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Abstract: An online map reading test was done with 859 subjects to statistically
measure the efficiency of information retrieval from three different cartographic
images of the same area. The differences between the images (maps) were defined
by the graphic variables (size, color, pattern, etc.) for six map data categories: lin-
ear features, hydrography, land cover, elevations, point-like objects, geographic
names. The subjects solved map reading tasks related to these categories. Carto-
graphic images were designed for each of the three map reader groups: beginners,
intermediates and experts. The design method and the grouping were based on the
results of previous studies, and the grouping was done with a competency test pri-
or to the map reading task. The results showed the effectiveness of information re-
trieval from the three different cartographic images. Conclusions about the effi-
ciency were done concerning the age, gender and level of expertise of the subjects.
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1. Introduction

Cartographers know for a long time that map users understand the same map
with different efficiency (Petchenik 1977; Thorndyke and Stasz 1980). We also
know that differently displayed maps can help unskilled users to understand spa-
tial information (Board 1978). To understand the rules and cognitive processes
behind these phenomena, user oriented maps were designed, and user studies were
conducted (Montello 2002; Allen et al. 2006; Ooms et al. 2014). It was shown that
the amount of information comprehended by a user depends on various cognitive
competences, such as sign recognition, sense of directions, distance- coordinate-
and scale-reading, and recognition of morphology (Muir 1985; Clarke 2003). Us-



ing tests targeting these skills in map related experiments, the role of expertise was
clearly demonstrated concerning the level of map-data comprehension (Clarke
2003). According to Gerber (1981), the difference between an “experienced” and
an “unexperienced” map reader lies in their long term memories: while the first
group has previous knowledge about various map symbols, the second one has to
“learn” the map during reading it (by consulting the legend). It consumes capacity
of the working memory, so the amount of information extracted from the map will
be fewer for the beginners than for the experts. This phenomenon is explained by
the cognitive load theory (Bunch and Lloyd 2006), and was observed in map user
studies many times (Harrower 2007; Ooms et al. 2015). The amount of displayed
information, thus, will be a crucial element in the legibility of a map.

2. Thoughts of the map maker and the map reader

Petchenik (1977) was probably right: it is unlikely that the thoughts in the
minds of the map maker and the map reader will be exactly the same. However,
map reading competency studies regarding the various map data types have al-
ready produced many clues to reduce the difference. Basically two or three user
categories are distinguished in these studies: novices/experts (Deeb et al. 2012;
Ooms et al. 2012) or beginners, intermediates and experts (Gerber 1981; Clarke
2003; Albert et al. 2016). Concerning the six map data types, which are necessari-
ly distinguished in a topographic map database (Thompson 1979; Buckley et al.
2004; Usery et al. 2009), we present some examples of which type of user is sensi-
tive to which map content:

1) Linear features (road network, transportation, and tourist trails). They are
usually the structuring elements of a map and they draw immediate attention
of map readers (Ooms et al. 2014). The interpretation of linear structures is
the most challenging for all map readers; however, the beginners make five
times more mistakes than the experts (Albert et al. 2016).

2) Hydrography (creeks, rivers, lakes, springs). Symbols of hydrography do not
greatly vary by time (Albert 2014) and help to interpret the surface mor-
phology (Potash et al. 1978). Linear and area features of the hydrography
are “easy to understand” features for all map readers.

3) Land cover (forest, meadow, vineyard, etc., built-in area). Interpretation of
natural and artificial coverage can be facilitated with familiar patterned
symbols (Barkowsky and Freksa 1997).

4) Hypsography (elevations, contours, shading, scarps, peaks). Intermediate
and beginner map readers have difficulties in interpreting hypsography
(Eley 1992; Wakabayashi 2013). Contour line interpretation requires both
navigation and symbol recognition skills (Montello et al. 1994; Murakoshi
and Higashi 2015).



5) Point-like objects (symbols, significant man-made or natural objects). It was
shown by Albert et al. (2016) that 15% of the expert, 38% of the intermedi-
ate and 66% of the beginner map users make mistakes in map symbol inter-
pretation. It was also shown by Easterby and Hakiel (1981) that a symbol is
comprehended more easily if it has descriptive details.

6) Geographic names (name attributes of all objects displayed as labels). Map
labeling rules (Imhof 1975) are implemented into algorithms where the pref-
erence of orientation, shape and texture varies according to expertise (Deeb
et al. 2012; Ooms et al. 2012). It was shown that both experts and beginners
prefer sans-serif font types, but beginners are more tolerant to diversity.

So, if such remarkable differences exist, how is it possible to design maps
which transmit the same meaning from the map maker to the differently skilled
map readers? To find answer for this in the present research, we created three dif-
ferent maps of the same area, and with an online test we examined the effective-
ness of the three different cartographic images in the case of three user categories:
beginners/intermediates/experts. In the map making process, the “Bertinian”
graphic variables (Bertin 1967) were used to enhance certain map data types to-
gether with the usual generalization methods (McMaster and Shea 1992).

3. What questions can be answered with the experiment?

The research was aimed to answer several questions about the usability and ef-
fectiveness of the produced cartographic images. It was expected that the results
would help to design automatically generated online maps for those individuals
who would reveal their map reading skills (i.e. by filling out a test). These ques-
tions were as follows:

e Do the different maps help achieving better results on map related tasks?

e Were the average results better when the participants used their own

groups’ map?

e  Are there any significant differences in the percentage points of correct an-

swers among the map reading groups?

e Are there significant differences in the completion time of different user

groups?

e Are there any differences in the completion time of each task among the

map reading groups?

e  Are there any relations between the age and completion time?

e  Are there any differences between the applied map scales of each task?

e  Are there any relations between the age/gender and applied map scales?

In order to answer our research questions we gave each participant maps de-
signed for a specific map reading group — half of the participants got maps de-



signed for their own map reading level, and 25%-25% of them got maps prepared
for other groups.

4. Categorization of map readers

The first component of the map reading test measured the competency. For
this, an online questionnaire was presented for each participant, and measured
seven competences:

. interpretation of topographic elements,
. interpretation of hypsography,

. interpretation of map symbols,

. interpretation of geographic names,

. orientation and mental rotation skills,

. application of scale bar,

. distance and travel time estimation.
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The tripartite categorization of the participants followed the same method
which was used by Albert et al. (2016). Each of the competences was measured
with one multiple-choice question with four answers, and the “do not know” op-
tion. The assignments were linked to four simple maps containing only those map-
data types which were necessary to solve the questions relating to them. This re-
duction of content was necessary to lessen the cognitive load of the participants
during the test.

Too long online tests are often left unfinished by many participants, so the
overall time should not take longer than 15-20 minutes. The duration of the com-
petency test was planned to take 5-10 minutes, so the second part of the test could
be similarly long. Sequence of the maps and questions was randomized.

5. Differently designed cartographic images and the test
questions

For the second component of the test we created three online maps (level-B for
beginners, -I for intermediates, and -E for experts) of the same area which was
embedded in a web page that contained the test questions (Szigeti et al. 2017 — a
parallel paper in this volume). The varying design and generalization level of the
maps are based on the results of various studies (see section 2).

The test area had been chosen to have a large variety of topographic elements
(multiple road types, a large city, villages, etc.) and diverse hypsography with both
hills and plains. The source of the map data was OpenStreetMap (OSM) and



SRTM 3 arc second elevations. The data was processed with open source desktop
and server-side applications (QGIS 2.14).

This part of the test also involved seven questions (Q1-Q7); two of them were
interactive, and the other five were multi-choice questions with four answers.
Measuring the same competencies as in the first component of the test, the ques-
tions were aimed to examine whether the maps were adequate for the targeted map
reader group. Additionally, the answering time and the zoom level at the time of
the answer were also recorded. The sequences of the questions and the cartograph-
ic images were randomized again, but in this case an online map server provided
the cartographic images from the same (but differently visualized) database for all
participants. The user interface in the browser made it possible to change the zoom
level dynamically between 1:1,000 and 1:250,000, which modified the map con-
tent quite similarly to the OSM zoom levels (Tab. 1).

The interactive Q1 question tested the orientation skills. Participants clicked
along a city route following a written description. The results showed how well
the maps helped the participants defining relative (right/left) or cardinal
(North/South) directions.

The Q2 question tested the interpretation of linear objects. The task was to
choose a route that did not intersect with any main road. Four options were listed,
and each of them showed up on the map when the participants clicked on their ra-
dio button. Road types varied in color and thickness on all maps. On smaller scale
(<1:15,000), the unpaved roads (bridleways and tracks) were generalized using the
refinement method (McMaster and Shea 1992). The level-B map had the highest,
and the level-E the lowest extent of generalization (Tab. 2).

Table 1. The zoom levels of the online maps. Multiple entries of the same object types in a col-
umn indicate a different design and/or generalization.
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Table 2. The extent of generalization on the maps designed for the three groups of participants.
The numbers indicate the total numbers of items of the listed feature types on a given scale for
the whole test area.

Beginner Intermediate Expert

(number of displayed objects) (number of displayed objects) (number of displayed objects)
Scale level

£8 |58 |88 |42 |8 |sg|s8| £2 |s8|¢sg| 58 | &3

=3 521 33 | g8 | 32|33 | & 28 S= |1 2| S 22
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Fields 372 476 393 476 476 476
Forest 243 277 250 277 277 277
Buildi - 165 1893 | 3570 165 | 4439 18945 - 165 14432 18945
Bridleway, 502 3345 1091 3345 1981 3345
track
Path 188 1182 351 1182 582 1182

The Q3 question tested the interpretation of land cover by selecting the correct
answer out of four possibilities (farmland, suburban, urban, village). The map con-
tained both man-made and natural objects, and buildings only appeared on large
scales (>1:35,000). The beginners’ map was the most, and the experts’ map was
the least generalized. On larger scales (>1:75,000), the beginners had detailed, and
the intermediates had schematic tree symbols and green background on the forest
polygons to facilitate the recognition (Fig. 1).
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Fig. 1. The difference in the design of land cover in urban and rural areas — top, and hypsography
— bottom (target groups from left to right: beginner, intermediate, expert).

The Q4 question tested the interpretation of hypsography interactively. Here
the task was to click on the steepest slope of a four sided hill. The judgement of
landform steepness, however, is different from the usual contour reading tasks
(e.g. Sholl and Egeth, 1982), so the results were taken care accordingly. The con-
tour line intervals on the experts” map were 10 m, while on the level-I and B maps
they were 25 m. The latter two also contained hill shading. In order to help the be-
ginners’ comprehension, we also added measurement units (m) to the values of the
contour lines (Fig. 1).

The Q5 question measured the interpretation of geographic names. Subjects
had to tell from four possibilities what village a specific road crosses. The road
crossed all, but only one of them was a village. By clicking on them, the map
zoomed to their locations. All types of settlement names (towns, villages, districts)
had the same fonts, but different sizes and typefaces. The colors of hypsographic
names were brown on the beginners’ and intermediates’ maps to emphasize the
semiotic connection with the hypsography.

In the Q6 question the subjects’ distance and travel time estimation skills were
tested. The task was to select the correct combination of the length and the walk
time between two points, which were connected with a tourist route. All three
groups were able to use the dynamic scale bar generated by OpenLayers on the
web map.

Fig. 2. The difference in the design of point symbols (from left: beginner, intermediate, expert).

The Q7 question tested the adequacy of point symbols. The participants had to
tell which of the four listed objects could be found in a certain area on the map. A
legend was also provided on the web page for this question. On the experts’ and
intermediates” map we used simple pictograms commonly used on tourist maps,
while the beginners had more detailed and descriptive symbols (Fig. 2).



6. Database — Sampling and weighting

The data was collected between July and September 2016, and the survey was
distributed online in Hungarian language. There were a total of 937 participants,
but only 859 tests were evaluated. The unfinished ones and the tests with a fill out
time less than 5 minutes in the first or second test part were filtered out in order to
improve data quality. Those tests where participants did not give their precise ed-
ucational qualification were also left out. The sample is representative! with re-
spect to gender and age categories of the 15—79-year-old Hungarian population.
Based on the first test’s results, our sample consists of 257 beginner, 305 interme-
diate and 297 expert map users.

7. Proportion of good answers

The differences between map reading groups by questions show that the pro-
portion of the good answers in the beginner group is significantly lower compared
to the same score in the intermediate and expert group (except Q2, the interpreta-
tion of topographic objects). Regarding the intermediate map readers’ perfor-
mance in the case of Q1, Q3 and Q7, the proportion of their good answers is simi-
lar to that of the experts, while it falls behind in the other tasks (Tab. 3).

Table 3. Proportion of good answers by questions and map reading groups.

Map reading category

Beginner Intermediate Expert

(Q1) Orientation skills 2.9%, 7.6% 9.8%1

](SC%S) Interpretation of topographic ob- 45.7%, 53.2%, 72.2%

(Q3) Coverage 70.4%, 79.8% 87.4%
(Q4) Interpretation of hypsography 67.4%, 90.4%
(Q5) Interpretation of geographic names 43.7%, 63.9%,
(Q6) Distance and travel-time estimation 54.0%, 74.0%

(Q7) Interpretation of map symbols 34.3%;, 62.9%¢ 70.0%,

Note: Values in the same row not sharing the same subscript are significantly different at p< 0.05
in the two-sided test of equality for column means (t-tests). The dark blue cells are significantly
higher than the light blue ones in absolute value. Tests assume equal variances.

It was expected that the respondents’ average percentage points would depend
on the maps they got. In the case of the intermediates, this tendency well appeared
on the average percentage point results. However, the map designed for the begin-

IA sample is said to be representative with respect to a variable if its relative distribu-
tion in the sample is equal to its relative distribution in the population.



ners worked oppositely to our preliminary expectations — it did not close the gap
between the map reading groups. For the better understanding, it is worth examin-
ing the second test’s questions step by step with special attention to the beginners’
and intermediates’ performance (see Tab. 4).

In the case of Q1 (orientation skills), the beginners’ average score was signifi-
cantly higher when they used level-I maps compared to the one created for them.
The result suggests that in this kind of task the too low density of the built-in area
could affect negatively the respondents’ results.

Regarding Q2 and Q3, there is no significant difference in the proportion of
good answers, but remarkable differences can be found again in the interpretation
of hypsography (Q4): those beginners who used level-E maps performed better
than those who worked on level-B or 1. This result could be explained with the
denser contour intervals and the lack of hill shading on the experts’ map.

Answers to questions Q5, Q6 and Q7 showed no significant difference, but
there are observable tendencies towards one or another groups’ map, which may
be accounted for many parameters (such as the contour intervals, land cover, the
unpaved roads’ generalization, the coloring of the peak names and labels, etc.).

Table 4. Proportion of good answers by questions, map reading groups and maps used for the
second test.

Beginner map readers Intermediate map readers Expert map readers
Type of maps used in the second test Type of maps used in the second test Type of maps used in the second test

Beginner Intermediate Expert Beginner Intermediate Expert Beginner Intermediate Expert
(On) Orfentation 0.7%, 8.5%, | 2.4%, 5.6%; 91%, | 74%, | 11.5%, 8.0%, | 10.0%,
(Q2) Interpreta-
tion of topo- 56.0%, 45.9%, 60.5%, 55.2%, 73.4%, 56.3%, 75.9%, 86.6%, 70.6%,
graphic objects
(Q3) Coverage 74.7%, 69.7%, 79.6%, 67.4%, 79.3%, 90.3%, 86.4%, 93.4%, 84.7%,
(Q4) Interpreta-
tion of hypsog- 65.1%, 64.8%, 81.4%, 86.1%, 88.3%, 97.2%, 98.9%, 97.9%, 98.9%,
raphy
(Q5) Interpreta-
tion of geo- 43.0%, 50.3%, 51.2%, 53.9%, 75.8%, 51.4%, 76.7%s; 97.9%y 80.2%,
graphic names
(Q6) Distance
and travel-time 60.7%, 55.3%, 51.5%, 76.2%, 76.5%, 67.6%, 91.6%, 84.6%, 82.1%,
estimation
(Q7) Interpreta-
tion of map 35.0%, 39.0%, 37.8%, 55.3%, 64.5%, 72.2%; 73.7%s, 68.2%, 69.2%,
symbols
[Anjg'f‘%j points 327, 336, 354, 3.89, 458, | 431, 5.04, 526, | 5.00,

Note: for explanation of subscripts and colors, see Tab. 3.

Intermediate map readers who worked on level-B or E maps generally per-
formed worse than those who used their own level’s map. The only significant ex-
ceptions were the Q3 (coverage) and Q4 (hypsography). In these cases the propor-
tion of good answers was 9-11% higher when the respondents used level-E maps,
suggesting that the result was affected positively by the higher level of details on
the experts’ map.
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8. Completion time

The time interval between clicking on the “next” buttons on two subsequent
web pages to proceed in the test was recorded and analyzed in every participant’s
case (both who answered correctly and incorrectly). Since the test was accessible
from any internet-capable devices, the filling time could be affected by the speed
of the connection. The observed tendencies remained generally the same, when
only the correct answers were accounted. During the analysis the focus was main-
ly on intragroup differences (Tab. 5). Based on the completion times, the Q1
proved to be the hardest of all. It was followed by the Q2 and the Q7.

Beginners, who got maps designed for their own level, have spent more time
with the test on average (15 min.) compared to those who used the intermediates’
(12.14 min.) and experts’ (12.33 min.) maps. A clear tendency shows that the be-
ginners’ map was not adequate for beginners. This is revealed mainly in four types
of tasks: 1) orientation skills, 2) interpretation of hypsography, 3) distance and
travel-time estimation, 4) interpretation of map symbols. The positive exception
was the Q5 task, where the beginners were quicker when they worked on their
level’s maps.

Table 5. Average filling time in minutes by questions, map reading groups and maps used in the

test.
Beginner map readers Intermediate map readers Expert map readers
Type of maps used in the second test Type of maps used in the second test Type of maps used in the second test
Beginner | Intermediate Expert Beginner | Intermediate Expert | Beginner | Intermediate Expert
1) Orienta-
(Q Orenta 553, 390, | 485, 5.08, 584, | 8.05, 5.10, 511, 6.12,
(Q2) Interpreta-
tion of topo- 2.39, 2.56, 1.96, 421, 2.504 2.62,1 2.47, 2.40, 2.16,
graphic objects
(Q3) Coverage 1.28, 1.38, 0.82, 0.88, 0.90, 1.07, 0.76, 0.94, 0.98,
(Q4) Interpreta-
tion of hypsog- 1.28, 0.67, 0.79,1 0.81, 0.70, 0.564, 0.80, 0.81, 0.60,
raphy
(Q5) Interpreta-
tion of geo- 1.32, 1.49, 1.69, 1.38, 1.43, 1.05, 1.32, 1.08, 1.39,
graphic names
(Q6) Distance
and travel-time 1.20, 0.86y, 0.95,1 1.07, 1.53, 1.15, 1.16, 1.21, 3.24,
estimation
(Q7) Interpreta-
tion of map 2.00, 1.27, 1.27, 1.79, 1.78, 2.04, 1.37, 1.44, 1.42,
symbols
Total [minutes]: 15.00, 12.14, 12.33,, 15.22, 14.67, 16.53, 12.98, 12.99, 15.90,

Note: for explanation of subscripts and colors, see Tab. 3.

The intermediate map readers were quickest with the maps designed for their
level (14.67 min.), which is followed by the case when they got beginner (15.22
min.) and expert maps (16.53 min.). For them, only the Q4 task was problematic
on their own map, which was solved significantly quicker by those who got expert
maps.

The experts, although they could have answered the questions correctly on any
maps, completed the test the slowest when they worked with level-E map (15.9
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min.); the use of other maps resulted in a 3-minute shorter filling time on average.
This tendency showed up in the cases of more than half of the questions, except
Q2 (interpretation of topographic objects), and Q4 (interpretation of hypsogra-
phy).

A slight correlation (0.1) was observed between the participants’ age and their
filling time, which means that solving the tasks took slightly longer with the in-
crease of the age.

9. Map Scale

To find out the preferred scale levels of different map reading tasks, the web-
site logged the maps’ zoom level relative to the default value, after the participants
left the web page. The default zoom level of each task is denoted by 0 by the
OpenLayers plugin, while the level of zooming in is represented with positive in-
tegers, and zooming out with negative integers. Each zoom level halves or doubles
the map scale.

The general tendencies show that participants at the Q1 task mainly used larger
scales, and experts used more zoom than beginners and intermediates. Smaller
scales were used more frequently at the Q2, Q3 and Q7 questions, and the experts
used smaller scales than the beginners (Tab. 6). In these cases, the scale level has a
low inverse correlation (—0.3) with the correct answers, implying that with smaller
scales more correct answers were given.

Table 6. Average zoom level by questions and map reading groups calculated from the integers
recorded with the OpenLayers plugin. Positive numbers indicate zooming in, while negatives
show zooming out tendencies.

Map reading category
Beginner Intermediate Expert
(Q1) Orientation skills 0.047, 0.029, 0.336,
(QZ) Interpretation of topographic ob- -1.236, 1487,
jects
(Q3) Coverage -0.007, -0.049, -0.066,
(Q4) Interpretation of hypsography -0.006, 0.008, 0.111,
(Q5) Interpretation of geographic names -0.041, 0.015, -0.064,
(Q6) Distance and travel-time estima- 0.009, 0.084, 0.110,
tion
(Q7) Interpretation of map symbols -0.310, -0.425, -0.554y,

Note: for explanation of subscripts and colors, see Tab. 3.

No strong relationship was found between the participants’ age and the applied
map scales, and the participants’ gender only caused slight differences regarding
the application of map scales: women respondents used zooming less frequently
than men.



10. Summary

A previous study carried out by Albert et al (2016) noted that group-specific
mistakes are hard to be found in the beginner map readers’ case due to the diversi-
ty of people within the group. Since they have different strengths and weaknesses
in cognitive skills, their mistakes are varying. The present paper’s results show
that while it was achieved to design good maps for the intermediate map readers —
in a way that their average performances approach the experts’ results —, in the
beginners’ case it is a more complicated task. Measuring the beginners’ perfor-
mance in different tasks, it is clear that their results are highly affected by the den-
sity of the land cover symbols and contour lines. Concerning these map data types,
they usually performed better with maps that were designed for intermediates or
experts. This suggests that the object density of the built-in area was unusually
low in the beginner maps’ case (over-generalized), and the use of smaller contour
intervals (and the avoidance of the hill shading) was welcomed by the beginners,
and it affected the results positively. Although the tendency is clear that in all
tasks the proportion of good answers was higher if they used intermediate and ex-
pert maps, the answering time shows that they still performed more quickly on
their own level in the case of the geographic names.

From the aspect of filling time, a clear tendency shows up, which emphasizes
the conclusions derived from the good answers. Those beginners answered the
questions the slowest, and those intermediates the fastest who got maps designed
for their own map reading level. Expert map readers solved the tasks more quickly
if they used beginner or intermediate maps. A weak relationship between the re-
spondents’ age and the completion time was also observed.

Regarding the zoom levels used by the participants, there are differences be-
tween the map reading groups: the experts and the beginners used a little bit
smaller, the intermediates a little bit larger map scale. Only small differences can
be experienced by gender.

The study presented here can help future experiments and map applications in
two ways: partly as a methodological paper and partly by providing data for dy-
namic online maps. The latter belongs to the wider discipline of adaptive map cre-
ation (Sarjakoski and Sarjakoski, 2008), which emerged with the technology of
online maps. Adaptive map design based on the results of our research is dis-
cussed from the aspects of utilizing purely open source data and tools (Szigeti et
al. 2017). The primary aim of our research was to statistically measure the usabil-
ity of the designed maps, and the settings of the experiment made it possible to
achieve this aim. Although the effective map design was only partly achieved, the
numerical results, categorized by the basic map data types are informative. Online
map applications — aiming to produce different maps for different people — will
have to define explicitly the level of generalization, and the optimal map keys for
the individual users. The findings presented here may serve as a stepping stone for
this process.
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