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Abstract
The paper presents the specification of the CogMap Analyst program, which has been created for the
purpose of conducting an analysis of the structure and content of sketch drawings of cognitive maps
of urbanized spaces. Assumptions for this analytic tool come from the neobehavioral understanding
of the concept of cognitive maps, which has its source in the works of Tolman, and from the criteria
of analyzing their contents and structure, which were developed by Lynch (1960). The program serves
the purpose of collecting numerical data on the quantity, size, as well as placement and distortion
of objects on drawings by participants in relation to the actual layout of the terrain, which was se-
lected by the researcher, and to the sketch’s scale. This data may be used not only to determine the
measurements on drawings, but also to determine possible connections with other variables, such as
personal traits of participants and formal traits of the space, according to the research goals of par-
ticular scientific studies for which the CogMap Analyst program shall be used. In this article we
present the theoretical basis for the tool that we have created, we compare its characteristics with
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other similar methods of quantitative analysis of sketch drawings of cognitive maps, and we present
in detail the mode of operation and of data analysis employed by CogMap Analyst.

Keywords
cognitive maps, sketch maps, LabView, quantitative analysis

Streszczenie

Niniejszy artykut przedstawia charakterystyke programu CogMapAnalyst stworzonego na potrzeby
dokonywania strukturalnej i tresciowej analizy rysunkow szkicowych map poznawczych przestrzeni
zurbanizowanych. Zalozenia tego narze¢dzia analitycznego opieraja si¢ na neobehawiorystycznym
rozumieniu konceptu map poznawczych wywodzacym si¢ z prac Tolmana (1948) oraz kryteriach ich
analizy tre$ciowej i strukturalnej wypracowanych przez Lyncha (1960). Program umozliwia zebranie
danych liczbowych odnoscie liczby, rozmiaru oraz rozmieszczenia i znieksztatcen obiektow na rysun-
kach badanych w odniesieniu do rzeczywistego planu terenu, a takze zastosowanej przez badanego
skali jego szkicu. Dane te moga zosta¢ wykorzystane nie tylko do okreslenia charakterystyk metrycz-
nych rysunkow, ale takze do poréwnan z innymi zmiennymi, np. podmiotowymi badanych i formal-
nymi przestrzeni, w zalezno$ci od celéw badawczych konkretnych studiow naukowych, do ktorych
program CogMap Analyst bedzie wykorzystywany. W tym artykule prezentujemy podstawy teore-
tyczne stworzonego przez nas narzedzia, pordéwnujemy jego charakterystyke z innymi podobnymi
metodami analizy ilo$ciowej rysunkoéw szkicowych map poznawczych oraz przedstawiamy doktad-
nie sposob dziatania i analizy danych wykorzystywany przez CogMap Analyst.

Stowa kluczowe
Mapy poznawcze, mapy szkicowe, LabView, analiza ilosciowa

1. Introduction

One of the main areas of research in environmental psychology, since the beginning of this
scientific discipline’s existence, has been the search for the mode by which people per-
ceive and memorize space (Stokolos, 1978). These inquiries are part of the analysis of per-
ception and cognition (Rovine and Weisman, 1989), and they categorize the mental rep-
resentation of space created in a human mind as a so-called cognitive map. This type
of cognitive representations is characterized by a strong variability in different groups
and types of people (this matter has been more widely discussed by pioneers in the field,
Downs and Stea (1973)). Thus the question of measuring and analysing cognitive maps
is a topic not only for geography or urban planning, but also for psychology (cognitive
and environmental psychology, as well as neuropsychology).

1.1. Characteristics of cognitive maps

In the broadest terms, a cognitive map can be defined as a personal representation of space
and the objects within it, including all internal processes that enable: the acquisition and ma-
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nipulation of information about the nature of the spatial environment (Kara, 2013), as well as
the coding of symbolic aspects of the environment (Pinheiro, 1998). In other words: it is an in-
dividual, personalized reflection of what and how is perceived by a person, as well as what
is used for planning and taking certain action in a particular spatial situation. Thus, as logical-
ly follows from the above definition, a cognitive map is not a map as understood in geogra-
phy. Its purpose is not to precisely represent the measures of distance or angles according
to Euclidean geometry (which is the main purpose of cartographical maps) (Buttenfield, 1986;
Tversy, 1993). Cognitive maps are full of errors, deviations from actual measurements, omis-
sions of many objects, and are linked to simplifications of meanings of objects (Pinheiro,
1998), combining them into patterns and configurations, which are meant to lighten the load
on working memory and limit the use of cognitive resources. A simplified, incomplete, and
imprecise scheme is meant only to provide data that are necessary for effective navigation,
according to the preferences of the individual (Montello, 1992). Cognitive structuring ena-
bles organizing the world in a recognizable and manageable manner.

Unfortunately, cognitive representations cannot be analysed explicitly. We do not know
what elements comprise a memorized image (verbal, numerical, or pictographic), and it can-
not be precisely verified (Buttenfield, 1986). Thus, “third-hand products” are analysed — in-
direct expressions of knowledge about a space. In over seventy years of research into cog-
nitive maps, numerous, diverse, and often innovative methodologies were developed, meant
to enable the analysis of representations of varied areas in different groups and types of peo-
ple (Downs and Stea, 1973). For the purposes of scientific studies of different aspects of cog-
nitive maps, scientists have created a wide variety of tools designed to measure mental rep-
resentations, differing as a consequence of the adopted research problems. The most
common research tasks include analysing sketch maps of certain areas drawn by people,
locating points on a base map, estimating the distance or direction between series of loca-
tions, and many more, in relation to real as well as virtual spaces, familiar or previously un-
known to the research participants (e.g. Kitchin, 1996; Bors and Vigneau, 2011; Chaney,
2010; Foo, Warren, Duchon and Tarr, 2005; Tu Huynh and Doherty, 2007; Appleyard, 1970).
Analysing yielded results was difficult, however, due to the specific nature of the gathered
data, especially as regards sketch cognitive maps. In order to compare individual sketch
drawings, to categorize them, certain methods are required that give a chance of making
the data objective. And so the original sketch map analysis program, CogMap Analyst, was
created, which shall be described in the further subsections of this paper.

1.2. Sketch drawing as a method of analysing cognitive maps

One of the classic methods of analysing cognitive maps is the sketch drawing method.
Drawing is a natural way of expressing, sharing, storing, and creating knowledge (Ep-
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pler and Pfister, 2011). It is one of the most primal forms of representing mental images
(Tversky, 2002). Drawing was a widely used method of communication long before the
emergence of formal types of writing, as evidenced by, for instance, cave paintings. Fur-
thermore, drawing a map of terrain is one of the most widely spread and most often used
methods of representing space in most cultures (Hurtowicz and Adler, 1911). When we
draw a simplified sketch map of a given area, we are able to convey not only spatial re-
lations between individual objects, but also convey semantic meanings, which are based
in the cultural and personal conditions of the drawer (this topic will be discussed more

widely in further sections of the article).

1.2.1. Methodology of analysing the structure and content of sketch drawings
Despite its naturalness, this method of investigating cognitive maps through analysing
sketch drawings creates considerable difficulties in conducting reliable analysis. This
is because the mode of representing spaces is very much individualized, hard to study
in a quantitative manner, as opposed to purely qualitative approaches. Through the dec-
ades of research into cognitive maps many different methodologies of analysing sketch
maps have been developed (Downs and Stea, 1973). When investigating differences
in cognitive maps in different groups and types of people it is important to assume that
the structure of a sketch drawing of a cognitive map is connected to the process of repro-
ducing the effects of memorizing information about a space on a sheet of paper, and that
it is not formed randomly in the reporting phase (Buttenfield, 1986).

In 1960 one of the most important books on the matter of sketch drawings of cog-
nitive maps has been published, Kevin Lynch’s “The Image of the City”. It put forth an in-
novative method of analysing sketch drawings of cognitive maps of urbanized spaces.
It became the starting point for an analysis of sketch drawings in most of future studies
(e.g. Banerjee et al., 1977; Cadwallader, 1976, 1979; Day, 1976; Lloyd and Heivly, 1987,
Wong, 1979). The characteristics of sketch maps distinguished by Lynch are related to el-
ements of their content — objects that appear on the map, and to elements of their struc-
ture, related to themetric properties of the objects (size and location in a given area).

1.2.1.1. Components of (the content of) a sketch map
Lynch distinguished five basic types of objects appearing on maps — landmarks, paths,
edges, nodes, and districts.

Paths are just roads that, at least potentially, enable movement. They include streets,
sidewalks, passages, canals and transit lines. Edges are linear elements of the landscape,
which are not considered paths by users. They are boundaries of a sort, separating or con-
necting parts of the city. Their essence is the breaking of some kind of continuity. They
can include river banks, sea or lake shores, moats and walls. The next element is districts,

meaning medium-sized parts of cities which have some recognizable characteristic traits,
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which distinguish them from others. This gives the observer a mental sense of entering
a district. The next kind of elements of cognitive maps is nodes. On the city scale these
can be intersections, railway or communication nodes, squares, street corners. These plac-
es often gather large number of people and/or functions, and are characterized by their
outward traits or by the functions that they fulfil. Landmarks are orientation points. Most
of the time they are physical objects that are easily recognizable because of their outward
characteristics (Lynch, 1960). They can be large objects (skyscrapers, mountains), distant
or proximal, standing out in the surrounding space (monuments, memorials, fountains),
adding expressiveness to the space (signs, shop signboards, atypical building facades). Land-
marks are, therefore, objects with characteristic, easily spottable, and distinctive traits. Thus,
objects in space that are related to decision making points in navigation (e.g. when to make
a turn) become landmarks for the user (Arnold et al., 2013).

1.2.1.2. Structural elements of a sketch map

Based on the analysis of drawings of sketch maps yielded by study participants, Lynch
distinguished categories of errors that occur most often. These errors are not related to the
structure of the cognitive map. Rather, they spring from the specific nature of human cog-
nitive processes, or are related to the personal conditions of the specific person, or to the
formal characteristics of the space (for a review see: Stryjewska and Janda-Debek, 2013),
and they will be analysed further as such. The most often occurring types of errors de-
scribed by Lynch (1960) include: incompleteness, distortions, and expansions.

Errors of incompleteness are omissions of certain elements of the environment — from
small details, up to large and significant fragments. They may appear for different reasons,
and may be related to ignorance of a given space, to ignoring elements that are unimpor-
tant to the observer or just disliked by him (Lewicka and Banka, 2008). Errors of distortion
of the actual image are related to the distances between elements and their relative, errone-
ous, placement in space. The third group of errors is expansions. As understood by Lynch,
these are added elements, which do not appear in a given space in reality. This is caused by
interference from earlier experiences and the contents of existing cognitive schema. Ele-
ments that are characteristic to a given schema are included in the image even if they do
not appear in a particular exemplification of it. This phenomenon is called default structur-
ing, and may often facilitate spatial orientation (Bell et al., 2004).

The errors described above are not accidental nor are they are purely a result of ob-
server’s ignorance. Rather, they appear to emerge as a consequence of the nature of hu-
man perceptual an cognitive processes. The number of errors that inevitably appear due
to this nature may be reduced by local specific sensorimotor feedback (performing a spe-
cific action), as well as by local environmental cues (Tversky, 2003). Mechanisms that
cause the errors are multicausal, and undoubtedly very beneficial for adaptation. Naviga-
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tion based on schema of cognitive representation is, in most cases, adequate and effec-

tive (Tversky, 2003), as well as parsimonious with the use of cognitive resources.

1.3. Other characteristics of sketch drawings of cognitive maps of urbanized spaces

As we have mentioned before, the image of cognitive maps of urbanized spaces is formed
subjectively in the mind of every human as a result of interaction between perceived ex-
ternal environment with the individual conditions of a given person. According to App-
leyard (1970), the creation of a cognitive representation (including a cognitive map) is re-
lated to the domination of one of the modes of perception, distinguished by the functions
they fulfil: (a) operational — related to carrying out concrete tasks; (b) communicational
—related to passive reception of signals and symbols; or (c) interferential — related to an-
alysing and comparing perceived objects with prototypes that were seen earlier.

Based on this division, Huynh et al. (2008) distinguished three types of organization
and structuring of elements of cognitive maps: sequential, spatial, and hybrid. The distin-
guished types of cognitive maps are related to the differentiation in the process of prioriti-
zation and grouping of elements of space. Each level of organization reflects a subjective-
ly felt level of significance of particular elements (Banai, 1999; per: Huynh et al., 2008).
The sequential model emphasizes the importance of elements related to the communica-
tion network (roads-links) and the borders that it created between each area, as well as the
framework for placement of other objects. The spatial model is based on the priority of the
identification of points in space that are important for the observer (landmarks), the third
model combines the features of both (Stryjewska and Janda-Debek, 2013).

Like with other structures of knowledge, attitudes affect the way of processing in-
formation about objects to which they pertain (Wojciszke, 2002), and are related to (a)
selectiveness in seeking information (we seek information concordant with our attitude
(Frey, 1986)), (b) tendentiousness of perceptions and conclusions (data and information
from the environment are interpreted, and conclusions concordant with our attitude to-
wards an object are drawn based on that (Wojciszke, 1980)), and (c) selectiveness of mem-
ory (we remember facts concordant with our attitude, and we remember more informa-
tion about objects toward which we have a positive attitude).

Attitudes and personal engagement (e.g. emotional engagement) affect the image
of cognitive maps in relation to estimations of distance and size between particular ob-
jects, among other things. Eckman and Bratfisch (1965) were the first to present results
pointing to a link between emotional disposition and subjective distance to an object. This
was confirmed by later research, showing that attitudes may be linked to selective defor-
mations (e.g. distances to countries towards which the participants held negative attitudes
were overestimated in studies (Carbon and Hesslinger, 2013)).
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Some landmarks, like a person’s home or workplace, also become anchoring points
for individual images of cognitive maps. Each user of a space uses some objects as sub-
jective landmarks. These may be places that are important due to personal experiences
or are related to the values of a social group of which a given person is a member. Their
influence on learning and recalling spatial locations is just as strong as that of physical
landmarks. Some traits of the physical environment are more important to a particular
person or stand out in some other way, and thus are more likely to be remembered (Bell
et al., 2004). People also remember more objects that have characteristics that interest
them, e.g. restaurants or shops with particular stock in offer (Lynch, 1960), according
to their interests. This is why, in the course of analyses of content and structure of cog-
nitive maps of urbanized spaces, it is important to determine the affective component
of the participant’s attitude towards a particular area, as it is a significant information
about a potential reason for the appearance of a given kind of distortions.

Apart from the properties of sketch maps flowing from personal traits of the partic-
ipants, it is also important to realize that formal qualities of the space have a significant
effect on the remembered image of a given environment. Legibility is one of the most
important qualities of this kind. According to Lynch’s (1960) definition, legibility is a qual-
ity of an environment that causes its parts to be easily recognized and organized by the
user into a coherent pattern. A legible environment implies that it is easy to learn and
memorize its structure, which in turn facilitates navigation. Legibility may also affect
emotional reactions, and make the space seem more aesthetic and attractive (Bell et al.,
2003). In other words: a city is legible when it is easy to create a cognitive representa-
tion of'it, and to find one’s way around it (Lewicka and Banka, 2008). According to Lynch,
a legible space (or a well-designed space, from the perspective of an urban planner) is easy
to remember thanks to well-known objects (symbols) in it, as well as widely known and
available roads (Hauzinski, 1998). This is why, when constructing the CogMap Analyst
program, we have thought it important to include the possibility to gather data on legi-
bility or illegibility of given areas among its functions.

1.4. Methods of analysing of sketch maps

In the last years scientists have developed different, analogue and computerized, meth-
ods of objectively measuring characteristics of sketch drawings of cognitive maps. Be-
low we shall mention a few of them, whose theoretical assumptions and scope of ana-
lysed data is closest to our approach.

Montello and Ishikawa (2006) have compared the sketch drawings yielded by partic-
ipants in their research to a cartographical map of the analysed area based on six points cho-
sen by them (4 landmarks and 2 nodes). After doing the necessary scaling and rotation
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of sketches, they superimposed their image on a cartographical underlay in such a way as
to make the marked objects overlap as much as possible. Next they used bidimenstional co-
eYcient correlation, which yields information about the level of similarity between two
maps on a scale of 0 to 1 (the higher the number, the stronger the similarity). To analyse the
correlation of distances they have used Fisher’s r-to-z transformation.

Imani and Tabaeian (2012) have used a very classic procedure in their research,
which consisted of’ (a) counting the landmarks, paths, and nodes presented on the sketch-
es (contents of map); (b) counting the correct reproductions of connections between paths
(analysis of map complexity); (c) analysis of correctness of placement of 8 landmarks
on the sketch in relation to a cartographic map.

The CogSketch program, developed by Forbus’ research team (Forbus et al., 2003;
Forbus et al., 2008) is a system that is meant to analyse the structure of sketch drawings.
It can be used for modelling spatial inference. Spatial abilities and learning spaces by par-
ticipants are tested by analysing drawings with respect to different aspects, such as: the
employed spatial language, spatial representations, and analogies. CogSketch uses qual-
itative topological and orientation relations presented on a sketch drawing to describe re-
lations between the drawn elements.

Spatial Scene Similarity authored by Nedas (2006) and Nedas and Egenhofer (2008)
offers using measurements of similarity between two images (e.g. maps) to compare them.
Analyses are conducted for (a) similarity between objects on two images, (b) similarity
between binary relations between objects marked on two images, (c) proportions of the
total number of objects on both images to the number of objects that were matched on both
images, and those that remained unmatched. Determination of the degree to which the
images (maps) match is reached by searching for all possible associations between im-
ages and choosing the set of associations that gives the highest similarity.

In contrast to the methods described above, the CogMap Analyst program created
by us enables a complex analysis of sketch cognitive maps. It makes it possible to count
elements placed on a map independently from analysing numerical data, so it yields ad-
ditional information from the same map. Acquisition of data on the placement and size
of objects in relation to both the underlying map (a cartographic map of the studied area),
and in relation to the particular distortions of regions on the sketch drawing allows for
a wider view on the subject of the structure of mental maps.

The program, due to its method of detecting elements, also enables the analysis of those
that were marked in an abstract manner (e.g. by placing a three-dimensional presentation
of a building on the sketch). Additionally, due to the researcher’s participation in the acqui-
sition of data, it is possible to determine the location of erroneously sketched areas, even
in a situation where objects’ places are switched or where their orientation or shapes are
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changed. Systems of automatic acquisition of data simplify the researcher’s work, howev-
er we must note that they require an adequate amount of information in order to conduct
analysis. In other words: systems that automatically analyse sketches or that are based only
on algorithms of relations between arbitrarily defined objects make it necessary to acquire
drawings from the participants that have a predefined level of accuracy and detail; other
sketches must be rejected due to insufficient data. Because we approach each sketch map
individually, we can omit this problem and extract full information about the entire studied
group, and not only relatively standardized maps. Moreover, CogMap Analyst enables the
collection of data about any type of elements appearing on sketches, including when the
entire space on the drawing is distorted. Analysing each object separately, and grouping
them according to their position in areas, allows for a detailed look at each fragment of the
sketch map and detecting distortions related to a single element, and not only determining
the similarity of a sketch to the original plan as a whole.

2. Description of the CogMap Analyst program

2.1. Theoretical assumptions

Because among the available research methods we have not found a tool that enabled
easy and objective analysis of complex sketch maps of large areas, which would let us
gather data about the content and structure characteristics of the drawings, and to make
comparisons not only on the level of the entire map, but also in particular areas (districts),
we have created the CogMap Analyst program.

Based on the knowledge and tools proposed by other researchers, we have devel-
oped a computer program that allows for a precise analysis of sketch drawings of cogni-
tive maps of any area. Starting with Lynch’s theory about types of elements and types
of errors appearing on sketch drawings, we wanted to create a tool that would let us de-
termine various characteristics of drawings of maps in an objective and measurable man-
ner. Objective data gathered in this way could then be used for further analysis, includ-
ing for studying relations between the characteristics of cognitive maps and the personal
traits and/or formal traits of space.

The CogMap Analyst program is built on Tolman’s neobehavioral conception, which
assumes that organisms, in the course of exploring their environment, develop expecta-
tions as to the effects of their actions in the space through analysing the results of their
earlier experiences (Tolman, Ritchie, and Kalish, 1946). Expectations that have formed

in the process of learning a space create a cognitive map, understood as a set of patterns
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of behaviour in a concrete situation and the basis for searching for alternative behaviour-
al choices in the event of unexpected changes in the environment.

Sketch drawings can be analysed with respect to their (a) structure and (b) content
in order to determine their substance (components) and distortions (understood as errors
described above according to Lynch’s (1960) types). Based on the subject literature, we
have constructed a model of analysing the drawings of cognitive maps in the form of a sketch
drawing. The criteria of analysing sketch maps are shown on the graph below.

Cognitive map

L Structural analysis J Content analysis
|

S| F— 2 1 .

Map aceuracy Level of detail of map Iap contents
] : i " — a——

Numberof | Numb eli oF | \umberof | Lfumber Off Mumber of elements Mumber of objects
wrongly scaled wrlongdy distorted ex&aar{slons ¢ (paths, edges, nodes, (labels, small |
objects ‘ gb?n:t?ts objects i leg;ggs 2 landrmarks) architectire, details) |
J & |

Graphl. Chart of analysing sketch maps.

By structural differentiation we mean the differentiation of cognitive maps expressed on a sketch
drawing in relation to their accuracy. By map accuracy we mean the number of correctly re-
produced objects appearing in the real environment on the map. Empirical indicators of map
accuracy include: (a) number of wrongly scaled elements on map (paths, nodes, landmarks,
and districts), (b) number of distorted elements (paths, nodes, landmarks, and districts), (c)
number of reductions and expansions with elements that do not exist in a given area (paths,
nodes, landmarks, and districts), and (d) number of wrongly placed elements (paths, nodes,
landmarks, districts). Elements are considered wrongly placed if their numerical parameters
(size, spatial placement in relation to other objects) exceed the confidence interval of one
standard deviation determined based on all research results. The variable of accuracy takes
the numerical value of the sum of numbers in the above categories of errors on cognitive maps.
This way it is possible to distinguish between accurate and inaccurate maps.

By content differentiation we mean the differentiation of maps in relation to their
level of detail and to their content. By level of detail we mean the number of objects on the
map which also appear in the real environment. The empirical indicator of a map’s level
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of detail will be the number of elements marked on the map (paths, nodes, landmarks,
and districts). The variable of level of detail is the sum total number of these objects. This
way it is possible to distinguish detailed and not detailed map categories. By content
of maps we mean the abundance or scarcity of elements related to contents, which also
appear in the real world. The empirical indicator of abundance/scarcity on maps is a var-
iable consisting of the number of (a) architectural details, (b) labels, and (c) small archi-
tecture objects. Thus maps can be divided into abundant/scarce.

The above scheme does not take into account the analysis of elements which Lynch
has dubbed “edges”, because they are necessary to divide an urbanized area into districts.
So the analysis of districts by itself includes the analysis of the placement and metric

characteristics of edges.

2.2. Description of the operating principles of the CogMap analyst program

The CogMap Analyst program prepared by us allows analysing the structure and con-
tents of sketch maps of any space (especially urbanized spaces) by:
(1). Determining the number of objects of different types (landmarks, paths, nodes, and
districts) on a sketch map;
(2). Determining the dimensions and placement of the objects in space;
(3). Analysing the accuracy of the size and placement of a given object in relation to a car-
tographical map and to the scale and general distortion of the sketch map;
(4). Determining parameters of the analysed space such as (a) legibility — illegibility, (b)
preferences (liked — disliked), and the parameter of the type of the sketch drawing
(sequential — spatial — hybrid).

In order to determine the way a sketch map was drawn in a quantitative (metrological)
manner, we have designed and developed the CogMap Analyst program, written in the
LabVIEW environment. It allows us to precisely locate the studied areas and objects
in a coordinate system superimposed on sketch maps, and to use analytical geometry
to determine the parameters of each object. In order to obtain a unified format of results
for different types of objects, e.g. for landmarks as well as paths, we have used the geo-
metrical centres of figures (centroids (fig. 1)). Determining a numerically expressed po-
sition of objects on sketch maps is necessary to obtain the knowledge which lets us com-
pare them, because a lack of measurable results would yield unproductive and

disappointing information.
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Figurel:Geometric centers of figures marked on a rectangle (district or landmark) and on a segment (path).

In order to analyse sketch maps drawn by study participants, we must firstly create a set
of reference data, determined on the basis of the original plan of a given place. This meth-
od is necessary, because it enables an objective comparison of the sketch with reality. The
data that are taken from the objects marked on the map, are coordinates of edges and ro-
tation of the figure in relation to the geometric centre (regarding districts and landmarks),
coordinates of the starting and ending points (regarding paths), and coordinates of a point
(regarding nodes) (fig. 2).

Dividing the studied area into smaller fragments enables a comparison of objects
not only in relation with their real size (appearing on the original cartographic plan), but
also in relation to distortions of the areas in which they lie. We have included a possibil-
ity of making any desired division by areas and a possibility to analyse nodes as inde-
pendent objects (i.e. without calculating distortion in relation to regions).
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Figure 2: Marking data yielded from analysis of sketch maps.
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Two basic forms of distortion taken into account in the analysis of objects on the
map include scale and displacement. Depending on the type of the object they were ap-
plied in different configurations, which we have presented in table 1. We are using this
divisionbecause it is an objective method of analysing distortions which is possible to use
on a small number of participants, meaning a situation where it is impossible to use a neu-
ral network to compare sketches.

Type of object Analysed distortions

District Displacement,
Scale.

Landmark Displacement,

Relative displacement,
Absolute scale,
Relative scale,
Rotation.

Path Displacement,
Relative displacement,
Absolute elongation,
Relative elongation,
Rotation.

Node Displacement.

Tablel: Analysing distortion depending on the object.

For each map it is possible to determine additional characteristics, beyond Lynch’s typolo-
gy, i.e. its type (per: Appleyard, 1970 and Hunay et al. 2008), total number of objects, number
of details, number of labels, surplus objects (expansions), legibility and preference (affec-
tive component of attitude). The next required step in the analysis is marking districts in or-
der to determine if and how they are distorted. Displacement and change of scale of dis-
tricts are information necessary for analysing relative distortions of the rest of the objects,
disregarding nodes which lie outside of districts (fig. 3).

Y22
k I.
% Xre21Yrez
rzl Xr22
IS Vi1
Y Yriz
Xp21.Yp21
Xr11 Xr12 s
Xre1:Yre1 15|
Yri1 Xp11:Yp11

X

Figure3: Displacement and change of scale of district, and displacement of a node
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Distortions of objects presented on figure 3 are calculated by using

the following formulae for:

— displacement of district |s |:

_ Xy T Xy

Xpe1 = 2
o _ Y1 T V12

Yrc1 = 2
_ Xr21 T Xy

x?‘Ca = 2
o _ Y1t Ve

Vecz = 2
|srx| B xrc}l i xrci
|gry| L R L

r
|gr| =4 (xrcl s xrcz)z " (}’rcl 5= }’rcz.‘)z

We1 = Xp12 — X1
Ry = ¥r12 — Ye11
Wz = Xp22 = Xp21
h,, = }:Lzz —Vrz1
r2
dw, =
;:"rl
. -
dh, = W
rl

Py = (Xp12 = %p11) * (Vp1z

Py = (Xp22 = %p21) " (V22
P,

dP. = —
Pr1

displacement of node |sp|:

— change of scale of district dP :

— ¥r11)
~¥r21)

f
. 2
|Sp| = J{xm = x;ﬁ)‘ . g (}’pl = ’pz)

Analysing distortions of landmarks and paths requires making calculations for the two cas-
es mentioned before: relative and absolute. In the absolute case, displacement and change
of scale or length of an object on a sketch is calculated without taking into account the po-
sition of the rest of the elements on the drawing. In the relative case, first and foremost,
based on the placement and size of the district containing the considered object on the sketch,
the coordinates are calculated where a given element should be, together with its size, if
it was displaced and rescaled in exactly the same way as the district was. Next, based on these
“predicted” values, relative values of distortion are calculated. Absolute displacement was
shown on the coordinate system on figure 4 — it is the ideal case when there is no relative
displacement or relative change of scale (objects are ideally reproduced in the displaced
district), both of which were presented on the second system of coordinates.
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region'
region |sil %
Xic1rYie1
y Xame: Yame
sl | L
I
Ximel:Yimel
X H 1
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K2 Vi

X\mc21y\mc2
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Figure 4: Displacement and change of length of a path and displacement and change of scale of a landmark.
Absolute displacement is shown on the first coordinate system (while keeping the same length of the path and
scale of landmark), presenting an arrangement of objects correctly placed in the displaced district (so that the
“predicted” placement of objects is kept). The second system of coordinates contains a presentation of the meth-
od of determining the displacement of objects in relation to the change of placement of the district.

Distortions of objects presented on figure 4 were calculated by using the following for-
mulae for:

— displacement of a path |s:

_ X1y T X0

Xier = 2
Y11 T Yo

YVier = 5
_ Xppq T X

Xiez = 5
__ Yiz1 T Yiz2

e 2

Is;| = v (Xier — %1e2)? + 02e1 — Vie2)?
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— change of length of a path dl:

Ly = \r’{(xtn = 3‘-’112)2 L% (}’111 = J’uz)z
L, = ?/(xzzl = x:zzjz & (}’121 = }'122)2
dl =2

!Il

— change of angle of alignment of a path do:

n [¥111 — Yi12]

gy =arpg——
[%149 — %342

_ [¥121 — Vizal

a;, = arctg —————
[%321 — %221

da; = a; —ap

— predicted placement of a path x, , y, :
Xpie = Xpgg T AW * (Xyeq = Xpqq)
Ve = Va1 TR (Vi1 — Vr11)

— relative displacement of a path [s _ |:

|5ra_z| = J(xﬂc — g} + (}’ﬂc = yzsz)z
— predicted length of a path 1:

Iy = V(s — %102) - AWT? + [(Veaa — Yaro) - dR)?
— relative change of length of a path |dl_|:

!
ldl,,| ===
!f

— displacement of a landmark s, _|:
_ Ximi11 + Xpn12

xlmcl 2
< _ Yim11 T Vimiz
Yime1 = 2
Xy = Xima1 T Ximaz
= 2
_ Yim21 ¥ YVim2z
Yimez2 = — 5

2
|S!m| = \"F (xlmci s x!mc:‘.)z + (y!mci = ylmcz)z

— change of scale of a landmarkdP, :
Pips = (Xim12 = Xim11) * Vimiz = Yimi1)
Prz = (Ximaz — Xim21) * (Vimz2z = Yimz1)

P!mz
P,

Iml

— rotation of a landmark dalm:
day, = Qg — Cynz
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— predicted placement of a landmarkx
Xfime = Xp21 T Aw * (Xyme1 = Xr11)
Yrime = Yr21 T @R * (Viner — Yr11)

flme® yﬁmc'

— relative displacement of a landmark |s
|

|Sre_2m| = -J(xﬂmc “ ximcz): : g (}’ﬂmc - yEch)

lm| )

-

— predicted size of a landmarkP,_:
Prim = Pyny - dB,

— relative scale of landmarderC :

Im*
dP

relm —
Pﬂm

_PEmZ

Using the above algorithms, we can obtain objective results, which can be subjected to fur-
ther analysis (i.e. statistical analysis). The method allows for comparing the results of oth-
er research to sketches not only in a qualitative manner, but also in a quantitative man-
ner, which is an approach which has not been heretofore employed on a large scale.

2.3. Description of the functions of the program

The program consists of functions responsible for two basic tasks: preparing the research
area and data analysis (fig. 5). Preparing the research area consists of creating a list of dis-
tricts (fig. 6), and then assigning elements to each of them (it is worth it to keep the name
of each element unique, in order to avoid mistakes when they are marked later), and di-
viding the elements into types. Further, the base map must be analysed, meaning a map
that will correspond to the area where the research will be conducted. The program au-
tomatically scales all images to 500 pixels in width, and 700 pixels in height, which cor-
responds to the proportions of an A4 sheet of paper with a 1% confidence interval, but
it is still recommended to make scans of drawings obtained from participants in one res-
olution and on automatic devices, because we have noticed during tests that scans tend
to be displaced in relation to one another when different devices or scanning by hand
is used. A constant width and height of image also allows the program window to fit
in whole on most standard monitors.
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Figure 5: Main window of the CogMap Analyst program
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Figure 6: Interface for making lists of districts and objects.

In order to analyse data, it is also necessary to create the mentioned files with reference
data, with which further results will be compared. This part of the configuration of the
program is similar to conducting the proper analysis of maps, but it only requires mark-
ing all districts and objects on the base map (fig. 7), meaning those that will be used in the
study and will be mentioned on the discussed lists.

The above steps are done once, and their effects are saved in .txt files for lists of ob-
jects, which allows for easy modification, and in .xml for reference files, so that it is pos-
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sible to read them outside of the program as well. Until the configuration procedure is re-
peated, analysis will be carried out each time according to the prepared scheme.
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Figure 7: Fragment of the interface responsible for marking particular elements on maps,
created using the NI-IMAQ library, which is used for handling cameras.

To use the program correctly, it is also necessary for the participants to receive an under-
lying map, which contains a fragment of the cartographical map of the places adjacent
to the researched area (whose map is to be drawn), so that they are able to use the prop-
er scale. Without this assumption it is impossible to obtain correct data about the appear-
ing distortions of size of objects and areas.

Data analysis is similar to preparing reference files (in the context of acquiring data
about the shape and placement of objects), but this stage is preceded by determining oth-
er parameters characterizing the studied area according to the participant (fig. 8). Type
of map must be determined, then elements, labels, and details appearing in the districts
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must be counted, and the number of surplus objects, which obviously do not appear on the
map (e.g. the Sphinx drawn in the centre of Cairo), must also be counted. Additionally,
the participant’s attitude towards the studied area and whether it is considered legible (as
understood by Lynch (1960)) is measured. Gathering this data is optional, and depend-
ent on the researcher’s approach. If gathering information on any of the above character-
istics is redundant in a given study, the rubric should be omitted.
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Detale

Lubiany/nielubiany Czytelny/nieczytelny
niglubiany % nieczytelny 5
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Figure 8: Interface used for entering data about the sketch.

Calculations are done when necessary for each marked object, but results are only saved
after the entire analysis of the sketch is finished. In order to simplify further treatment
of data, they are saved in the form of a simple text file with a delimiter in the form of spac-
es, and results from subsequent sketches written in a new line. The heading for results
is saved a separate file, and is constructed so as to facilitate reading the data by hand,
should the need arise.
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3. Discussion

The CogMap Analyst program put forward by us enables gathering numeric data regard-
ing the structure and content characteristics of cognitive maps of urbanized spaces in the
form of sketch maps. Scientific research into this subject has been continued by psycholo-
gists for a few decades, and many aspects of construction and differentiation of maps still
remain unexplained (Tu Huynh and Doherty, 2007). In order to make it possible to analyse
differences in cognitive maps of spaces when using the method of sketch drawing, it is nec-
essary to develop a reliable tool for measuring differences in the yielded research material
(sketches). As we have presented in the theoretical part of this article, psychologists have
developed many methodologies of analysing drawings. However, in order to enable com-
parison of results, it is important to create a coherent method of scientific investigation.
Thus, with psychologists who study the reasons for differentiation of cognitive maps of ur-
banized spaces in minds, we have created the CogMap Analyst program, which is an easy
to use and precise tool, which enables quantitative measurement of numerous parameters
of elements appearing on sketches. The data obtained in this way are parameters of depend-
ent variables, which can then be compared with values of the analysed independent varia-
bles (e.g. demographic variables such as age, sex, place of origin, or attitudes, cognitive
process characteristics, and formal traits of the studied environment).

Thanks to this tool, maps may be analysed very precisely and objectively, and con-
crete information about the changes in size and placement of particular objects in rela-
tion to actual shapes or in relation to the given drawing can be obtained. The method al-
lows for rejecting the objection stated by many researchers regarding the subjectivity
of evaluation of obtained results and low reliability of the sketch method (Schmeicka and
Thurston, 2007). Moreover, results obtained with CogMap Analyst give a wide view
of the way in which urbanized space in a given area is perceived by a particular person.
Importantly, we gain independent data about types of objects which appear on maps,
which is an important information for qualitative analysis of a given drawing. What type
of objects and in what quantity does a given person present on their mental map may be
an important indicator of their preference or other personal traits (Lynch, 1960).

The theoretical assumptions made, including the joint but also independent analy-
sis of the structure as well as contents of a sketch drawing give a comprehensive view
of the characteristics of cognitive maps. The program allows for gathering data in a rel-
atively quick manner, and for obtaining objective, metric data. Moreover, the analysis
of results is carried out automatically.

Because the LabVIEW environment was used to create the program, and because
the application itself is written in a modular way, it is relatively easy to continue to de-

velop and modify CogMap Analyst depending on the needs and requirements of a par-
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ticular study. At this stage, the program only yields raw data, which must then be import-
ed to appropriate statistical software in order to carry out further analysis.

It should be considered if, when the next version of the program is created, it would
be a beneficial solution to add the possibility to analyse the placement of objects in relation
to other objects nearby. This solution was used by, among others, Rovine and Weisman
(1989). It would enable a deeper look in to the structure of the image of a cognitive map
in the memory of the participant, and give the researchers information allowing for a wid-
er understanding of the structure of spatial cognitive maps stored in human memory.

Rovine and Weisman (1989) put forward a method of analysing sketch maps which
consisted of gathering four measures: (1) counting the frequency of marking landmarks,
segments of streets, and nodes; (2) determining the type of map as spatial or sequential
according to Appleyard’s (1970) developed division (spatial maps show the existence
of interrelations between paths on the map; sequential maps are representations of se-
quences of objects encountered one after another, as if on route from point A to point B);
(3) accuracy of a cognitive map was determined based on a correct topological reproduc-
tion on a drawing of each of 20 landmarks marked by the researchers in a given area.
A building was considered correctly reproduced if it (a) was drawn in the appropriate
place between the two closest buildings in the area, and (b) was placed by the appropri-
ate path. Accuracy of placement of a building on a cognitive map was therefore deter-
mined based on its correct placement in relation to other objects on the map.

Rovine’s and Weisman’s assumptions seem correct, however such a methodology cre-
ates difficulties when drawings of cognitive maps lack so many analysed objects (landmarks
and paths) that it is impossible to control the fulfilment of criteria of accuracy of the cog-
nitive map. A universal tool for quantitative analysis of cognitive maps of spaces should be
based on data coming from drawings by participants, and not an outside criterion of rela-
tions between objects appearing in real space (because these other reference points may not
be marked on a map, which may produce an erroneous categorization of an object as wrong-
ly placed). This question must be considered in depth and it must be found out if it is pos-
sible to include the analysis of placement of objects in relation to one another.

According to our knowledge, CogMap Analyst is, at this time, the most comprehen-
sive available tool for analysing the characteristics of sketch maps. It is easy to use and
flexible, it is possible to use it to analyse areas of any size, with varied spatial layouts
or containing varied architectural objects. The quantity and variability of obtained data
allows for conducting very different and complex statistical analyses in relation to the
adopted research goals. We hope that it will be used by many researchers to gain empir-
ical knowledge related to the characteristics of sketch maps of different environments
in different groups and types of people.
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