was presented to the subject (e.g., the pink symbol). After the subject pressed the

‘show map’ button the non-highlighted map was shown (a). After a short while some of the sym-

bols were highlighted either by style reduction (b), style propagation (c), or the leader line method

(d). The subject was then to calculate the number of highlighted target symbols and press the

corresponding key on the keyboard (in this case ‘2’ as the pink symbol was the target symbol).
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4. Results

The results are presented below, together with references to the appended pa-
pers. The results concerning the problem of designing pictographic symbols to
be efficient and appealing (RQs 1 and 2) are presented in Chapter 4.1. The re-
sults concerning the design problems of overcrowding (RQs 3 and 4) and high-
lighting (RQ 5) are presented in Chapters 4.2 and 4.3 respectively.

4.1 Pictographic map symbol design

Pictographic symbols are efficient means for visualizing objects and events on a
map, but only if the symbols are properly designed. A set of universal qualities
makes the pictographic symbols efficient and appealing, and therefore these
qualities should be maximized in the symbols. The general qualities for picto-
graphic symbols are presented in Chapter 4.1.1, and descriptive guidelines for
achieving the qualities are presented in Chapter 4.1.2. In addition to maximizing
the  general  qualities,  the  purpose  of  use  and  the  users  of  the  map should  be
taken into account in the design of the symbols. Designing symbols for intercul-
tural use is more demanding than designing symbols for a certain user group
and requires additional attention to be paid to certain qualities and processes in
the design. The cultural constraints that affect the comprehension and valuation
of the symbols are presented in Chapter 4.1.3, and guidelines for symbol sets for
intercultural use in Chapter 4.1.4.

4.1.1 General qualities of pictographic map symbols

The general qualities that pictographic symbols need to possess in order to be
efficient and appreciated by users can be divided into graphic and semantic
qualities on the basis of whether the qualities concern: 1) the graphic outlook of
the symbol, or 2) the semantic connections between the referent that the symbol
represents and the contents that are depicted in the symbol. Ten qualities (Fig-
ure 5) are introduced below as a result of the literature survey that was intro-
duced in Paper I. These qualities are relevant in the majority of the uses of pic-
tographic symbols, but the purpose of use and users of the symbols may empha-
size specific qualities or bring additional challenges or requirements. The qual-
ities do not represent entirely separate dimensions of the symbols, and some of
the qualities are likely to correlate with each other to some degree. This means
that lowering one quality may result in impairing others as well, but also over-
emphasizing a specific quality may result in compromising other qualities.
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However, these qualities can be used as a comprehensive list of the goals to be
aimed at in pictographic symbol design.

Figure 5. Ten symbol qualities as presented in Paper I. The qualities are categorized into the

qualities of the individual symbols and the qualities of symbol sets. The qualities of individual

symbols are further categorized under graphic and semantic qualities. In the symbol pairs, those

on the left represent low-quality examples and those on the right represent high-quality examples.

The symbols are modified from the symbols designed by students in order to minimize other

problems than those related to the quality in question.
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Graphic qualities

Simplicity

Symbols should in general be as visually simple as possible, be-
cause simple symbols are identified more efficiently than com-
plex symbols on the map, and simplicity in general is an appre-
ciated attribute of graphic products in subjective evaluations.
However, the comprehension of the symbols should not be en-
dangered by simplifying the visual representation too much.

Clarity
The contents of the symbol should be easily recognizable.
Therefore, the essential parts of the object that contribute best
to its recognition should be clearly visible in the pictogram,
whereas unnecessary details that do not contribute to the recog-
nition should be left out.

Visibility
The symbols should be easily detectable from the background,
and the pictogram should be easily detectable from the frame in
order to enable efficient detection and identification of the sym-
bols. In addition to the symbol design, this quality should also
be considered in the map composition phase because the back-
ground affects the visibility of the symbols.

Consistency
The symbols in a symbol set should form a visually uniform set
in terms of style, visual weight, and complexity in order to sup-
port  the perceived quality  of  the symbols  and in  order  not  to
unintentionally highlight specific symbols. Consistency is not a
quality of the individual symbols but a quality of the symbol set
as a whole.

Distinctiveness
Each of the symbols on a map should vary in terms of its visual
characteristics from other symbols on the map in order to en-
sure the efficiency and effectiveness of the discrimination of the
symbols. Therefore, distinctiveness is also a quality of the sym-
bol set rather than a quality of the individual symbols.

Aesthetic appeal
The symbols should be generally appealing and aesthetically
pleasing in order to give an impression of quality. The qualities
above contribute to the aesthetic appeal, but in addition to them
several universalities of graphic design, such as layout and bal-
ance, also affect the aesthetic judgment of the symbols.
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Semantic qualities

Concreteness

The design  ideas  of  pictographic  symbols  should,  as  much as
possible, depict concrete objects from the real world rather than
geometric forms in order to ensure the accuracy of identifica-
tion. However, this quality may be overruled by familiarity in
the  case  of  familiar  design  ideas  that  are  based  on  geometric
forms.

Semantic closeness
The design idea of the symbol should be semantically close to
the referent that it represents so that the symbol can easily be
connected to the referent it represents, and at least not to an-
other referent on the map or to an opposite meaning to the ref-
erent, when a legend is not available.

Familiarity
Conventional design ideas that are commonly used to depict a
certain referent should be favored because familiar symbols are
more efficiently and accurately identified than unfamiliar ones,
and familiar symbols are appreciated by users in subjective
evaluations.

Acceptability
In addition to ensuring the accurate identification of the sym-
bol, the design ideas should also be semantically acceptable to
the users so that the symbols are not considered, e.g., childish
or offensive or otherwise inappropriate to the purpose of use of
the symbols.

4.1.2 General guidelines for pictographic map symbols

The graphic and semantic qualities introduce a wide variety of  aspects of  the
evaluation  of  the  overall  quality  of  pictographic  map  symbols  and  give  solid
goals to be aimed at in design, but the qualities need to be concretized into prac-
tice in order to fully serve the needs of professional and occasional cartogra-
phers who are not professional graphic designers. Descriptive general guide-
lines for achieving the general graphic and semantic qualities of pictographic
map symbols are introduced in Table 2. The guidelines are derived from the re-
sults of Paper I, which introduced an analysis of design errors made by students
who represent novice designers when it comes to designing pictographic map
symbols. The 21 descriptive guidelines are categorized under the corresponding
symbol qualities.

The guidelines in Table 2 concretize the ten symbol qualities to a certain de-
gree by highlighting mistakes to be avoided. However, this list of guidelines is
only based on the errors detected from the materials presented in Paper I, and
there might be descriptive guidelines that are yet to be found. Furthermore, not
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all of the qualities can be concretized into descriptive guidelines equally well.
Semantic qualities especially can only be reviewed against the cultural back-
ground of the users.

Table 2. Descriptive guidelines for achieving the qualities of pictographic symbols.

Simplicity

Avoid using design ideas that require detailed depiction in order to be
identified.

Do not compile the pictogram from several smaller pictograms.

Clarity

Avoid depicting details that do not contribute to the recognition of the
object or concept that is depicted.

Avoid oversimplifying the symbol and pay special attention to the depic-
tion of the most essential part of the object with regard to its recognition.

Visibility

Use thick lines or filled figures instead of thin line drawings.

Ensure that the luminance contrast between the pictogram and the
frame allows effortless identification.

Consistency

Apply a consistent visual weight to the symbols in the same set in order
to avoid unintentionally emphasizing individual symbols.

Keep the level of visual complexity of the symbols constant within a sym-
bol set.

Apply a consistent style to the symbols in a set by using similar elements
such as stroke weights and arcs in all symbols.

Distinctiveness
Avoid varying the symbols in a set only by small details so that the sym-
bols can be discriminated at a glance

Aesthetic appeal

Locate the pictogram in the center of the frame.

Leave enough space between the pictogram and the frame.

Distribute the ink evenly in the horizontal and vertical directions in order
to maintain visual balance.

Use realistic proportions in pictograms.

Concreteness Avoid using abstract unfamiliar design ideas.

Semantic closeness

Use design ideas that are semantically close to the referent.

Avoid using a single sub-concept to represent a wider concept in order
to avoid too narrow an understanding of the referent.

Avoid using design ideas that can be connected to another referent in
the symbol set.

Familiarity
Use the conventions of the intended user group in the design ideas, and
use generally well-known design ideas if the user group is not defined.

Acceptability

Avoid using design ideas that may be culturally inappropriate.

Avoid using weird-looking design ideas unless the purpose of use of the
symbols specifically allows it.
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4.1.3 Tracks of cultural influence on the comprehension of pictographic
symbols

The cultural background of an individual is composed, among other factors,
from the organizational  and national  backgrounds of  the individual.  The cul-
tural background of a map user affects the comprehension and valuation of pic-
tographic map symbols through different tracks. Some of these tracks were
identified in Paper II, which reached beyond the results of a user test of picto-
graphic map symbols and examined the reasons for differences in the choices
made by different user groups. North American and European subjects pre-
ferred different designs for certain referents. Also, subjects with a military back-
ground made different choices from civilian subjects in the case of some of the
referents. The cultural background of the map readers was found to influence
the  comprehension  and valuation  of  map symbols  through differences  in  the
code systems, conceptual models, and aesthetic judgments of the users (Figure
6). These constraints are explained below, together with references to the cor-
responding symbol design qualities introduced in Paper I and with examples of
differences in the design ideas that were noticed, especially between the Finnish
and international groups of students presented in Paper III.

Figure 6. An illustration of the three tracks via which the culture affects the comprehension and

valuation of pictographic symbols.

Code systems are the most obvious track via which the culture affects the com-
prehension of symbols. Code systems such as languages are formulated within
cultures to enable communication between individuals. Similarly, certain visual
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symbols, both pictographic and abstract, are commonly understood as repre-
senting certain tangible objects or intangible concepts. For the comprehension
of  pictographic  map  symbols  this  means  that  symbol  standards  and  de  facto
standards define the familiarity of the symbols and design ideas to the users.
Therefore, code systems is the track via which the culture affects the familiarity
of the semantic qualities presented in Paper I. De facto standards are conven-
tions that are established over the course of time when more and more designers
use the same design idea for a referent. These conventions depend on the cul-
tural background of the designer. For example, in the symbol design task pre-
sented in Paper III the Finnish students used the commonly known design idea
of ‘theater masks’ to represent ‘cultural services’, whereas remarkably fewer stu-
dents from the international group of students used this de facto standard (Ta-
ble 3). Widespread de facto standards often become de jure standards when
standardization organizations formulate new standards or update older ones.
However, formal standards concerning pictographic symbols are rare.

Table 3. The stereotypes, as well as the strengths of the stereotypes produced by the Finnish and

in-ternational groups of students in the symbol design task presented in Paper III. The referents

that evoked different stereotypes between the two groups of students are darkened.

Referent Finnish International

Agriculture and forestry
Tree and grain

(27%)

Tree and grain

(30%)

Industry
Factory building

(97%)

Factory building

(58%)

Administrative services
Colonnade

(35%)

Forms

(17%)

Health services
Cross

(44%)

Cross

(29%)

Social services
Generic humans

(28%)

Generic humans

(31%)

Transportation
Truck

(58%)

Bus

(28%)

Cultural services
Theater masks

(38%)

Colonnade

(14%)

Educational services
Book

(35%)

Graduation hat

(28%)

Commercial services
Money

(35%)

Shopping cart

(35%)

Environmental care
Recycling arrows

(16%)

Recycling arrows

(14%)

Conceptual models help humans understand the subject or topic that the model
represents by defining the relationships between concepts relating to the subject
or topic. Conceptual models are especially formed by organizations and fields of
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expertise and thus standardize the definitions of concepts and the relationships
between concepts for the people working in the organization or field of exper-
tise. In other words, the conceptual model of an organization or field of expertise
shapes the mental conceptual models of the people working in the organization
or field of expertise. Problems of understanding may arise when two users with
very different mental conceptual models communicate. In practice, this kind of
problem may occur in situations that bring together different fields of expertise,
as is the case in international crisis management. The effect of differences in
conceptual models on the comprehension of pictographic map symbols is not as
evident as the effect of differences in code systems. The mental conceptual mod-
els define how closely a design idea is understood to be related to the referent,
and therefore affect the deductibility of the connection between the design idea
and the referent. In terms of the symbol qualities presented in Paper I, the prob-
lem of differences in conceptual models concerns mainly the semantic closeness
of the symbols, because the distances between concepts A, B, and C can be dif-
ferent in two conceptual models. A user with mental conceptual model 1 may
use B to depict A, whereas a user with mental conceptual model 2 may consider
C more relevant in depicting A. The differences do not affect the comprehension
of symbols for concrete referents such as ‘fire’, because the relationship between
the referent and the symbol is direct, i.e., a fire can be depicted without the help
of any other concepts. The differences in conceptual models are influential when
inventing design ideas for abstract and broad referents that cannot be depicted
directly. The problem of differences in conceptual models occurs specifically be-
tween organizations and fields of expertise, and not so much between national-
ities, although also the environment shapes the mental conceptual models of
humans. For example, in the symbol design task presented in Paper III the stu-
dents used the species that were familiar to them from their own environment
in depicting ‘agriculture and forestry’. In practice, due to the complexty of the
cultural background, a person may have multiple mental models. In addition,
the models may not be fully specific in describing connections between con-
cepts. For this reason, different design ideas may be considered as eaqually good
for a referent in practice.

Aesthetic judgment is the decision of an individual observer on whether a spe-
cific object is pleasurable or not. Aesthetic judgment varies between individuals
and between cultural  areas.  For  the  design  of  pictographic  map symbols  this
means that the cultural background affects the subjective judgment of the sym-
bols rather than their comprehension. Of the symbol qualities presented in Pa-
per I, the differences in aesthetic judgment affect the aesthetic appeal and ac-
ceptability. Aesthetic appeal defines the aesthetics of the graphic presentation
and acceptability defines the aesthetics of the design idea. In the symbol design
task presented in Paper III students from Islamic countries tended to use ‘cres-
cent’ instead of ‘cross’ in representing ‘health services’.
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4.1.4 Guidelines for pictographic symbol sets for intercultural use

The tracks of cultural influence introduced above need to be taken into account
when designing symbol sets for intercultural use, which can be: 1) symbols that
are used in communication between two or more defined user groups whose
conventions are known or can be found out, or 2) symbols that are used by users
whose cultural background and conventions are diverse and undefined. The lat-
ter situation, where the users are not known, is more demanding from the point
of view of symbol design, because taking the users into account is one of the keys
to successful design. A set of guidelines for symbols for both cases of intercul-
tural use that is based on the results of Papers II and III is introduced below.
The guidelines are divided into descriptive and methodological guidelines. The
descriptive guidelines describe the factors that should be taken into account in
the design. These guidelines are presented from the points of view of the repre-
sentation strategies introduced in Paper III, and the cultural constraints pre-
sented in the previous chapter and in Paper II. The methodological guidelines
highlight methods for achieving the goals set by the descriptive guidelines, and
are also based on the results of Papers II and III.

Descriptive guidelines
The representation strategy, i.e., the relationship between the referent and the
design idea, should be thoroughly thought through. Design ideas that depict the
whole referent without the help of any other concepts are easily comprehended
by all users, but the number of referents that enable this kind of a direct rela-
tionship is limited. Design ideas that base the identification on agreed conven-
tions rather than on concepts that have a relationship with the referent cannot
be comprehended by those who do not know the convention.  However,  there
are widespread conventions that are recognized by the vast majority of people,
and therefore may be the best choice even for a culturally diverse user popula-
tion.

The differences in code systems, conceptual models, and aesthetic judgments
should be taken into account when designing symbols for intercultural use, be-
cause qualities such as familiarity, semantic closeness, aestetic appeal, and ac-
ceptability depend on the cultural background of the users. These aspects are
presented below in three guidelines that are updated from the guidelines origi-
nally introduced in Paper II:

1) the  designers  should  pay  attention  to  how  widespread  the  conventions
they use are in order to avoid using de facto standards that are known only
in the cultural environment of the designer. This is important when de-
signing symbols for users that have a different cultural background from
the designer, and is therefore relevant in both cases of intercultural use;

2) the conceptual models of  different user groups should be taken into ac-
count when designing symbols to be used in communication between the
user groups. The design ideas for the symbols should depict concepts that
are close to the referent in all of the conceptual models. However, this con-
cern is relevant only if the user groups are known and if the user groups
have defined conceptual models or if they have some other established way
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of  defining  the  relationships  between  the  concepts  that  is  based  on  the
functions of the user group. In practice, organizations and fields of exper-
tise represent this kind of user group;

3) the differences in the aesthetic judgment of the users should be taken into
account so that the perceived quality of the symbols is as high as possible
for all users. Therefore, both the graphic style and the design ideas for the
symbols should be acceptable to the intended users of the symbols. The
range of these aesthetic preferences is difficult to study if the users are not
known, but the minimum requirement should be that the symbols should
not offend any cultural group.

Methodological guidelines
The descriptive guidelines provided above introduce aspects to be taken into
account in the design of pictographic symbols. In addition, guidelines introduc-
ing practical methods for taking the users into account in the symbol design are
needed. Testing should be part of  any symbol design project,  and the need is
emphasized when designing symbols for users whose conventions differ from
each other and from the conventions the designer is used to. The comprehen-
sion rates, as well as the subjective preferences, should be recorded in the test,
in order to gain information on both dimensions contributing to the overall
quality of the symbols. The cultural backgrounds of the subjects participating in
the testing should be representative of the cultural backgrounds of the intended
users. If the intended users come from a wide variety of cultural backgrounds,
one guideline for this kind of a situation would be to study the cultural depend-
ency of the symbols by comparing the comprehension rates between users with
different backgrounds in order to detect culturally biased symbols.

Instead of testing the symbols late in the symbol design process, it would be
beneficial to ensure the comprehension and subjective appreciation of the sym-
bols already in an early phase. One way of doing this is involving a representa-
tive set of the intended users in creating design ideas for the symbols, for exam-
ple by using the stereotype production method. This kind of approach is most
useful when the referents are not concrete and self-evident in provoking design
ideas but provoke various design ideas. By letting the users participate actively
in the design process, they can give their opinions on various aspects of the sym-
bols, because they are likely to produce design ideas that: 1) are familiar to them;
2) are semantically close to the referent according to their mental conceptual
model, and 3) they consider semantically elegant or at least acceptable for the
referent.  The  requirement  for  the  participants  to  be  representative  of  the  in-
tended users is as important here as in the testing, and the method is difficult to
apply in the case of a culturally diverse population of users.

4.2 Overcrowding management of point data in map mashups

This subchapter summarizes the results regarding overcrowding in map
mashups. The results of the effect of overcrowding for the perception of map
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symbols are presented in Chapter 4.2.1, and the recommendations for symboli-
zation in overcrowded situations are presented in Chapter 4.2.2. The other
methods, in addition to symbolization, for handling overcrowding in map
mashups and the suitability of the methods for different kinds of purposes of
use are presented in Chapter 4.2.3.

4.2.1 The effect of overcrowding

The problem of  overcrowding in  map mashups can be divided into two chal-
lenges for the perception of the map symbols: 1) the high number of symbols on
a map, and 2) the overlapping symbols. The visual variables used in the symbols
are known to affect the efficiency of the symbols, and the efficiency of the visual
variables is studied by the visual search experiments mentioned in Chapter 2.
Therefore, it is assumed that efficient visual variables tolerate the overcrowding
of symbols better than less efficient ones when the overcrowding manifests itself
as a high number of symbols on the map. This is also supported by the results
of the test presented in Paper IV, because the test maps used in the experiment
included a number of thematic point symbols, and the results reported signifi-
cant differences in efficiency between the visual variables. However, in some
cases of map mashups the problem of overcrowding may not be due to the high
number of symbols but the heavy clustering of the symbols (i.e., the layout prob-
lem), which causes the symbols to become occluded.

The results of the experiment presented in Paper IV indicate that the efficiency
of map symbols starts to weaken when they become partially occluded by other
symbols. The decrease in the efficiency is evident, regardless of the visual vari-
ables used in the design of the symbols. The decrease is significant when a quar-
ter of the area of a shape-varied symbol is occluded, and when half of the area
of a color-varied symbol is occluded. The experiment was not able to provide
information on the efficiency of symbols that have less than a quarter of their
area occluded or symbols that touch each other or are just in the close vicinity
of each other (i.e., the effect of crowding).

Although all symbols lose some of their efficiency when occluded, the occlu-
sion tolerance of symbols depends on the visual variable used in the visualiza-
tion. Color hue-varied symbols cope with occlusion better than shape-varied
symbols. Additionally, the occlusion tolerance of symbols does not depend on
the complexity of their shape, which means, for example, that pictographic sym-
bols do not lose more of their efficiency than abstract symbols when occluded.
Therefore, it cannot simply be said that the efficiency of the visual representa-
tion defines the occlusion tolerance of the symbol. Instead, the differences in
efficiency between the symbol types can be explained with the help of the pro-
cesses  of  recognition  of  the  occluded  object  that  were  discussed  in  Paper  IV.
Color hue is a surface-based visual variable, whereas shape is a contour-based
visual variable. The difference in efficiency between color hue and shape can be
explained by the fact that perceiving the color hue does not require the percep-
tion  of  the  symbol  boundary  at  all.  When  it  comes  to  the  perception  of  the
boundary, abstract symbols can be identified with local perceptual processes,
whereas pictographic symbols require higher-level cognitive processes in their
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identification. The equal efficiency of abstract and pictographic symbols when
occluded indicates the high efficiency of the global object recognition processes
required in the identification of pictographic symbols. However, in order to be
correctly identified when partially occluded, the characteristics features of the
pictographic symbol must be visible. Therefore, distinctiveness is a symbol
quality that has emphasized importance in overcrowded map mashups.

While the efficiency of the symbols decreases when the symbols become par-
tially occluded, their effectiveness does not. According to the results of Paper
IV, the accuracy of the symbol identification remains unaffected at least up to
the degree of half-occluded symbols. This means that accurate observations,
though with greater effort, can be made even from quite heavily crowded map
mashups. Cases when efficiency may have to be sacrificed appear in maps where
as much information as possible, and especially individual objects, must be kept
visible. This need is presented in Paper V as one of the requirements that may
have to be taken into account when overcrowded situations in map mashups are
being solved.

4.2.2 Recommendations for symbolization in overcrowded situations

Efficient visual variables should be used in visualizing objects in overcrowded
map mashups if  the volume of  the symbols  is  the main problem.  If  the main
problem is the overlapping of the symbols, surface-based visual variables are
probably the most successful choice for the visualization. Therefore at least color
hue can be recommended as a target visual variable for symbolization. Trans-
parency, value, and saturation are other surface-based variables that also show
the potential to tolerate symbol occlusion better than other variables. However,
the data  to  be visualized and the purpose of  use  of  the map define the set  of
usable visual variables in each case. The process of symbolization may result in
the capacity to visualize attribute values being reduced, as presented in the eval-
uation in Paper V. For example, pictographic symbols can be used in visualizing
more than a few different categories (i.e., attribute values). If this capacity needs
to be preserved, symbolization can be done by double encoding, e.g., by visual-
izing an upper categorization level with a color hue and a lower categorization
level with a pictogram.

4.2.3 Methods for managing the overcrowding of symbols in map
mashups

In addition to symbolization, there are different kinds of methods available for
managing the overcrowding of symbols in map mashups. These methods, as
well as their strengths and limitations, were studied in Paper V. Because a map
mashup share characteristics with both a map and an information visualization
display,  it  is  likely  that  the methods that  are  suitable  for  managing the over-
crowding in map mashups are similar to the methods that are used in cartog-
raphy and in information visualization.
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The methods originating from cartography and information visualization have
similar approaches to managing the overcrowding of symbols. The main differ-
ence is that cartographic generalization operators aim to produce a clear repre-
sentation for the map user, whereas in information visualization the user has an
exploratory role and the user is therefore offered control tools for clarifying a
cluttered/overcrowded display. The main categories of methods for managing
overcrowded situations are listed in Table 4 with brief descriptions. The meth-
ods are discussed more thoroughly in Paper V.

Table 4. The categories of methods for managing overcrowding in map mashups.

Selection
Visualizing only the objects that satisfy a criterion

Removing objects on the basis of local conflict

Refinement Removing objects so that the general pattern is preserved

Displacement Displacing overlapping objects away from each other

Aggregation Grouping objects and visualizing the group instead of individual objects

Typification
Aggregating objects and displacing the aggregates so that a reduced set
of symbols represents the whole set

Symbolization Simplification of the visual representation of the object

Spatial distortion
Distorting the background map so that more room is given to the over-
crowded areas

Animation Visualizing objects in temporal sequence

Factors such as the target audience, the purpose of use, and the data to be visu-
alized define the requirements for the visualization of the data. These require-
ments can be seen as criteria that the methods for managing the overcrowding
should meet, and the suitability of the different types of methods for a specific
use of a map mashup depends on how well the methods meet the criteria that
arise from requirements that are relevant to the case. Different general criteria
for assessing the suitability of the methods were introduced in Paper V on the
basis of the goals introduced in the literature on cartographic generalization and
information visualization. The criteria, termed clutter reduction criteria, are
listed below with brief descriptions, and are discussed more thoroughly in Paper
V.

reduces complexity
The methods should reduce the level of detail on the map, and
the thematic symbols should not hinder the perception of the
background map.

avoids hidden symbols
The thematic symbols should not occlude each other so that the
detection or discrimination between the symbols is hindered.
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preserves spatial information
The spatial information should be preserved with respect to the
purpose of the map. The purpose may be to show the locations
of individual objects or their spatial relations or the distribution
of all symbols.

can be localized
The effect of the method should be focused on overcrowded ar-
eas in the map either by automatically detecting graphical con-
flicts or by user control.

is scalable
The methods should be able  to  be tuned to  cope with a  large
number of symbols.

is controllable
The users should be allowed to control the method so that they
are aware of the degree of generalization.

can show attribute values
The attribute values should be preserved if the attribute values
are important with respect to the purpose of the map.

can access individual symbols
Access to additional information about individual objects
should be preserved.

improves aesthetic quality
The methods should produce harmonious outcomes for the
sake of efficiency and aesthetic pleasantness.

preserves logical hierarchy
The visual hierarchy of a map should be preserved, and the
methods should favor the more important objects at the ex-
pense of the less important ones.

Not all of the above criteria are relevant in all cases of map mashups. For exam-
ple,  attribute  values  might  not  be  relevant  to  the  purpose  of  use  of  the  map.
Therefore, the relative importance of the different requirements must be recog-
nized when choosing a method for a specific use of a map mashup. The assess-
ment of the methods for managing overcrowding against the clutter reduction
criteria presented in Paper V reveals the typical strengths and limitations of dif-
ferent types of methods. A simplified version of the assessment is presented in
Figure 7. Depending on the assessment, the methods have varying abilities to
meet the different requirements. Therefore, different types of methods are suit-
able for different cases of map mashups. The potential methods for a specific
use can be identified by recognizing the most important requirements for the
case and then checking the strengths and limitations of different types of meth-
ods from the table. However, the table can be used only as a rough guideline,



Results

43

because in practice different implementations falling into the same method cat-
egory may have different capacities to meet the criteria. Additionally, in practice
different combinations of methods can be used to overcome the limitations of
individual methods. The table can assist in finding a suitable set of methods to
be used in combination.

Figure 7. The results of the assessment of the methods for managing the overcrowding of symbols

against the clutter reduction criteria. The grade ‘yes’ is given if the criterion is easily met, and the

grade ‘no’ if not. The grade ‘mainly’ is given if the criterion is met in most cases but does not

represent the strength of the method. The grade ‘partially’ is given if the criterion is met only in

special cases. The table is a simplified version of the table presented in Paper V.

4.3 Highlighting symbols in map mashups

The appropriate methods for highlighting symbols on interactive maps depend
on: 1) the symbols used; 2) the amount of information on the display; 3) whether
there is a need to highlight a single object or multiple objects, and 4) whether
the need is to highlight objects fulfilling a criterion in a single view or to point
out corresponding object(s) in linked views. Paper VI studied highlighting point
symbols in a single map view with a preliminary literature review and a user
test. Figure 8 summarizes the results and lists the suggestions for visualizing the
highlighting on the basis of both the theoretical review and the user test.

The theoretical review presented in Paper VI was focused on the theories of
motion detection, visual saliency, and perceptual grouping of visual elements
that were presented above in Chapter 2. The research on visual attention has
proven that some visual variables have more potential than others for attracting
attention on a display. At least color hue and size have been found to be atten-
tion-guiding visual variables. However, the visual saliency of an object on a dis-
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play also depends on how much the object differs from its surroundings. There-
fore, effective attention-guiding visual variables should be used when highlight-
ing symbols on a display, and the visual difference between the highlighted and
non-highlighted symbols should be made extensive enough. The research on
motion detection has proven that visually changing symbols capture the atten-
tion. Therefore, the visual changes on the display should be targeted to the high-
lighted symbols. The Gestalt grouping principles define rules for how discrete
elements in a display are grouped perceptually. These rules should be applied
when highlighting symbols representing objects that belong together (for exam-
ple, those which share an attribute value).

Figure 8. The suggestions for visualizing the highlighting effect in point symbols on the basis of

the results presented in Paper VI. The suggestions are divided into those originating from the

theoretical survey and those originating from the results of the user test.

All highlighting methods can be grouped under three highlighting strategies:
(1) reducing the saliency of the non-highlighted symbols; (2) increasing the sa-
liency of the highlighted symbols, and (3) adding a connecting element for per-
ceptually grouping the highlighted symbols. Combinations of methods are pos-
sible, as are different implementations within a single strategy. The results of
the user test presented in Paper VI indicate that increasing the saliency of the
highlighted symbols and reducing the saliency of the non-highlighted symbols
are equally efficient strategies, whereas adding a connecting element for per-
ceptually grouping the highlighted symbols is only efficient in simple cases, that
is, when there are only a few highlighted symbols on the map. However, the rel-
ative efficiency of the different strategies depends on the symbols and on the
overcrowding of symbols on the map.

If the symbols to be highlighted on a map are visually salient to begin with, as
they were in the maps in the user test presented in Paper VI, further increasing
the saliency of the highlighted symbols is more difficult than reducing the sali-
ency of the non-highlighted symbols. Further difficulty is added if the symbols
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are highly  distinctive  from each other,  as  was also  the case  in  the test.  If  the
symbols are less eye-catching to begin with, the task of increasing the saliency
of the highlighted symbols would become easier, and conversely, the task of re-
ducing the saliency of the non-highlighted symbols more difficult.

The problem of  overcrowding affects  the applicability  of  the strategies.  The
leader line method used in the test presented in Paper VI lost its efficiency when
the symbols were evenly distributed across the map, and when the line did not
cross non-highlighted symbols. Therefore, it is evident that bringing an addi-
tional connecting element to a map mashup that contains closely located sym-
bols would not be a successful highlighting strategy in a map mashup that may
become overcrowded with symbols. It is also likely that the symbol propagation
method would suffer more from the overcrowding of the symbols than the style
reduction method would.

The results from the literature review presented in Paper VI suggested that the
strategy of reducing the saliency of the non-highlighted symbols might not be
an efficient one, because when the visualization of the non-highlighted symbols
is changed motion detection processes strive to guide the attention to the non-
highlighted symbols instead of the highlighted ones. However, this weakness
was not visible in the results of the user test, because it was not possible to sep-
arate the effects of differences in motion and saliency in the experimental de-
sign. The explanation for the success of the style reduction method in the test
might be that the difference in saliency between highlighted and non-high-
lighted symbols could have been higher with the style reduction method than
with the other two methods. Therefore, the suggestion of focusing the change
on the highlighted symbols must be considered as a possibly important goal for
highlighting. However, if the highlighting is not used as a momentary effect but
more to visualize the relative importance of the different objects in a more static
process of visual analysis, the requirement for focusing the change on the high-
lighted symbols is not important.

The results of the subjective evaluation of the methods presented in Paper VI
indicate that reducing the saliency of non-highlighted symbols is a strategy that
is preferred over the other two strategies available, because better grades were
given for the style reduction method used in the test than for the style propaga-
tion and leader line methods. The subjects were not asked to explain their
grades, so there is no explanation for the exact reason why the style reduction
method was considered better than the other two methods. However, the com-
mon feature of the two less popular methods is that both of them represent high-
lighting strategies that increase the visual complexity of the display, whereas the
style reduction method represents a strategy that reduces the visual complexity
of the display. The reduction of the complexity may have been the factor that
made the style reduction method appear an elegant way to apply the highlight-
ing effect. While the evidence to back up this assumption is not firm, it is likely
that in information-dense map mashups the need to reduce the complexity of
the display is real.
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5. Discussion

The aim of this dissertation was to produce design guidelines for map mashups
visualizing point data. Analyses and testing produced theoretical findings that
were able to be used in reaching this practical goal. The results are discussed
below, research question by research question. A position is taken to evaluate
the practical and theoretical implications as well as the reliability, validity and
limitations of the research.

5.1 General qualities and guidelines for pictographic symbols

The RQ 1 of this dissertation was: Which are the general factors that contribute
to the comprehension and valuation of pictographic symbols and how should
these factors be taken into account in the design? As an answer to the RQ 1, ten
general symbol qualities and 21 practical guidelines were formulated. These
qualities and guidelines help in pursuing properly designed point symbols that
are considered to be essential for the success of a map mashup. Pictographic
symbol design has not been instructed in cartography before even though pic-
tographic symbols have been used in maps for decades before the emergence of
map mashup technologies. Nor have symbol qualities been introduced system-
atically in cartography, although individual qualities and guidelines have been
presented, e.g., by Morrison and Forrest (1995), Leung and Li (2002),
Kostelnick et al. (2008), and Stevens et al. (2013). In other domains, MacDou-
gall et al. have defined and tested several symbol characteristics (McDougall et
al. 1999; McDougall et al. 2000; Reppa & McDougall 2015). Therefore, the sym-
bol  qualities  presented  in  this  dissertation  are  not  new,  but  have  been  intro-
duced in these and other previous works. The different qualities refer to differ-
ent stages in symbol reading, i.e. detection, discrimination, identification and
interpretation as described by Keates (1996). In addition to (or instead of) effi-
ciency of symbol reading, some qualities refer to the valuation of the symbols as
graphical products, and the general graphic design principles e.g. by Pettersson
(2011) and map design principles e.g. by Tyner (2010) are advisable to be fol-
lowed.

The list of symbol qualities presented in this dissertation is the most compre-
hensive set of qualities to date and it is systematically formulated from guide-
lines and qualities from various domains. Therefore, this new set of symbol
qualities is expected to be useful across domains, which extends the contribu-
tion of these results beyond cartography. However, the relative importance of
the individual qualities varies according to the purpose of use and users of the
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symbols. All of the qualities are not relevant even in all cases of map mashups.
For example, the semantic qualities are not applicable in cases where picto-
graphic symbols are not a feasible solution. The qualities that need to be em-
phasized in case of map mashups are simplicity, visibility and distinctiveness
because map mashups typically are complex and information dense visualiza-
tions as compared to other environments for symbols and icons. The proposed
guidelines are important in concretizing the qualities in practice.

The list of pictographic symbol qualities can be considered solid as it was for-
mulated largely on the basis of scientific literature, and therefore many of the
qualities were validated with testing in the prior works. Also, materials were in-
cluded from different domains and from a long period of time. However, quan-
titative results would be needed to further validate the qualities. The qualitative
analysis of the symbols designed by the students produced a list of errors to be
avoided when designing symbols. The limitation of the used material is that only
ten referents were depicted in the symbols, which may limit the number of po-
tential design errors that can be found from symbols in general. Also, the anal-
ysis was performed by a low number of reviewers, which may reduce the relia-
bility of the results in this kind of a qualitative analysis. Furthermore, the effec-
tiveness of the proposed symbol design guidelines was not tested.

5.2 Cultural influence on the comprehension and valuation of pic-
tographic symbols

The RQ 2 of this dissertation was: How does culture affect the comprehension
and valuation of pictographic symbols, and how should the cultural back-
ground of the users be taken into account when designing pictographic map
symbols for intercultural use? As an answer to the RQ 2, a model for cultural
influence on the comprehension and valuation of pictographic symbols was for-
mulated. The model introduces three tracks of cultural influence on symbol
comprehension and valuation. These tracks consist of: 1) the cultural factors
that differentiate the users; 2) the cultural constraints that are the results of the
cultural influence, and 3) the symbol qualities that are affected by the cultural
constraints.

In prior work, cultural background is widely known to affect symbol compre-
hension (Piamonte et al. 2001, Shinar et al. 2003, Pappachan & Ziefle 2006,
Kostelnick et al. 2008, Chan et al. 2009, Blees & Mak 2012). However, attempts
to describe how the cultural background affects the comprehension of picto-
graphic symbols have been lacking. The model presented in this dissertation
aims to fill this gap. While spatial cognition in general is quite universal (Mon-
tello 1995),  pictographic map symbols are examples of  map components that
require the attention to be paid to the cultural variation of the users. In addition,
in case pictographic map symbols the cultural variation of the users can be taken
into account. The model presented in this dissertation assist in this by identify-
ing the symbol qualities that need special attention when designing map
mashups for users with culturally varying backgrounds.
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The model of  cultural  influence was formulated on the basis of  the cultural
constraints identified from the differnces in the choices made by subjects in a
symbol-referent tagging test. The strength of the study was that also other cul-
tural groups than those based on nationalities could be tested. The two limita-
tions were that 1) the reasons for the choices of the subjects were not recorded
and that 2) North American vs. European subjects is not the best classification
of subjects into distinctive groups to study the cultural effect based on national-
ities. However, the validity of the tracks of cultural influence was improved by
identifying differences from the symbols designed by students. The students
represented a wide variety of nationalities, but neither the students were asked
to rationalize their design choices. Because of the limitations, the three intro-
duced cultural constraints can be said to be based on an analysis of imperfect
data. However, the results are supported by earlier findings. Code systems such
as traffic signs have been found to affect the symbol comprehension (Shinar et
al 2003). The cultural variaton in aesthetic preferences is recognized to apply at
least  in  colour  perception (Palmer et  al.  2013),  and differences  in  conceptual
models between organizations is recognized to hamper information sharing
(Liu et al. 2013). However, because of the limitations in the research methods,
this model of cultural influence must be seen only as the first version that can
serve as a basis for the more detailed models to be developed in the future. The
practical usefulness of the model was demonstrated by forming descriptive and
methodological guidelines for symbols for intercultural use. As with the model
of cultural influence, the validity of the guidelines was improved by basing them
on two studies with different materials and methods.

5.3 The effect of overcrowding on symbol perception

The RQ 3 of this dissertation was: How does overcrowding in map mashups
affect the perception of point symbols, and how should the effect of overcrowd-
ing be taken into account in the symbolization? The RQ 3 was answered by a
user test where the task of the subjects was to identify partially occluded map
symbols. The results informed about the effect of partial occlusion on the effi-
ciency of symbols and about the effect of the visual variables and design of sym-
bols on the occlusion tolerance of the symbols. The experimental results are new
to  cartography,  although  overcrowding  on  maps  is  generally  identified  as  a
problem that can be prevented by generalization operators (McMaster & Shea
1992; Regnault & McMaster 2007) that are guided by cartographic constraints
(Burghardt et al. 2007). However, quantitative results on how much overcrowd-
ing the symbols can tolerate has been lacking. This information is especially rel-
evant for map mashups that often get cluttered by the symbols visualizing the
thematic data. The results are useful when designing the overcrowding manage-
ment of the map mashups.

The results achieved in this research support the general assumption that oc-
clusion reduces the efficiency of object recognition (Rosenholz et al. 2007). Fur-
thermore, the results contribute to the scientific conversation about the percep-
tual completion of occluded objects by supporting the relative rapidity of global
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processes  in  object  recognition  (van  Lier  1999;  de  Wit  et  al.  2005)  that  are
needed when identifying pictographic symbols. Alternative explanation is that
other factors, such as the complexity of the map and the difficulty of the map
reading task, overrun the effect of slowness of the global processes in the per-
ceptual completion in map reading in practice. Also, the results suggest that a
new classification of visual variables of map symbols into surface-based and
contour-based variables is relevant, because the results indicate differences be-
tween variables in the occlusion tolerance in favor of surface-based variables.
The results therefore support the fact that contour-based variables need to be
inferred from imperfect information when the symbols are partially occluded
whereas surface-based variables still can be perceived, although from smaller
size. This notion seems to be relevant to the perception of partially occluded
map symbols, although shrinking the symbols is also known to affect their effi-
ciency (Lai & Yeh 2004). This classification is a pontential addition to the tax-
onomy of visual variables that was introduced by Bertin (1967/1983) and sub-
sequently complemented by other authors. In perceptual psychology similar
kind of division is fundamental as the roles of surface and contour information
in  object  recognition  have  been  under  debate  (Tarr  &  Bülthoff  1998;  Price  &
Humphreys  1989;  Tanaka & Presnell  1999;  Therriault  et  al.  2009).  However,
further evidence needs to be collected before this classification can be consid-
ered as a solid addition to the taxonomy of visual variables of map symbols.

The task used in the user test was planned to mimic a complex map reading
task in order to receive reliable evidence on the effect of overcrowding on the
perception of map symbols in practise. The limitation of this choice is that this
type of a task has not been verified by prior studies. Another limitation of the
test was the relative shortness of its length. For this reason, the numbers of oc-
clusion levels and visual variables/designs of symbols that were tested were low,
which narrowed down the scope of the test and limited the number of conclu-
sions that could be drawn from the results. Finally, the test method produced
information only on the effect of occlusion, which is caused when symbols over-
lap, whereas another effect of overcrowding, namely the crowding that is caused
when the symbols are close together, was not tested.

5.4 Methods for managing the overcrowding of symbols

The RQ 4 of this dissertation was: Which other methods, in addition to symbol-
ization, are available for managing the overcrowding of point symbols in map
mashups and how can the methods be used? As an answer to the RQ 4, potential
overcrowding management methods were identified as well as the requirements
for the methods in different purposes of use of map mashups. Additionally, a
table describing the typical strengths and limitations of different overcrowding
management methods was provided as a tool for selecting suitable methods for
managing the overcrowding. These results help in managing visual overcrowd-
ing that is a typical problem in map mashups. Two map mashups can differ from
each other in terms of their purpose of use, and therefore different methods are
usable for them.
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Similar taxonomy to the one that was presented in this dissertation has been
provided earlier for information visualization by Ellis and Dix (2007). The re-
sults of this research were targeted to help the management of the overcrowding
on map mashups that are characterized by interactive functions but are not used
to visualize big data with multiple visualizations as is the case in information
visualization. Collection of suitable methods for generalizing thematic point in-
formation in mobile map context has been introduced by Edwardes et al.
(2005), and goals for generalization have been defined by McMaster and Shea
(1992) but a general evaluation of suitability of methods in different kind of pur-
poses of use of maps have been lacking. The criteria for the evaluation is based
on  the  previous  works  in  the  literature  (McMaster  &  Shea  1992;  Ellis  &  Dix
2007). Some of the presented criteria concern the capability of the method to
reduce the clutter in general as described e.g. by Rosenholz et al. (2007) and
Neider and Zelinsky (2011). ‘Reduces complexity’ and ‘avoids hidden symbols’
are these kinds of general criteria. The methods’ performance with respect to
these criteria can be able to be further predicted on the basis of the clutter re-
duction vision science literature. Criteria such as ‘improves aesthetic quality’
and ‘preserves logical hierarchy’ originate  from  cartography  and  help  in  as-
sessing the expected cartographic quality of the end result. The rest of the crite-
ria help in taking into account the needs of the specific case, as the overcrowding
can only be managed at the expence of some aspect of the information, e.g. the
attribute information or the location information.

The resulting sets of overcrowding management methods and criteria can be
considered reliable as they are collected from cartographic generalization and
information visualization that share common characteristics with map
mashups. However, the presented methods can be seen as method categories as
several implementations of a method are possible, and different implementa-
tions of a method may meet a specific criterion differently. This complicates the
evaluation. In addition, the evaluation was not performed by a large body of re-
viewers. For these reasons the reliability of the results of the evaluation is lim-
ited,  and  the  evaluation  table  should  be  used  just  for  practical  purposes  for
which its suitability was tested in Paper V.

5.5 Highlighting symbols on map mashups

The RQ 5 of this dissertation was: How should the highlighting of point symbols
be visualized in an interactive map mashup? To answer the RQ 5, requirements
for highlighting methods and the relative efficiency of different highlighting
strategies were studied. Highlighting is a relevant design topic for map
mashups, because map mashups are often used in interactive applications that
enable search and filter functionalities. The results of this dissertation help in
designing the highlighting effect efficiently. Highlighting in geovisualization has
been studied only rarely. The most comprehensive work has been presented by
Robinson and Griffin (Robinson 2011; Griffin & Robinson 2015), who studied
highlighting objects across interlinked views. The results of this research con-
sider objects that are highlighted in one view to express their cohesion or higher
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importance. Because of this difference in the highlighting task the leader line
method was not found to have as much potential as it was by Griffin and Rob-
inson (2015). Robinson (2011) suggested criteria based on perceptual psychol-
ogy to assess the potential of different highlighting methods. One of the sug-
gested criteria is the saliency of the objects as described e.g. by Itti and Koch
(2000).  The importance of  this  criterion was supported by the results  of  this
dissertation. Two other criteria were considered in this dissertation to be poten-
tially  relevant.  The activation of the motion detection processes is generally
recogized to guide the attention (Franconeri et al. 2005; Wolfe & Horowitz
2007; Hollingworth et al. 2010), and some properties of the symbols and other
contextual elements enable the perceptual grouping of  the  symbols  (Bertin
1967/1983; MacEachren 1995; Palmer & Beck 2007). The results of the experi-
ment presented in this dissertation could not prove the relevance of these crite-
ria  for  the practical  map symbol  highlighting.  However,  it  is  likely  that  these
abilities are relevant as well.

The results regarding the highlighting methods are concrete although some
limitations were recognized in the experiment. The number of highlighting
methods tested, although representing different highlighting strategies, was
low, which reduces the generalizability of the results. Additionally, the test maps
were information-sparse when compared to typical map mashup displays. The
methods should be tested with overcrowded maps, because highlighting is an
essential function in exploratory systems that are used with large datasets that
incorporate the problem of overcrowding by their nature. The theoretical foun-
dations with respect to the efficiency of different highlighting strategies could
be made more solid by decoupling the effects of motion detection, perceptual
grouping, and saliency by means of a new experimental set-up. This might re-
veal the relative importance of the three perceptual processes for the design of
the highlighting.
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6. Conclusions

Map mashups are a common map type today. However, their efficient commu-
nication and use have not been widely studied. This dissertation presents a col-
lection of studies dealing with map mashups depicting point datasets. The stud-
ies provided guidelines for tackling design challenges that are especially rele-
vant to map mashups and that are understudied in cartography. Three such de-
sign challenges are the design of pictographic symbols, the management of the
overcrowding  of  the  symbols  on  the  map,  and  the  effect  of  the  design  of  the
highlighting on an interactive map. The conclusions of this research can be sum-
marized for each of the design challenges individually, although in some cases
of map mashups two or three of these challenges need to be taken into account
jointly.

Pictographic symbols possess graphic and semantic qualities that define the
overall quality of the symbols. Graphic qualities define the graphic appearance
of the symbols and include qualities such as simplicity, clarity, visibility, and
aesthetic appeal. Semantic qualities define the semantic contents depicted in
the symbols and include qualities such as concreteness, semantic closeness, fa-
miliarity, and acceptability. In addition to these qualities of individual symbols,
symbol sets have qualities such as consistency and distinctiveness. Although
these qualities are presented as universal qualities in this dissertation, they are
not equally relevant in every use of pictographic symbols and their relative im-
portance varies according to the case. In addition to applying universal qualities,
the  users  of  the  symbols  should  be  taken  into  account  in  the  design  process,
because differences in the cultural background of the users cause differences in
the code systems (defining which symbol designs are familiar), the conceptual
models (defining the connections of concepts), and the aesthetic judgments (de-
fining which symbol designs are appreciated). The symbol qualities that are af-
fected by the culture are familiarity, semantic closeness, aesthetic appeal, and
acceptability. This dissertation also provided general guidelines for achieving
universal symbol qualities and guidelines for designing symbols for intercul-
tural use.

Map mashups often suffer from overcrowding of the symbols, which is likely
to degrade the efficiency of the map. This assumption is supported by the find-
ings of this research as partially occluded symbols were found to be significantly
less efficient than totally visible symbols. However, the design of the symbols
affects their occlusion tolerance as symbols that varied in terms of their color
hue seemed to tolerate occlusion better than symbols that varied in terms of
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their shape. Therefore, symbolization can be used to solve the problem of over-
crowding. However, symbolization is not always the most suitable method for
managing the overcrowding; methods such as selection, refinement, displace-
ment, aggregation, typification, spatial distortion, and animation may be bet-
ter in some cases which may impose different requirements on the overcrowd-
ing management methods. At least ten such requirements can be recognized,
and these requirements serve as criteria to evaluate the strengths and limita-
tions of different methods. This dissertation also provided an evaluation table
where the methods are evaluated against the criteria to assist in the selection of
suitable methods for a specific map mashup.

A highlighting method should be able to guide the attention to the highlighted
symbols and enable the perceptual grouping of the highlighted symbols. The
main strategies for this are to increase the visual saliency of the highlighted sym-
bols, to reduce the visual saliency of the non-highlighted symbols, and to use an
additional element such as a connecting line that perceptually groups the ele-
ments. The first two strategies seem to be the most efficient highlighting strate-
gies, at least when more than a few symbols are to be highlighted. The relative
goodness of these two strategies depends on the saliency of the symbols and on
the design of the highlighting method.

Not all three of these design challenges are present in all map mashups, but
many map mashups touch on at least one of the design challenges. Therefore
different kinds of map mashup applications can benefit from the design guide-
lines presented in this dissertation. However, in places this research was not
able to provide full answers but rather to point out research directions that need
to be elaborated further. Important topics that would need further research, not
only within the context of map mashups but in cartography in general, include
the crowding effect on the perception of symbols, the effectiveness of the symbol
design guidelines, the effect of overcrowding on the suitability of highlighting
methods, and the relative importance of different perceptual processes for the
design of the highlighting.

The general limitiation of this dissertation was that the perception and cogni-
tion of map mashups were studied only from the viewpoint of symbolizing the
point data whereas the overall quality of map mashups depends on the design
of the background map as well. In addition to its own contribution, the back-
ground map affects the perception of the point symbols, and therefore the over-
all quality of the map mashups depends also on how well the the point symbols
and the background map work together. The maps used in the controlled exper-
iments consisted of point symbols overlaid on a background map with low sali-
ency and information density that can be considered as good goals for back-
ground  map  design  for  map  mashups  containing  more  than  few  symbols.  In
cases where the design of the background map is not possible the design of the
point symbols should be adapted to the design of the background map so that
the visibility of the point symbols is secured both in the static and in the inter-
active cases of map mashups. However, the design of the background map and
the affect of the background map on the perception of point symbols should be
studied more in the future.
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