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I ntroduction

Undoubtedly cartography has a long tradition to Isgtzation. However, before Bertin
formulated Image Theory [1] and introduced systéngiiidelines for symbolization,
cartographers were largely based on conventioneapdrience. Bertin proposed seven
visual variables as the building blocks of the dmyuage and syntactic rules to match
the variables to characteristics of the data toelpeesented. The influence of his theory
has been considerable and his framework has beaptead and extended by the
cartographers. But, Bertin based his theory sotglyhis introspection and made no
attempt to provide any empirical data support,coground his theory on perceptual or
physiological research. He placed the control aqplamation for behavior in the image
and overlooked the viewer. In contrast, psycholagd physiology can explain
perception by process within the viewer.

The target of the present study is the examinatibthe map user’s response to the
visual variables introduced by Bertin and adoptgdhle cartographers.

Theoretical background of the study

Bertin’s image theory serves as a medium that des/a bridge between cartographic
symbolization research and research in psychophiypgychology and vision. Bertin
[1] defined two classes of variables: planar vdeal(position in the plane - X, Y
location) and retinal variables (shape, orientatioolor hue, texture, color value and
size). He used the term “retinal” based on an aptomthat humans have automatic,
preconceptual reactions to these variables atethe bf retinal processing. According
to Bertin shape, orientation and hue are assoeiatisual variables. Variations within
each of these variables can be ignored, allowiegsgmbols using that visual variable
to immediately form a group. Hue, texture, valud aize are selective variables. The
eye can isolate all the symbols of this categorsredard the others and immediately
perceive the image formed by the given categoryu&and size are ordered variables
that lead to preattentive appreciation of undedyonder. Size is quantitave variable that
gives preattentive cues to the numerical ratiovad signs, which differ along the
variable. The terms “preattentive”, “immediate”, régonceptual” and “automatic”
emphasize the necessity of designing displays sab tie viewer can effortlessly
perceive the fundamental visual elements. Themtistin between immediate and sign



by sign perception proposed by Bertin is analogoube dichotomy of preattentive and
attentive perception defined by psychology andovisesearchers.

Researches in psychology and vision, working tdargow the human visual system
analyses images, can provide explanations for naspgcts of Bertin's theory. There
are several theories, which attempt to explain sdiyne searches are preattentative and
others require focal attention like Triesman’s Beatintegration Theory [2], Julesz’s
Texton Theory [3] Duncan and Humphreys’'s Similaritheory [4], and Wolfe's
Guided Search Theory [5]. A literature review rdedahat only for a small number of
attributes there is consensus that they are pre@efeatures or basic features [6].
There are converging data for color, orientatiod aize, which support that they are
undoubted basic features. Shape, line terminatodosure, topological status and
curvature can be considered probable basic features

Marr [7] in his Computational Theory of Vision detened attributes of shape, which
are basic to form representations at differentestayf processing. If Marr’'s assumptions
about shape and mental representations are cotinegt,can be applying in creating
map symbols.

MacEachren [8] analyzed cartographic researchassiiog on the perceptual properties
of visual variables and concluded that further gtisdneeded. More recent studies [9,
10] in cartography were based on the above-mertidgheories of psychology and

vision but they used very simple backgrounds oryv@mple maps, which did not

correspond to the usual complexity of maps.

Description of tests

A series of tests have been conducted focusinghenekamination of the level of

perceptual organization supported by four basinalisariables applied in cartographic

symbolization: shape, hue, value and size. Spatlifithe followings are examined:

e The selectivity of shape (not selective accordmg@eértin) in relation to the degree
of abstractness of cartographic symbols.

e The selectivity of hue (selective according to Bgrith cartographic symbols of
different hues.

e The selectivity of value (selective according tortBg in relation to laws of
gradation.

e The selectivity of value in relation to number at@gories or length.

e The ordered and ratio levels of organization oé<iatio according to Bertin) and
value (ordered according to Bertin).

“Selectivity of shape” test

The test examines:
e Whether shape can be selective and symbols carogofstom, or be grouped
with, symbols of the same complexity.
e Whether the complexity of symbols affects the degreselectivity.



Pictures with six abstract, six composite and sistopial symbols were designed
(Figure 1). Each picture was displayed for a speriod of time (7 sec) and then, the
participant of the test was asked to recall thgpebdne/she saw.

= o & = | * + L 2 & 4 P 4 f & 2

E & A @ = A ¥ & * ¥ = XY ¥ = ® o o

I A = A & a 1 + a2 |} 1 ¥ = A ¥ e ® @ @

A B A @& 4 A & A 4 & g # Y’ ﬁ‘ Y’ -

Figure 1. Segments of pictures with abstract / composite /Figure 2. Segment of
pictorial symbols picture colorful symbols

The mean number of symbols recalled was: 4.20+fhd abstract symbols, 2.87+1.11
for composite symbols and 3.67+1.18 for pictorighbols. Circle and triangle were the
most recalled and hexagon and rectangular the teaatled abstract symbols. Cross
and star were the most recalled and ship and hellgast recalled composite symbols.
Man and tree were the most recalled and tower &l the least recalled pictorial

symbols

“Selectivity of hue” test

The test examines:
e The relative selectivity of specific hues: red,lgel, green, blue, magenta and
orange.
¢ Whether the hue of the background affects seldégtiochre, green and grey

Three pictures with background of different hue avith six symbols of different hue were
composed (Figure 2). Each picture was displayea f&nort period of time (7 sec) and then, the
participant of the test was asked to recall thesthe#she saw. Hues that are perceived as basic
by the human visual system according to Hering theced, yellow, green and blue were
recalled statistically significant more times thamagenta and orange. The hue of the
background affected the results.

“Selectivity of value-saturation in relation withaws of gradation” test

The test examines:
e How the two color dimensions, value and saturateam be used to symbolize
information in digital, choropleth maps.
e The effectiveness of the laws (linear and expoaéntised for the gradual
variation in value and saturation.
e The influence of hue and map complexity in map ggtion.

Choropleth maps were composed with three and fiasses of data (Figure 3). The
gradual variation in value and saturation was basedinear and exponential laws.
Maps of blue, red, green and brown color were uskd.participants of the test, having
the map on a display, had to fill a questionnalitee questions asked for comparison of
the density of two polygons, determination of tleasity of a polygon, determination of
a polygon with a given density. The performanceextracting information from the
maps was higher when the gradual variation in valu@ saturation was based on the



exponential law rather than the linear law. When ¢lkponential law was applied, the
performance was higher on maps with three claskéata rather than on maps with
five classes. There was no significant differenomag the maps of different colour.

“Selectivity of value in relation to number of cageries or length” test

The test examines:
e The number of values perceived by the human opsigsiem for specific hues
along their gradual variation from white to fullgtarated color
e The impact of the background hue (white-black)
e The impact of the law (linear-nonlinear) used fbe implementation of the
value variation.

The test was performed on a 17inches CRT scredlizing application software
specially developed to support it in ARC/INFO (ARCPT) environment. For all the
“hue-background-law of variation” combinations, éméndent pictures were produced
(Figure 4) and the subjects were asked to allofateng a crosshair) the estimated
points of value change, along the correspondingimeous color ramp.
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Figure 3. Choropleth map Figure 4. A picture with variation in value

The data selected reveal that the number of pexdeiariations of value depends on the
hue, the background hue, as well as the law ofatian. The bandwidth of the fully
saturated color is much wider than the one of thé#encolor. The high value (intense)
hues (yellow, cyan) have the smallest number oénlagions

“Ordered and ratio levels of organization of siaed value” tests

Two tests conducted in order to examine:

e Whether the visual variables of hue and shape adivate schemata of
classification of data to map users with no systemaducation on map
syntactics.

e Whether the visual variables of size and valueamivate schemata of ordering
of data to the same map users.

At the first test, pupils (aged six to nine) of first to third grade of elementary school,
and at the second test, students (aged 14-15 ah8)1af third grade of high school and
lyceum, were asked to participate at the compasitibthematic maps at the stage of
symbolization. At the first test, participants hadoortray themes with data of nominal
and ordinal scale of measurement using point sysplvdhereas at the second test, data
of nominal, ordinal and ratio scale. The first tesis conducted with maps on a display
(Figure 5) whereas the second test, with paper rffagsre 6).
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Figure 5. Maps on a display Figure 6. Paper map

The majority of the pupils of the first to thirdagte of elementary school could apply
hue and especially pictorial shape to portray naindata. Almost 50% of the pupils

could apply size and value for ordinal data. Theomitg of the students (aprox. 60%) of

the high school and lyceum could portray ordinal eatio data. In both tests, size was
applied more appropriate than value for quantityada

Conclusions

The dichotomy of the visual response to a visuakWte (for example selective/not
selective, ordered/not ordered) is strict. Thestesveal that between the two ends
there is a continuum.

Indications came out supporting that aspects opelan enhance selectivity of
point symbols. Such aspects are: the complexitthefoutline of the symbol, the
number of vertexes, the relative dimensions (higithvrelation), the amorphous
surface and its area and the spatial frequencyhwisicrelated to the degree of
abstractness of symbols.

Recall of abstract and pictorial symbols is eatian of composite symbols.
Indications came out supporting that different hcees be characterized by different
degrees of selectivity. Red, green, yellow and ymbols detected more times
among symbols/distractors of different hues thanksyls of not basic colors (come
from the addition of colors). When the compositéocalid not have a unique
component (a hue that does not exist in the otyiabels), its detection was even
more difficult.

The gradation law of value-saturation affects tke&ieval of information from
choropleth map. The application of the exponemgiatiation law to differentiate the
classes of data of the choropleth map enhancedftbetiveness of the retrieval of
information comparing to the application of linggadation law. Perception of the
differences of value was more effective on chorbplmaps with less number of
data classes.

Hue and shape can activate schemata of classicat map users with no
systematic cartographic education and size anddsesar extent value, schemata of
ordering.

Suggestionsfor future study

The data from the tests conducted in the framewbtke present study, as well as
the data from psychology and vision research supgperview that the perceptual



properties of visual variables must be approachwdas dichotomies, for example
selective / not selective but as continuum betw#entwo ends. This approach
expands the field of research concerning the pt@seof visual variables for
cartographers.

e Shape is the most important visual variable fotagaaphic symbolization. As it
comes out from the analysis of psychology and wisieories and research as well
as of Marr’s theory of vision, the determinationtbé attributes of shape that are
basic features, “pop out” and can be detected inatedg, is very difficult.
However, there are a lot of convincing data thaheattributes, like terminations,
topology, and size, can be basic features. Theepties of these attributes could be
tested and exploited with tasks on map symbols.

e More generally, from the point of view of cartoghgp the findings of psychology
and vision research must be examined with real naaplswith real cartographic
tasks. The typical map is a complex display, veffgent from the simple displays
used by psychologists.

e Bertin has determined seven visual variables butBdahren has determined twelve
by adding crispness, resolution, transparency,rcséburation, and arrangement.
The perceptual properties of these variables habe examined.

References

1. Bertin, J.C..Semiology of Graphics: Diagrams Networks Maps. The
University of Wisconsin Press, 1983, (French Editl®67).

2. Treisman, A., and Gelade, G.Q: “A feature-integnatiheory of attention”,
Cognitive Psychology, 12, 97-136, 1980.

3. Julesz, B.: “Textons, the elements of texture gatroa, and their
interactions”Nature, 290, 91-97, 1981.

4. Duncan, J., and Humphreys, G.W.: “Visual searchsaimdulus similarity”,
Psychological Review, 96, 433-458, 1989

5. Wolfe, J.M.: “Guided search 2.0: A revised modeVisual search”,
Psychonomic Bulletin and Review, 1(2), 202-238, 1994.

6. Wolfe, J.M., and Horowitz, T.S.: “ What attributgside the deployment of
visual attention and how do they do itRlgture Reviews, Neuroscience, 5,
1-7, 2004.

7. Marr, D.:Vision: A Computational Investigation into the Human
Representation and Processing of Visual Information, San Francisco, W.H.
Freeman, 1982.

8. MacEachren, A.M.: How Maps Work: Visualization,fResentation and
Design. New York, The Guilidford Press.

9. Lloyd, R.: “Visual search processes used in maginggd, Cartographica,
34(1), 11-32, 1997.

10.Nelson, E.S., Dow, D., Lukinbeal, C, and Farley,“Risual search
processes and the multivariate point symbG#rtographica, 34(4), 19-33,
1997.



