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Abstract

Using an eye-tracking system, the way in which participants worked with thematic map legends of double-articulated
signs was recorded and analysed. The aim of the study was to determine whether map users worked faster and easier
when the base and supplementary signs in a double-articulated sign were described separately or when they were
combined into a single double-articulated sign. Two legends were created: for non-scale signs and for linear signs, which
contain a small number of signs that can be stored simultaneously in the participants' temporary memory.

The general meaning of articulation signs carries more information than the sum of the meanings of their components.
The big advantage of their usage is economy and easiness. They allow us to encode more information in them without
requiring the creation of many new signs.

The study to investigate how varying levels of articulation in cartographic signs affect their readability, as well as users’
reading speed and accuracy when interacting with a web map successfully. In the end significantly slower work with
linear signs with double articulation was reported compared to the time for solving a map task with non-scale signs.
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INTRODUCTION

Double-articulated signs are complex signs made up of two or more simple signs, each with its own meaning. Their use
is an effective technique for presenting many meanings on a map with a small number of labels. Complex signs are more
difficult to perceive, so it is very important how they will be described in the legend so that the user can quickly and
without errors recognize their meaning. There are two possible ways to describe complex signs in the legend: 1. To
describe the meaning of each double-articulated sign; and 2. To show the meaning of each of the simple composite signs,
and the map user need to combine them mentally when working. In the first option, a larger number of signs must be
described in the legend, which requires the user to remember more signs or to refer to the legend more often, and the
legend takes up more space on the map field. The second option requires more effort from the user to decipher the
combinations of simple signs in the map field, as well as more opportunities for errors.

When a significant number of double-articulated characters (20-50) are used on the map, describing them in the legend is
ineffective, and with a larger number — practically impossible. In such cases, the only option is to describe 5-10 simple
characters that make up the complex characters. The purpose of our study is to check which of the two ways of presenting
the characters in the legend is more effective with a similar number of simple and complex characters in the legend.

For the sake of the study, a test map was created that contained linear and non-scale signs with double articulation.
Legends were created describing the simple signs separately and describing the complex signs. The study recorded and
examined the actions of map gilders while performing tasks related to the objects described in the different types of
legends using eye-tracking systems.

FEATURES OF LEGENDS FOR DOUBLE ARTICULATION SIGNS

In semiotics, the term ,,double articulation® refers to a fundamental linguistic phenomenon in which a small number of
simple signs are combined to form many complex signs. The idea of dividing signs into their constituent parts was first
introduced by André Martinet in 1949 and was further developed in his work ,,Eléments from linguistics Générale* [1].
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Linguistics studies the way in which many meaningful words are formed from a small number of meaningless sounds,
and words can be combined into a huge number of sentences. As noted by Harrie, Stigmar, and Djordjevic [2], map
readability focuses on the possibility of discerning map signs, separating individual signs and distinguishing them from
the background—as well as on the ease of reading, interpreting, and comprehending a map. Gong, Lan, and Ti [3] argue
that, although many studies on the construction of map signs have been conducted, the formal representation of map signs
has not been considered deeply. They emphasize that such formal representation is fundamental to the automated
construction of map signs and, thus, to the mathematization of cartographic theory.

It is important to note that articulation refers to the division of signs based on their meaning (primarily semantic) rather
than their physical components. The general theory of articulation, as described by Daniel Chandler [4], defines two levels
of articulation: low level (first articulation) and high level (second articulation). Signs with low-level articulation can be
broken down into smaller elements that do not carry independent meaning; that is, they are not signs themselves. Chandler
(2007) refers to these as ‘non-simplifying symbol elements.’

Koceva [5] defines the primary task of cartographic semiotics as the development of the cartographic symbol system,
which includes techniques for cartographic representation of signs, the rules for their construction, and more. Marinova
[6] demonstrates how to represent symbol general meanings, such as a warehouse or a factory with articulation. The map
reader does not understand the meaning of each individual symbol; they can still grasp the overall meaning conveyed by
the principal symbol. To estimate the reading speed of cartographic signs, it is necessary to analyze the articulation applied
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Figure 1. Simple signs

When signs cannot be divided into structural parts, as letters in linguistics and geometric shapes in cartography (Figure 1
above), they are called simple signs. They are not divided into separate meaningful components. The group of simple
signs also includes signs that are visually perceived as a single whole, although it is possible to divide them into parts.
For example, the sign depicting a fish in Figure 1 below can be divided into an eye, tail, fin, but since they constitute a
single figure, such an articulation is meaningless.
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Figure 2. Signs with single articulation

If the signs can be divided into component parts, they are called compound signs. When these parts have no meaning of
their own or only one of them has a meaning of its own, they are called single-articulation signs. Examples of such signs
are the Morse code signs, which consist of dots and dashes, which individually have no meaning. Figure 2 shows single-
articulation signs, which have one significant central figure inscribed in a circle that has only aesthetic value. Without the
circle, the signs would have the same meanings.
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Figure 3. Traffic signs with double articulation




When a sign is composed of two or more simple signs, at least two of which have their own meaning, then it becomes a
sign with double articulation . Examples are road signs, where the pictogram in the centre and the surrounding figure
have their own meaning. In Figure 3 on the left, the central figure (bicycle) is the same, but according to the type of circle
in which it is inscribed, the meaning of the sign with double articulation changes dramatically — no bicycles (above) and
bicycle lane (below). Similarly, the signs on the right have the same figure of a pedestrian in the centre, and the shape of
the sign indicates a warning about a pedestrian crossing ahead (above) and a pedestrian-only lane (right).

Double-articulated cartographic signs have two types of components: a base sign, which defines the general meaning of
the sign and indicates its location, and one or more additional signs, which indicate additional features of the objects.

Figure 4 shows an example of double-articulated signs that have several levels of additional signs. The signs are from a
manual for creating special military maps of the US Army [8]. The total number of signs is 852, which cannot be remem-
bered even by the most intelligent reader. By using four basic signs (friendly, enemy, neutral and unknown) and 86
additional signs, the number of signs that need to be remembered is reduced tenfold. For example, the sign >~ on the
bottom row in all combinations means a place for repair and can be added to any sign denoting some type of equipment.
The sign with three circles © © © introduced on the penultimate line, everywhere denotes wheeled transport for all types
of equipment.

A specific advantage of using double-articulated signs is that readers can use only the basic signs without being interested
in or understanding the meaning of the additional ones. For example, in Figure 4, even if the reader does not know what
an armoured wheeled amphibious is, he can still identify the location of his own and enemy units. In this way, users with
less experience or knowledge in the subject area of the map will be able to use it without understanding all the notations
on it.

Friend Hostile Neutral Unknown

Main signs:

Level of additional signs:

1. Armored forces ()

2. Armored amphibious | P&

3. Armored wheeled amphibious NoA

4. Maintenance of armored wheeled amphibious NGO

=
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Figure 4. Example for Sign systems with multi-level articulation

To correctly perceive double-articulated signs, they need to be clearly described in the legend, so that the meaning of the
signs is perceived quickly and permanently. The legend can be constructed in two ways:

1. Asin the legend, all double-articulated characters are depicted as they are shown on the map;

2. By describing separately, the meaning of each of the basic and additional signs that make up signs with double
articulation.

With many double-articulated signs used, the first method is not convenient for two reasons: 1. Due to the limited capacity
of temporary memory. A person cannot remember more than 742 signs at a time [9], which means that with a larger
number of signs, the map reader will have to refer to the legend more often. 2. More space is required for a map legend
to describe the larger number of signs. For example, the sign system, part of which is shown in Figure 4 is described on
164 pages.



When there are a significant number of double-articulated signs on the map, it is more appropriate to describe the meaning
of the basic and additional signs separately in the legend - it is necessary to remember a smaller number of signs and
because of the possibility of constructing a shorter legend that requires less space on the map.

With a small number of double-articulated characters used on the map, it is not clear which of the two options for con-
structing the legend is more appropriate. When the number of characters is less than 7, it can be assumed that the notations
will be remembered by the reader in both types of legends and they will not refer to the legend repeatedly. When the basic
and additional characters are designated separately in the legend, readers will be forced to mentally combine them to
obtain the meaning of the double-articulated characters seen on the map. Intuitively, this will mean that more time will
be needed to read the legend and detect the double-articulated characters on the map.

Since no scientific studies were found to show which of the two ways of constructing the legend is read and understood
faster, an experiment was conducted to determine the time required to detect and work with double-articulated characters,
depending on the legend used.

EXPERIMENT SETUP

To establish the time for working with the two ways of describing the double-articulated signs in the legend, two experi-
ments were conducted:

1. For non-scale signs. A simple legend was developed of two basic signs and three additional ones, which are combined
in 6 different ways into double-articulated signs. Two tests were created: 1A with a legend describing the basic and
additional non-scaled signs separately (Figure 5 left) and 1B with a legend describing the double-articulated signs in the
way they function on the map (Figure 5 right).

2. For linear signs. A legend was developed from a legend of two basic signs and two additional ones, which are com-
bined in 4 different ways into signs with double articulation. Two tests were developed: 2A for a legend describing simple
linear signs (Figure 6 left) and 2B for a legend describing linear signs with double articulation (Figure 6 right).

Legend Legend
Legend Legend
. luxury . tuxury hotel , road 50km/h overtaking
road 50km/h allowed
E budget hotel
budget r— T road 50km/h overtaking
. luxury restaurant not allowed
1’@' restaurant
—_—_——— i road 70km/h overtaking
T@1 budget restaurant ovenakmg allowed _
allowed
E hotel . luxury shop ————— overtaking not allowed road 70km/h overtaking
|
not allowed
E shop E budget shop
. o -
Type 14 Type IB Type 24 Type 2B
Figure 5. Legends for point signs Figure 6. Legends for linear signs

A part of a map was developed in which the signs described in the legends functioned. All experiments were conducted
on the same map, part of which is shown in Figure 7, to compare the results of working with the four legends. In each of
the experiments, participants were asked to find on the map and click on two signs corresponding to a text description.
Participants had to find in the legend what each of the searched signs looked like and then find it on the map. To reduce
the number of signs on the map, only one of each type of sign was placed.



Figure 7. Part of the test map

In all four legends the number of designations is less than 7, which according to George Miller [3] allows subjects to
simultaneously remember them in their short-term memory and find the objects on the map without repeatedly referring
to the legend.

Figure 8. Pupil Labs Neon eye-tracking system

The study involved 16 individuals who were given a task that required them to open a map and point with a mouse at two
of the signs described in the legend in succession. The group consisted of faculty, undergraduates, and graduate students
from Masaryk University in Brno, Czech Republic. The participants (55% men and 45% women) were aged 20 to 35.
The experiments were conducted from September 25 to September 29, 2025, in the city of Brno.

To study the perception of both types of legends, a mobile tracker, called Pupil Labs Neon was used (Figure §). The
system allows the studies to be performed without prior calibration, which facilitates and accelerates data collection. The
accuracy estimate is in the order of ~1.8° without correction and ~1.3° with the application of offset correction. This
accuracy is sufficient to ,,capture” the gaze fixations on the map and on the legend to capture the necessary data. The
system has a high frame rate of the eye cameras (200 Hz), which allows for the registration of fine movements of the iris
and eyelids.

Thanks to the rich data sources provided by the tracker, an analysis was performed for the frequency and duration of the
fixation. Area of interest data obtained from the ability the Pupil Labs Neon system to define them directly in its cloud
platform — Pupil Cloud. The data process started with converting the source data in a convenient format for work (pandas
DataFrame) for easier processing. Records from the participants' sessions were merged. Data from fixations and duration
on task conditions and buttons were removed during post-processing of the results.

The data were processed in a Jupiter Notebook environment. The free online platform Google Colab was used to load and
process all records, which allows writing in the Python programming language directly in the browser — without in-
stalling anything on the personal computer.



The following six parameters were recorded using Neon eye tracker:

1. Number of gaze fixations on the legend;
Number of gaze fixations on objects on the map;

Time for working with the legend;

2

3

4. Time for working with the map;

5. Time to detect the first sign after the start of the task;
6

Time to detect the second sign after detecting the first.
ANALYSIS OF THE EXPERIMENT RESULTS

Working with the legend

Table 1. Number of fixations on the legend

Lo Average npmber Min | Max Differ-
of fixations ence
1A 12.5 11 | 14 3
1B 12.4 9 [ 16 7
2A 11.0 9 [ 13 4
2B 12.0 8 | 15 6

Number of fixations to the legend (legend reference)

Due to the similar number of signs in the four legends (4 to 6), a similar average number of fixations on the legend was
observed in all experiments — between 11 and 12.5 times (see Table 1) . In the legends of type A (basic and additional
signs explained separately), a smaller difference between the fixations of the individual test subjects was clearly noticeable
— 3 in task | and 4 in task 2. In the legends of type B (description of complex signs with double articulation), the
differences were larger — 7 fixations in task 1 and 6 in task 2. This can be interpreted as greater uncertainty in recognizing
and remembering the more complexly constructed signs in some of the test subjects. When performing the second task
(with linear signs), 8.3% fewer fixations were recorded than in the first. The reason for this may be the simpler linear
signs used in the second task, as well as the skills acquired in solving the first task.

Table 2. Legend operation time [s]

A\{erage Min Max Differ-
time ence
1A 4.87 3.21 7.63 4.42
1B 6.09 4.24 7.61 3.37
2A 8.95 6.69 | 12.29 | 5.60

2B 9.46 6.52 | 12.15 | 5.63

Legend

Time to work with the legend

The analysis of the results of the experiments shows that despite the similar number of fixations, for both types of legends,
the average time that the subjects observed the legends was different for variants A and B (see Table 2) . The average
time for familiarization with the legend of type A in task 1 was 25% shorter than for perception of the legend of type B.
In the second task, this difference was smaller — only 6%, but again for a shorter time the subjects were familiarized with
the legend describing simple signs. On average, the two legends in task 2 (detecting linear characters) were observed 68%
longer than the legends with non-scale characters in task 1 — average time 9.21 s versus 5.48 s.



Average time per fixation

Table 3. Average time for one fixation on the legend

Average | Min | Max Difference
time[s] | [s] | [s] [ [s] [ [%]
1A 0.389 10.267[0.693 | 0.426 160
1B 0.492 |0.353]0.732| 0.379 107
2A 0.814 10.608|1.184| 0.576 95
2B 0.772 10.519]0.867 | 0.348 67

Legend

A large difference in the way signs are perceived can be traced when analyzing the average fixation time on the signs in
the legend. In legends for non-scale signs, the average fixation time is 80% shorter than in legends with linear signs (see
Table 3) . The difference between the legend of type 1A and the others is clear. The average fixation time of 0.389 s is
significantly shorter than the others. The legend of type 1B required an average of 26% more time than the type 1A
legend, and type 2A legends required twice as much perceptual time to fixate on the signs (109% more for 2A and 98%
more for 2B). This can be attributed to the recognition of the more frequent handling of non-scale double-articulated signs
than double-articulated linear signs.

In Table 3 A significant difference in the times for perceiving the signs in legend 1A can be observed between the
individual participants in the experiment — the slowest participant (who fixed his gaze on each sign in the legend the
longest) needed 160% more time than the fastest participant. This large difference shows the role of prior map skills —
participants who have more experience in reading map legends observe the signs for a shorter time and perceive them
much faster than participants with less experience. When the participants in the experiment use legends containing linear
signs with double articulation, they have difficulty — the time to work with the legend is 80% more than when working
with legends for non-scale signs. The reason for this is the less frequent use of linear signs with double articulation in
cartography. This also explains the significantly smaller differences in the average time for one fixation — 95% and 67%
for legends 2A and 2B — they require more time for perception by both more experienced and less experienced partici-
pants.

Working with the map

When tracking the way in which the subjects performed the tasks assigned to them on the map, significant differences
were also observed in both the time spent working and the number of fixations on the map.

Number of fixes on the map

Table 4. Number of fixations on the map

Lo Average npmber Min | Max Differ-
of fixations ence
1A 8.5 7 110 3
1B 12.7 11 | 14 3
2A 12.5 10 | 15 5
2B 11.8 11 ] 13 2

When working with the map, the fewest fixations were recorded for the legend of type A in task 1 (see Table 4).
Participants observed and recognized an average of 8.5 characters until they

found the two characters they were looking for. For the other legends, the number of fixations was similar, but signifi-
cantly higher — between 11.8 and 12.7. This shows that after becoming familiar with the different legends, the subjects
worked significantly more easily with the legend describing simple non-scale characters.



Map working time

The signs used for the tests in task 2 are lines, which are graphically significantly simpler elements than the pictograms
used in task 1 (see Table 5) . The number of signs in task 2 is higher than that in task 1 (4 in task 2 versus 5 and 6 in task
1). Therefore, it is logical to assume that the legend in task 2 would be perceived faster and the time to get acquainted
with it would be shorter. Instead, the experiment shows exactly the opposite — the time for which the subjects found the
sought-after signs in task 1 (with non-scale signs) was drastically less than the time in task 2 (with linear signs). The
average time for finding linear signs was 62.4% longer than for finding non-scale signs.

Table 5. Map operation time [s]

AV.erage Min Max Differ-
time ence
1A 7.09 4.10 | 10.14 | 6.04
1B 6.77 4.89 8.36 3.47
2A 11.59 7.83 | 18.44 | 10.61

2B 10.92 7.93 | 1525 | 732

Legend

An explanation for the large differences in working with the two types of signs can be found in the more frequent use of
non-scale signs with double articulation, both in cartography and in road signs (the shape of the road signs and the fig-
urative part in them have independent meaning). A basic principle in cartography states that well-known signs are per-
ceived faster, and their meaning is mistaken less often. With this experiment, we show that the familiar way of grouping
simple non-scale signs into a complex sign with double articulation leads to a significant reduction in the time for famil-
iarization with the legend, because the mechanism for combining them is familiar to the participants in the experiment.

No significant difference was observed in the time to detect objects on the map after the subjects were familiar with the
different types of legends (4.5% for task 1 and 5.8% for task 2).

Total execution time

The total time to complete the two tasks differed dramatically. Subjects completed Task 1 (with non-scale characters) on
average 7.8 seconds shorter than Task 2 (with linear characters), representing a 63% faster completion of Task 1 (see
Table 6).

Table 6. Total task execution time [s]

Total First | Second | Differ-
time click | click | ence
1A 11.94 7.89 4.05 3.84
1B 12.85 8.13 472 3.41
2A 20.54 | 1598 | 456 | 11.42
2B 19.88 15.15 | 4.73 | 10.42

Legend

In both tests, significant differences in the time to complete the tasks between the subjects were found. The most drastic
difference was in the experiment, which presented a separate description in the legend of the basic and additional signs.
The slowest participant needed 147% more time than the fastest to complete the task. When performing the second task,
the difference in times decreased to 76%. These large differences indicate that some of the participants initially had
difficulty mentally combining the simple signs presented in the legend into a sign with double articulation. When per-
forming the second task, the second difficulty was overcome and the participants in the experiment had closer times for
its completion. We can conclude that combining simple signs into signs with double articulation creates temporary diffi-
culties for some of the map readers, which they very quickly overcome in the process of work (Fig.9).
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In the tasks with a legend describing complex signs with double articulation, no such difference was observed. In the first
task (with non-scale signs), the slowest participant needed 68% more time than the fastest, and in the second — 67%. We
can conclude that a legend depicting simple signs makes it difficult for participants with less cartographic experience,
because it requires the subjects to mentally combine their meanings into one complex sign.
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Figure 10. Average operating time [s]

When the average working times are graphically presented, the difference between the different legend types is clearly
visible (Figure 10). The participants took the longest to point to the first indicated sign, with a significant difference
observed between the legends with non-scale signs (in orange) and the two legends with linear signs (in blue). The time
for the first click was counted from the beginning of the task until the pointing of the first of the searched objects, i.e. the
time for familiarization with the legend was included. The similar time for the second click for all legend types is very
similar, which shows that once the participants perceive the legends and understand the task, the type of legend does not
matter much. Therefore, in prolonged work with a map, which requires repeated detection of objects, the type of legend
has very little importance. However, most cartographic tasks require incidental detection of objects, which means that in
them the type of legend determines the working time to a significant extent.



Table 7. Time to work with legend and map

Total |Legend| Map | Difference
time [s] [s] [s] [s] [%]
1A 11.94 4.87 7.09 2.22 | 46%
1B 12.85 6.09 6.77 0.68 | 11%
2A 20.54 8.95 11.59 | 2.64 | 29%
2B 19.88 9.46 10.92 | 1.47 | 16%

Legend

An important indicator of the quality of the legend is the ratio between the time required to familiarize oneself with the
signs and the time to find them on the map. In all four tasks, a shorter time is observed for studying the legends than for
finding and indicating the searched signs. Table 7 shows that in type A legends, the time for finding the signs (working
with the map) significantly exceeds the time for working with the legend — by 46% in task 1 and by 29% in task 2. In type
B legends, significantly smaller differences are observed — by 11% in task 1 and by 16% in task 2. This difference between
type A and type B legends can be explained by the need to mentally combine the basic and additional signs when searching
for them on the map. In type B legends, the entire double-articulated signs were memorized as templates in the temporary
memory, therefore the time to find them on the map is shorter in both task 1 and task 2.

When comparing the working times between the individual participants in the experiment, large differences are noticea-
ble.

CONCLUSIONS

The experiments conducted refute the initial assumption that it would take more time to detect and indicate on the map
double-articulated signs in legends with separate designation of the basic and additional signs (Type A) than in legends
in which the signs are combined (Type B). The overall time for users to become familiar with the Type A legends is
shorter, as is the number of fixations required to detect the signs on the map.

This is especially evident when working with non-scale signs in task 1. In this case, the time to work with the legend is
25% shorter, as is the time to find the first searched sign (by 3%) and the second (by 17%). The total time to complete
both tasks is 8% shorter with legend Al. Only the total time to work with the map is 5% longer than when performing
tasks with legend 1B. The reason for this is the time required to mentally combine the basic and additional signs into
signs with double articulation. The main conclusion from the study is that in the legend for non-scale signs with double
articulation, the basic and additional signs should be described separately.

The large differences in the time it takes to read and understand type A legends (separate description of basic and addi-
tional signs) among the individuals studied indicate that mental combination of signs requires some prior experience to
be performed quickly and easily. Therefore, it is appropriate to use such legends when creating maps for users with greater
functional cartographic literacy, who can easily combine signs in their minds within the signs recognized in the legend
into signs with double articulation. Conversely, for children and students, it is appropriate to present the signs in the
legend in the form in which they appear on the map, so that they can be recognized more easily and quickly.

The large difference reported between the time to complete task 1, 63% shorter than task 2, indicates that users cope much
faster with familiar cartographic methods. Linear signs with double articulation are extremely rarely used in cartographic
practice, so understanding the legend for them and mentally combining the signs took more time for the subjects studied.

Future research could apply the concept of double articulation to a larger and more diverse sample. Although the initial
participant pool was bigger and displayed greater variation in age, several responses were excluded to ensure a more
balanced distribution across age and gender, as the participants had limited prior experience. As a result, the final sample
is relatively small, and no generalizations are made regarding differences based on profession or gender.
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