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Abstract. This paper investigates the efficiency of typographic design using
Bertin’s variables, both individually and combined. A user study was con-
ducted in which two types of map users had to perform a search task. The
first group consists out of participants who have been trained in cartog-
raphy and who use maps on a daily basis. The second group of users are
novices who have not got any previous education in cartography. Users’
efficiency was calculated by measuring the consumed time to find the target
label. The obtained data was analyzed statistically to compare the efficiency
of users’ performance regarding the applicability of visual variables on la-
bels. Using ANOVA showed some significant differences between users’
group and within users’ groups (P<0.05).
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1. Introduction

One significant map design challenges is setting the typographic symbols
which involve choosing the appropriate visual properties for text on the
map including text shape, size, colour, value, texture, and orientation. The
nature of the cartographic text implies some design needs in the one hand
and on the other hand, map use defines the way in which user appreciate
map design. Bertin’s visual variables are applied on text individually or
combined to serve the functionality of both the cartographic text and its
function (Deeb et al., 2012). Visualization is the process in which a quanti-
tative and qualitative data is processed and transferred into visual represen-
tation. The geospatial databases have meaningful and useful names that can
assist data set access and analysis (MacEachern and Kraak, 2001). Fair-



bairn (1993) defined fifteen classes of cartographic text functions which
increase the implemented geospatial dataset. The proper association be-
tween the function of the visualized object and its label design improve map
reading and enhance the way users interpret the map. Visual variables are
translated into text symbolization to serve the functionality of labels. In
addition to that, the harmony between the text design and the visualized
features contribute to map perception effectively. This connection to other
features makes it so critical to the perception process which in turn ad-
dresses some textual design issues such as legibility, feature hierarchy and
categorization, and harmony.

To communicate with his audience, the cartographer employs images and
words, typically in contribution. Whether the text on the map was toponym-
ic or non-toponymic, the Typographic design shall be compatible with the
map design to serve the function of the cartographic text (Fairbarin 1993).
This paper provides an empirical evidence of the efficiency (response time
measurement) of the visual variable applications on the cartographic text
expressed in Table 1. Due to the fact that user characteristics should be cap-
tured and taken into account during the design (Nielsen 1993, Rubin and
Chisnell 2008, Haklay and Nivala 2010), the study has both a between- and
within-user design. The efficiency of different label designs was tested con-
sidering different user characteristics (gender and expertise). The design of
the user study is described in detail in the next sections.

Variable Examples

Cartography Cartography Cartography
Size Cartography Cartography Ca l‘t(}gl‘ﬂ ph}
Value Cartography Cartography
Texture Cartography Cartography Cartography

within a word

Texture | CARTOGRAPHY | CARTOGRAPHY | GarToerapHy

in a group Cartography Cartography Cartography

of words carto graphy c’ﬂ/‘t‘{’jﬁﬂ,ﬂﬁ[y Cal‘tography
Colour Cartography(red) Cartography(blue)
Orientation Cartography Cartography carmgraphy
Shape Cartography Cartography Cartography

Table 1. The application of visual variables on the cartographic text.




2. Method

Because of the special nature of the cartographic text, four of visual varia-
bles were implemented in the study. Size measured in points and boldness,
shape represented by fonts, orientation of the whole label, and finally the
texture of the words employed in the hierarchal function of the cartographic
text. These variables were all implemented individually or combined in the
cartographic text design.

2.1. Experiment

2.1.1. Participants

In total, 50 participants followed the test, 25 were expert and 25 novice. Out
of the 50 participants, 25 were female and 25 male. The novice participants
have no previous training in cartography, while experts work on a daily ba-
sis with maps and have at least a master’s degree in geography. Of the 25
experts, 13 were female and 12 male. And of the 25 novices, 12 were female
and 13 males. The average Age of the expert group is 29.59 years and the
novice group is 16.4 years.

2.1.2. Stimuli

The visual variables of size, shape, orientation and texture ware applied
individually or combined to serve some of label functions (Bertin 1967).
Both point and areal data were involved in the labels’ design. The first sec-
tion of the maps depicts features associated with point data and their labels.
Urban and rural features at the scale of 1:100 000 were presented as back-
ground of the labels. The second section of the maps depicts features asso-
ciated with areal data and their labels, where neutral maps with blank back-
ground were used. An example of both designs is illustrated in Figure 1.
Fictive labels were used to assure that participants would not recognize the
location and the targets and thus the biases regarding earlier knowledge is
controlled.

A trail of forty maps was presented to the interviewee on an online ques-
tionnaire. Two examples of the stimuli are displayed in Figure 1. A target
label above each map is displayed.The target label is designed with a neu-
tral font (OCR A Extended) and the upper case is used for the first letter
only. The length of the target labels is either 6 or 7 letters. Names are care-
fully chosen taking into account the cap height, the X-height and including
loops and ascenders in each name. The location of the target label within
the maps is considerably chosen avoiding the centre of the map. For Com-
parison purposes (when studying cartographic text hierarchy), similar la-



bels were never asked more than twice in the map sequence provided long
separations to control visuospatial working memory (Manginelli et al.,
2012). Considering the variability of search strategies between users as
Lleras and Muhlenen (2003) concluded and Arani et al (1984) modeled;
some users followed systematic approaches and others followed intuitive
approaches; target labels were distributed equally on all direction and cov-
ered the four corners (see Figure 2).

Lighmen

P ".S\WMADUMBA ;
e T AT .

_ - TIPPERY:

T FAMDEN

. MARIETTA®

DANFIRE

-4 AZMEER. RAMEEN

EENFIELD ¢ oo ff Yoo
) (o

a
Pialba
Tiree deemstone ﬁw.,y charote ) o5, arenvill
) “r
12 couyave
%, a0? P,
pe ,?q, 'bz.&w aou\a\‘“ oy
S % % 2
2 %"‘e N % %
% 2 i 5
5:5 m % theebine 3 pialba - ﬁ% e
$ ani"gida elliotheads 8
<. Mgy, £}
oy | B .
wa,' 4% murrumujuk cootharaba i e
U
unna 2 (& landsbrough
ha  wond brusted ) ey, gl
columbous
Q
) .
gunkla < % Py 2. innespark
3 % %
2 b3 azmeer 26 %
s millner %
E’% corella ociame marshall
g B
Q
F % .‘g 2 @ § aroona
£ a 3 5 moffat -1
5 poona /£ \ X/ § | 2 9
bankeel H g 5 2 o %
2 troup

Figure 1. An example of stimuli, (a) point data (rural features), (b) areal data (neu-
tral background).
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Figure 2. An example of label target distribution of typographic map.

For each map the participants have to locate the target labels and thus their
reaction time is measured and subsequently stored in a database. Once the
user locates the label and clicks on it, the time is recorded and new map
with new target appears afterwards. The results is a measurement of reac-
tion time calculated in milliseconds. Each record indicates the efficiency of
its designed label where different visualized graphical variables were in-
volved to serve label functional design.

2.1.3. Apparatus

To avoid biases in the answers due to resolution and size differences, all
participants completed their test on a flat screen with a 1280x1024 resolu-
tion. Each participant followed the same order of maps in a sequence that
lasted 10- 15 minutes. The latency of mouse registration time and the soft-
ware registration were considered; therefore the test was run on hardwares
that have similar properties and on the same browser (Google Chrome).
Mouse properties were set to equivalent values as well as the brightness and
contrast setting of all monitors.

2.2. Tasks, procedures, and data registration

The study is between-and within- user design which investigated users’ effi-
ciency of typographic design. Written and verbal instructions were given to
participants. Users’ performance at each display was recorded once the par-
ticipant clicks on the target text on the map face. Therefore, the data base
combined three categories of information were generated. First category



described the map and the tested visual variable. The second category regis-
tered users’ reaction time measurements to the tested variable applications
(in milliseconds). Finally the third category registered the data from a fol-
low up questioner that describes users’ characteristics.

3. Results

3.1. Size

Four consecutive Arial normal sizes were tested (8, 10, 12, and 14). Users’
reaction time of locating targets of each size was registered. A statistical
comparison between Novices and experts was made by using one-way
ANOVA test was made considering the four sizes. No significant difference
between both users’ group were located (F=0.793, P=0.374). Within user’s
group analyses showed no significant difference in novices' efficiency
(F=0.255, P=0.858), and a significant difference in experts’ efficiency
(F=5.476, P=0.002).

When considering the Arial bold sizes of 8, 10, 12, and 14 point sizes, a be-
tween group analysis showed no significant difference between novices and
experts (F=0.015, P=0.903). However, within user’s group analyses showed
no significant difference in novices’ responses (F=0.279, P=0.841), and a
significant difference in experts’ responses (F=6.005, P=0.001).

The normal sizes were tested in the italic form. This formed four sets of
italic sizes (8, 10, 12, and 14) which were tested for both novices and ex-
perts. A between users analysis showed a significant difference of users effi-
ciency towards the four italic sizes (F=4.905, P=0.028). Within user’s group
analyses showed no significant difference in novices’ responses (F=1.402,
P=0.247), and a high significant difference in experts’ responses (F=7.389,
P=0.000). Users’ responses of size variable are illustrated in Figure 3, it
shows the variation of users’ efficiency over the four sizes and for the three
designs (normal, bold, and italic).
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Figure 3. Both users’ groups responses of the four tested sizes calculated in milli-
seconds.

3.2. Shape and Texture

Two basic shapes (serif and sans serif) were tested using size 12 of Arial and
Times New Roman (TNR). Three textural designs considering case style



were implemented in this analysis (all letter lower case, first letter upper
case, and all letters upper case). A between users’ group analysis showed no
significant difference of time consumed to locate any of Arial or TNR Tar-
gets (F=0.091, P=0.763). But, a within user’s group analysis was near to
significant difference in novices’ responses (F=2.168, P=0.061), and it was
significantly different in experts’ responses (F=4.939, P=0.000). See Figure
4.
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Figure 4. The efficiency measurement of both groups and the three case styles
calculated in milliseconds.

Considering the texture of all letters in lower case style and shape differ-
ences (Arial vs. TNR), a between group analysis showed no significant dif-
ference between the efficiency of novices and experts (F=0.865, P=0.355).
However, within group analyses showed no significant differences of Arial
and TNR for novices (F=2.692, P=0.107) meanwhile it was significantly
different between expert group (F=22.043, P=0.000).

The texture made up of first letter upper case style and Arial vs. TNR,
showed that the efficiency between novices and experts was not influenced
by the typographical shape as no significant difference occurred between
groups (F=0.000, P=0.993). Within group analyses showed no significant
differences of Arial and TNR for neither novices (F=0.078, P=0.781) nor
experts (F=0.034, P=0.885).

Finally, the texture of all letters designed in uppercase style did not show a
significant difference between novices and experts analysis (F=2.588,
P=0.111). Within group analysis did not show a significant difference for




neither the novices (F=0.045, P=0.834) nor the experts (F=0.007,
P=0.936).

3.3. Orientation

The orientation was studied with areal data, therefore labels were placed
horizontally over the district shape, with the diagonal of the district shape
(tilted), and finally both were used (mixed). Figure 5 shows users responses
of horizontal, tilted, and mixed label orientations. A between users’ group
analysis showed a significant difference of users’ efficiency (F=5.246,
P=0.023). But, within user’s group analyses was near to significant differ-
ence in novices’ responses (F=3.022, P=0.055), and it was not significantly
different in experts’ responses (F=2.306, P=0.107).
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Figure 5. The orientation influence on the efficiency measurement of both novices
and experts.

4. Discussion

When visual variables were applied on the typographic design, users’ effi-
ciency was influenced by the design of labels. It worth noting that the varia-
ble size including both normal and bold did not implement any significant
difference between users’ groups over the four tested point sizes (8, 10, 12
and 14) but the italic size design did. Besides, size (normal, bold, and italic)
showed significant differences within experts users’ but there were not any
differences in novices’ efficiency. This could be a result of the training that
experts have received and thus their responses were affected by the differ-
ent sizes. In addition to that, the efficiency of bold and italic sizes was high-



er than the efficiency of normal sizes. Notice the response scale in Figure 3.
This issue stress the fact that both bold and italic made the symbols stand
out and more obvious and thus users were able to locate the target faster.

The application of the visual variable shape on typography has a wide range
of choices. To limit these choices to the study target, the authors chose Arial
as representative of sans serif shapes and Times New Roman as a repre-
sentative of serif shapes. Both shapes did not influence users’ efficiency
over the three textural designs. At this stage of research it can be said that
the value of shape influence on users’ efficiency is negligible, spatially that
studying different textures made up of these shapes showed no significant
differences between users’ groups. In spite of the fact that some significant
differences within groups has occurred, further analysis shall be made to set
proper explanation of the typographic shapes which can influence users’
efficiency.

The orientation of label influenced users’ efficiency significantly since ex-
perts showed higher efficiency than novices over horizontal, tilted, and
mixed orientation. This is highly probable because of the lack of practice
that novices have in comparison with experts who use map on a daily base.

This study demonstrates on the efficiency differences between two map
users’ group considering their level of experience. Therefore further studies
need to be undertaken to explain the differences between different users
groups based on their gender and age. Besides that, differences in typo-
graphic efficiency shall be studied in view point of the use of maps and dis-
play medium.

5. Conclusion

Four of Bertin’s visual variables were studied to illuminate on two users’
group efficiency towards the typographic design. Both size (normal and
bold) and orientation showed significant differences over novices’ and ex-
perts’ efficiency, meanwhile shape and texture did not have any significant
influence on different users’ groups. The study results indicate the needs to
modify the typographic design according to users’ characteristics to acquire
higher efficiency. However, it would be interesting to extend this work to
the other two visual variable applications on cartographic text (colour and
value), and to investigate situations when it is necessary for cartographer to
use colour and different values to indicate functional cartographic elements.



References

Arani, T., Karwan, M. K., Drury, C. G. (1984), ‘A Variable-Memory Model of Visual
Search’, The Journal of the Human Factors and Ergonomics Society, 26(6),
pp.631-639

Bertin J (1967) Semiology of Graphics: Diagrams, Networks, Maps. University of
Wisconsin Press, 1983 (first published in French in 1967, translated to English by
Berg W.J. in 1983)

Deeb, R., Ooms, K. De Maeyer, P. (2012) ‘Typography in the Eyes of Bertin, Gender
and Expertise Variation’, The Cartographic Journal, 49(2), pp. 176—185

Fairbairn, D.J. (1993) ‘'On The Nature of Cartographic Text’, The Cartographic
Journal, 30(2), pp. 104-111

Haklay, M. M. and Nivala, A. M (2010) ‘User-centred Design’, In: Interacting with
Geospatial Technologies. ed. by Haklay, M. M. chapter 5,pp. 91-106, John Wiley&
Sons.UK

Lleras, A. and Von Miuhlenen, A. (2003) ‘Spatial Context and Top-Down Strategies
in Visual Search’, Spatial Vision,17(4). pp. 465-482

MacEachren, A.M and Kraak, M. J (2001) ‘Research Challenges in Geovisualizati-
on’, Cartography and Geographic Information Science, 28(1), pp. 3-12

Manginelli, A. A., Geringswald, F., Pollmann, S. (2012), ‘Visual Search Facilitation
in Repeated Displays Depends on Visuospatial Working Memory’, Experimental
Psychology, 59 (1),pp. 47-54

Nielsen, J. (1993) Usability Engineering, Academia Press, San Francisco

Rubin, J. and Chisnell, D. (2008) Hand Book of Usability Testing: How to Plan,
Design, and Conduct Effective Tests, 2nd edition, Wiley, Indianapolis



	1. Introduction
	3.1. Size
	3.2. Shape and Texture
	3.3. Orientation

	4. Discussion 
	5. Conclusion

