
1. Map perception – concepts

The process of map reception and related 
activities are discussed using a variety of terms 
such as map use, reception, reading, perception 
or interpretation. The same terms are applied in 
reference to various actions and processes, 
and the same operations or processes are often 
addressed using different terms, depending on 
traditions and research orientations. L. Rataj-
ski (1970, 1978) used the terms reception and 
reading to describe the deliberate act of map 
use and treated them as synonyms. A.H. Ro-
binson and B.B. Petchenik (1976) distinguished 

between the concept of map recipient, user and 
reader, linking them to different levels of intel-
lectual engagement in the process. The recipient, 
or map user at the lowest level of involvement, 
obtains information just by viewing a map, 
without any clear impact on his/her geographical 
knowledge. The user utilizes maps for a parti-
cular purpose, such as reading or calculations, 
while the reader examines maps in order to 
search for specific information and expands 
his/her scope of knowledge or changes pre-
-existing ideas about the environment depicted 
on the map.
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In this paper, I assume that concepts of recep-
tion, reading and perception are synonymous 
because perception is an active process, with 
a high degree of interaction, where all the ele-
ments leading to identification and understanding 
of the image take place simultaneously.

2. Map perception in cartographic  
research orientations

Approaches to the phenomenon of map per-
ception and utilization of methods and concepts 
developed in other scientific disciplines have 
been shaping for over 70 years. There are four 
stages in which map perception has been as-
sociated with different research orientations: 
intuitive, psychophysical, cognitive (knowledge 
acquisition) and cognitive-digital stage.

2.1. The intuitive stage

The first stage lasted well into the fifties of 
the last century and must be recognized as the 
intuitive stage because it was the time when map 
creation was guided by intuition and principles 
derived from practical experience – although 
the importance of psychological factors in car-
tography had already been observed and 
stressed in the fundamental work of M. Eckert 
Die Kartenwissenschaft (1921, 1925). Eckert 
believed that good maps take into account 
psychological mechanisms and map under-
standing relies on mental transformation of 
separate pieces of information in to one com-
prehensive picture. Aiming to facilitate this pro-
cess by an appropriate map design was the 
elemental task of cartography. For the first 
time in cartographic history of cartography, 
another Austrian cartographer K. Peucker in 
1898 (source: S. Pietkiewicz 1930) relied on 
the knowledge of physiology while investigating 
the effects on the human eye of basic proper-
ties of colour (valour, saturation and hue) in 
hypsometric color schemes and used the results 
to define his own colour scheme for relief re-
presentation.

2.2. The psychophysical stage

The second phase of interest in problems of 
map perception began after the World War II, 

when in connection with the development of 
regional atlases, and statistical maps being 
their important components, a need arose for 
the use of cartographic methods and research 
on the formalization of principles of cartogra-
phic presentation. One of the major issues 
addressed in these efforts became the possi-
bility for objective determination of the size of 
graduated symbols in cartograms and the 
value of shading used on choropleth maps. In 
his innovative book, The Look of Maps (1952), 
American cartographer A.H. Robinson referred 
to the achievements of nineteenth-century 
psychology, and particularly research psycho-
physical E.H. Weber1 and G.T. Fechner, as 
well as the work of M. Eckert. A.H. Robinson 
initiated a series of psychophysical experiments 
aiming to establish principles for the design of 
cartographic symbols. Studies conducted by 
American cartographers were based on beha-
vioral assumptions of psychology of percep-
tion and targeted primarily the effectiveness of 
various symbols used on maps. Embracing 
these principles contributed to the development 
of psychophysical orientation called the percep-
tual cartography by American cartographers.

At this stage, which can be described as 
psychophysical, map perception was viewed 
response to cartographic symbols (especially 
their size and intensity) as stimuli invoking re-
actions in the form of visual sensations. These 
studies were based on the views of E.H. Weber 
and G.T. Fechner2 assuming that reactions in 
the mind of recipient do not follow a simple 
linear function of the actual symbol intensity 
(brightness or size) of symbols (R.S. Wood
worth, H. Schlosberg 1963). It was assumed 
that the relationship between the actual magni-
tude of the stimuli and their perceived value 
follows the S.S. Stevens’ (1957) power law 
J = k I w saying that a stimulus J produces a re-
sponse I that follows a power function with an 
exponent w, meaning that the perceived size 
or intensity of symbols is smaller than their 
actual values. Perceptions of different types of 

1  E.H. Weber (1795–1878) – German anatomist, physio-
logist and psychologist collaborating with G.T. Fechner.

2  G.T. Fechner (1801–1887) – founder of psychophysics 
and research on psychological phenomena. Together with 
E.H. Weber, Fechner formulated the law stating that psy-
chological respons of value increase is proportional to the 
logarithms of actual intensity values. The Weber-Fechner 
law provided foundation for the field of psychophysics.

https://pl.wikipedia.org/wiki/1795
https://pl.wikipedia.org/wiki/1878
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stimuli (cartographic symbols) follow different 
exponents and the closest to the directly pro-
portional reception is the magnitude assess
ment of distance and length (P.H. Lindsay, 
D.A. Normann 1984).

The Stevens’ power law gave rise to as-
sumptions that increasing the size of symbols 
in proportion to the exponent of related power 
functions would compensate for the underesti-
mation of their value. Determining the exponent 
values ​for different symbols became one of the 
main targets of studies in perceptual cartography 
that were carried primarily by R.L. Williams 
(1956), J.J. Flannery (1956) and P.V. Crawford 
(1973). The results of these studies were incon-
sistent because they yielded different values ​​
of the coefficients (K.T. Chang1977, I. Frączek 
1983)3. Nevertheless, coefficient of 0.5716 as 
determined by J.J. Flannery was then adopted 
for so called psychophysical scaling of the size 
of circle diagram maps. 

The psychophysical research extended also 
to the perception of grey tones, i.e. relationships 
between the actual and perceived intensity of 
grey shading. The value estimation grey patterns 
was initially believed to follow the Fechner’s 
law4. Research on this problem was undertaken 
by R.L. Williams (1956), P.V. Crawford (1973) 
and A.J. Kimerling (1975), who designed the 
gray scales with different value increments. 
Eventually though, R.L. Williams (1958) con
cluded that the curve describing visual percep-
tion of value increase is inconsistent with the 
Fechner’s law. As in the case of scaling of the 
size of graduated symbols, these studies have 
produced different effects, depending on the 
experimental method and the structure of the 
tested areal patterns (raster density).

Psychophysical studies targeted also other 
methodological problems such as distinction 
among point symbols (P. Grohman 1975, E. Va-
něček 1980, J. Bolzman 1981), selection of type 
sizes and faces (B. Bartz 1970), or the rules 
for use and perception of colour in cartography 
(J.S.Keates 1962, A.H. Robinson 1967, A. Ma-
kowski 1967, C.A. Brewer 1992).

The main achievement of psychophysical 
studies on map perception was establishing 

3  I. Frączek’s work includes a detailed discussion of re­
search on the magnitude perception of cartographic symbols.

4  Since Stevens’ and Fechner’s laws are equivalent, they 
are often combined under the label of Stevens-Fechner’s 
law.

that evaluation of cartographic symbols – both 
the size of graduated circles as well as of grey 
shades – is always fraught with error and ma-
gnitude assessments are made on the basis of 
linear dimensions of shapes rather than their 
areal extent. Inconsistency in research results 
and discrepancies arising with the type of 
questions posed to experimental subjects also 
attracted criticism of both their basic assump-
tions as well as the employed methods of re-
search.

2.2.1. Map perception in the theory  
of cartographic communication 

The popularity of research on map perception 
attracted attention of cartographers occupied 
with the theory of cartography. The functioning 
in the sixties research orientations (J. Ostrowski 
1984, J. Pasławski 1984) – such as the theory 
of cartographic communication, cartographic 
modeling and semiology – embraced the 
existing at the time knowledge about map per-
ception. The leading proponents of the theory 
of cartographic communication, A.H. Robinson 
and B.B. Petchenik (1976) and L. Ratajski (1978), 
incorporated it into the cartographic models of 
communication, while J.L. Morrison (1981) high-
lighted the close relationship between the pro-
cesses of map perception and map design, 
adding the reinforcing feedback that occurs 
between these two processes.

In the scope of cartographic communication, 
map perception was regarded as a step in the 
process of information transfer, and therefore 
a process of reading understood as the rela-
tionship between stimulus and response. It 
was assumed that information acquired during 
map processing was retained in the “memory 
storage” and the encoding that occurs in the 
course of map reading is a subject to quantita-
tive changes, described by L. Ratajski (1977) 
as gains and losses. Although associations 
with the obtained in that process knowledge 
were noted, they were not subjected to deeper 
analysis in the communication approach.

A. Moles (1971), Ch. Board (1978) and L. Ra-
tajski (1978) distinguished two levels in the 
process of map reading: the map perception, 
i.e. the process of visual acquisition, decoding, 
verbalization as well as the map interpretation 
that through processes of visualization, me-
asurements, analysis and verification leads to 
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the formation in the recipient’s mind of ideas 
about the reality depicted on the map. These 
ideas correspond to the concepts of mental 
maps or maps “in the mind” functioning in 
behavioral geography. W. Grygorenko (1982) 
placed mental maps at the center of processes 
of cartographic communication as a separate 
entity interactively linked to the structures of 
memory, knowledge and experience – and 
with effects of evaluation and human behavior. 
However, he did not specify the structure of 
that entity and did not explain the nature of 
those interactive linkages.

2.2.2. Map perception in semiological  
and modeling theory approaches

Another approach to map perception was 
associated with semiological orientation. Based 
on the linguistic analogy, map perception was 
treated as a process similar to the reading of 
written text and map was viewed as a system 
of signs or codes. This approach was initiated 
by J. Bertin (1967), the creator of semiology of 
graphics, the concept based on the properties 
of perceptual processes. The language analogy 
aroused a number of objections deriving from 
the obvious differences between natural lan-
guages ​​and maps (A.H. Robinson, B.B. Petche-
nik 1976). Map perception is a contemporaneous 
in nature while text reading is a sequential 
activity – moreover, the map language has 
no clearly defined units of language, and the 
syntactic relationship also differ from natural 
languages. Proponents of linguistic analogy, 
L. Ratajski (1971, 1976, 1978) and A.A. Lutyj 
(1984), devoted much attention to the issue of 
units and the syntactic relationship in the lan-
guage of maps but they didn’t link them with 
perceptual processes.

In turn, K.A. Salistchev (1975), who combined 
the concept of cartographic method of research 
with the theory of modeling, proposed the epis
temological approach. He believed that the 
map is a model of reality, and therefore can be 
studied as a substitute for the actual object of 
study, i.e. the geographic space. From this it 
follows that real phenomena are the starting 
point of the process of map perception. Transfer 
of information from the model to the modeled 
object is made possible owing to the similarity 
between certain characteristics of the map 
structure as a model and the modeled real 

phenomena. Therefore, K.A. Saliszczew re-
garded map perception as the elements of car-
tographic methods of cognition, without tying 
them to cognitive psychology and cognitive 
research.

An important contribution to our understand
ing of the cognitive aspects of maps use made 
A. Czerny (1994), who identified basic cognitive 
procedures related to various stages of map 
perception in the system approach to cartogra-
phic modeling. At the first stage, reading or 
measurements provide primary information 
that after processing and interpretation yield 
derivative information used for the research 
purposes and enriching knowledge of the map 
user. A. Czerny believes that this process fol-
lows the “bottom-up” path and in the process 
of map reading, elemental relations are cognized 
first, followed by the regional and more general 
relationships. However, he invokes no the-
ories of cognitive psychology5 whatsoever that 
explain the flow od perception processes. The 
second stage involves using conversion of the 
primary information into derivative information 
through the methods of morphometric statistics 
and mathematical analysis. The third stage is 
interpretation, or reasoning that involving the 
transition from premises to conclusions.

2.2.3. Criticism of psychophysical orientation

The psychophysical research did not meet 
the expectations of providing the opportunity 
to explain the principles and nature of map 
perception becoming the subject of multifaceted 
criticism. Behavioral basis of psychological 
research and their subjectivist philosophical 
fundaments have been criticized by the founder 
of epistemological orientation K. A. Saliszczew 
(1982). But despite appreciating the import
ance of research on the psychological aspects 
of cognition, neither he nor his successors – 
A.F. Aslanikašvili (1967) and A.A. Lutyj (1984) 
– did carry any empirical research, or had pro-
posed other methods of research.

A.H. Robinson and B.B. Petchenik (1976) 
performed the most thorough analysis of the 
theory of communication and the results of 
psychophysical research. In their view, the 

5  Sub-discipline of psychology that studies the cognitive 
processes and structures, as well as the general principles 
of functioning of the mind.
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human cognitive system was not properly in-
vestigated within the framework of communi-
cative approach as it failed to adequately take 
into account the importance of map perception 
and other cognitive factors affecting the map 
reception. They proposed to begin research 
into the cognitive and perceptual aspects of 
the activities of customers, users and map 
designers, and put forward the proposal for 
changing the research paradigm. Underesti-
mating the role of map user’s was identified as 
the fundamental reason for the limitations en-
countered when using psychophysical research 
to explore the process of cartographic commu-
nication. B.B. Petchenik (1983) criticized the 
use of isolated symbols, disregarding the map 
context, while according to B.G. Shortridge 
and R.B. Welch (1980), the influence of proce-
dural instructions on the experimental results 
was also not taken into account.

In the first work devoted entirely to the is-
sues of perception and map understanding, 
J.S. Keates (1982) drew attention to the ambi-
guity of such terms used in communication as 
“map maker” and “map user”, as well as the 
differences in the reception maps in various 
tasks. For the first time in the cartographic lit­
erature he characterized the human visual sys-
tem as well as the process of visual perception 
and its effects in the context of map reading 
and understanding its contents. Like Ch. Board 
and L. Ratajski, J.S. Keates also distinguished 
between two stages of reading that lead to map 
understanding. The first one, visual perception, 
includes perception, discernment, identification 
and recognition of symbols. The next stage, 
interpretation, serves the goal of performing 
specific tasks. When describing the process 
of map interpretation, J.S. Keates accepted, 
however, the popular then in psychology model 
of memory storage that did not take into account 
all aspects of the information processing at 
various levels of brain structures.

Critics of the theory of cartographic commu-
nication pointed also to other causes of failures 
in psychological research. According B.B. Pet-
chenik (1977), the process develop a process 
of map design has is synthetic in nature that 
differs from the naturally analytical processes 
of map processing. Therefore, the conceptual 
apparatus used in the process of mapping 
the conceptual apparatus is fundamentally 
different from the mental strategies used during 

the reap use. This difference is a root cause 
of incorrect assumptions about the useful-
ness of research on the use of maps and, 
therefore, disappointing effect of psychophysi-
cal tests. J.M. Olson (1975, 1976, 1979) and 
J.R. Eastman (1985ab) also shared these 
views.

2.3. The cognitive stage

Criticism of research on map perception and 
its role in cartographic communication gave rise 
to the emergence of new approach referred to 
as the cognitive orientation (knowledge acquisi-
tion and processing) associated with the third 
stage of perceptual research. The late eighties 
witnessed the merging of research on map 
perception with the methods of cognitive psy-
chology and cognitive science. The new orienta-
tion was based on the paradigm of information 
processing and in many respects accepted 
assumptions of epistemological orientation, 
and particularly the cognitive function of maps 
and map functioning as a model. Cognitive 
orientation was resting on assumptions con-
sistent with views accepted in cognitive psy-
chology (M. Materska, T. Tyszka 1997):

1) The perceptual experience is not just a con-
sequence of reactions to stimulus – it is also 
an effect of a series of operations occurring 
simultaneously at different level of information 
processing;

2) Processing is limited by the capacity of 
channel transmitting information as well as the 
experience and abilities of the recipient;

3) The perception process is active in nature 
because the recording and storage of informa-
tion occurs at all processing stages and there-
fore, studying the process has to take into 
account also the processes of attention and 
memory.

Subsequently, cognitive orientation treats 
map perception as part of the human cognitive 
system associated with acquisition of map 
content and considers it not just in terms of 
reaction to stimuli, but also in the context of 
higher order cognitive processes that take part 
in cartographic information processing and 
solving of various tasks that lead to the creation 
of spatial representation and spatial knowledge. 
In this orientation, M.W. Dobson (1985) dist
inguished two methodological approaches that 
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differ in the nature of research hypotheses: 
theoretical and experimental.

2.3.1. Theoretical approaches

In this approach, research into the mecha-
nisms of cognitive processing of information, 
strategies, and cognitive phenomena of at-
tention and memory, is based on theoretical 
assumptions defined as a theory of cognitive 
information processing as well as models of 
memory and knowledge as defined by psycho-
logists (P. Thorndyke and B. Hayes-Roth 1982, 
T.P. McNamara 1986, B. Tversky 1992, A. No-
wak 1991).

According to M. Blades and Ch. Spencer 
(1986), building a good theory of cognitive car-
tography by cartographers in close cooperation 
with psychologists is a prerequisite for the con-
ducting experiments probing the mechanisms 
of cartographic information processing. On the 
one hand, cartographers use theories proposed 
by psychologists, on the other hand psycholo-
gists penetrate into specific aspects of cartogra-
phic information processing. A manifestation of 
interest in those aspects are outstanding re-
searchers in experimental and cognitive psy-
chology, who have had an impact on research 
and views in cognitive orientation (P.P. Gilmar-
tin 1984).

Considering the means of spatial knowledge 
acquisition, T.P. McNamara and P. Timothy (1986) 
distinguished between two basic groups of 
theories of mentally representing spatial rela-
tions: non-hierarchical theories based on the 
assumption that representations are based on 
networks and hierarchical theories alleging 
that spatial knowledge is organized at different 
hierarchical levels in accordance to the level of 
regions or units constituting elements of that 
knowledge. For example, exploring the me-
chanism of memorizing and reproducing spa-
tial information, M.P. Peterson (1987) relied 
on the so-called Selfridge’s Pandemonium6 
utilizing the state of Texas in the USA.

Two contradictory assumptions function in 
cognitive psychology with respect to the process 

6  One of the methods for analysis of imaging features 
proposed by O. Selfridge. The system consists of the suc-
cessive levels of the Selfridge’s Pandemonium that record 
the characteristics of image, moving from the general charac-
teristics to specific ones (P.H. Lindsay, D.A. Norman 1984).

of perception that differ in terms of the order 
and function of the basic stages. Theories of 
the first group assume that in the initial stages 
of visual perception, information processing is 
boils down to splitting image information into 
elementary visual impressions that are put 
back together in the second stage of percep-
tion. The second group of theories rests on 
assumptions of the Gestalt theory of form 
(shape) asserting that perception of the whole 
picture in the primary stage of perception pre-
cedes the second stage of perceiving its indivi-
dual components and does not constitute a sum 
of perceived parts. Therefore, the whole form 
of the image and what creates the “shape” the 
result of interaction between the figure and its 
background has an crucial impact on the image 
interpretation. J. Bertin (1967) agreed with this 
view while recommending that the map infor-
mation should be conveyed “in one glance”.

Many psychologists accept the assumption 
of hierarchical memory structure, including 
A. Stevens and P. Coupe (1978), T.P. McNamara 
(1986) and B. Tversky (1981, 1992). D. Navon 
(1977) found that spatial representations re-
sulting from map perception have a hierarchical 
structure, while the analysis of local charac-
teristics precedes the perception of general 
character of the image structure. S.E. Palmer 
(1977) also found that in the process of cre-
ating of sensory representation, information is 
encoded in the structure of hierarchical net
works. Certain subsets of the image are encoded 
as integral, structural units of the image called 
by S.E. Palmer “bites” (chunks). 

Palmer’s hypothesis has been confirmed 
experimentally by R. Eastman (1985b), who 
observed that subjects learning map content 
tend to divide the map image into fragments. 
He drew attention to the fundamental role of 
the map’s graphic organization played in the 
process of perceptual grouping of its elements 
and showed the vital part that regionalization 
and hierarchy of regions plays in assimilating 
information about location. Among the factors 
facilitating the grouping of spatial information 
he named the position of objects’ names, ob-
jects’ proximity, the internal cohesion of group, 
linear connecting objects with lines and con-
sistency of categories.

According to A. Stevens and P. Coupe (1978), 
the hierarchical structure of spatial represen-
tation causes systematic distortions of spatial 
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relationships because the assessment of direc-
tions among geographic objects lying in lower-
-level units is subordinate to the overriding 
relationships between higher-level units. R. Lloyd 
(1989) confirmed the validity of these hypo-
theses in research on mental maps distortions.

The problem of distortion maps of actual and 
mental maps caused by the operation of certain 
mental processes examined also B. Tversky 
(1981, 1992). She found that they have syste-
matic nature and arise as result of arrange-
ments of objects along lines and their rotation. 
In her view, these procedures include the me-
chanisms of simplification and schematization 
that distort memorized systems in the direction 
of a certain “ideal”. These hypotheses were 
confirmed by R. Lloyd (1989). W. Żyszkowska 
(1996) also found a tendency to set the objects 
on mental map in a line. The notion of syste-
matic distortion confirmed P.W. Thorndyke and 
B. Hayes-Roth (1982), T.P. McNamara (1986, 
1992) and R. Lloyd (1989), who demonstrated 
differences in spatial knowledge acquired from 
maps and direct navigation in the terrain.

Experimental studies of remembering and 
recall of map content took also into account 
various factors that may affect these processes. 
P.P. Gilmartin and J.C. Patton (1984) analyzed 
the impact of gender and P.P. Gilmartin (1986) 
examined also the effects of age and educa-
tion. The study by W. Żyszkowska (1999) also 
showed some differences between men and 
women in the ability to identify and memorize 
the spatial information.

2.3.2. Models of cartographic information 
processing

Laying down the development directions of 
cognitive orientation, M. Blades & C. Spencer 
(1986) pointed out that its theoretical basis re-
quires the formulation and testing of hypothe-
ses pertaining to the course, strategies, and 
phenomena of cognitive activities. Explaining 
any of the aspect of map perception – in both 
low-level tasks (e.g. seeing symbols) and up-
per (memorizing) level of processing is not 
possible without relating them to the entire in-
formation processing system. Theories of cogni-
tive psychology pertaining to the processing of 
visual information in perceptual processes 
agreeably assume that visual perception is not 
a uniform process and one can distinguish in 

its course two stages: general and specific. 
Two groups of opposing theories assume con-
flicting assumptions about the order and function 
of both stages. Some are based on the “top-
-down” scheme, while other stick with “down-
-up” direction (K. Najder 1997).

Formulating the theory of cartographic infor-
mation processing requires taking one of these 
sides or another. Due to the fact that these 
theories describe the structure of the process, 
they commonly assume the shape of models. 
According to M. Blades and C. Spencer (1986), 
these models can be used as foundation for 
formulating the theory of cognitive mapping. 
J.R. Eastman (1985) distinguished among them 
two types: system models that define the func-
tional components of the system and percep-
tual-cognitive processing models that describe 
the sequence of processes running during 
cognitive acts. The first models of this type were 
developed by J.R. Eastman and H.W. Castner 
(1983), J.R. Eastman (1985), M.W. Dobson 
(1979a, b, 1985) and C.G. Head (1984).

The models proposed by J.R. Eastman and 
H.W. Castner (1983) and J.R. Eastman (1985) 
make a reference to the hypotheses of hierar-
chical structure representation developed by 
Navona D. (1977) S.E. Palmer (1977) and 
A.Stevens, P. Coupe (1978). Map content is 
processed through the grouping of map com-
ponents, while the map’s visual-spatial cha-
racteristics i.e. its graphic organization, has 
a significant effect on the way in which these 
elements are grouped. The Eastman’s model of 
cartographic information processing consists 
of five components (mechanisms): recorder, 
perception, central processor, long-term me-
mory and the organizer of the answers.

M.W. Dobson (1977, 1979a, b) proposed the 
model of visual scanning showing the contribu-
tion of attention as well as focal and peripheral 
vision. Assuming that the processing of visual 
information is controlled by thoughts based on 
individual semantic experience (CGS – cogni-
tively guided search), he linked perceptual and 
cognitive aspects together. In the case of absent 
experience, information processing is con-
trolled by the nature of data. H.W. Castner and 
J.R. Eastman (1984, 1985) conducted similar 
studies using the same method to determine 
the relationship between map perception and 
map complexity.

C.G. Head (1984) developed his model of in-
formation processing basing it on the analogical 
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model of natural language. Taking into account 
the differences existing between the processes 
of reading a map and reading a printed text, 
C.G. Head put forth a hypothesis that map 
reading follows a scheme similar to the reading 
of printed text is carried out according to the 
scheme similar to the processes of reading 
printed text, except that in the case of maps 
arrangements of symbols function as sentences 
arrangements.

2.3.3. Experimental approaches

Experimental studies in cognitive orientation 
are largely a continuation of the psychophys
ical testing, while rejecting their behavioral as-
sumptions. The change in assumptions helped 
to explain the reasons for the difficulty in finding 
an exponent of power function in estimating 
the size of graduated circle diagrams. And so, 
C.W. Cox (1973) based on the adaptation-
-level theory established that each symbol is 
perceived in the context of the resultants of the 
surrounding signs. This means that magnitude 
evaluation of each symbol determines not only 
the Stevens’ law but also the mechanism of 
adapting to the provided key. The phenomenon 
of underestimate the size of small symbols 
and overestimating the size of large symbols 
C.W. Cox (1976) explained as the “anchor 
effect” with legend keys that determine the level 
of adaptation. The phenomenon of adaptation 
makes the assessment size of diagrams de-
pendent largely on the size of key symbols in 
the legend, and the extent of evaluation errors 
can be reduced by placing several differently 
size key symbols in the legend (I. Frączek 1983), 
rather than by size exaggeration of map sym-
bols. M.W. Dobson (1985) believes that re-
search should be based on the so-called 
“prediction” i.e. assumptions about the basis 
and the expected results of experiments.

Deeper insight into the process of map per-
ception provided research on eye movements 
and eye fixation systems, called often the visual 
search7, that deal with recording eye move-
ments and their duration in particular areas or 
sections of the map. Eye movement is a phy-

7  It was determined in the Polish psychological literature 
as the so-called “eye movement”, but recently the term 
“eye-tracking” is used. These methods are used in a variety 
of areas, including medicine, marketing and advertising.

siological phenomenon, but to certain extent 
reflects the processing of visual information. 
Location, frequency and duration of fixation 
points and the formula, how to create a map of 
eye movements reflect the arrangement of the 
reader’s attention focused upon the individual 
elements or parts of the map. Such system 
can be viewed as a space-time map reading 
pattern.

G.F. Jenks (1973), H.W. Castner and D.W. Ly-
wood (1978) and H.W. Castner and J.R. East-
man (1984, 1985) found that visual scanning is 
indeed an individualistic process but depends 
also on the type of tasks used to engage sub-
jects’ attention. A.A. De Lucia (1976) demon-
strated the dependence of fixations on the 
graphic characteristics of map and the type of 
tasks employed, while H.W. Castner and 
D.W. Lywood (1978), and H.A. Sanford (1980) 
observed that the strength of attention depends 
also on the type of contexts in which the map 
is used, and distinguished between task-less 
situations versus those involving task perfor-
mance. M.W. Dobson (1979) and H.W. Castner 
(1979) also demonstrated that peripheral vi-
sion plays important role in the distribution of 
fixation points. The course of maps perception, 
including the visual screening process, it is also 
highly conditional on the degree of map com-
plexity on both the graphic and intellectual level. 
This issue was also the subject of analysis and 
research in the context of map perception 
(A.M. MacEachren 1982, W. Żyszkowska 1993).

The emergence of computer technology in 
the nineties of the last century for some time 
diverted attention of cartographers from the 
themes of map perception. Fascination with 
new possibilities on the one hand, and doubts 
about the usability of perceptual research re-
sults in cartographic practice on the other made 
the subject almost disappear from cartographic 
publications. Nevertheless, a very important 
work by A.M. MacEachren (1995) was published 
in the mid-nineties, summarizing all the achieve-
ments in experimental and cognitive carto-
graphy, and in which the author has entered 
the discussion of how maps are ‘seen’ and 
how they are ‘understood’.

2.4. The cognitive-digital stage

In recent years, the problems of map per-
ception again evoke more and more interest, 
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especially in the context of the effectiveness of 
various types of computer maps, presentations, 
three-dimensional, animated maps and naviga-
tion systems. A new wave of research on the 
functioning of human brain in the process of 
map use rests on the concept of cartographic 
visualization (A.M. MacEachren 1995) and is 
intended to explain the effectiveness of various 
types of geovisualisation as communication 
tools.

In connection to the research on information 
storage and processing as conducted in the 
nineties, problems associated with eye move-
ments and attention phenomena are again 
subject to analysis. What is new is the appli-
cation of rarely employed in cartography re-
search methods such as protocol analysis, 
exploration of decision-making processes, 
assessment of data quality and confidence 
in maps.

Currently, we are thus dealing with the fourth 
stage of research on map perception, which for 
lack of a more appropriate term can be described 
as cognitive-digital and similarly a new cognitive-
-digital research orientation. After all these 
new research developments pertains primarily 
to computer maps, while the latest numerical 
methods and new hardware allow us to focus 
on the processing of information, memories 
and images. 

These new trends refocus interest from the 
lower-level tasks associated with visual per-
ception, to the higher-level tasks associated 
with knowledge creation and spatial decision 
making with the use of maps. An important im-
provement is that computer technology makes 
it possible to carry out this kind of experiments 
but also to record users’ reactions. The newest 
studies thus make it possible get insight into 
previously inaccessible ways in which map users 
“read” the map and into the factors that influ-
ence the process. Oculography (eye-tracking) 
seems to enjoy particular interest although 
T. Opach (2011) is no doubt right asserting 
that although thanks to oculography we can 
now identify the parts of maps that attract the 
eyes of map user but factors influencing the 
processes of looking at the maps still await 
exploration.

The popularity of research of this new stage 
needs a separate discussion, so I will return to 
these issues in subsequent articles.

3. Conclusions

The intuitive mapping decisions and design 
principles based on practical experiences of 
the map makers dominated cartography until 
the fifties of the last century. The new approach, 
to which the greatest contribution made un-
doubtedly an American cartographer A.H. Ro-
binson, relied on the introduction to cartography 
discussions of the methods of cartographic 
presentation and the ways in which the map 
recipient reacts to its picture. A.H. Robinson 
(1952) not only initiated a whole series of 
experimental studies but with his colleagues 
and students modified the research approach, 
guided is on the new tracks (A.H. Robinson, 
B.B. Petchenik 1976). D.R. Montello (2002), 
who in the article on the cognitive aspects of 
map creation, discusses both the development 
of research on map perception from the be-
ginning of the nineties of the last century believed 
that the study of map perception was at that 
time the most important problems facing carto-
graphy as a science.

The perception of maps has been long re-
cognized as an important component and 
factor in both the theory of cartographic com-
munication and cartographic modeling. Studies 
in map perception adopted methods and ap-
proaches used in modern psychology, initially 
linking its research with the experimental psy-
chology and then with cognitive psychology. This 
gave rise to the emergence of two research 
directions in our discipline: experimental carto-
graphy and cognitive mapping. The most im-
portant role in first orientation played research 
by J.J. Flannery (1971), G.F. Jenks (1973) and 
B.B. Petchenik (1977).The second orientation 
included M.W. Dobson (1977, 1979a, b) J.R. East-
man and H.W. Castner (1983), J.R. Eastman 
(1985a, b), J.M. Olson (1975, 1976, 1979), 
J.S. Keats (1982) and A.M. MacEachren (1995). 
Although it is hard to conclude that research 
conducted in these fields have produced re-
sults of practical application, they have still 
highlighted the importance of map perception 
in cartographic communication and visualiza-
tion, as well as provided methodological basis 
for further research.

Issues related to the efficiency of solving 
various problems with the use (perception, 
reading) of maps have become particularly im-
portant in the twenty-first century, as the result 
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of increased popularization of map and their 
increased availability of the Internet as well as 
the emergence of new forms of maps and me-
thodological solutions. Numerous publications 
of articles and papers at conferences mapping 
that report results of recent studies indicate 
the formation of a new, fourth stage of research 
on map perception maps that can labeled the 
cognitive-digital stage.

With new tools at the disposal, and at the 
same time taking advantage of the rich legacy of 
research in cognitive mapping within the scope 
of relations between the map and its recipient, 
modern cartography can deepen knowledge 
about the processes involved in map per-
ception. These topics become again one of 
the important subjects of research in our dis
cipline.

Literature

Arnheim R., 1954, Art and Visual Perception: A Psy-
chology of the Creative Eye. Berkeley and Los 
Angeles: University of California Press.

Aslanikašvili A.F., 1967, Jazyk karty. “Trudy Tbiliskogo 
Gosudarstvennogo Universiteta” T. 122, pp. 3–36. 

Bartz B., 1970, Experimental use of the search task 
in an analysis of type legibility in cartography. “The 
Cartogr. Journal” Vol. 7, no. 2, pp. 103–112.

Bertin J., 1967, Semiologie graphique. Les diagram-
mes, les reseaux, les cartes. Paris: Mouton/Gau-
thier-Villars, 431 pp.

Blades M., Spencer C., 1986, The implication of 
psychological theory and methodology for cogni-
tive cartography. “Cartography” Vol. 23, no. 4, 
pp. 1–13.

Board Ch., 1973, Cartographic communication and 
standardization. “Intern. Yearb. of Cartogr.” Vol. 13, 
pp. 229–336.

Board Ch., 1978, The geographer’s contribution to 
evaluating maps as vehicles for communicating 
information. “Intern. Yearb. of Cartogr.” Vol. 18, 
pp. 46–59.

Bolzman J., 1981, Aspekte kartographischen Zeichen-
wahrnehmung. Eine empirische Untersuchung. 
Bonn: Kirschbaum Verl.

Bonnet C., Ghiglione R., Richard J.-F, 2003, Traité 
de psychologie cognitive. T.I. Perception, action, 
langage. Paris: Dunod, Bordas, 266 pp.

Brewer C.A., 1992, Review of color terms and simul-
taneous contrast research for cartography. “Carto-
graphica” Vol. 29, no. 3-4, pp. 20–30.

Castner H.W., 1979, Viewing time and experience as 
factors in map design research. “The Canadian 
Cartographer” Vol. 16, no. 2, pp.145–158. 

Castner H.W., 1983, Research questions and carto-
graphic design. In: Graphic communication and de-
sign in contemporary cartography, ed. D.R.F. Taylor, 
chapt. 5, pp. 87–113, London: Wiley.

Castner H.W., Eastman J.R., 1984, Eye movement 
parameters and perceived map complexity – I. “The 
American Cartographer” Vol. 11, no. 1, pp. 107–117.

Castner H.W., Eastman J.R., 1985, Eye movement 
parameters and perceived map complexity – II. “The 
American Cartographer” Vol. 12, no. 1, pp. 29–40.

Castner H.W., D.W. Lywood, 1978, Eye movement 
recording. Some approaches to the study of map 
perception. “The Canadian Cartographer” Vol. 15, 
no. 2, pp. 142–150. 

Chang K.T., 1977, Visual estimation of graduated 
circles. “The Canadian Cartographer” Vol. 14, no. 2, 
pp. 130–138. 

Cox C.W., 1973, Adaptation – level theory as an aid 
to the understanding of map perception. In: Pro-
ceedings of the American Congress on Surveying 
and Mapping, Washington, 33 Annual Meeting, 
pp. 334–359.

Cox C.W., 1976, Anchor effects and the estimation 
of graduated circles and squares. “The American 
Cartographer” Vol. 3, pp. 65–74. 

Crawford P.V., 1973. The perception of graduated 
squares as cartographic symbols. “The Cartogr. 
Journal” T. 10, pp. 85–88.

Czerny A.,1994, Cartographic model of reality. Struc-
tures and properties. “Geographical Studies”, 
Special Issue, No. 7, 76 pp. Polish Acadademy of 
Sciences, Wrocław: Ossolineum.

De Lucia A.A., 1976, How people read maps: some 
objective evidence. In: Proceedings of the Ameri-
can Congress on Surveying and Mapping, Wa-
shington, 36 Annual Meeting, pp. 135–144.

Dent B.D., 1975, Communication aspects of value-
-by-area cartograms. “The American Cartographer” 
Vol. 2, no. 2, pp. 154–168.

Dobson M.W., 1977, Eye movement parameters and 
map reading. “The American Cartographer” Vol. 4, 
no. 1, pp. 39–58.

Dobson M.W., 1979a, The influence of map informa-
tion on fixation localization. “The Amer. Cartogra-
pher” Vol. 6, no. 1, pp. 51–65.

Dobson M.W., 1979b, Visual information processing 
during cartographic communication. “The Cartogr. 
Journal” Vol. 16, no. 1, pp. 14–20. 

Dobson W.M., 1985, The future of perceptual car-
tography. “Cartographica” Vol. 22, no. 2,  
pp. 27–43.

Eastman J.R., 1985a, Cognitive model and cartogra-
phic design research. “The Cartogr. Journal” Vol. 22, 
pp. 95–101.



189Map perception: theories and research in the second half of the twentieth century

Eastman J.R., 1985b, Graphic organization and me-
mory structures for map learning. “Cartographica” 
Vol. 22, no. 21, pp. 1–20.

Eastman J.R., Castner H.W., 1983, The meaning of 
experience in task-specific map reading. In: Gra-
phic communication and design in contemporary 
cartography. Chichester: Wiley.

Eckert M., 1921, 1925, Die Kartenwissenschaft. Ber-
lin: Walter de Gruyter. B. I, 652 pp., B. II, 880 pp. 

Flannery J.J., 1971, The relative effectiveness of some 
common graduated point symbols in the presen-
tation of quantitative point data. “Canadian Carto-
grapher” Vol. 8, pp. 96–109.

Frączek I., 1983, Z problematyki eksperymentalnych 
badań diagramów. “Polski Przegląd Kartograficzny” 
T. 15, nr 3, pp. 113–125.

Gilmartin P.P., 1981, The interface of cognitive and 
psychophysical research in cartography. “Carto-
graphica” Vol. 18, no. 3, pp. 9–20.

Gilmartin P.P., 1986, Maps, mental imagery, and 
gender in recall of geographical information. “The 
American Cartogr.” Vol. 13, pp. 335–344.

Gilmartin P.P., Patton J.C., 1984, Comparing the 
sexes on spatial abilities: map-use skills. “Annals 
of the Association of American Geographers” T. 74, 
no. 4, pp. 605–619.

Grabowska A., Budohoska W., 1992, Procesy per-
cepcji. In: T. Tomaszewski (ed.) Psychologia ogólna. 
Warszawa: PWN.

Griffin T.L.C., 1983, Recoognition of areal units on 
topogram cartograms. “The American Cartogra-
pher” Vol. 10, no. 1, pp. 17–29.

Grohmann P., 1975, Alters und geschlechtspezifische 
Unterschiede in Einpragen und Wiedererkennen 
Kartographischer Figurensignaturen. “Forschungen 
zur theoretischen Kartographie“ B. 2, Wien.

Grygorenko W., 1982, Cybernetyczny model prze-
kazu kartograficznego. “Polski Przegląd Kartogra-
ficzny” T. 14, nr 2, pp. 67–78.

Head C.G. 1984, The map as natural language: a pa-
radigm for understanding. “Cartographica” Vol. 21, 
no. 1, pp. 1–32.

Jenks G.F., 1973, Visual integration in thematic map-
ping. “Intern. Yearb. of Cartogr.” Vol. 13, pp. 27–35.

Keates J.S., 1962, The perception of colour in carto-
graphy. In: Proceedings of Cartogr. Symposium, 
Edinbourgh.

Keates J.S., 1982, Understanding maps. London 
and New York: Longman Group Ltd., 139 pp.

Kimerling A.J., 1975, A cartographic study of equal 
value gray scales for use with screened gray 
areas. “The American Cartographer” Vol. 2, no. 2, 
pp. 119–127.

Kolačny A., 1969, Cartographic information – a fun-
damental concept and term in modern cartography. 
“The Cartogr. Journal” Vol. 6, no. 1, pp. 47–49.

Kolačny A., 1971, Informacja kartograficzna – podsta-
wowe pojęcie i termin w nowoczesnej kartografii. 

“Przegląd Zagranicznej Literatury Geograficznej” 
nr 1–2, pp. 84–91.

Lindsay P.H., Norman D.A., 1984, Procesy przetwa-
rzania informacji u człowieka. Warszawa: PWN.

Lutyj A.A., 1984, Jazyk karty. Moskva: Znanie.
Lloyd R., 1989, Cognitive maps: Encoding and de-

coding information. “Annals of the Association of 
American Geographers” Vol. 79, no. 1, pp. 101–124.

Lloyd R., 1997, Visual search process used in map 
reading. “Cartographica” Vol. 34, no. 1, pp. 11–32.

MacEachren A.M., 1982, Map complexity: compari-
son and measurement. “The American Cartogra-
pher” Vol. 9, no. 1, pp. 31–46.

MacEachren A.M., 1995, How maps work: Repre-
sentation, visualization and design. New York: 
Guilford.

MacEachren A.M., Taylor D.R.F., (eds.) 1994, Visuali-
sation in modern cartography. London: Pergamon.

Makowski A., 1967, Aesthetic and utilitarian aspects 
of colour in cartography. “Intern. Yearb. of Cartogr.” 
Vol. 7, pp. 62–87.

Materska M., Tyszka T. (eds), 1997, Psychologia i po-
znanie. Warszawa: PWN.

McNamara T.P., 1986, Mental representation of 
spatial relations. “Cognitive Psychology” Vol. 18, 
pp. 87–112.

McNamara T.P., 1992, Spatial representation. “Geo-
forum” Vol. 23, no. 2, pp. 139–150.

McNamara T.P., Timothy P., 1986, Mental represen-
tation of spatial relations. “Cognitive Psychology” 
Vol. 18, pp. 7–121.

Moles A., 1971, Teoria informacji a przekaz karto-
graficzny. “Przegląd Zagranicznej Literatury Geo-
graficznej” T. 11, nr 1, pp. 12–17.

Montello D.R., 2002, Cognitive map-design research 
in twentieth century: theoretical and empirical 
approaches. “Cartography and Geogr. Inform. 
Science” Vol. 29, no. 3, pp. 283–304.

Morrison J.L., 1981, Systematizing the role of “feed-
back” from the map percipient to the catographer 
in cartographic communication models. “Intern. 
Yearb. of Cartogr.” Vol. 21, pp.125–133.

Muehrcke P.C., 1978, Map use, reading, analysis 
and interpretation. Madison: JP Publ.

Najder K., 1997, Wprowadzenie do teorii pamięci. 
In: Psychologia i poznanie, M. Materska i T. Tyszka 
(eds.), Warszawa: PWN, pp. 129–163,

Navon D., 1977, Forest before trees: the precedence 
of global features in visual perception. “Cognitive 
Psychology” Vol. 9, pp. 353–383.

Olson J.M., 1975, Experience and the improvement 
of cartographic communication. “The Cartogr. 
Journal” Vol. 12, no. 2, pp. 94–108.

Olson J.M., 1976, A coordinated approach to map 
communication improvement. “The American Car-
tographer” Vol. 3, no. 2, pp. 151–159. 

Olson J.M., 1979, Cognitive cartographic experi-
mentation. “The Canadian Cartographer” Vol. 16, 
no. 1, pp. 34–44.



190 Wiesława Żyszkowska

Opach T., 2011, Zastosowanie okulografii w karto-
grafii. “Polski Przegląd Kartograficzny” T. 43, nr 2, 
pp. 155–169.

Ostrowski J., 1984, Podstawowe koncepcje teore-
tyczne i stanowiska metodologiczne we współcze-
snej kartografii. “Polski Przegląd Kartograficzny” 
T. 16, nr 4, pp. 157–172. 

Palmer S.E., 1977, Hierarchical structure in percep-
tual representation. “Cognitive Psychology” Vol. 9, 
pp. 441–474. 

Pasławski J., 1984, O głównych nurtach rozwoju 
kartografii. “Polski Przegląd Kartograficzny” T. 16, 
nr 2, pp. 57–65. 

Petchenik B.B., 1977, Cognition in cartography. 
“Cartographica” Monogr. no. 19, Suppl. no 1 to 
“The Canadian Cartographer” Vol. 14, pp. 117–128. 

Petchenik B.B., 1983, A mapmaker’s perspective on 
map design research 1950–1980. In: Graphic com-
munication and design in contemporary cartography. 
Ed. by D.R.F. Taylor, New York: Wiley & Sons, 
pp. 36–68.

Peterson M.P., 1987, The mental image in cartogra-
phic communication. “The Cartogr. Journal” Vol. 24, 
pp. 35–41.

Pietkiewicz S., 1930, O sposobach przedstawiania 
terenu na mapach. “Biblioteka Służby Geograficz-
nej” T. 5, Warszawa (reprint, UMK, Toruń, 1998).

Pravda J., 1977, Kartograficky jazyk. “Geodeticky 
a Kartograficky Obzor.” R. 23, č. 10, pp. 243–248.

Pravda J., 1987, Semiologicke, jazykove a logice 
aspekty mapy. “Geograficky Časopis” R. 39, nr 1, 
pp. 3–22.

Ratajski L., 1970, Kartologia. “Polski Przegląd Kar­
tograficzny” T. 2, nr 3, pp. 97–110.

Ratajski L., 1971, Zasady logiczno-semiotyczne 
uporządkowania i standaryzacji znaków kartogra-
ficznych. “Polski Przegląd Kartograficzny” T. 3, nr 3, 
pp. 106–116; nr 4, pp. 156–166. 

Ratajski L., 1976, Pewne aspekty gramatyki języka 
mapy. “Polski Przegląd Kartograficzny” T. 8, nr 2, 
pp. 49–61.

Ratajski L., 1977, Straty i zyski informacji w przeka-
zie kartograficznym. “Polski Przegląd Kartogra-
ficzny” T. 9, nr 3, pp. 97–104.

Ratajski L., 1978, Główne cechy przekazu kartogra-
ficznego jako część kartografii teoretycznej. “Polski 
Przegląd Kartograficzny” T. 10, nr 3, pp. 113–125.

Ratajski L., 1989, Metodyka kartografii społeczno-
-gospodarczej. Warszawa: PPWK.

Robinson A.H., 1952, The Look of Maps. Madison: 
The University of Wisconsin Press. 

Robinson A.H., 1967, Psychological aspects of colour 
in cartography. “Intern. Yearb. of Cartogr.” Vol. 7, 
pp. 50–61.

Robinson A.H., Petchenik B.B., 1976, The Nature of 
Maps: Essays toward Understanding Maps and 
Mapping. Chicago: University of Chicago Press.

Robinson A.H., Sale R.D., Morrison J.L., 1978, Ele-
ments of Cartography. Chicago: Wiley. 

Salistchev K.A., 1975, O kartografičeskom metode 
poznanija. “Vestnik Moskovskogo Universiteta” 
nr 1, pp. 3–10.

Salistchev K.A., 1982, Idei i teoretičeskie problemy 
v kartografii 80-ch godov. “Itogi Nuki i Techniki. 
Kartografija” T. 10, Moskva, 156 pp.

Sandford H.A., 1980, Directed and free search of the 
school atlas map. “The Cartogr. Journal” Vol. 17, 
no. 2, pp. 83–92.

Shortridge B.G., Welch R.B., 1980, Are we asking 
the right questions? “The Amer. Cartographer” 
Vol. 7, no. 1, pp.19–23.

Stevens S.S., 1957, On the psychophysical law. “The 
Psychological Review” Vol. 64, no. 3, pp. 153–181.

Stevens A., Coupe P., 1978, Distortions in judged 
spatial relations. “Cognitive Psychology” Vol. 10, 
pp. 422–437.

Thorndyke P., Hayes-Roth B., 1982, Differences in 
spatial knowledge acquired from maps and navi-
gation. “Cognitive Psychology” Vol. 14, pp. 560–589.

Tversky B., 1981, Distortion in memory for maps. 
“Cognitive Psychology” Vol. 13, pp. 407–433. 

Tversky B., 1992, Distortion in cognitive maps. 
“Geoforum” Vol. 23, no. 2, pp. 131–138.

Vanecek E., 1980, Experimententale Beitrage zur 
Wahrnehmbarkeit kartographischer Signaturen. 
“Forschungen zur Theoretischen Kartographie“ 
B. 6, Wien. 

Williams R.L., 1956, Statistical symbols for maps: 
their design and relative values. ONR Report, 
Map Laboratory, Yale University, New Haven. 

Williams R.L., 1958, Map symbols: equal-appearing 
intervals for printed screens. “Annals of the Asso-
ciation of American Geographers” Vol. 48, no. 2, 
pp. 132–139.

Woodworth R.S., Schlosberg H., 1963, Psychologia 
eksperymentalna. Warszawa: PWN, t. I, 749 pp., 
t. II, 586 pp. 

Wood M., 1972, Visual perception and map design. 
“The Cartogr. Journal” Vol. 9, no. 2, pp. 123–132. 

Żyszkowska W., 1993, Złożoność jako właściwość 
obrazu kartograficznego i jej wpływ na odbiór mapy. 
“Polski Przegl. Kartogr.” T. 25, nr 3, pp. 116–125.

Żyszkowska W., 1996, Mapy mentalne Polski 
uczniów klas licealnych. “Polski Przegląd Kartogr-
ficzny” T. 27, nr 1, pp. 9–29.

Żyszkowska W., 1998, Some cognitive aspects of 
map perception with regard to gender-based diffe-
rences. In: The Joint Seminar on Maps for Special 
Users, Wrocław: Akademia Rolnicza, pp. 167–176.

Żyszkowska W., 1999, Cognitive aspects of map 
perception and factors causing differences be-
tween individuals. “The Polish Cartography” War-
szawa: Head Office of Geodesy and Cartography, 
pp. 72–82.

http://www.maneyonline.com/action/doSearch?ContribStored=Wood%2C+M

