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Abstract: Spatial perception is formed throughout our entire lives. Its quality depends on our
individual differences and the characteristics of the environment. A sketch map is one way of
visualising an individual’s spatial perception. It can be evaluated like a real map, in terms of its
positional accuracy, content frequency and choice of cartographic methods. Moreover, the factors
influencing the sketch map and/or its individual parameters can be identified. These factors should
be of interest to geographers, cartographers and/or (geography) educators. The aim of this paper is
to identify and describe the factors that clearly affect sketch map quality, by conducting a systematic
review of 90 empirical studies published since 1960. Results show that most empirical studies focus
on individual differences more than on environmental characteristics or information sources, even
though the importance of these overlooked factors, especially source map characteristics and
geographical education, has been proven in most analysed studies. Therefore, further research is
needed in the field of sketch map quality parameters, especially in the use of cartographic methods.
This paper could serve as a framework for such research.

Keywords: mental map; cognitive map; sketch map; spatial perception; parameters of quality;
independent variables

1. Introduction

As they go about everyday activities, individuals create perceptions of the world (called mental
or cognitive maps), including perceptions of places they have never visited [1]. This leads to the
creation of a unique mental map [2] that contains spatial objects, their characteristics and the spatial
relationships between them [3]. When perceiving space, information about it gets stored in the
memory and forms the mental map. The concept of a mental map can be seen from four different
perspectives: (a) a mental map is a map (explicit statement); (b) a mental map is like a map (analogy);
(c) amental map works as if it were a map (metaphor); (d) a mental map has no real connection with
what we understand to be a map (hypothetical construct) [4]. Tversky [5] finds the term “cognitive
collage” more appropriate than “mental map”, since information stored in the memory is
systematically distorted and, therefore, difficult to transform into the structure of map [5]. Although
it is still not known whether a mental map is a map in the strictest sense, this paper deals with spatial
perception, and therefore uses the term mental map as an analogy with a real map. A mental map is
suitable for encoding spatial information into the human memory [6] in the same way that a map in
the cartographic sense encodes spatial information.

The aforementioned alternative perspectives, among others, allow different ways of collecting
and evaluating data about mental maps. If we want to recall spatial information from memory, we
can use various methods, such as sketching a map [7-10], modelling the Earth’s surface [11] or
interviewing [12—-15] (see more in [2]). The sketch map method allows an individual’s mental map to
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be understood more completely (in contrast to other methods), because it also allows for a metric
evaluation of the quality of the spatial relations between objects [16].

The mental map quality —its construction, development and recall —is highly individual and
influenced by a number of variables (factors), which may include individual differences;
characteristics of the environment where the mental map is developed; or characteristics of the
sources of spatial information (textbooks, maps, videos, photos, etc.) [17]. The knowledge of
individuals” mental maps and of the factors influencing their quality has application in a wide range
of (spatial) scientific fields. For geography and cartography, application is closely related to the
production and use of maps of different areas (the visualisations of geo-information). Maps in the
geographical sense help us form the mental map of regions we have never been to, or (in the case of
maps of well-known areas) enrich the mental map with new information that cannot be surmised
from observing the landscape and develop the mental map in a qualitative way. Cartographers could
benefit from the knowledge of factors when designing user-friendly maps that should be easier to
read, and geography educators could use it to equip pupils with a sufficiently rich and exact mental
map they could work with [18] and use when making spatial decisions [17].

Although the usefulness of systematization of knowledge in this area is evident, such synthesis
is lacking. There are a few reviews analysing mental maps from the perspective of terminology [4],
methodology [19] or applicability to various research fields [4,20]. However, only two studies [2,21]
undertake a deeper systematic analysis of the factors that affect sketch map quality. The rest of the
reviews focus purely on the influence of one or two factors, such as sex [4,22,23], age [22,24] or map
characteristics [1,25], without the deeper ambition to systematise the field. Moreover, all the studies
focus on a rather small sample of analysed papers and use a qualitative methodological approach.
This paper, on the other hand, is a systematic review, aiming to complement these qualitative studies
by employing a quantitative methodology (according to e.g., [26,27]) and considering a more
extensive sample of papers.

The main goal of this study is to identify the factors that demonstrably do or do not influence
sketch map quality, positional accuracy, content frequency and choice of cartographic methods, and,
subsequently, to identify the knowledge gaps in this field. To meet this goal, we conducted a
systematic review of the relevant studies published since 1960. The results will be useful for map
production, geography education and future research in the area of sketch maps and spatial
perception.

2. Perception of Space

Perception of space [28,29] has been the subject of research from a wide range of scientific fields,
including the spatial sciences (geography, cartography, architecture and urban planning), the social
sciences (sociology, psychology, pedagogy and anthropology), neuroscience and information
technology (e.g., [30,31]). This means that a wider range of information is available, but limits the
ability to achieve a clear conceptual and methodological basis [4], leads to unclear use of key terms
(namely perception, mental map, cognitive map) and muddies the results of research.

Perception can be understood as a process whereby individuals perceive objects in their
immediate environs [28], or as a process whereby the individual not only acquires information about
the objects, but also encodes it, stores it and subsequently retrieves it from memory [32]. Each phase
of this process is influenced by individual differences or external factors (see Figure 1).

At the beginning of the process of spatial perceptions [4], the individual perceives the external
environment either directly or indirectly. The perception is therefore influenced by the external
factors. The objects of perception then enter the memory, where the individual stores information,
through a receptor, which is influenced by the individual differences. Internal representation of space
(mental/cognitive map) is then created. The individual differences not only influence the amount of
information, but also the form in which it is encoded. When recalling the information from
mental/cognitive map, the information from mental/cognitive map is influenced by both the
individual’s characteristics and the external factors (see Figure 1).
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Figure 1. The process of spatial perception with a group of factors (Source: modified from [2,28,29]).

2.1. Terminology

Some of the psychological literature dealing with perception of the outside world uses the term
“cognitive map” [33,34], but some authors use other terms, such as ”cognitive schema” [35],
“cognitive image” [19,36] or “cognitive representation” [37]. These terms do not necessarily relate to
perception of geographical space, but may involve, for example, perception of the spatial aspects of
items [38]. Yet another term, “environmental images” [39], is used in environmental psychology.
However, the term “mental map” [40-42] is becoming increasingly frequent in geographical
literature, though “mental images” [43] and “mental representation” [44-46] are also used.

As with “cognitive” and “mental”, the terms “map”, “image(s)” and “presentation” may be used
interchangeably (see [38]). Based on their definitions in the literature [4,38], mental map and cognitive
map can be considered synonyms, and the term mental map will be used in this paper. A mental map
can generally be characterised as an individual’s internal perception of the outside world in the
context of geographical space [47].

Terminological ambiguity prevails even in the use of the term “sketch map” for the result of
visually recalling a mental map. Studies use, for example, “a free recall (sketch) map” [11], “a free hand
drawing” [48], “a sketch map” [49] or “a croquis” [50].

A temporal analysis of the terminology (Figure 2) shows that the most frequent terms used in
the 90 studies analysed in this review are a mental map, a cognitive map, a sketch map and a mental
representation. Their use differs from decade to decade and field to field. While geographical studies
tend to use mental map, cognitive map is more frequent in older psychological papers. However, in
more recent psychological literature, cognitive map is giving way to mental representation. On the
other hand, the use of the term mental map is more common in recent geographical studies than in
older ones. However, more research is needed on the changing terminology related to the spatial
perceptions.
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2.2. Factors

The mental map is affected by factors (independent variables) that influence an individual when
creating, storing or recalling information from memory. Although studies have indicated that
individuals’” mental maps can differ under the influence of various factors, and have therefore
approached these factors as variables, almost none of the studies have attempted to sort the factors
or investigate the systematic selection of the factors in empirical research. Only a small number of
authors have classified the factors that influence sketch maps [2,51]. On the basis of their work, it is
possible to distinguish between external factors and individual differences (see Figure 1). External
factors can be categorised as primary or secondary factors, depending on the type of source of spatial
information (see [2]). The individual differences, on the other hand, include biological, psychological
and sociocultural factors [29]. This classification is in agreement with the process of spatial perception
[28] (see Figurel). These are the categories we use to classify all the factors discussed in this paper.

2.3. Methods of Collecting Information about Mental Maps

Various methods have been used for collecting information about mental maps, depending on
the aim and scope of the research. The approaches can be broadly divided into uni-dimensional and
two-dimensional tests [52].

Uni-dimensional tests are primarily focussed on spatial relations between two objects. They
assess distance and direction tasks (more in [2]) or area estimations [53]. Two-dimensional tests are
focussed on spatial relations between more than two objects, and can be further divided into three
types: graphic and modelling tasks, completion tasks and recognition tasks [2].

Graphic and modelling tasks are processed by individuals using sketch maps or models. When
doing completion tasks, individuals complete sentences about the relative position of objects. In
recognition tasks, individuals recognize objects on a map [52]. Only studies using graphic and
modelling tasks, which resulted in sketch maps, were considered for this paper. This method was
chosen mainly because it allowed for more complex evaluation of spatial perception, using both
qualitative and quantitative criteria. It is possible to evaluate not only the occurrence of objects on the
sketch map, but also the relationships between several objects and the choice of cartographic methods
used to design the sketch map.

The main limitation of this method is the individual’s drawing skills needed to convert
information to a medium of good quality [2,54]. Some of the participants may have been unable to
transfer the information from their mental map to the sketch map at a sufficient level of quality. An
individual may not have been able to draw an object accurately, even if he or she had positioned
them accurately in the mental map [21,55]. It is important to keep this limitation of the primary
studies in mind when analysing their content.

2.4. Quality Evaluation of Sketch Maps

When evaluating the quality of a sketch map, it is possible to proceed from a cartographical
evaluation of the map, based on positional accuracy, frequency of content and methods of depicting
objects [56,57].
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Content accuracy refers to the correct positioning [58] and naming [49,59] of objects. Positional
accuracy includes the absolute [60] and relative position [61] and the shape and size [62] of objects.
When evaluating absolute positional accuracy, studies have used methods of GIS buffer analysis [60];
the definition of identical points [63,64]; or transparencies [65]. Studies evaluating relative positional
accuracy have assessed relative position with reference either to the mutual position of two objects,
or to the points of the compass. Expert assessments [66], GIS tools [61,67] or the overlay function [62]
have been used to evaluate both relative positional accuracy and shape and size [66,68,69].

The evaluation of content frequency is more common. Studies count the frequency of objects
within pre-set categories. The most frequent sorting method involves categorisation based on
geometrical shapes [10,70-72] or on the thematic classification of objects [9,73]. Some studies consider
only the overall frequency of the drawn objects [74-76].

The choice of cartographic method criterion evaluates the graphic rendering of cartographic
symbols [65,77] or the graphic type of sketch map [74], i.e., whether the respondent has used linear
(sequential) or planar (spatial) elements in the sketch map (compare to [78]).

3. Methodology

3.1. Literature Search

A broad literature search was carried out to locate peer-reviewed studies investigating sketch
map quality that identified at least one factor influencing the sketch map quality.

The SCOPUS electronic database, which contains peer-reviewed articles from all of the
aforementioned fields of study, was primarily used for the search. Using the terms discussed in the
Terminology section, a search command was compiled (see Figure 3).

TITLE-ABS-KEY ( { ( "cognitive map" OR "mental map" OR "free
recall sketch map" OR "sketch map" OR "hand drawing map" } )
OR [ { "cognitive image" OR "cognitive representation”

OR "cognitive schema" OR "mental image" OR "mental
representation”) AND ( "map" OR "environment" ) )

OR (("environmental image" ) AND { "map" ) ))

key words in Title, Abstract
and Keywords

year of publication AND PUBYEAR > 1960

AND NOT SUBJAREA ( "COMP" OR "ENGI" OR "MATH"

OR "NEUR" OR "MEDI" OR "BUSI" OR "AGRI" OR "DECI"
subject area OR "BIOC" OR "ECON" OR "PHYS" OR "ENER" OR "MATE"

OR "HEAL" OR "CENG" OR "CHEM" OR "NURS" OR "PHAR"

OR "IMMU" OR "VETE" OR "Undefined" )

AND NOT KEY ( "Fuzzy" OR "Mathematics" OR "Hippocampus”

OR "Animals" OR "Fuzzy Cognitive Map" OR "Nonhuman”

OR "Animal" OR "Fuzzy Cognitive Maps" OR "Brain" OR "Brain

Mapping" OR "Concepts" OR "Remote Sensing"

OR "Psychomotor Performance” OR "Rat" OR "Clinical Trial"
other key words OR "Numerical Model" OR "Randomized Controlled Trial"

OR "Rats" OR "Support, Non-U.S. Gov't" OR "Controlled Clinical

Trial" OR "Fuzzy Cognitive Mapping" OR "Fuzzy Logic" OR "Fuzzy

Sets" OR "Border Region" OR "Climate Change" OR "Concept

Formation" OR "Ergonomics" )

language AND LANGUAGE ( "English")

Figure 3. The command used to search for articles in the SCOPUS database.
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Given that the mental maps/sketch maps have been considered in a wide range of fields, it is not
surprising that the search produced a total of 6710 articles. This total was further filtered to include
only fields working with sketch maps in the geographical sense, namely earth and planetary science,
the arts and humanities, the social sciences, environmental science and psychology. The results from
the primary SCOPUS database search were then iteratively screened, and the list of “other keywords”
for the search command was created to filter out undesirable studies (see Figure 3).

Furthermore, only articles published from 1960 to 2017 were selected, because mental maps have
only been a significant geographical topic since the 1960s. The filter was also set to accept only articles
in English. After the refinements, the search command found 1541 studies. Article information,
including abstracts, was exported in CSV format. Since the intention was to acquire studies dedicated
to the perception of geographical space, studies were excluded if they were unlikely to contain sketch
maps; e.g., studies focussing on animals, child motor activity or teaching computers to imitate human
behaviour via neural networks.

In the next phase, a primary assessment of abstracts and titles resulted in 524 articles. A further
98 studies were added after a detailed reference search in already-selected studies.

The last step was filtering articles based on content analysis of the full text, looking for the use
of sketch maps as a data collection method and for identification of independent variables (factors)
pertaining to sketch map quality. The search resulted in a final pool of 90 articles (see Figure 4).

(]
o
ﬁ Records identified through
o
55 database search
% Scopus = 1541
3
l Records excluded
Records screened n=1017
(title, abstract and keywords) manual check of the criteria from
n=1541 the search command
80
=
c
o
o
O
“w
Additional records indentified
Records included through reference list of included
n=524 arcticles
n=98
Excluded
Full-text articles assessed for n=337
eligibility do not use sketch map as a research
n=622 tool or do not identify any factor
>
=
=
o0
w
Full-text articles eligible to be Excluded
included indoor mental maps =6
n =285 preferences mental maps = 24
review and theoretical articles = 44
wayfinding without sketch map =
22
all data collection methods except
drawing =89
physiological limitations = 10
°
% Studies included
3 n=90
=

Figure 4. Systematic selection of articles for analysis (Source: modified from [79]).
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3.2. Evaluation of the Provability of Factors

The evaluation of the influence of factors on sketch map quality is based on a combination of
three quality parameters (see Section 2.4). For all three parameters, a given factor can be assessed as
confirmed, unconfirmed, partially confirmed or nor investigated in the study under consideration
(more in Table S1—online supplemental material). Partially confirmed factors are those factors for
which only a part of the causality that has been investigated applies. For example, the influence of
sex is partially confirmed: there was no difference in the number of elements drawn between women
and men, but men drew more routes and women drew more significant elements [80]. If a factor is
confirmed in one study under one, two or all three quality parameters, and has not been investigated
under the other parameters, then it is reported as confirmed in the overall quality. Factors that have
not been confirmed or have been partially confirmed are treated equally. If in one study a factor is
confirmed under one parameter and partially confirmed or unconfirmed under other parameters
(with any value in the third quality parameter), then this factor is reported as partially confirmed in
the overall quality.

Moreover, provability criteria were set to synthesize the general provability of the influence of
each factor on sketch map quality. The provability of the factors has been designated using the rules
set out in Table 1. Provability is the portion of studies which have confirmed the influence of the
given factor on the sketch map; the number of studies represents the total number of studies that
researched the influence of the given factor. The limit values for the criteria are data-driven, following
the general recommendation (stated in [81]) of analysing at least five studies to identify the influence
of the given factor (variable). When setting the limit value, possible values (5,7,10,15) were validated
by statistical analysis (evaluation of data distribution) with the aim of high discrimination and
reliability of the results. The limit value of five studies yielded the discrimination of about 30%
(portion of factors meeting the requirement), while the other possible limit values considerably
lowered the numbers of “proven” factors. Therefore, if a limit value above five was used, most factors
would have been judged as “refuted”, and the results would have been less informative. However,
the results of this study should be read keeping in mind the limitations of using the data-driven limit
value for assessing the provability of factors.

Table 1. Designating the provability of the factors.

Category Provability Number of

(%) studies
proven 60-100 =5
40-59 >4
debatable 60-100 4
refuted 0-39 >4
not .enou gh 0-100 4
evidence

The provability rules and the number of studies in which the given factor is investigated must
be applied together. Factors that have been investigated in at least five studies and whose influence
has been confirmed in at least 60% of them are considered proven. Factors that have been investigated
in at least four studies and whose influence has been confirmed in less than 40% of them, are
considered to be refuted. Factors that have been investigated in four studies and whose influence has
been confirmed in 60% or more of them, or factors that have been investigated in more than four
studies and whose influence has been confirmed in 40%-59% of them, are considered to be debatable.
For some factors, it was not possible to designate a level of confirmation; these are factors that have
been investigated in three studies or less.

Studies that focussed on multiple factors from one group or sub-group were counted multiple
times (see numbers in brackets next to the individual groups of factors). For example, Appleyard’s
study [74] considers age and sex, which are biological factors, but also level of education,
socioeconomic status and familiarity of place, which are sociocultural factors. This study has been
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counted twice under biological factors and three times under sociocultural factors, for a total of five
time counts under individual differences.

4. Results

A total of 90 empirical studies were considered systematically (see their overview in Table S1—
online supplemental material). The studies are evenly distributed over the decades (see Figure 5).
The most frequently investigated were the sketch maps of college students (38;42%), followed by the
sketch maps of adults (16;18%; see Figure 5). The largest number of papers comes from geography
(26,29%), followed by psychology (23;25%) and education (15;17%; see Figure 5). The studies also
vary in the scale of the area of interest; the studies mostly focussed on the global level (24;28%) and
the level of local region (towns and cities; 23;26%), followed by the level of place (as the smallest level
of geographical scale) and regional (continents) level (Figure 5).

The studies also differ in the methods used before the respondents were asked to draw a sketch
map. The majority of the studies (60;67%) asked respondents to draw the sketch map from memory.
In other studies, before doing their own drawing, respondents worked with either a map (9;10%), or
some other source of information, such as the environment, or a text, an auditory description or a
combination (17;19%). Other studies developed sketch maps as a part of a lesson (4;,~4%).

1960-1970

Year 1971-1980 1981-1990 1991-2000 2001-2010 2011-2017
Secondary school students Unknown
Participant Primary school pupils College and university students Adults Combination
Field Geography Psychology Education Other
Combination
Scale Place Local region Region World

Learning from other sources
[possibly in combination with maps)

Method Draw from memory Learning from a map

Learning from a lesson

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 5. Characteristics of all 90 studies analysed (see details in Table S1—online supplemental
material).

4.1. Overall Quality Evaluation

The review identified a total of 49 factors that influence sketch map quality. These factors were
classified into groups and sub-groups (see Table 2). The studies tended to focus more on individual
differences (155 cases) than on external factors (75). Within the category of individual differences, the
predominant interest was in biological (50) and sociocultural (68) factors, rather than psychological
ones (37). In the category of external factors, secondary sources (70) significantly outnumbered
primary sources (5) (see Figure 6).

When assessing the overall quality of the sketch map, a total of ten factors were considered
proven and two factors refuted, while eight factors were designated as debatable. More than half of
the factors (29) cannot be assigned a provability value, because they have been researched in too few
studies.

Within individual differences, the factors that were considered proven are age (14 confirmed, 2
partially confirmed, 4 unconfirmed; biological factor), map reading (6,0,0; psychological) and five
sociocultural factors: mobility (6,0,3), place of residence (15,2,2), familiarity of place (9,1,0), nationality
(5,0,0) and socioeconomic status (5,0,3). Within external factors, we consider proven the use of a map
(8,1,1), the use of a text (4,1,1) and the content of the geography education (9,0,1), which belong to
secondary sources.
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Only four studies entirely failed to confirm the influence of age, and its influence was partially
confirmed in two studies. The sketch map quality changes most distinctly in the age group of six to
twelve [8,9], where older children depict the territory more precisely [8,9]; the content of the sketch
map increases [11,71,82]; the elements depicted change from natural to functional [8]; and the choice
of cartographic methods changes, with younger children selecting more pictorial elements and older
children tending to select elements of Euclidean geometry [8]. Notably, most of the studies [7,74,83-
85] that did not confirm or partially confirmed the influence of age on the sketch map did not use the
age categories associated with individual cognitive development (see [24] for more), which may
explain their failure to prove this dependency. Only the Drumbheller [48] study failed to confirm the
influence of age on sketch map quality despite designating age categories according to cognitive
development. This may be due to a different method of data collection (respondents were asked to
draw not only a map of the world, but also the figure of the woman) where other specific factors can
apply.

In the case of the map reading factor, authors [75,76,84,86-88] agree that the resulting sketch
map is of better quality if the respondents read the geographical/topographical map shortly before
drawing their sketch maps (for details see Table S1 —online supplemental material).

The influence of mobility on the overall quality of the sketch map has been confirmed in studies
focussing on respondents in developed countries. Research [75,89-91] has indicated that increased
mobility has an influence on both positional accuracy and content. It was confirmed that less mobile
people tend to draw lines, while more mobile people tend to draw more areas [92]. The influence of
mobility was unconfirmed in two studies focussing specifically on respondents from developing
countries [93,94]. The developing economy is reported as a precondition, since travel is less frequent
in these countries due to the poor economic situation of the inhabitants. Kask and Hannust [95] later
concluded that mobility is merely an ancillary factor.

The next factor which has been proven is place of residence. Only two studies failed to confirm
this factor, and two studies partially confirmed it. Individuals draw more objects on maps of the
neighbourhood of their place of residence [85,96], and they draw them with greater positional
accuracy [62,97-99]. However, Lee and Schmidt [83] state that proximity to the place of residence
does not guarantee that the sketch map would be more diverse. Most of the unconfirmed and
partially confirmed studies involved the creation of a sketch map of a larger territorial unit (or even
of the whole world) [42,100,101].

The factor of familiarity of place is closely linked to the factor of place of residence. The better
the respondents know the given place, no matter whether from primary or secondary sources, the
more elements they draw, and with greater accuracy [7,74,102-104]. The Evans, Marrero and Butler
[105] study also discovered that the number of nodes and paths increases along with familiarity of
place, but the number of significant elements does not change.

Place of residence and familiarity of place are also closely associated with nationality. Five
studies focussed on differences in overall quality related to nationality, and all confirmed differences
for sketch maps on both a global [73,106] and a local scale [107-109].

Three studies failed to confirm the influence of socioeconomic status on the overall quality of
sketch maps. However, each of these studies focussed on a different quality parameter [85,110,111].
Other studies indicate that people with higher status have better quality sketch maps [41,74,89,112],
i.e., they draw more elements, have greater positional accuracy and tend to draw spatial map types
that correspond more to the real map. Only Canakcioglu [113] states that the sketch maps of people
with lower earnings include more objects than those of people with higher earnings. Canakcioglu
argues that lower-income people spend more time outdoors and therefore have more opportunities
to develop their mental maps.

The last three factors that have been proven to influence the overall quality of a sketch map are
the use of maps and texts and the content of geographical education—all external factors. Studies
usually investigate the first two simultaneously, and then compare them. The majority of studies (6)
indicate that sketch maps based on a real map are better than those based on a text [114-117]. Only
one study failed to confirm this conclusion, finding no difference between the use of a map and a text
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[118]. One study confirmed that both a map and a text had a positive impact [119]. Further studies
that have investigated the influence of using a map and compared it with that of navigation [120] or
of observing the environment [86] have confirmed that sketch maps created on the basis of map work
are better. Two other studies [121,122] state the opposite: that respondents’” sketch maps are of better
quality if they learn directly from the environment. However, results could be influenced by the fact
that both of these studies focus on an area familiar to the participants.

Although the influence of the characteristics of the source map (cartographic projection, scale,
orientation and the shape and size of the depicted region) was confirmed in all studies, the research
is fragmented in terms of several further sub-factors. It is therefore not possible to unequivocally
prove their influence, because they have been studied relatively rarely.

The influence of the content of geographical education is visible not only in the number of objects
drawn [96,101], but also in the structure of the sketch map content, because respondents usually draw
countries with advanced economies or large states [66,123,124] which is often paid more attention in
lessons.

Two of the three spatial skills—mental rotation and spatial perception—may be considered not
to influence the overall sketch map quality. The influence of the third spatial skill, spatial
visualisation, is debatable.

Certain factors may influence only some components of the sketch map quality, namely
positional accuracy, content frequency or choice of cartographic methods.

4.2. Positional Accuracy

Studies focussing on positional accuracy focussed more often on individual differences (85
cases) than on external factors (49). The predominant individual characteristics studied were
sociocultural factors (41), followed by biological (26) and psychological (18) factors. For external
factors, the majority of studies focussed on secondary sources (45), with only four such studies
focussing on primary sources. The studies did not include all the factors (see Figure 7) mentioned in
the evaluation of the overall quality (see Figure 6), omitting, for example, attitudes, emotions and
intelligence. Seven factors were classified as proven, one as refuted, three as debatable and 27 as “not-
enough-evidence”.

As with general quality, proven factors include age (biological; 7 confirmed, 0 partially
confirmed, 2 unconfirmed), mobility (sociocultural; 5,0,2), place of residence (sociocultural; 11,0,3),
use of a map (secondary sources; 8, 1, 1) and use of a text (secondary sources; 4,1,1). Unlike with
general quality, sex is an unequivocally proven factor (biological; 15,0,1). The other factor that is
debatable for general sketch map quality but proven for positional accuracy is the level of education
(sociocultural; 5,0,3). It is also worth mentioning that positional accuracy increases with age, travel,
proximity of the drawn area to the place of residence and learning from a map rather than a text.

Sex is a significant factor, as men draw sketch maps with greater positional accuracy than
women. Only one study [11] out of 16 failed to confirm the differences between men and women
when drawing a sketch map. This study differed from the others in that the sketch map was drawn
on a sphere (3D) rather than on a flat sheet of paper (2D).

A further factor that can be considered proven is the level of education. Five studies confirmed
the influence of this factor on positional accuracy, while three failed to do so. The level of education
(which is closely associated with age) correlates positively with positional accuracy [74,75,94]. Only
two studies [85,125] stated that the level of education had little or no influence on positional accuracy.
The influence of the field of study is more debatable. The available studies disagree as to whether
pre-service primary teachers differ from pre-service secondary teachers [126,127]. Wiegand and Stiell
[127] state that geographers have the greatest positional accuracy in their sketch maps, followed by
mathematicians, while humanities students have the lowest. It could be assumed that this difference
is due to the more developed map skills and strategies of map work related to the field of geography
and mathematics.
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The influence of spatial skills (spatial perception and spatial visualisation) is debatable. Each of
these has been investigated in four studies, but their influence has only been confirmed in two. The
influence of mental rotation has been confirmed in one study [127], unconfirmed in one [84] and
partially confirmed in two [128,129]. Thus, this factor can be considered refuted. The influence of
spatial skills on positional accuracy requires further study, as do other not-enough-evidence factors,
such as nationality, map orientation, cartographic projection and scale of the source map.

4.3. Content Frequency

Studies concerned with content frequency again focussed more on individual differences (100
cases) than on external factors (45). Within individual differences, the predominant interest was in
sociocultural factors (43), followed by biological (36) and psychological factors (18). Within external
factors, most studies (46) focussed on secondary sources, and only two on primary sources. The
studies dealing with content frequency did not include all the factors (see Figure 8) related to overall
quality (see Figure 6), omitting, for example, map scale, cartographic projection and cartographic
methods. Other factors, such as emotion, attitudes, mode of transportation, structure of text, etc.,
were investigated in only one study. In total, more studies focussed on content frequency (72) than
on positional accuracy (52). The small number of studies focussing on each factor makes the
provability unclear.

As for overall quality, proven factors include age (biological; 11 confirmed, 0 partially
confirmed, 2 unconfirmed), familiarity of place (sociocultural; 6,1,0), place of residence (sociocultural;
7,0,1), nationality (sociocultural; 5,0,0), socioeconomic status (sociocultural; 3,0,2), use of a map
(secondary sources; 6,0,0) and content of geographical education (secondary sources; 8,0,1). Unlike
with overall quality, the level of education (sociocultural; 3,0,2) is also considered proven.

The content frequency of sketch maps increases as participant age rises to adulthood. The
content of geographical education also influences the content frequency of the sketch map, with the
frequency of drawn elements higher for maps of the place of residence and other familiar places. If
the respondents use a map, the frequency of drawn elements is higher than if the respondents use a
text with the same number of objects mentioned. Different nationalities differ in the frequency of
drawn elements [108].

Two factors, namely the level of education and socioeconomic status, are at the cusp of
provability. The level of education has been confirmed in three studies and unconfirmed in two.
Secondary school grade does not influence the content frequency of sketch maps [85,126], but the
general level of education does [74,94,130]. Pupils at lower secondary schools drew fewer elements
than pupils at upper secondary schools, just as labourers drew fewer than university students of the
same age. Socioeconomic status, similarly, has been confirmed in three studies and unconfirmed in
two. However, unlike with the level of education, no common trends have been found in the
influence of socioeconomic status [111,112].

The debatable factor is sex. Out of 22 studies, sex was confirmed to influence content frequency
in only 12, while nine studies did not confirm any influence and one confirmed partial influence. In
studies that have confirmed the influence of sex on content frequency, the difference was observed
in only one direction, i.e, women drew fewer elements in their sketch maps than men did
[74,83,89,131]. Nine studies found no difference [7,75,80,132]. The research is even more inconsistent
when classifying sketch map content in the manner of Lynch [39]. Some authors state that women
draw more roads than men [72,133], while others state the opposite [76,134,135]. Still others claim
that the sketch maps of men and women do not differ in any way [70]. It therefore seems that content
frequency is influenced by factors other than sex.

As with positional accuracy, the refuted factors include spatial skills, but this time they are
mental rotation and spatial perception [136-138]. Spatial visualisation is considered a not-enough-
evidence factor because it has been researched in only three studies [45,136,137]. Content frequency,
therefore, may be more dependent on the verbal component of perception, though it is also
influenced by the non-verbal (imaginative) component (see [139]), while the opposite may be true of
positional accuracy.
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4.4. Cartographic Methods

Only 26 studies focussed on factors influencing the choice of cartographic methods for the sketch
map. These studies dealt more with individual differences (25 cases) than with external factors (1).
For individual differences, the predominant interest was in biological factors (16), followed by
sociocultural factors (9); no study focussed on psychological factors; and only one study dealt with
external factors, specifically secondary sources (see Figure 9).

Age may be considered proven, as it was confirmed in seven studies out of nine. Studies of
school-aged-children confirmed that younger pupils used more pictorial cartographic symbols, while
older pupils drew objects using Euclidian geometry [8,109,111]. Younger respondents also tended to
choose the sequential type of sketch map, while older respondents tended to opt for the spatial type
of sketch map [41,71]. Age was not confirmed in two studies [74,83]; however, both dealt only with
adults.

In studies into the influence of sex, a trend appears of boys using Euclidean geometry at an
earlier age than girls [77], but there was no difference between adult men and women [140]. Men and
women also do not differ in terms of the graphic type of sketch map [83].

The debatable factors include socioeconomic status. It seems to affect the selection of sequential
or spatial sketch maps, with managers (executive positions) tending to opt for a spatial layout [74],
while people in non-managerial positions tended to opt for a sequential layout [41]. The perception
of people in non-managerial positions is more subjective than that of people in executive positions,
who perceive space in a more complex manner, but usually from only one perspective (most often a
bird’s eye perspective).
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5. Usability and Limitations of Results

The results of this study have practical applications for cartography and geography education,
and can serve as a framework for future research, especially in the area of designing user-friendly
maps (visualizations of geographical data), or in geographical and environmental education.

Designing user-friendly maps is one of the core interests of cognitive cartographers, but research
in this field does not benefit from the analyses of spatial perception and of maps sketched by the
public. Studies in this field deal with the user-friendliness of either printed maps or geo-visualisations
(related to the implementation of GIS) [141]. Information on the influence of external factors
(specifically cartographic projection, content of maps and cartographic methods; Table 2) could be
beneficial for the design of traditional printed maps. Moreover, knowledge of the influence of the
individual differences between the users (e.g., age, sex, mobility; Table 2) should be taken into
account when designing geo-visualisations using GIS. Such knowledge can be used to personalise
the GIS applications, e.g., by using specific cartographic methods (symbols, colours, shapes, etc.).

Moreover, sketch maps can be used for the development of the mental maps of pupils [49,97] or
as a diagnostic tool for the evaluation of the pupils’ knowledge [69,123]. A systematic knowledge of
the factors that influence sketch maps can help personalise geography teaching. Depending on the
goals of the geographical education, the educator should work with those factors which have been
unequivocally proven (age, familiarity of place, mobility, nationality, place of residence,
socioeconomic status, use of a map and text) (see Table 2).

Similarly, the educator should keep in mind those factors which are debatable (sex, spatial
visualisation, length of stay, level of education, cartographic projection and the media) and should
be aware of the factors that are refuted (mental rotation and spatial perception) when using maps
and developing pupils” perception of space. Taking these factors into account when planning the
lesson will make the lesson more efficient. When evaluating the pupils’ knowledge using a sketch
map, the educator should also take into account the fact that the quality of the sketch map depends
not only on the pupils” knowledge, but also on a combination of other factors.

Findings can also be used when choosing the factors to be investigated in future research. As in
the case of teaching, researchers should work with proven and debatable factors and keep in mind
those which have not been proven. Future studies can focus on those factors which have yet to be
sufficiently researched (see Figures 7 and 8 and Table 2), but which are mentioned in the literature as
affecting the quality of mental maps [2,21,142]. From among differences between individuals,
research should focus on the influence of creative and map skills, intelligence, attitudes and emotions
[143,144]. It is recommended to pay attention to all the external factors when researching the influence
of teaching on the mental maps of pupils. To date, there have been only sporadic empirical studies
dealing with these factors [89,92,103,142]. None of the studies analysed focussed on the influence of
the cartographic methods in the source maps on the choice of cartographic method in the sketch
maps. This lack of research is unexpected, because the source maps serve as models for respondents
while they are choosing their own symbol key. Further research can focus on the influence of the
source map cartographic method on the choice of cartographic method in the sketch maps. Research
can also focus on the dependence of the sketch map quality on the character of maps and other
teaching materials (textbooks, workbooks) or on the educator’s teaching style.

Table 2. The provability of factors within the framework of overall sketch map quality and its
parameters (v': proven; x: refuted; ?: debatable; —: insufficient number of studies; 0: not investigated).
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relation to the individual studies in which they were examined (for details, see Table S1 — online
supplemental material).

Even though the analysis contains a relatively large number of empirical studies, it is also
necessary to be aware of the limitations of its results. First, the sketch map yields limited information
about the mental maps of individuals, which is related to their level of graphicacy (see Section 2.3).

It must also be noted that the analysis may have missed some of the factors that have been
researched, and that some relevant studies may have been omitted if they did not meet one of the
parameters in the search command (see Figure 1). For example, if they used different terminology or
were not published in English. It may have also missed relevant studies if they were listed in a
different database than SCOPUS. The search criteria must be kept in mind when assessing the results.

Another limitation to consider comes from the generalisation of the results, both at the level of
the sketch map quality parameters and at the level of factor grouping. Each of the studies analysed
has its specifics, not only in data collection and methodology, but also in sample size and
characteristics. It was necessary to generalise the specifics so as to systematically synthesise the
results from such an extensive sample.

It is also important to remember that the limit values of the provability were data-driven, and
that further methodological research is needed to validate them.

Moreover, the studies analysed themselves have limitations that could influence the usefulness
of the results of the review; for example, a study that collected data about factors did not necessarily
report on the effects of all the factors considered. There are also limitations related to sample size:
most of the studies investigated relatively small samples, mainly because of the demanding process
of collecting data from a sketch map. The small sample size limits the generalisability of the results.
However, this was eliminated in the review by setting the provability criteria to a higher portion of
studies that confirmed the influence of the given factor.

Considering these limitations, it is recommended to consult the online supplemental material
for the specifics of each study. Despite the limitations, the results of this review appropriately
complement the results of the previous qualitative and small-sample reviews, and could be helpful
in all related fields.

6. Conclusions

The findings clearly show that sketch map quality is influenced by a large number of factors.
These include factors pertaining to the individual (such as biological, psychological and sociocultural
factors) and factors arising from the external environment through information sources, either
primary (i.e., directly from the environment) or secondary (i.e., mediating information about places
of which the individual has no direct experience).

The content analysis has revealed a set of factors which predict that a sketch map will be of good
quality, either as a whole or in terms of individual quality parameters. The best overall quality is
produced by a well-travelled adult of higher socioeconomic status who is drawing a map of his or
her neighbourhood based on information read from a map just before drawing. For the best positional
accuracy, this individual should be a man, while for the best content frequency, the individual (male
or female) should be educated in geography. Naturally, other factors that have not yet been
sufficiently researched may also play a role.

The selection of factors in empirical studies depends on research design, especially on the
component of sketch map quality considered and on the goal of the study. When comparing the
results of empirical studies, it is always necessary to compare studies that have focussed on the same
component of sketch map quality. In this regard, the review could serve not only as an overview of
the results of existing studies, but also as a basis for a methodological framework for future research
in the field. When preparing a research design, it should now be possible to choose approaches
systematically according to research objectives and independent variables, so that the results could
complement the knowledge from previous studies.
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