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Abstract

This paper is devoted to the development of software tools, which allow to create and
analyze mental maps in digital format. Mental maps are used to study humans’ cognitive
characteristics and geospatial perception. To support Digital Humanities research based on
the analysis of the mental maps, we developed a special high-level web-based vector graphics
editor called Creative Maps Studio that allows informants to intuitively draw digital naive
maps as a representation of their mental maps.

The Creative Maps Studio web application provides a wide variety of drawing tools based
on points, lines, and areas, which allow representing different objects on the map, such as cit-
ies, historical monuments, industrial facilities, state borders, roads, rivers, steppes, seas,
swamps, etc. For each object, individual parameters can be set, such as color, size, transpar-
ency, name, description, emoticons, etc.

Digital maps can be analyzed in various ways, relying on computer vision, machine learn-
ing, visualization, and manual expert analysis. Creative Maps Studio stores not only the final
state of maps but also the entire history of user actions on the canvas, which makes it possible
to consider the process of creating a map by the analysis.

While Creative Maps Studio provides basic functions to view the informants’ maps and
the history of their creation, we propose involving special software to achieve a comprehen-
sive analysis of mental maps. In particular, we rely on the previously developed SciVi data
mining platform and Semograph graph-semantic modeling information system. Creative
Maps Studio provides appropriate export capabilities to transfer required data to these soft-
ware systems. After exporting, the expert can use SciVi and Semograph to perform visual ana-
lytics of map objects’ properties, to handle maps’ textual layers, and to classify the maps on
the principles of the fuzzy set theory. Thus, the mentioned software can be used to carry out
the comprehensive study of informants’ spatial perception.

In the future works, we plan to expand the set of objects available to draw the maps, al-
lowing researchers to create custom ones, as well as to integrate analytics tools of maps crea-
tion history directly in the Creative Maps Studio.

Keywords: Mental Maps, Naive Geography, Fuzzy Classification, Pattern Matching, Cir-
cular Graph, Visual Analytics, Digital Humanities.
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1. Introduction

Geographic mental maps as ways and forms of organizing mental representa-
tions of space [1, 2] are of interest for a wide range of scientific disciplines since they
reveal the humans’ receiving, processing, storing, and broadcasting of individual ide-
as about the world. From a social point of view, geo-mental maps provide models for
understanding/mastering the spatial macroenvironment and the behavior of various
social groups in that environment, while the groups are distinguished by gender, age,
nationality, residence region, etc. [3—5].

To efficiently analyze the mental maps, an adequate representation form should
be chosen to convey the composition, metrics, and connections of objects contained
in mental maps. In this regard, the most promising way is the visualization of in-
formants’ subjective geospatial representations. This visualization can be carried out
in the paradigm of “naive” geography: in the form of the so-called “naive” maps (an-
other term “sketch maps” is also common [6, 7]). M. Blades has shown that naive
maps have the feature of sustainable reproduction [8], which means that the same
informant draws nearly the same naive map time after time. This indicates, naive
maps are an adequate reflection of mental maps, therefore they can be treated as an
objective measure of an informant's attitude to his/her spatial surrounding. As a re-
sult, naive maps are valuable material for the Digital Humanities research, allowing
to monitor and justify the public moods in a particular region or social group [1, 3],
as well as to study individual cognitive features of informants and the way they per-
ceive the world around them.

Traditionally, the naive maps are drawn on paper. This is quite convenient for
the informants, but it has two significant drawbacks. Firstly, in order to benefit the
modern computational processing methods, the paper-drawn maps should be com-
pletely digitized (including the annotating of all available objects on each map). Sec-
ondly, it is required to normalize the drawing process, including the use of standard-
ized technical and symbolic means. The variety of representation forms of naive
maps can be clearly seen in the gallery of regional maps of Russia:
https://naivemaps.ru/?page id=395. It is a challenging task to handle these images,
while fully automatic processing and interpretation for a sake of data mining are
nearly impossible. Moreover, paper-drawn naive maps do not contain information
about the process of their creation, including the sequence of adding objects and
their characteristics.

To overcome the shortcomings mentioned above, we developed the Creative
Maps Studio web application (https://creativemaps.studio/). This application is a
web-based vector graphics editor, in which informants visualize their spatial repre-
sentations in a form of digital naive maps using the predefined set of drawing tools.
For the experts in Digital Humanities, the Creative Maps Studio provides functions
to export naive maps composed by the informants for subsequent data mining and
visual analytics. The analytics is performed outside of Creative Maps Studio, in the
SciVi data mining platform and Semograph graph-semantic modeling information
system. These two software systems were developed earlier and proved to be efficient
and flexible in analyzing complex data [9]. Creative Maps Studio can be used by re-
searchers from various fields of science, such as sociology, politology, tourism-
related sciences, etc.
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2. Key Contributions

In this paper, we propose a special vector graphics editor to create digital naive
maps, as well as the following ways to analyze these maps within a remit of Digital
Humanities research:

1. Analysis of the naive map creation history using Creative Maps Studio. All the
manipulations with maps’ objects in chronological order can be viewed, which ena-
bles studying the process of building the map, including the tracking of objects,
which were created, but afterward deleted and thereby not presented in the final map
state.

2. Visual analysis of naive maps in SciVi data mining platform using a circular
graph that allows revealing relationships between map objects, as well as correlations
between maps’ structure and socio-cognitive parameters of the informants.

3. Semantic analysis of naive maps using the Semograph graph-semantic model-
ing information system. This opens up the possibility of automated analyzing names,
descriptions, and comments of map objects.

4. Fuzzy classification of naive maps based on weighted fuzzy pattern matching.
This method makes it possible to quantify the features of the spatial perception of
informants from different regions and to test the similarity of the given map with the
typical maps of a certain region.

3. Related Work

The first studies of mental maps emerged in the second half of the 20th century
and were carried out using naive maps [10, 11]. For a long time, research was carried
out without the use of computer technology. Naive maps drawn on paper were used
and, accordingly, the analysis was also carried out manually [12—14]. At the same
time, naive maps were often not the only source of information for research: in addi-
tion to the maps, informants also completed pre-designed surveys and face-to-face
interviews or participated in focus groups [15, 16]. The processing and analysis of the
results were carried out in manual mode.

Later, research began to be carried out using computer technology. In particular,
in 1984, S. Waterman and D. Gordon used a computer to calculate the degree to
which a digitized naive map matched an objective geographic map of Israel based on
a set of control points [17]. F. Aram et al. describe a more comprehensive approach to
the analysis of naive maps considering a set of landmarks and paths, which were
marked on the maps by informants. Objects are analyzed from two aspects: location
accuracy and map complexity. Accuracy is determined by the degree of correspond-
ence between the sets of landmarks and paths, marked by informants, with the sets
predetermined by experts. The degree of correspondence is determined by the per-
centage ratio of the number of objects from the expert list found on the naive maps of
informants to the length of the expert list. Complexity is measured using the cell per-
centage method and based on Appleyard’s scoreboard. The program proposed by
Aram et al. makes it possible to both compare the naive map with the one created by
the experts (or with another naive map) and get the reflection of information from all
the informant maps to the objective geographical map [18]. However, despite the fact
that the analysis of the maps was carried out on a computer, the creation of the maps
took place on paper.

Most researchers distinguish three main components in naive maps: lines,
points, and zones [18]. Indeed, when creating a two-dimensional map, any object can
be represented by one of these three components or their combination. In some cas-
es, informants draw 3D naive maps. However, such maps are usually analyzed when



the dimensions of the investigated space are comparable to the heights of objects.
Accordingly, when the object of study is a relatively large geographic area, it is possi-
ble to neglect information about the heights of objects and use a two-dimensional
space. The methods used for processing naive maps depend on the dimensions of
space.

When the sample of maps is small enough, then usually the research is carried
out at a qualitative level and ad-hoc methods are used. Otherwise, one or more of the
basic approaches to map analysis are used. One of these approaches is based on
comparing naive maps with a real geographical map. Another approach is to com-
pare the maps of informants with each other to identify some trends. A combination
of these approaches is sometimes used [19].

The basic element for comparison in these cases is a set of landmarks on the
map. On a global scale, such landmarks can be, for example, settlements, state bor-
ders, seas, mountain ranges, etc.

The choice of comparison methods depends on the form of data presentation.
When objects are deterministic, it is convenient to use the bidimensional regression
method, which makes it possible to compare two two-dimensional objects with each
other [20]. A naive map can also act as an object. A. L. Gardony et al. used, in addi-
tion to the bidimensional regression method, the method of pairwise comparison of
landmarks [21]. At the same time, the initial naive maps are created on paper and,
accordingly, are analyzed visually. If the pattern or naive map is fuzzy, it makes sense
to use methods of fuzzy classification of objects. One of such methods is the weighted
fuzzy pattern matching [22]. Although it is used in its original form to compare fuzzy
numbers, it can be applied to compare the corresponding numerical parameters of a
naive map and a pattern.

We propose the Creative Map Studio, which provides tools for creating and ana-
lyzing naive maps. Maps created in this application are digital, and they can be ana-
lyzed without manually marking the landmarks. The objects created in the studio
have meta-information not inlined on the map. So, they can be verbally described
preserving the clean visualization of the map. In addition, the naive maps created in
this application store both the final state of the map and the history of its creation.

The analytics available for the maps drawn in Creative Map Studio relies on SciVi
data mining platform [23] and Semograph graph-semantic modeling information
system for textual data processing [24]. Both of these software systems were created
in our previous research and proved their abilities of an efficient and comprehensive
analysis of complex and variable data [9].

SciVi data mining platform (https://scivi.tools) is built on the principles of on-
tology engineering. Its functioning is completely governed by an ontological
knowledge base, in which all the data processing, analysis, and visualization capabili-
ties are described. Thereby, SciVi is a very flexible toolset for solving analytics tasks
in different application domains because it can be extended with the new functionali-
ty by modifying its knowledge base only [25]. The data processing pipelines in SciVi
are declared in a high-level graphical user interface leveraging intuitive visual pro-
gramming language based on data flow diagrams [25]. SciVi usage requires no spe-
cific IT skills, which makes this platform available for a wide range of experts in dif-
ferent scientific fields.

The Semograph graph-semantic =~ modeling information system
(https://semograph.com) is built on the principle of data representation in the form
of a graph, which vertices reflect the semantic cores of concepts, and edges character-
ize the semantic connections between concepts. The essence of its functioning is that
the data loaded for analysis are divided into some semantic parts (such as book chap-



https://scivi.tools/
https://semograph.com/

ters, individual objects within the dataset, etc.). These parts are called “contexts”.
Within each context, “semantic fields” and “semantic components” are distinguished.
Semantic fields are lexemes or combinations of lexemes. Semantic components are
the entities associated with the fields, which reflect the presence of certain semantics
in the corresponding fields. Semograph has a high-level graphical user interface with
which the user can both manually and automatically work with text data, studying
their semantic properties. Analyzing textual data based on semantic fields and se-
mantic components reveals its semantic structure that is an important part of lin-
guistic research [26, 27].

4. Creative Maps Studio Architecture

Creative Maps Studio is a client-server web application designed to work with
naive maps representing spatial mental maps. The main concepts of Creative Maps
Studio architecture are presented in a form of ontology in Fig. 1.
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With the help of Creative Maps Studio, the informant can digitally draw a geo-
mental representation of a certain space, which reflects a mental map of his/her spa-
tial perception. A mental map is a complex object that represents a certain geo-
concept and contains a set of graphical objects with their verbal descriptions, which
characterize the informant’s subjective attitude to space. The physical representation
of a mental map is a naive map. On the one hand, a naive map represents geograph-
ical objects as some spatial entities, which can be studied using various analytical
methods, and as a result, give some semantic interpretation of the location and pa-
rameters of objects. On the other hand, geographical objects contain a text layer that
makes it possible to highlight the informant’s attitude to objects and allows research-
ers to match the drawn objects with the real ones and identify the depicted space,



that is, to determine the map’s belonging to some geo-concept (or a combination of
geo-concepts).

In addition, the informant can provide information about himself. Such infor-
mation makes it possible to investigate differences in the content or presentation
form of mental maps based on some characteristics of the informants, such as gen-
der, region of residence, etc.

The Creative Maps Studio is available at https://creativemaps.studio. Moving on
to the technical aspects of its functioning, we note that maps are internally stored in
JSON format and can be exported to CSV tabular format and raster PNG format.
While Creative Maps Studio stores the map objects with the full history of creation
and manipulations, when exporting to CSV, only the final states of the objects are
dumped. If some specific data conversion is required, additional conversion modules
are used. The modules are written in Python and executed on the server side as pro-
cessing plugins. For example, plugins are used to normalize parameters among a
sample of maps.

The server side of Creative Maps Studio consists of the following components:
main module (written in Python 3 using FastAPI), storage module (based on Post-
greSQL), and caching module (based on Redis). The client side is implemented in Ja-
vaScript using React, Redux, and Gatsby using HTMLj5 templates and CSS3 styling.
The architecture diagram is shown in Fig. 2.
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Fig. 2. Creative Maps Studio architecture diagram

The server provides the following functions:

1. Authorizing and registering the users directly in the application and log in
with their credentials, or log in to the application via their profile on the following
social networks: ‘BKonrtakrte’ (Vkontakte), Facebook and ‘Ommoxnaccuuku’ (Od-
noklassniki).

2. Storing the maps drawn by the user and providing access to them (but users
can also draw maps anonymously and save these maps at their computers).

3. Providing access to copies of maps drawn by other users by direct links.

4. Performing requests to third-party resources:
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a.  Database of settlements in Russia.
b.  Social networks, through which users can log in to the studio and in
which they can share maps they have drawn.

The client provides the tools for creating and editing maps. It is possible to ar-
range the following types of objects on the map: point objects such as cities, cultural
monuments, and industrial objects; large-scale objects such as bodies of water, de-
serts, and swamps; extended objects such as state borders, roads, and rivers. Objects
can be given individual visual characteristics, as well as a verbal name and descrip-
tion. Additionally, it is possible to indicate attitude to the objects using emoticons.
Drawn maps contain not only the final state of all objects but also the history of all
manipulations with objects performed during drawing. The manipulations’ history
allows researchers to analyze the process of creating a map. In addition, in the studio
client, the user can receive training on working in the studio or refer to the help on
using it.

5. Digital Drawing of Naive Maps: Pros and Cons

Since naive maps are presented in graphical form, they can be created both on a
physical medium, for example, on paper, and in a digital form. Let us compare digital
and paper-drawn naive maps.

Firstly, let us look at the advantages of digital naive maps over paper-drawn
ones:

1. Objects on digital maps can be interpreted with higher accuracy than on pa-
per-drawn ones: digital maps have limited variation in their parameters, so they can
be better classified and have no issues with recognition of handwriting.

2. Digital maps can be analyzed automatically (no conversion to the digital for-
mat is needed). This is especially important for large map arrays.

3. Digital maps contain easily retrievable text information (names, descriptions,
emoticon-based expressions about objects) without compromising the visualization
of map objects. This is difficult for paper-drawn maps, where all the text must always
be visible on the map.

4. Digital maps are easier to store and back up: they take up a small amount of
space on the digital storage and can be copied fast and losslessly, while paper-drawn
maps require large physical storage with special conditions like temperature and
humidity, as well as require much more time and effort for backup.

5. Digital maps are created online thus remotely, allowing researchers to involve
geographically distant informants.

6. Digital maps make it easier to attract informants to participate in the study
since it is more convenient for the informants to draw from home at any time (while
the study is being carried out) than to come to the laboratory at a designated time or
to transfer the physical map medium in any physical way, or digitize it and send it
per e-mail.

7. Digital maps make it possible to overlay objects on top of each other without
distorting or losing information about any of them, which allows researchers to get
more information from a digital map than from a paper-drawn one.

8. Digital maps are able to save the history of the informant’s actions in the
drawing process, which is nearly impossible to achieve when using paper-drawn
maps.

However, despite all the advantages of digital maps over paper-drawn ones, digi-
tal maps also have disadvantages:



1. Working with paper is more familiar to most of the informants since most us-
ers are better at using the tools for traditional drawing (for example, a pencil) than a
mouse/touchpad. As a consequence, digital maps usually have less detail and com-
plexity of the contours of objects.

2. Working with digital tools to create digital maps requires training that allows
the informants to get used to the interface. If the training time is insufficient or the
interface is too complex, there is a high risk of receiving less information from the
maps, since informants will not know how to create objects they want.

3. Drawing a digital map is limited by the set of drawing tools. Informants may
want to display an object that has not been accounted for by the researchers. In this
case, the object may not be reflected on the map, reflected incorrectly (using a tool
that does not imply such interpretation), or displayed too abstractly.

Based on the above comparison, we conclude that in most cases digital maps are
preferable for building naive maps. Creative Maps Studio allows to benefit from all
the above advantages of digital maps, thus it is an adequate toolset for conducting
corresponding experiments. As for the disadvantages, the first of them is currently
assumed to be impossible to overcome in the short term. The second one can be tack-
led by the detailed help for the studio and the built-in learning mechanism. The in-
fluence of the third one is supposed to be gradually reduced using feedback from in-
formants and adding missing object types.

We handled paper-drawn maps in our previous research in the Digital Humani-
ties field and we can state that maps in this form are difficult to collect and analyze,
in particular, it is difficult to extract and process the related textual information [2].
Therefore we believe that the use of digital maps can improve the research process
and deepen the data analysis.

6. Visual Analytics of Mental Maps

We propose the following ways to analyze the mental maps represented as naive

maps:
1. Viewing the map and the process of its creation in Creative Maps Studio (an
example is shown in Fig. 3 and available at

https://creativemaps.studio/share?share token=eyJ1dWIkIjoiZjA5sMjgyMjYtNGNIY
100MTV]LWIgM2UtY2EXN]YyM TexZGYyliwidm Vyc2lvbil6 MSwid GlobGUiOiL.Qnd
C-0LLQsNGPINC60LDRgNGCoLAifQ.sapGTjAquMSAlng5XbQW-1DODjU).

2. Visual analytics of maps’ set in the SciVi data mining platform.

3. Visual analytics of the maps’ text layers in the Semograph information system.

4. Fuzzy classification of naive maps using SciVi.

Further, we will take a closer look at the analytical approaches used by SciVi and
Semograph systems.
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Fig. 3. An Example of a naive map of China drawn in Creative Maps Studio

6.1. Visual Analytics of Naive Maps in SciVi

One way to analyze naive maps is to handle them in SciVi. To do this, the param-
eters needed for analysis are selected from the source maps drawn by the informants,
exported to CSV, and loaded into SciVi, where the subsequent analytics pipeline is
visually declared using data flow diagrams [25].

As an example of this approach, we studied a set of China maps drawn by 100
students of 2 Chinese universities. A table of the different use colors for some Chi-
nese cities was considered. In this case, the color and name of the city were selected
as target parameters to build an aggregated table of maps. However, it is possible to
analyze any combination of parameters of objects on the map.

Accordingly, on the SciVi side, a file with information from the maps is fed to the
input, and the nodes responsible for the rendering method are selected. In our case, a
circular graph is used. Fig. 4 shows the SciVi data flow diagram that allows the input
CSV file to be visualized as a circular graph.

CSV Table Adj Matrix To Graph Data Circular Graph
Table
Graph Data -
Adj Matrix Classifier
Select State
Colors

Fig. 4. SciVi data flow diagram



Executing this data flow diagram, SciVi displays a circular graph that shows
which colors are used for each of the cities that the informants drew on their maps.
Fig. 5 shows an example of such a circular graph. The color diversity is clearly seen in
the graph, while Beijing is most often drawn red.
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Fig. 5. SciVi Circular graph of using different colors for some Chinese cities

6.2. Visual Analytics of Naive Maps in Semograph

Semograph analyzes the textual components of maps, therefore, the main target
in such a study is in the analysis of names, descriptions, and emoticons related to the
map objects. Accordingly, after loading, Semograph prepares data as follows. The
first step is splitting the file into contexts (each context is one map from the file).
Within each context, semantic fields (lexemes or their combinations) and semantic
components are distinguished. Semantic components are associated with fields and
reflect the presence of certain semantics in them. The preparation of the textual data
of maps can be carried out by an expert in manual mode, using machine learning
methods, or using a combination of these approaches.

After the Semograph has made the primary processing of information from the
file, a semantic map is drawn up, which quantitatively reflects the connections be-
tween semantic fields. The semantic map can then be visualized by means of the
SciVi system in the form of a semantic graph, which makes it possible to visually
evaluate the semantic relationships of the semantic fields. Fig. 6 shows an example of
a graph representing the semantic structure of the Beijing geo-concept. This geo-
concept was reconstructed according to the text layers of the set of China maps (the
map collection is the same as described in Section 6.1). In the graph shown in Fig. 6,
nodes depict the most frequent terms characterizing the Beijing geo-concept and



edges depict the simultaneous appearance of corresponding terms within a text layer
of the same map. This kind of graph-based visualization allows experts to reveal in-
teresting regularities in the semantic structure across different geo-concepts. For ex-
ample, it was found out that the Chinese students indicate all the country locations
rather positively, expressing quite nothing negative. However, such geo-concepts as
Beijing and Shanghai have a much reacher semantic structure than Taiwan that is
represented poorly.
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Fig. 6. SciVi semantic graph of Beijing geo-concept

6.3. Fuzzy Classification of Naive Maps in SciVi

The fuzzy classification described in this paper is based on the algorithm of
weighted fuzzy pattern matching presented in [22]. The described algorithm was im-
plemented as a SciVi plugin written in JavaScript.

Since the algorithm uses a system of weights for the parameters, a weight vector
is also compiled before starting. The values of each of the weights are determined
based on the importance of the corresponding parameters, as well as taking into ac-
count the spread of their values in the set of maps (the smaller the spread, the less
weight should be assigned to the parameter in order to avoid anomalous influence on
the classification results).

The preprocessed maps are loaded into SciVi in two parts. The first part contains
maps, drawn by informants with known regions of residence. These maps represent
patterns that characterize different regions. A region pattern is a set of such objects
that are found on the maps of the informants from this region. In this case, the pa-
rameters of the pattern objects are fuzzy values. The membership function of a cer-
tain parameter of a certain object is built according to the values of this parameter
for this object, found on different maps of a given region (for details, see [28]). In
terms of machine learning, this set of maps is treated as a training sample. Along
with the training sample, a vector of parameter weights is provided. The second part
of the maps is a set of maps, drawn by informants with unknown residence regions
(the test sample of maps). This set of maps is classified.



Next, SciVi performs pattern building and then sequentially compares each test
map with each pattern [28]. According to the results of the classification, a dictionary
of the correspondence degrees to each of the patterns is found out for each test map.
The highest degree of pattern matching among the dictionary elements is taken as a
result of classification for a given test map.

After all the maps have been classified, SciVi visualizes the classification results
as a histogram (see Fig. 7). Each bar represents the similarity of the corresponding
map to the corresponding region. This fuzzy classification algorithm allows testing
the similarity of the given mental map to the maps, which are typical for a certain re-
gion. In Fig. 7, the results of fuzzy classification for Perm and Orenburg maps are
presented.
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Fig. 7. Visualization of maps’ fuzzy classification results in SciVi
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~. Conclusion

In this paper, we describe the Creative Maps Studio application for digital mental
mapping and the ways it can be used to work with digital mental maps presented in a
form of naive geographical maps. Digital maps have a number of advantages over the
traditional paper-drawn ones, enabling researchers to benefit from the modern data
mining methods by analyzing different graphical and semantic properties of these
maps. Such an analysis is an essential part of the Digital Humanities research that
targets public mood in a certain region, features of human perception of the sur-
rounding regional space, etc.

We propose several approaches to visual analysis of mental maps, involving Cre-
ative Maps Studio vector graphics editor, SciVi data mining platform, and Semo-
graph information system. This software tools’ combination leverages a comprehen-
sive study of the mental maps’ features, which can be extracted from the naive maps’
representations.

Currently, we carried out several experiments based on mental maps’ analysis.
The most significant ones, for now, are the analysis of China maps drawn by the Chi-
nese students, and the fuzzy classification of Russian maps drawn by informants
from Perm and Orenburg. The experiments conducted shown the efficiency of the
analytical pipelines proposed. We can state, that digital naive maps composed in the
Creative Maps Studio appear to be adequate visualization of subjective geospatial
representations of a person and social groups, and the described software combina-



tion is a viable toolkit for extracting information from the constructed mental map
models.

In the future, we plan to extend the number of operators to analyze mental maps
in SciVi and Semograph, as well as to explore the ways of analyzing the history of
maps’ objects manipulations within Creative Maps Studio. Also, we plan to expand
the set of objects available for drawing the maps and implement the mechanism al-
lowing researchers to create custom map elements for particular needs.
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