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places on campus, knowledge presumably acquired 
from direct experience (see also Presson, DeLange, and 
Hazelrigg 1989). However, subsequent research by oth-
ers questioned the meaning of the proposed difference 
between map-acquired and directly acquired knowledge 
and whether surrounds are even stored in memory in 
an orientation-fl exible manner at all (Roskos-Ewoldsen 
et al. 1998).

Psychologists came to the study of perceptual and 
cognitive cartography later in the twentieth century 
than did cartographers. (Educational psychologists were 
an exception.) However, perceptual and cognitive map 
research by psychologists was a busy enterprise in the 
last two decades of the century, and it actively continued 
in the early twenty-fi rst century, when ongoing research 
examined a wide spectrum of maps and newer forms 
of geographic symbol systems and technologies, includ-
ing animations, multiscale displays, sonifi cations, virtual 
and augmented environments, and more. Psychologists 
and others continued to apply a variety of methods to 
study maps, including analyses of errors in spatial judg-
ments, response times, verbal protocols, and eye move-
ments. The advent of new brain imaging techniques in 
the late twentieth century, notably functional magnetic 
resonance imaging (fMRI), fostered innovative studies 
of the neuroscience of map perception and cognition in 
the early twenty-fi rst century.

Daniel R. Montello

See also: Academic Paradigms in Cartography; Color and Car-
tography
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Psychophysics. Perceptual and cognitive cartography is 
an approach to cartographic research and design that 
emerged during the twentieth century. This approach 
recognizes that maps provide symbolic representations 
to people, offering perspectives on the world that must 
be interpreted by human minds; maps do not simply 
present the world to people directly and transparently. 
Thus, perceptual and cognitive cartographers realize 
that the content of maps—the information they poten-
tially provide to map viewers—depends not just on the 
graphical marks placed on the page or computer screen 
but also on the perceptual and cognitive processes of the 
viewer.

One of the earliest systematic expressions of the per-
ceptual and cognitive approach to cartography was the 
application of psychophysics in map design research. 
Psychophysics is a subdiscipline of experimental psy-
chology that studies the relationship of variation in a 
physical stimulus dimension, such as the amount of en-
ergy emitted by a light source or the concentration of 
sugar in a solution, to variation in a person’s subjec-
tive responses to that stimulus, such as perceived bright-
ness or sweetness (Boring 1942). The logic of applying 
psycho physics to map design, particularly the design of 
thematic maps, was straightforward and sensible in in-
tent. For example, proportional-area symbols represent 
the values of a quantitative variable (e.g., graduated cir-
cles for population size), according to variations in their 
graphical area. In order to decode such symbols, map 
viewers must perceive the area of the symbol and then 
relate this to the corresponding value of the variable be-
ing mapped. It is clear that the map viewer will interpret 
the symbol according to its perceived or apparent size, 
not its actual size. If the perceived area of the symbol 
differs much from its actual area, and if it does so in a 
suffi ciently consistent way across time and viewers, then 
it makes sense to determine the relationship of perceived 
area to actual area and use this relationship to design 
the symbols.

The development of psychophysics played a funda-
mental role in the emergence of psychology as a separate 
scientifi c discipline in the nineteenth century. The year 
1879, when Wilhelm Max Wundt opened his psychol-
ogy lab in Leipzig, Germany, is conventionally identifi ed 
as its start. Along with Ernst Heinrich Weber and Gustav 
Theodor Fechner, Wundt was a pioneer in the study of 
psychophysics. These researchers worked on problems 
including identifying the absolute and difference thresh-
olds for various stimulus continua, such as the bright-
ness of lights or the volume of sounds. The absolute 
threshold is the weakest stimulus intensity that can be 
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discriminated from no stimulus; the difference threshold 
is the weakest increment in stimulus intensity that can 
be discriminated as an increment. Based on many stud-
ies, Weber derived a law (a mathematical equation) that 
related subjective to objective stimulus magnitude as a 
logarithmic relationship.

In the mid-twentieth century, the American psycholo-
gist S. S. Stevens developed and popularized a slightly 
different mathematical relationship for subjective and 
objective stimulus magnitude known as the Power Law 
(Stevens 1957). The Power Law says that the subjective 
magnitude of a stimulus equals its actual magnitude 
raised to the power of an exponent and multiplied by a 
scaling constant. Such power equations have been em-
pirically derived for a wide range of stimulus types in all 
of the sensory modalities. Scientifi c interest has typically 
focused on the size of the exponent, which indicates a 
linear relationship when it equals 1.0, an accelerating 
positive relationship (perceived stimulus magnitude 
grows more quickly than actual magnitude) when it is 
greater than 1.0, and a decelerating positive relationship 
(perceived stimulus magnitude grows more slowly than 
actual magnitude) when it is positive but less than 1.0.

Perhaps the fi rst explicit call to apply psychophysics 
to the study of cartographic symbolization came from 
the German cartographer Max Eckert. He presented 
ideas about the importance of cartographic perception 
to the development of cartography as a science most 
prominently in his two-volume Die Kartenwissenschaft 
(1921–25). In this book, Eckert advocated the applica-
tion of psychological research to cartography, although 
he did not describe in detail how this should be done, 
nor did he present any studies of this kind with maps.

Eckert’s call for applying psychophysical research to 
map symbols was picked up and promoted by the Amer-
ican cartographer Arthur H. Robinson, long-time pro-
fessor at the University of Wisconsin. In 1952, Robinson 
published a slim book titled The Look of Maps, which 
was based on his 1947 dissertation at Ohio State Uni-
versity. This book has been widely recognized as seminal 
in cartography, especially in the area of map design re-
search. In The Look of Maps, Robinson cited research 
by both Weber and Fechner, along with more specifi c 
experimental and marketing psychology from the early 
twentieth century on the perception of lettering, color, 
and graphical structure. He also cited Eckert, describ-
ing him as the only person to examine exhaustively the 
bases of cartographic method. Robinson called for car-
tographic researchers to systematically observe and mea-
sure—collect data on—how people look at and interpret 
maps. This call led to, among other things, the applica-
tion of psychophysical methods to map design research.

Most of the earliest empirical map design research 
was on the psychophysics of area perception in pro-

fig. 665. GRADUATED CIRCLES SCALED ACCORDING 
TO ACTUAL AREA AND TO APPARENT AREA.
Size of the original: 12 × 15.8 cm. From Flannery 1956, 136 
(fi g. 20).

portional-area symbols, especially graduated circles but 
also squares, triangles, and other symbols, including 
three-dimensional symbols. Among the fi rst examples 
of psychophysical research applied specifi cally in a car-
tographic context was reported by Robinson’s student 
at Wisconsin, James John Flannery, whose dissertation 
(Flannery 1956) derived a formula to describe the psy-
chophysical function for the area of graduated circles 
(fi g. 665). Based primarily on magnitude-estimation 
tests given to over 1,000 human subjects (students at 
various colleges), Flannery’s work took the median of 
the results from several parts of the data and offered the 
following formula as his best estimate of the relation-
ship of apparent circular area Yc to actual area X, raised 
to the power of an exponent and multiplied by a scaling 
constant (p. 112):

Yc = 0.98365 X0.8747.

About the same time Flannery conducted his studies, 
Robert L. Williams was conducting similar experiments 
for the U.S. Offi ce of Naval Research (Williams 1956). 
Williams’s work, which in 1957 became his disserta-
tion at Harvard in the Division of Geological Sciences 
under Erwin Raisz (Geography no longer formally ex-
isted at Harvard), compared fi lled, outlined, and colored 
squares, triangles, and stars as well as circles. It also 
included an early study of gray tone scale perception 
and observations on the perception of volumetric sym-
bols—spheres and cubes. Averaging the results of several 
tasks in which viewers matched symbols according to 
their apparent size, Williams produced tables of visually 
equivalent symbols (fi g. 666). He also derived a power 
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individual variation in their data but managed to offer 
single exponents to describe the relationship of appar-
ent to actual circular area by using an average value of 
some type.

A frequent criticism of psychophysics was that it kept 
researchers from considering the active thinking mind of 
the map user (e.g., Petchenik 1975), supposedly because 
it was part of the paradigm of behaviorism in psychol-
ogy. Although psychophysics predated behaviorism, and 
was not particularly closely related to it, there was some 
validity to criticizing psychophysics for focusing so 
much on low-level map tasks like feature detection and 
size perception. In response to some of these critiques, 
researchers in the 1970s and 1980s began to focus 
more on higher-level cognitive tasks, like reasoning and 
inference making; these tasks required a more holistic 
consideration of relations on maps, not just of isolated 
symbols. It should be remembered, though, that while 
a focus on the perception of isolated symbols certainly 
characterized psychophysical studies, this does not war-
rant their complete dismissal insofar as such low-level 
tasks are an essential precondition for seeing anything 
on a map.

Although psychophysical research in cartography de-
served some of the criticism directed at it, its pursuit 
clearly led to theoretical and practical advances in cartog-
raphy. For example, perceptual scaling of proportional-
area symbols has been shown to work (McCleary 1975, 
243), and it has been implemented in the ESRI (Environ-
mental Systems Research Institute) GIS (geographic in-
formation system) software ARC/INFO under the label 
Flannery scaling. As another example, Williams (1956) 
and others showed conclusively that three- dimensional 
volumetric symbols do not work; map viewers see 
spheres as nearly equivalent to circles of the same ra-
dius. The logic of such proportional-volume symbols as-
sumes that viewers equate values of thematic variables 
with perceived volume, rather than perceived area, but 
this assumption does not hold. Thus, psychophysical re-
search effectively put a stop to the application of what 
seemed like a clever idea that would have been quite 
ineffective in practice. Research on color is another suc-
cess story for psychophysical research. The color scheme 
developed and tested by Judy M. Olson and Cynthia A. 
Brewer (1997) for the color vision impaired has been 
used by the U.S. Center for Disease Control in its Atlas 
of United States Mortality and has been widely applied 
elsewhere.

Daniel R. Montello

See also: Academic Paradigms in Cartography; Robinson, Arthur 
H(oward); Visualization and Maps

Bibliography:
Boring, Edwin Garrigues. 1942. Sensation and Perception in the His-

tory of Experimental Psychology. New York: D. Appleton-Century.

fig. 666. SYMBOLS FOUND BY WILLIAMS TO BE VISU-
ALLY EQUIVALENT IN SIZE.
Size of the original: 11 × 13.2 cm. From Williams 1956, 38 
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function for symbol size with an average exponent of 
0.813. (Williams prudently rounded the exponent to a 
correction factor of 0.8 [p. 74], in contrast to the spuri-
ous precision of Flannery’s 0.8747.) This exponent was 
a little smaller than that reported by Flannery, who com-
mented on Williams’s result in his dissertation (p. 134). 
Flannery was uncertain what the difference in the expo-
nents meant, but he thought that it must have been due 
in part to the greater variety of stimuli Williams used.

During the next twenty-fi ve years, many additional 
studies were done on the psychophysics of graduated 
circles and other proportional-area symbols and on such 
qualities of cartographic symbols as lightness (value), 
hue, and dot density (e.g., Castner 1983, 92–98; Ek-
man, Lindman, and William-Olsson 1963; Kimerling 
1989, 692–94; McCleary 1975). However, the value 
and meaning of psychophysical research in cartography 
was questioned during the 1970s and 1980s, along with 
other perceptual and cognitive map design research. Al-
though graduated circles, in particular, were examined 
in study after study—Kimerling (1989, 692) referred to 
them as “the ‘white rat’ of perceptual research”—some 
writers claimed that work on the Power Law did not 
add up to conclusions that were very useful to mapmak-
ers. A variety of diffi culties were noted with the results 
of psychophysical studies in cartography. The value of 
the exponent seemed inconsistent and context depen-
dent. Changing the nature of the map task or the precise 
design of the test materials often led to variability in the 
results. Even instructing study participants to estimate 
apparent size instead of actual size affected the expo-
nent. Other problems included the existence of individ-
ual differences—different map viewers produce different 
exponents. Flannery and Williams both recognized the 
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Permanent Committee on Geographical Names 
 (U.K.). Geographic (or geographical) names, otherwise 
known as toponyms, are essentially labels that distin-
guish one part of the earth’s surface from another. As 
such they must be considered with great care. Because 
they refl ect the human imprint on the global landscape, 
geographic names provide important information con-
cerning politics and culture. They have long been vital 
for navigation, communications, trade, census and sta-
tistics purposes, planning, the environment, tourism, 
and a host of other factors necessary for the success-
ful functioning of daily life. In particular, geographic 
names form a uniquely important part of any map or 
chart—the part with the most immediately accessible 
information.

The need to consider the importance of geographic 
names and avoid the application on offi cial products of 
carelessly discrepant names and spellings was identifi ed 
by the British Admiralty as an absolute necessity dur-
ing World War I. Operations during those hostilities had 

demonstrated to the British government the dangers in-
volved in using products with discrepant names. As soon 
as the war ended the Admiralty led an initiative within 
the British government to form a committee specifi cally 
designed to resolve such matters. That initiative led to 
the establishment in 1919 of the Permanent Committee 
on Geographical Names (PCGN). The Royal Geograph-
ical Society was deemed the natural home for the new 
committee. Thus the PCGN began life as a committee of 
that Society, housed in the Society’s building and staffed 
by its personnel, principally Arthur R. Hinks, then sec-
retary of the Society (fi g. 667).

Within a short amount of time the volume of work 
confronting the committee became too great for the 
Royal Geographical Society’s staff to handle on top of 
their normal duties, and the committee assumed its own 
independence, though the Society continued to supply 
the administration for two more decades. Hinks stepped 
down in favor of the fi rst independently recruited secre-
tary of the PCGN, John H. Reynolds, who assumed the 
post in 1924. Reynolds was succeeded in 1936 by Mar-
cel Aurousseau, who oversaw a substantial if temporary 
increase in staff during World War II, when the PCGN 
was very active in producing gazetteers of areas of op-
erational interest such as Greece (PCGN 1942).

That wartime experience suggested that the adminis-
tration of the committee ought to be a matter for gov-
ernment rather than the Royal Geographical Society, and 
in 1949 the Admiralty assumed administrative respon-
sibility for the PCGN. That arrangement continued un-
til 1964, when a widespread reorganization of the civil 
service in the United Kingdom saw responsibility for the 
committee pass to the Ministry of Defence and the For-
eign and Commonwealth Offi ce, both new creations re-
sulting from a major rationalization and amalgamation 
of previously existing government departments. Those 
two weighty ministries jointly fi nanced the committee, 
the Ministry of Defence providing two thirds of the 
committee’s annual budget and the Foreign and Com-
monwealth Offi ce providing one third.

Despite the changing administrative and fi nancial cir-
cumstances of the PCGN over the years, three essential 
defi ning characteristics endured: the interdepartmental 
nature of the committee, under independent chairman-
ship; its housing within the Royal Geographical Society, 
to serve the government’s interdepartmental interests 
without partiality; and the independent recruitment of 
the committee’s own dedicated specialist staff.

The 1940s and 1950s saw work on several glossaries 
of geographic terms in foreign languages such as Turkish 
(PCGN 1945) and further gazetteers exemplifi ed by that 
for Czechoslovakia (PCGN 1958). The same decades 
saw a revised reprint of the well-received Alphabets 
of Foreign Languages (Gleichen and Reynolds 1956). 




