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Introduction
The purpose of this research was to develop a concise set of widely accepted guidelines
for basic cartographic design. A set of map design and compilation guidelines would be
useful for many purposes. For example, teachers could use the guidelines to help
students learn about fundamental cartographic principles. Self-learners could use the
guidelines to teach themselves about map making. Organizations and agencies could
use the guidelines to help their employees, especially those not familiar with
cartography or primarily involved in map making, to create cartographically defensible
maps. In fact, the U.S. Census Bureau and Statistics New Zealand (2014) are examples
of agencies that have developed such a set of guidelines.
While cartographic textbooks generally include many guidelines, this source is often
excessive in content and non-prescriptive in style. Other sources, such as book chapters,
articles, or blog posts, are often focused on isolated aspects or elements of map making
or design, such as symbols (Akella 2008), map projections (Basaraner and Cetinkaya
2019), or labels (Liao et al. 2019), for example. These sources might instead target a
specific map style, such as topographic maps (Raposo and Brewer 2014), climate
change maps (McKendry and Machlis 2009), or flood risk maps (Fuchs, Spachinger,
and Dorner 2009). Consequently, there are few examples of a set of universally
accepted guidelines that provide a foundation for general decision making in map
design and compilation.
Compilation of the guidelines should be based on a number of objectives. So that the
guidelines cover the wide scope of map making and design, both map compilation and
page layout should be considered. So that the guidelines are widely accepted, input from
many sources should be gathered. So that the guidelines are authoritative, input should
some from expert sources. So that the guidelines are objective and impartial, analytical
methods should be used to find structure and meaning in the gathered input.
This paper details an approach used to gather input from many expert sources about
important considerations for map design and compilation, perform a quantitative
analysis of the input provided, and organize the analysis results in a manner that reflects
the practicalities of map making and design.
Methods
Through an informal email from the author in 2018, over 200 cartographers worldwide
from academia, government, and the private sector were asked to share ten things they
think of as signs that a map was made by someone who is a novice (figure 1). These

signs can be thought of as typical cartographic blunders made by people who are still
learning or perhaps have failed to learn the best or correct ways to make maps. The
respondents were not asked to rank the items in the list, nor were they required to
provide exactly ten items in the list―in fact, some offered more than ten items, and
some offered fewer.

Figure 1. Locations of the origins of the email respondents.
These signs can help map makers to know what pitfalls to avoid when making maps,
they can help educators to know what to teach when instructing others how to make
maps, and they can help map readers to know what to look for to determine the veracity
of a map. They can, in a sense, reveal secrets about the ability of the map maker. And
they can be used to compile a set of guidelines for basic cartographic design.
Responses
A total of 216 emails were sent out, and 114 responses were received, of which six
responses could not be used. For example, one response declined participation, one
simply contained a link to a website, and another focused on map use rather than design.
The 108 email responses that could be used were compiled into a single large and
structured set of texts, called a “text corpus”, in an Excel spreadsheet.
Text Mining and Analysis
An analytical text mining approach with specialized software and computational
methods was used to discover useful structures and meaning in the corpus. Data mining
on text data, such as documents, emails, or webpages, involves conversion of the corpus
into document vectors such that each unique word, called a “token”, is considered an
attribute (Kotu and Deshpande 2014). Standard data mining tasks, such as classification
and clustering, can then be applied.
Text mining and analysis is an area of research that uses techniques from wellestablished scientific fields such as “data mining, natural language processing, casebased reasoning, statistics, machine learning, information retrieval and knowledge
management” (Vermas et al. 2014). It is being used in such diverse application areas as

financial services; retail and customer products; telecommunications and media; and
manufacturing, construction, and electronics (Mierswa 2014).
RapidMiner, a world-leading open-source framework for information mining, was used
as the data mining and analysis engine to load, preprocess, visualize, and analyze the
data (i.e., text corpus). RapidMiner provides a GUI to design and execute analytical
workflows called “processes” which consist of multiple “operators” and require a
number of “parameters” (figure 1). Each operator performs a single task within the
workflow, and the output of each operator provides the input for the next one.
Parameters further specify how the corpus or analysis will be restricted or directed.
RapidMiner also provides learning schemes, models, and algorithms from extensions.
Two specialized text mining extensions—Aylien and Rosette—were used in this
research.

Figure 1. The RapidMiner GUI showing the operators use for text preprocessing.
After loading the text, the first step in the analysis was to preprocess the data. This
involved use of the operators and parameters shown in table 1 and in the GUI of figure
1.
Tokenize
Transform Cases
Filter Stopwords
Filter Tokens

Stem

An operator that breaks a stream of text into words, phrases, symbols,
or other meaningful elements to produce the token].
An operator used to transform all text to a single case so that upper
case and lower case words are recognized and analyzed similarly.
An operator that eliminates very common words, such as, determiners,
prepositions conjunctions, and pronouns, (e.g., “the”, “to”, “and”,
“him”) which do not add to the analysis.
An operator used to filter tokens by such things as length, content, or
language. In this research, the tokens were filtered by length (i.e., the
number of characters they contained) so that the minimum length of a
word was two characters.
An operator that reduces tokens to the root or “stem” of the word by
removing suffixes.

Generate n-Grams
Prune

An operator used to find phrases. A 2-gram would be two tokens in a
row, a 3 gram would be 3 tokens in a row, and so on. In this research,
phrases up to and including three tokens were generated.
A parameter that removes from the analysis any tokens that occurred
less than a specified number of times in the corpus. In this research,
any tokens that occurred two or fewer times were removed.

Table 1. RapidMiner analysis processes and parameters used to preprocess the text
corpus.
The preprocessed data was then analysed to find the most common tokens,
combinations of tokens, and associated tokens. This involved a number of processes in
RapidMiner, the results of which are described below.
Results
The results of the Word Count process in RapidMiner identified the tokens in the corpus
that occurred with the most frequency (table 2). The list of the 35 most common tokens
was examined, and 22 words were selected for further analysis since they were
recognized by the author as keywords related to map design and compilation.
Word
map
use
color
data
scale
legend
label
yes
project
default
north
symbol
arrow
poor
featur
north_arrow
titl
visual
element
line
text
inform
hierarchi
font
make

Total
occurrences
564
203
165
156
141
136
112
110
103
89
88
79
73
73
71
70
66
60
58
58
58
56
51
49
47

Document
occurrences
100
76
72
68
73
67
56
108
63
47
59
42
58
37
37
55
49
44
31
34
32
31
40
32
31

% of
responses
93%
70%
67%
63%
68%
62%
52%
100%
58%
44%
55%
39%
54%
34%
34%
51%
45%
41%
29%
31%
30%
29%
37%
30%
29%

choropleth
lack
size
area
etc
look
see
detail
design

46
44
44
40
40
40
40
39
38

29
30
32
26
30
30
24
28
27

27%
28%
30%
24%
28%
28%
22%
26%
25%

Table 2: Results of the Word Count process, with the key tokens selected for further
analysis highlighted in red.
The Word Count process results can be examined as the total number of times a word
occurred in the corpus (occurrences) or the percentage of responses in which they
occurred, as shown in figure 2.

Figure 2. Results of the word county analysis process.
Removal of the most common token, “map”, revealed more variation in the occurrences
of the remaining tokens (figure 3).

Figure 3. Variation in the occurrences of the most common words when “map’ was
removed.
To determine if some tokens were often used in conjunction with other tokens, a set of
association rules were generated. For example, “map” was often used with “use” in the
corpus, as in the upper left box of figure 4. While these analytical results offered some
insights, most of the token associations simply confirmed multi-term keywords that the
author had suspected; therefore, no further association analysis was performed.

Figure 4. Examples of the results of the Association Rules process in RapidMiner.

Beyond the Text Analysis
After performing text mining and analysis with RapidMiner, the responses were further
analyzed relative to the 22 key tokens. Any response with the occurrence of a select key
token was copied into a Word document, and the resulting content was grouped based
on commonalities. For example, all responses with the key token “north_arrow” were
grouped into four categories depending on whether they focused on:
1. North arrows should not always be used on maps
2. The inappropriate use of north arrows
3. North arrows missing on maps
4. The design of north arrows.
Obviously, the groups varied by token. For example, the projection categories included:
1. Projection information in the map marginalia
2. Use of a default projection
3. Use of an inappropriate projection
4. Use of a geographic/unprojected/Plate Carreé projection
5. Use of the Web Mercator projection
6. Incorrect projection parameters (e.g., central meridian)
While the key tokens in some responses, such as those above, were fairly isolated from
other tokens, others, such as “use”, “scale”, and “design”, were often used in responses
that included one or a number of other tokens. For these, responses that contained more
than one key token were copied into the documents for each of the key tokens. The
relation to other key tokens was also noted in each document.
The result of this part of the analysis was a set of documents, each focused on a key
token, which identified the most common guidelines relating to each key token, as well
as the association of any key token to other key tokens.
Discussion and Conclusions
Future work will involve publication of the findings as a concise, illustrated primer on
cartographic design that describes the most basic elements of this subject and serves as
a first resource for novices. While the primer would be targeted toward guiding novices,
it is understood those who are uninitiated in a subject sometimes produce products that
have more impact than traditional or “correct” products, even when or sometimes
because they violate traditional practice.
The primer should describe a set of suggested practices that the readers may find useful
to follow as they learn or continue to learn about map making. It would be beneficial to
novices, and especially more advanced readers, to add notes about, examples of, and
references to more information about deviating from these practices. In addition, due to
the brevity of the publication format, it would be useful to provide links and citations to
other works to help readers learn more about related cartographic theory and practice.
Additionally, it is recognized that the information used in this research was voluntarily
provided in response to a request that essentially solicited input with a negative tone

(thus, no sentiment analysis was performed to quantify the affective state of the
responses). The original request was for signs of novice cartography, i.e., things that are
wrong with maps made by novices. An essential requirement for production of the
primer will be to transform those statements of “what not to do” into guidelines for
good practice so that the suggestions are not received as dogmatic and inflexible with
no options for creativity and flexibility.
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