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Abstract. Pictographic symbols are widely used in different kinds of envi-
ronments because of their potential for delivering complex messages effi-
ciently. However, if they are not properly designed they fail to deliver the
intended message. In this paper, we formulate a set of graphic and semantic
qualities that contribute to the overall quality of the symbols. We concretize
the qualities by analyzing pictographic symbols designed by students from
different countries on a cartography course and by identifying typical de-
sign errors made by the students. The resulting list of errors can be used as
a check list of things to be avoided when designing pictographic symbols.

Keywords. Pictographic symbols, Map symbols, Icons, Design guidelines,
Symbol design, Novice designers

1. Introduction

Pictographic symbols are commonly used in several environments, includ-
ing tourist maps, cell phones, instruction manuals, automobile dashboards,
traffic- and safety signs, and airport wayfinding systems, and they define
much of the usability of the products or systems they are part of. For this
reason, the symbol designer must have good knowledge on the qualities
that are needed for creating successful symbols. The advantages and limita-
tions of pictographic communication are studied in several fields, such as
semiotics, perceptual psychology, ergonomics, human-computer interac-
tion, cartography, and graphic design. Several qualities that the symbols
should possess have been introduced for different purposes of use, such as
user interface icons and warning pictorials. Also guidelines have been given
for achieving these qualities.
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In paper maps, the pictographic symbols have played an important role for
decades and today mobile devices equipped with high resolution displays
and GPS receivers are able to visualize map mashups where different kinds
of points-of-interets nearby the user are shown on a map. Still, symbol de-
sign represents only a fraction of the process of map design and production.
Because of this, symbol design is not among the core contents of carto-
graphic education. Therefore, even professional cartographers, let alone
growing number of self-educated amateur map makers may lack the
knowledge and skills required for designing successful symbols that the
professional graphic designers do have. This kind of occasional designers
need practical guidelines to design proper symbols. However, there are no
solid list of symbol qualities or design guidelines for pictographic map sym-
bols. In this paper, we aim at tackling this problem by 1) collecting a general
list of symbol design qualities from different disciplines and 2) formulating
a set of concrete guidelines for achieving these qualities. The general sym-
bol qualities describe the desirable characteristics of pictographic map
symbols. However, the qualities are aimed to be applicable to different con-
texts of use of pictograms, and therefore seek to benefit professional graph-
ic designers in addition to cartographers. The concrete guidelines describe
the list of dos and don‘ts and seek to benefit map designers that are not
fully trained in symbol design.

In the next two sections we first present a brief overview of the motivation
and characteristics of pictographic symbols, and then, introduce a list of
general symbol qualities composed from the related literature. We then
present an evaluation and analysis of map symbol designs by university
students in order to concretize the qualities by examining how the qualities
tend to be violated in practice. Finally, the limitations of the results are dis-
cussed and the conclusions are drawn.

2. Pictographic Symbols

Pictographic symbols (also referred to as icons, pictograms, and pictorials)
are small graphical pictures that are used to present information (Wogalter
et al. 2006), and they are often used to replace textual presentation. The
advantage of pictographic symbols over text is that they are language-free
(Pappachan & Ziefle 2008), they are more robust to changes in scale, read-
ing speed and distance (Nakamura & Zeng-Treitler (2012), and require less
space (Wogalter et al. 2006). The well-known example of the power of pic-
tographic representation is the Isotype system by Otto Neurath. He and his
team used pictographic symbols to make statistics more attractive and
memorable to less educated people (Burke 2009). In cartography picto-
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graphic symbols are used in maps for general public, such as tourist maps,
because pictographic map symbols are, if not intuitive, easier to learn and
remember than abstract map symbols.

Comprehension of symbols is explained through the semiotic concept of
sign introduced by Peirce (1931-58). In semiotics sign is a product of a
three-way interaction between the ,representamen® (i.e. the symbol), the
»object” (i.e. the referent that is represented) and the ,interpretant™ (i.e. the
mental representation of the object), and sign is a sign only when it repre-
sents something for someone. Identification of pictographic symbols can
also be explained through the processes of object recognition introduced in
perceptual psychology, e.g. by Biederman (1987), and by the terms used by
Keates (1982). In symbol identification, bottom-up and top-down processes
are used simultaneously. Perceptual bottom-up processes allow a symbol to
be detected from the background. The symbol is further identified to depict
something familiar, for example, a ,police car on a map. The meaning is
then interpreted, for example, the police car is interpreted as standing for
the location of a ,police station”. In the identification and interpretation
phases top-down processes are incorporated under the influence of seman-
tic knowledge and goals of the user and the context (Pappachan & Ziefle
2008). For example, the goal of a map reader might be to find the location
of the nearest police station in the map, and he or she may have an idea of
what kind of objects are depicted in the map (e.g. services on a city map).

Pictographic symbols are generally categorized in terms of their visual ab-
stractness and the relation between the symbol and the referent. Visually
symbols can be placed on a continuum of abstractness starting from geo-
metric shapes and ending with highly realistic pictures of real world objects
(MacEachren 1995). Pictographic symbols can be categorized further on the
basis of how the symbol (i.e., the visual representation) is linked to its
meaning (i.e., the referent). Nakamura & Zeng-Treitler (2012) provided a
taxonomy of representation strategies of pictographic symbols. In their tax-
onomy, the representation strategies of the symbols were categorized at the
general level into arbitrary convention, visual similarity, and semantic asso-
ciation. In representation through visual similarity, the referent is repre-
sented by depicting its visual characteristics, for example, a symbol depict-
ing an elephant in a map of a zoo pointing out the location of the elephants
in the zoo. In arbitrary convention the symbol is attached to the referent by
a convention, for example the Red Cross or the Rod of Asclepius standing
for health services such as first aid point in the zoo. In representation
through semantic association, the connection between the referent and the
symbol is ,mediated” by depicting concepts that are semantically close to
the referent, for example a coffee cup standing for cafeteria or a knife and a
fork standing for a restaurant in the map of the zoo. Semantic association
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can be further divided to a number of different subclasses such as compari-
son, exemplification, semantic narrowing, physical or temporal decomposi-
tion, body language, metaphor or different types of contiguities (Nakamura
& Zeng-Treitler 2012).

Pictographic symbols possess different qualities that define their success,
and the goal of symbol design is to maximize these qualities in the symbols.
The symbol qualities can be reviewed from the viewpoint of reading the
symbols and from the viewpoint of designing them. From the viewpoint of
reading the symbols, the qualities of the symbols relate to the efficient (bot-
tom-up) processing of the symbol and to the correct interpretation of the
meaning of the symbol that requires higher-level cognitive processes. In
addition, the qualities may relate to more sophisticated processes, such as
the aesthetic response (i.e., what is felt to be good-looking) and the sensitiv-
ity of a symbol (i.e., what is felt acceptable and appropriate). From the
viewpoint of designing the symbols, the qualities of the symbols relate ei-
ther to the graphical representation of or to the (semantic) design idea for
the symbol (i.e., the concept(s) chosen for visualizing the referent). For ex-
ample, the design idea for a ,police station* can be a ,police car* or a ,sher-
iff’s star®.

Design guidelines can be classified into descriptive guidelines detailing the
characteristics of the end result and into procedural guidelines instructing
the design process. Design guidelines are suggested for different uses of
pictographic symbols, and several methods are used in achieving the guide-
lines. Huang et al. (2002) collected the opinions of graphic designers in
order to collect the factors affecting the design of computer icons. Apple
(2015) gives practical guidelines for designing icons for applications for the
iOS platform. McDougall and her colleagues studied how different symbol
properties affect the efficiency of symbol identification by organizing sever-
al experiments (McDougall et al. 2000, McDougall et al. 2006, Isherwood
et al. 2007). In cartography different sets of goals are developed to help
design a symbol set for a specific map use, e.g., for mobile maps (Stevens et
al. 2013), for humanitarian demining (Kostelnick et al. 2008), and for crisis
management (Korpi 2008) but these sets mostly concentrate on the pur-
pose-of-use specific guidelines. Because of the differences in the research
methods and in the considered contexts of use of the symbols, different
qualities are emphasized in different sets of guidelines. By combining
guidelines from different sources, different aspects such as efficiency, aes-
thetics and cultural aspects can be considered.
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3. Survey on the Qualities of Pictographic Symbols

We conducted a thorough literature review to identify the general qualities
and guidelines for successful symbols. Guidelines were collected concerning
symbols for various purposes of use, such as map symbols, interface icons,
warning signs and traffic signs. The materials used were various, as we in-
cluded studies based on measured performance of the symbols as well as
design books and practical design guidelines. Material was included from
the past thirty years. Guidelines varied in terms of their format (narrative or
listed form) and in terms of their level of detail. We used similar method
than Friedman and Bryen (2007) in analyzing the guidelines. All guidelines
and qualities were put in a table. Procedural guidelines (e.g. test-before-
use) and context-specific guidelines that are not relevant in other purposes
of use of symbols were excluded. The remaining qualities and guidelines
were sorted according to their contents. Duplicates and closely described
guidelines were combined, and the remaining guidelines were categorized.
There were a few guidelines that were descriptive and potentially relevant
across contexts, but could not be categorized into any categories and were
not mentioned in other sets of guidelines. This category of “others” was
considered to consist of rarely mentioned guidelines that do not have signif-
icant contribution to overall quality of symbols.

The qualities and guidelines can be subsumed under ten categories. We
divide these qualities into graphic and semantic qualities on the basis of
whether the quality primarily deals with the graphical representation or the
semantic content of the symbol (i.e. the design idea). Graphic qualities in-
clude simplicity, clarity, visibility, consistency, distinctiveness and aesthetic
appeal. Semantic qualities include concreteness, semantic closeness, famili-
arity, and acceptability. The qualities are explained below with references to
earlier studies or practical recommendations. Figure 1 shows examples of
high- and low-quality designs according to each quality.

3.1. Graphic qualities

Simplicity

The visual complexity of a symbol refers to the intricacy of the edges, the
number of elements, and the level of detail in the symbol (Forsythe et al.
2003). Simple symbols are located more efficiently in a visual search task
than complex symbols (McDougall et al. 2006) and are more legible
(Wogalter et al 2002, Wogalter et al. 2006). In addition, simplicity in gen-
eral is noticed to be an appreciated attribute of a range of products among

the users (Blijlevens et al. 2009). Therefore, the symbol should not include
small details. However, in some situations complex communication of in-
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formation is necessary for correct interpretation of the intended meaning
(McDougald & Wogalter 2014).

Qualities of individual symbols

Graphic Semantic
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Figure 1. Low-quality (left) and high-quality (right) examples of symbols designed by stu-
dents for each of the nine qualities.

-~

Clarity

Clarity refers to the ease of recognition of the contents of the symbol unam-
biguously. For example, in Figure 1, it is difficult to recognize the factory
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that is used to represent industry. The symbols should be easily recogniza-
ble (Huang 2002) when the context is known (Wolff & Wogalter 1998,
Goonetilleke et al. 2001, Hsu & Lin 2011). Too many details in the symbol
hamper the efficiency of its recognition, whereas the absence (or poor visu-
alization) of the typical elements of the object hampers the accuracy of the
recognition (Bruyas et al. 1998, Wogalter et al. 2002). Therefore, the essen-
tial parts of the object that contribute best to its recognition should be en-
hanced, whereas unnecessary elements should be removed (Adams et. al
2010, Tyner 2010, Pettersson 2011, Zender 2006). The symbol may repre-
sent only the characteristic parts of the objects because of the human ability
to recognize partially occluded objects (Korpi et al. 2013).

Visibility

The visibility of a symbol refers to the ease of detection of the symbol from
the background. The contrast between the symbol and the background and
the contrast between the pictogram and the frame should be large enough
(Huang et al. 2002, Shieh & Huang 2004, Wogalter et al. 2006, Rousek &
Hallbeck 2011). If the background is light in color, the symbols should be
dark so as to maximize the luminance contrast (Stevens 2013). However, a
common problem especially in case of maps and mobile device menus is
that the symbols may be used with multiple backgrounds (Korpi 2008, Ap-
ple 2015). This problem may be overcome by designing the symbols to be
generally distinctive by framing the pictogram or by having a thick enough
edge weight. If the symbols include frames, the contrast between the frame
and the pictogram should be large enough to distinguish the pictogram.
This can be done by using filled figures (Pettersson 2011, Medynska-Gulij
2008) that have a large enough luminance contrast with the frame, or by
having bold lines (Wogalter et al. 2006).

Consistency

Consistency refers to the extent to which the symbols designed to a purpose
form a visually uniform set. Therefore, consistency is a quality of the sym-
bol set instead of a quality of the individual symbols. Symbols in a set
should employ a consistent and unified style and visual appearance so that
the symbols look as though they belong to the same set (Horton 1994). This
can be achieved by using similar stroke weights, arcs, circle sizes, and per-
spectives in all symbols (Zender 2006, Korpi 2008, Apple 2015). In addi-
tion, when a set of symbols is used together in a display (e.g. map symbols),
saliency differences between the symbols should be avoided, if the objects
they represent lie on the same level of semantic importance. Visually heavi-
er symbols tend to attract attention (Forrest & Castner 1985), as well as a
symbol that is simpler than the other symbols in a display (Huang 2008).
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Therefore, the symbols meant to be used together in a display should be
consistent in terms of their visual weight (Korpi 2008) and complexity
(Stevens 2013). Apple (2015) advise ensuring a consistent perceived size in
all the symbols.

Distinctiveness

Distinctiveness of symbols refers to the easiness of discriminating the sym-
bols from each other (McDougall et al. 2000). Also the term discriminabil-
ity is used from this quality (Huang et al. 2002). Symbols should vary in
terms of their global characteristics to ensure the efficiency and effective-
ness of visual search of a symbol in a display (Williams 2000, Wiedenbeck
1999). However, distinctiveness is difficult to measure (McDougall et al.
2000).

Aesthetic appeal

In addition to be effective and efficient, symbols should be appealing and
aesthetically pleasing in order to give an impression of quality (Korpi 2008,
Wogalter et al. 2006). Aesthetics guidelines of symbols are mentioned in
literature only broadly, probably because graphic design is commonly con-
sidered to be an artistic process that is difficult to guide in practice (Wang &
Hsu 2006). Pettersson (2011) states that the horizontal and vertical ele-
ments, as well as the dark and light ones, in any information material
should be in good balance. The layout of elements in an icon could affect
icon quality (Huang et al. 2002).

3.2. Semantic qualities

Concreteness

The concreteness of a symbol refers to the extent to which the symbol de-
picts real objects, materials, or people (McDougall et al. 1999). A Symbol
that is depicted by a geometric form, such as the Red Cross emblem, is vis-
ually abstract, whereas a symbol, such as the Rod of Asclepius is concrete,
because it depicts real objects, a snake and a staff. Concreteness affects the
accuracy of identification (Chan & Ng 2010, Chan & Chan 2013). This sug-
gests that concrete design ideas should be used as far as possible.

Semantic closeness

The semantic distance is the closeness of the symbol to the referent that it
represents (McDougall et al. 1999). We use the term semantic closeness
after Chan and Ng (2010). The representation is semantically closest to the
referent when the symbol physically resembles the referent, i.e. the repre-
sentation strategy of visual similarity according to Nakamura and Zeng-
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Treitler (2012). The representation is semantically longest when the refer-
ent is represented through an arbitrary convention that must be learned
before in order to be correctly interpreted. Semantic closeness is stated to
be the best predictor of symbol interpretability (Ng & Chan 2007, Chan &
Ng 2010, Chan & Chan 2013). Therefore, semantic closeness is generally
highly advisable for ensuring the correct interpretation of the symbol (Mor-
rison & Forrest 1995, Korpi & Ahonen-Rainio 2010, Stevens 2013, Medys-
ka-Gulij 2008, Huang 2002), and ambiguity, i.e. the possibility to connect
the symbol to multiple meanings in the context, should be also avoided
(Goonetilleke et al. 2001). In addition, the symbol should cover the whole
concept that is intended to be represented, and not just a single sub-concept
(Wogalter et al. 2006, Korpi & Ahonen-Rainio 2010, Nakamura & Zeng-
Treitler 2013). However, this may be impossible to reach in case of concep-
tually broad referents.

Familiarity

McDougall (1999) defined the familiarity of the symbols as the frequency
with which they are encountered. Frequently encountered symbols are
identified generally more accurately than unfamiliar ones (Ben-Bassat &
Shinar 2006). Isherwood and McDougall (2007) defined familiarity as also
meaning the familiarity of the connection between the symbol and its
meaning, e.g., that a book is a well-known symbol for a library. The famili-
arity of the symbols has a strong effect on the speed and accuracy of symbol
processing (Isherwood & McDougall 2007, Chan & Chan 2013), and famil-
iar symbols tend to be preferred by users (Oh et al. 2013). In their practical
guidelines, Apple (2015) suggest using “universal imagery that people will
easily recognize”. In other words, established conventions should be used in
symbol designs (Chi & Dewi 2014). However, historical reference itself does
not guarantee the correct interpretation for new users (Rousek & Hallbeck
2011). In addition, the designer should take into account the cultural differ-
ences when considering the familiarity of the symbols (Piamonte et al.
2001, Shinar et al. 2003, Pappachan & Ziefle 2006, Korpi & Ahonen-Rainio
2010, Blees & Mak 2012).

Acceptability

Acceptability of a symbol refers to the subjective suitability of the design
idea for the referent. Users may consider a symbol unsuitable for its refer-
ent even though they would correctly identify it (Bocker 1996). For exam-
ple, two design ideas may be understood equally well as a depiction of a
referent, but the users may generally prefer the first over the second. Then
the first design idea is considered more appropriate than the second. De-
sign ideas that are acceptable in one culture may be unacceptable in anoth-
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er and some design ideas may even be felt offensive in some cultures (Korpi
& Ahonen-Rainio 2010). Respectively, the acceptability of a symbol can be
increased by adding desirable elements in the design, such as a helmet on a
bicycle rider to promote a desired behavior (Oh et al. 2013).

3.3. Discussion on the qualities

We see the ten qualities as a valid set of design goals that help designers
implement successful map symbols. However, the qualities were not de-
fined in equal levels of generalization and agreement in the literature. Sim-
plicity, concreteness and familiarity were examples of qualities that were
explained consistently and concretely. Aesthetic appeal was an example of
quality that was mostly referred to only vaguely. Semantic closeness was a
quality that was defined variable ways. Some sort of semantic association to
the referent was the most frequently mentioned quality in the literature,
and different terms were used and different points were raised, e.g. “A sym-
bol that evokes different interpretations across objects is ambiguous”
(Wogalter et al. 2006), “The meanings of the icon should be consistent with
users‘ mental models” (Huang et al. 2002), and “The icon‘s implicit mean-
ing should be close to the intended ones” (Huang et al. 2002). We classified
all such statements under semantic closeness, but the semantic connection
between the representation and the referent seem to be more complex issue
than a single quality. For example, semantic reliability is a quality that
might be reasonable to be separated from semantic closeness. Semantic
reliability refers to the danger of linking the meaning to an unwanted refer-
ent. This might happen if the symbol is semantically close to more than one
possible referent.

We categorized the qualities into graphic and semantic qualities on the ba-
sis of whether the quality deals with the graphical representation or the
semantic content of the symbol. In addition, the qualities can be divided on
the basis of which phases of the symbol reading process they contribute to.
Visibility is important in the early stage of bottom-up processing whereas
semantic closeness relates to the interpretation phase. Aesthetic appeal and
acceptability may contribute a little to the efficiency and effectiveness, but
are more important when the user forms an opinion of a product.

Symbol qualities presented here are somewhat universal, i.e. the same qual-
ities are useful for most of the uses of pictographic symbols. However, dif-
ferent qualities are emphasized in different contexts according to the con-
straints typical for the context. In maps and mobile device menus the space
available for the symbols or icons is limited, and in maps the (background)
map and e.g. crowding of the symbols affect the perception of them. In traf-
fic signs the time available for reading the sign is limited (Oh et al. 2013). In
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safety signs the correct interpretation of signs is vital, and critical confu-
sions must be avoided above all (Wogalter et al. 2006). Furthermore, dif-
ferent user groups may require an additional emphasis on some qualities.
For example aging causes cognitive changes in attention, language, and
memory that lowers symbol reading and comprehension abilities (Lesch et
al. 2011, Handcock et al. 2004). Therefore, contrast (Nivala & Sarjakoski
2005), clarity, concreteness, and semantic distance (Lesch et al. 2011) espe-
cially are suggested to be taken care of when designing symbols for older
adults. Also, cultural background of users may affect the relative im-
portance of different qualities (Blees & Mak 2012). At least, familiarity and
appropriateness, as the two most culture dependent qualities, should be
considered with care when the intended users come from different cultural
background. In addition to maximizing the general qualities, the purpose of
use may dictate specific needs for the visualization. For example, Stevens et
al. (2013) applied skeuomorphic cues to give an appearance of being touch-
able for interactive symbols.

3.4. Reliability and validity of survey of the qualities

The literature survey was based on 18 sets of guidelines that were from a
long period of time and originated from different disciplines. Some of the
studied guidelines were explaining earlier guidelines. This kind of second
hand guidelines were used if the original was not accessible, but double
collecting of same guidelines was avoided. The sets of guidelines were rein-
forced by research results that concentrate on a specific quality or charac-
teristic of symbols. Besides the materials used, there are probably a number
of guidelines available, but it is unlikely that additional sets of guidelines
would introduce ,new“ guidelines that would be considered as generally
applicable. We used a systematic process for formulating the qualities from
the collected guidelines and qualities. However, slightly different interpre-
tations of the qualities are possible.

4. Analysis of Symbols Designed by Students

4.1. Material and methods

We analyzed map symbols designed by students to concretize the qualities
in practice and to get more information on the variables of symbol design.
The symbols that were analyzed originated from a symbol design task that
was one of the assignments of an annually organized Master‘s program
course ,Visualization of Geographic Information“. The symbols were de-
signed by students in four years (2009 and 2011-2013). A little more than a
half of the students were Finnish, and the rest came from several countries
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in Africa, Asia and Europe. The educational background of the students
varied but the majority had a major in cartography or geoinformatics. The
rest had practical interest in cartography and some studies in the field.
None of the students had design background. The task was to design picto-
graphic symbols to represent eight given activity areas of regional planning.
The areas varied slightly from year to year, and in total designs for ten areas
of regional planning were covered, namely: ,agriculture and forestry", ,in-
dustry”, ,administrative services”, ,health services”, ,social services",
stransportation®, ,cultural services”, ,educational services®, ,commercial
services”, and ,environmental care”. The students were allowed to design
manually by using pen and paper or use design software such as Adobe II-
lustrator or Autodesk. The students were instructed to design framed picto-
grams so that the symbols would be detectable from a background map.
The size of the symbols was restricted to 1 cm size. Other design parameters
were not fixed. The task was given after a lecture and classroom exercises
on symbol design.

In the initial analysis of the symbols, many of the manually designed sym-
bols were found to be visually complex and were considered more as draw-
ings than as real map symbols. Therefore, the evaluation of the graphical
quality of the manually designed symbols was not expected to provide any
meaningful results and manually designed symbols were excluded from the
analysis. In addition, the designs that did not follow the instruction on
framing the symbol were excluded from the analysis. The remaining 216
symbols (i.e. 27 symbol sets each consisting of eight symbols) were then
analyzed by three independent reviewers. The authors acted as two of the
reviewers and the third one was a doctoral candidate from the research field
of cartography. The symbols were analyzed both individually and as sets of
eight symbols. Each symbol (216) and symbol set (27) was given a written
report of including problems, if any were found.

4.2. Results of the evaluation

We analyzed the results of the evaluation by the following process. First, the
individual problems were separated and generalized from the reviews. For
example, the review: “the ear of wheat is lighter than other elements in the
symbol, and thus difficult to recognize. It is also too small” was rewritten as
two problems: “too light elements in the design” and “too small elements in
the design”. Next, the individual generalized problems were collected in a
table and frequencies for different problems were recorded. In total, 48
different problems were identified. Similar problems were further catego-
rized. For example, problems such as “thin lines used in the frame”, “thin
lines used in a specific element of the pictogram” and “entirely drawn by
using thin lines” were combined into “thin lines used in the design”. Com-
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ments that appeared only once were excluded, because they were assumed
to not be general problems occurring in symbols designed by novice or oc-
casional designers. Most frequent problems were “too detailed presenta-
tion” and “thin lines used in the frame or in the pictogram”. Finally, the
resulting list of 21 remaining problems were classified under different sym-
bol qualities by comparing the problem descriptions with the definitions of
the qualities. At least one problem was identified for each of the qualities.
The problems are listed and arranged according to the qualities they violate
in Table 1.

4.3. Discussion on the evaluation results

The 21 problems found can be used in concretizing the qualities into de-
scriptive guidelines simply by reading the problems as a list of things to be
avoided when designing symbols. Pointing out typical mistakes can help the
novice designers to pay attention to issues that they might otherwise fail to
consider. For example, the problem of “thin lines used in the frame or in the
pictogram” can be converted to a guideline by rephrasing it to: “use filled
figures or thick lines”. However, the problems or resulting descriptive
guidelines themselves are, to some degree, generalizations that leave room
for interpretation. For example, two judgments of whether a design idea for
a referent is “generally well-known instead of local one” may differ vastly
due to individual and cultural differences. This is especially a characteristic
of the semantic qualities. Therefore, procedural guidelines, such as “test the
symbols before use” or “apply participatory methods for design ideas”, are
needed to ensure the overall quality of the symbols. Aesthetic appeal was
also a quality that was sometimes difficult to concretize. In addition to con-
crete problems such as “not enough space between the pictogram and the
frame” there were problem descriptions such as “not aesthetically pleasing”.
Also, the guidelines do not give exact measures for example for the amount
of space needed between the frame and the pictogram, because the
measures may depend from the case. Therefore, the guidelines can only be
used to draw the attention of the designer to the respective design issues.

Page 13



Simplicity

Complex design idea used (i.e. design idea requires detailed repre-
sentation)

The pictogram consists of several redundant elements (i.e. several
pictograms in one symbol)

Clarity

Unnecessary details that do not contribute to the recognition
The visual representation lacks detail/visual characteristics that
would have been needed in consistent recognition

Visibility

Thin lines used in the frame or in the pictogram with respect to the
planned size of the symbol

The luminance or color contrast between the pictogram and the
frame is too weak for efficient communication

Consistency

Visual weight: over- or under-emphasized symbols in the set (e.g.,
darker vs. lighter);

Complexity: very detailed and very simple designs in the same set
Style: symbols look stylistically different (e.g. different line weights
used)

Aesthetic appeal

Misplaced elements: the pictogram is not in the center of the frame
Not enough space between the pictogram and the frame

Elements placed uneconomically resulting in empty areas
Unrealistic proportions in elements or between different elements

Concreteness

Visually abstract and unfamiliar design idea used

Semantic
closeness

Unidentified connection between the pictogram and the referent

A single sub-concept is used so that the symbol gets understood too
narrowly

The pictogram can be connected to an unplanned referent in the
context

Familiarity

Too local, i.e., not generally well-known, design ideas for symbols
used

Acceptability

Culturally dependent design ideas used (i.e. objects referring to a
certain culture are used)
Abnormal or weird design ideas used

Distinctiveness

Two or more symbols in a set look too similar (i. e. varied only by
small detail)

Table 1. The problems identified in the symbols designed by the students.
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When evaluating the symbols, we found that the introduced qualities are
interrelated and inseparable so that one quality affects others, which is also
reported before (McDougall et al. 1999). Therefore, the qualities must be
reviewed in relation to other qualities. Too complex symbols are not effi-
ciently recognizable. However, symbols may be also too simplified in order
to be accurately recognizable. Concreteness is not a problem in case of fa-
miliar symbol such of the (red) cross, but abstract and unfamiliar symbol
would be difficult to interpret. Also compromises have to be made between
different qualities. Graphical consistency and distinctiveness are qualities of
symbol sets, and they have somewhat opposite goals to each other, because
consistency guides towards similarity of the symbols and distinctiveness
towards dissimilarity. There should be enough variation between the sym-
bols to avoid misidentifications, but the symbols should still look stylistical-
ly consistent.

Qualities also build on top of other qualities. Symbols should be visible
enough so that the contents can be recognized, and the contents must be
recognized before the correct interpretation (with the help of semantic
closeness and/or familiarity) would be possible. Furthermore, the represen-
tation should be semantically close to the referent or the connection be-
tween the symbol and the referent must be familiar to the user before the
symbol can be considered acceptable.

The motivation for the approach presented in this paper is based on the
assumption that guidelines are best when they are served as a list of simple
dos and don’ts. Furthermore, we believe that these dos and don’s are most
effective when they describe errors that the novices naturally make. Howev-
er, it is still a hypothesis to be tested that whether communicating these
guidelines to the novice designers actually help in avoiding design errors.

4.4. Reliability and validity of the evaluation

Although, we consider the descriptive guidelines presented in this paper as
a useful list, we do not claim to have listed them exhaustively. The set of
guidelines is based only on the problems we were able to identify from the
symbols we evaluated. Although the number of symbols included in the
evaluation was high, the number of referents they represented was limited
in our study. Therefore, it is likely that there exist problems that just did not
appear with our set of referents. However, the referents represent reasona-
bly well the range of map symbols, because in addition to relatively easy
referents such as ,health services™ and ,transportation” there were more
abstract referents such as ,administrative services and conceptually broad
referents such as ,cultural services”. The three reviewers identified prob-
lems generally consistently in the designs, i.e. most problematic symbols
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were reported by all three reviewers. The reviewers seemed to pay attention
to different aspects resulting in different problem descriptions and different
frequencies of a specific problems spotted by different reviewers. However,
we expect that adding more reviewers would not raise significantly more
problems from the symbols. The limitation of the analysis with respect to
cartographic applications was that, although the symbols were designed to
be map symbols, they were assessed while being located against white
background that is not the real environment of map symbols.

5. Conclusions

The cognitive process of reading and interpreting pictographic symbols is
complex, and the symbols can fail to deliver the intended message in many
ways. Therefore, understanding the different qualities of symbols is im-
portant when a new set of symbols is designed or when a set of symbols is
chosen for a map or for another communication medium. We identified ten
such qualities that can be considered as goals of symbol design. Graphic
qualities relate to the visual outlook of a symbol, and they include simplici-
ty, clarity, visibility, consistency, distinctiveness and aesthetic appeal. Se-
mantic qualities relate to the semantic contents of the symbol, and they
include concreteness, semantic closeness, familiarity, and acceptability.
However, giving precise guidelines instead of general goals or qualities can
be helpful in concretizing the qualities for novice designers, and thus, make
the qualities more understandable. We concretized the ten qualities by
identifying 21 problems relating to them from the set of 216 symbols de-
signed by 27 students of geoinformatics.
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