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A STUDY OF VISUAL PREFERENCES FOR MAP LABEL PLACEMENT

1. INTRODUCTION

Digital maps are commonly used to plan routes and navigate, such as by car on a street map or by plane on
aeronautical charts. Other uses include visualizing and understanding spatial features or making decisions
about how to deploy resources in a geographic area. In such scenarios, maps must display large amounts of
relevant spatial information to the user in an intuitive display that helps them find the needed information
quickly and easily.

For centuries, cartographers have conducted the time-consuming task of designing detailed maps and, in
the process, have created many best practices and standards to represent geographic information accurately,
while supporting spatial processing and reducing clutter. However, modern digital maps offer functionality
that is not available in print maps, such as panning, zooming, and adding layers. This complex environment
makes it impossible to manually create map views for every scenario. Mapmakers have turned to algorithmic
and machine learning approaches [1, 2] to generate digital map displays.

Label placement algorithms seek to place labels near their respective features in such a way as to
minimize collisions between map features and to reduce clutter. Several approaches have tried to incorporate
cartography rules into label placement systems, but it is difficult to codify every possible situation. As the
complexity of a map increases, the resulting layouts often do not meet the standards set forth by cartographers
[3]. Although much of the work has focused on improving the efficiency of label placement algorithms,
little has been done to incorporate information about human cognition and preferences into them. Such
information could lead to higher quality layouts optimized for a particular user’s needs or preferences.

The psychological literature has explored how visual attention, preferences, and other aspects of cognition
can affect decision-making and spatial processing. Many examples have shown how psychological theories
and models can be used to improve computational algorithms that account for human behavior [4, 5].
However, the incorporation of this information into map generation algorithms has not been well explored.

In this report, we present a study that explores the label placement preferences of map users and shows
that people exhibit consistent visual preferences about where labels should be placed in relation to points of
interest on a map. We also explore whether context effects, such as similarity, attraction, or compromise,
emerge when making decisions between label positions of equal or similar preference value. The resulting
dataset provides a basis for exploring visual preferences for label placement in the context of digital maps.

1.1 Related Work

Map label placement is one of the most challenging processes in map creation. To be useful, the labels
must be placed near their associated features in a readable way, without colliding with or obscuring other
labels [6]. This is a computationally complex task, even in its simplest form [7]. Digital maps make the
problem more complex, requiring optimal placements to be recalculated as the map is scaled or layers are

Manuscript approved January 18, 2023.
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Fig. 1—An example of the stimuli seen by participants in Part I of the survey. Alignment for
both maps is fixed to top left. Distance is manipulated between the two maps, with labels on
the left map positioned close to their point of interest, while those on the right are positioned
farther away.

added and removed. Many heuristic algorithms have been suggested to approximate label placements more
quickly [8]. However, the layouts produced by automatic algorithms often do not meet the quality standards
established by cartographers [3].

Existing research has explored how the visual properties of maps influence the effectiveness of com-
municating spatial information. Reducing clutter is a popular area of study for map displays, with many
researchers considering the effects of saliency and color density on clutter perception [9-11]. Further work
has shown the effect of visual attention and salience on search strategies in novice and experienced users
[12]. Visual properties, such as spatial distribution, number of objects on a screen, and object connectivity,
have been used to analytically measure the readability of a map [13].

Decision-making research has explored how utility and preferences affect people’s choices. For example,
prospect theory has examined the effects of utility and preference on attention and decision-making [14].
Preference researchers have also explored many computational methods to represent and learn preferences
[15, 16]. Some of this work has examined the use of cognitive models, such as decision field theory [17], to
create preference models that account for the context effects seen in the psychological literature [18-20].

2. STUDY OF MAP PREFERENCES

We build on this research by presenting a study of visual preferences for map displays. It examines what
type of label positions people prefer, and also investigates their decision-making when choosing between
map displays that are similarly or equally preferred. This study serves as a first step toward understanding
preferences in map displays and provides a dataset that supports the development of new models that can
account for visual and spatial aspects of a map. The resulting dataset shows that users express consistent
preferences considering the alignment and distance of a label from its point of interest. We also explore how
people make decisions between equitable options. Finally, we will discuss the future potential of using and
extending the dataset to better understand how visual attention and spatial reasoning affect map preferences.
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2.1 Methodology

478 college students were asked a series of questions about their map preferences. All participants
self-reported that they had vision that was normal or corrected to normal, and 3 participants stated that they
were colorblind. Participants were asked how often they use maps in their daily life (9.4% rarely/never,
35.3% a few times per month, 40.0% a few times per week, and 15.3% daily). They were also asked which
digital map applications they have experience with (Google Maps — 83.5%, Apple Maps — 76.8%, Waze —
63.6%, Map My Run — 7.8%, MapQuest — 4.8%, Strava — 2.9%, All Trails — 2.5%, Other — 3.1%).

After completing the introductory questions, the participants completed 3 survey blocks totaling 52
questions. Part III of the study included eight questions with one correct answer. If the instructions were
understood and the participant was paying attention, they should consistently get these questions correct.
In the results and analysis below, we removed inattentive participants who did not get at least 6 of the 8
questions correct, leaving 292 participants.

2.2 Part I: Preference Consistency

Part I of the survey was designed to answer whether users show consistent preferences regarding two
attributes of the label: alignment and distance. Participants were presented with a series of binary choice
questions in which they were asked to choose the map that they thought was more useful or easy to use
in real world scenarios. Each binary choice involved two maps where the labels differed in alignment
or distance, but not both (see Figure 1 for an example). The participants responded to choices between
every possible combination of two alignment conditions, chosen from {top left, direct left, bottom left}
and every combination of two distance conditions chosen from {close, medium, far}. When the alignment
conditions were compared, the distance of the labels remained fixed in the medium position. When the
distance conditions were compared, the alignment of the labels remained fixed at the top left position. Two
backgrounds were used to test whether people’s preferences changed when the streets on the map were in a
grid pattern compared to a more complicated radial pattern. This resulted in 12 total questions in Part I. In
addition to choosing their preferred map, participants were asked to describe the strength of their preference
by dragging a marker along a slider with a range of [0,100].

2.3 Part II: Preference Tradeoffs

Part II considers how user preferences across multiple dimensions may be combined when choosing
an overall preferred label position. However, instead of choosing between positions that differ in a single
attribute, participants were asked to rank three positions that differ in both distance and alignment. We
considered two sets of three maps on four different backgrounds (2 with streets in a grid pattern and 2 in a
radial pattern). This resulted in a total of 12 questions.

* Label Set 1: (top left, medium), (direct left, far), (bottom left, close)

» Label Set 2: (top left, far), (direct left, close), (bottom left, medium)
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2.4 Part III: Context Effects

Finally, in Part III, we wanted to investigate whether context effects are observed when people choose
between equally preferred options. Context effects occur when adding a third option to a choice set causes
a violation of expected utility. Three context effects are prominent in the literature, including similarity,
attraction, and compromise. The similarity effect is produced by adding a competing alternative that is similar
to the choice set [18], while the attraction effect can be observed when adding a dominated alternative (i.e.,
one that is less preferred to all other alternatives in the choice set) [20]. Finally, the compromise effect is
produced by adding an alternative that is less extreme in some dimension, compared to the other choices
[19]. These effects have been observed across many paradigms, but to our knowledge, they have not been
explored in a rich visual environment such as map displays. To test for these effects, we chose questions that
should produce contextual effects if they are present.

Alignment Distance
6 (most preferred) 5 12{|east preferred)
3
2 . 1 (least preferred) 45
6 (most preferred)

4 3 .

Fig. 2—Boss’s preference values for the different alignment and distance options

The participants were presented with a set of preference values for six distances and six alignments of a
point label (see Figure 2). They were told that their boss asked them to choose a label’s position given these
preferences. Then, a set of three maps was shown in which a single label differs in alignment and distance.
Participants were asked to choose the map that represented the best trade-off between alignment and distance,
using the boss’s preferences. In the event of a tie, participants were asked to choose the position of the label
they thought was best.

In most of the questions, the three label positions were chosen to be equal to or similar in value for
the boss, but the choices were selected in such a way as to identify context effects if they were present.
For example, a similarity question would include three label placements where the preferences for each
attribute add up to the same value (i.e., (2,5),(1, 6), and (5, 2)). If the similarity effect is present, we expect
participants to choose more often the position that is most different (i.e., (5, 2), which has a high value in the
first dimension and a low value in the second). Table 1 shows the label placement sets that test for similarity
effects.

Questions that test for the attraction effect include two label positions where the preference values add
up to the same total (i.e. (1,6) and (4, 3), while the third position is not quite as good, but similar to one of
the other two (i.e. (1,5)). In this example, (1,5) is not as good as (1, 6), but since it is similar, the attraction
effect would lead participants to choose (1, 6) more often than the other choices. Table 1 shows the label
placement sets that test for attraction effects.

Finally, the compromise questions provide three label positions that have equal total preference values.
However, two of the options are extreme in each dimension, while the third is more moderate (i.e. (1,6),
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(5,2) have extreme values in both dimensions, while (3,4) is more moderate).

placement set that test for compromise effects.
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Fig. 3—Preference values for label positions in Part III questions testing for context effect

Set Name choice 1 choice 2 choice 3
similarityl: | (direct left, medium): 7 (top right, far2): 7 (top left, far3): 7
similarity2: (direct left, medium): 7 (top right, far2): 7 (right, close): 7
attractionl: (right, close): 7 (right, medium): 6 (bottom left, farl): 7
attraction?2: (right, close): 7 (bottom left, farl): 7 (bottom left, far2): 6
compromise: (right, close): 7 (bottom right, far): 7 (top right, far2): 7
otherl: (top left, medium): 11 (direct left, far): 6 (bottom left, close): 9
other2: (top left, far): 10 (direct left, close): 8 | (bottom left, medium): 9

Table 1—The label position sets compared in Part III. Each choice lists the
alignment, distance, and boss’s utility value for that choice. The names
correspond to the names along the x-axis in Figures 7 and 8. The expected
choice is in bold.

The survey included the label positions described in Table 1 to test for attraction, similarity, and com-
promise effects. Additional questions included the same alignment and distance trade-offs from Label Sets
1 and 2 in Part II. The label positions in these additional questions did not have equal preference values and
therefore had only one correct answer. The seven types of questions were replicated across four different
map backgrounds, resulting in 28 total questions.

To ensure that the participants understood the instructions, each person completed a tutorial made up
of five questions. To proceed to the next question of the tutorial, the participant had to choose the correct
response. If they chose incorrectly, the tutorial would provide feedback on why the choice was wrong. After

successfully completing the tutorial, the participant went on to complete the study.

Table 1 shows the label
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3. RESULTS AND DISCUSSION

In the following sections, we report on the results of each part of the survey, including an analysis of
participant responses.

3.1 Partl

When analyzing the results from Part I, we compared the distribution of responses from both of the
map backgrounds (grid and radial) to see if there were statistical differences in people’s preferences between
the two maps. We did not find statistical differences in the responses between the groups. Therefore, we
combined these groups into one for the remainder of the analysis. This resulted in 584 responses for each
comparison (2 per participant).

When analyzing alignment preferences, we found that the direct left position (66.4%) was preferred to
the bottom left (33.6%), with a mean preference strength of 50.1 (sd=29.7). Direct left (54.6%) was also
slightly preferred to the top left position (45.4%), with a mean preference strength of 50.9 (sd=28.8). Finally,
the top left position (62.3%) was preferred to the bottom left position (37.7%). The mean preference strength
was 49.7 (sd=29.2).

When analyzing distance preferences, we found that medium positions (79.3%) were preferred to close
positions (20.7%), with a mean preference strength of 51.1 and a standard deviation of 28.8. Far distances
(73.5%) was also preferred to close (26.5%), with a mean preference strength of 49.2 and a standard
deviation of 29.2. Medium distance positions (67.8%) were preferred to the far positions (32.2%) with a
mean preference strength of 44.2 (sd=30.4).

If participants were indifferent between the label positions, we would expect to see approximately 50.0%
of responses for each choice. However, the above analysis shows that participants were not indifferent
between the position of the labels, and generally preferred labels that were aligned to the left and positioned
a moderate amount from their associated point of interest. The next preferred alignment was top left, while
far was the next preferred distance position. The bottom left and close positions were the least preferred.

Next, we wanted to understand how people combine different attributes when choosing a position where
both alignment and distance are manipulated. Will they maintain the same general preference for distance
and alignment when these are changed? If they need to choose labels that are preferred in one dimension but
disliked in another, does one factor get weighted higher than the other?

These questions lead to Part II of the study, which considers how participants rank label positions when
a label differs in both alignment and distance.

3.2 Partll

The two label sets described in the methodology above were shown on four different map backgrounds.
We compared the distribution of responses for each background map group and found no statistical differences
between them. Therefore, we combined the four groups into one, resulting in 1168 responses for each trade-off
set (4 per participant).

When considering Label Set 1 (see Figure 4), we note that participants ranked (top left, medium) more
often in first place (73.4%), while (bottom left, close) is more often ranked in last place (61.7%). In Label
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% of Participants
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Fig. 4—Rankings of label positions in Label Set 1 and Label Set 2
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Fig. 5—Proportions of participants’ first ranked items in Label Set 1 (left) and Label Set 2
(right).
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Set 2 (see Figure 4), we see that there is a clear preference for ranking (top left, far) first (64.2%), (direct left,
close) second, and (bottom left, medium) third (63.1%).

Most of the participants appeared to prioritize alignment over distance information in both scenario. A
visualization of the options that the participants ranked first in Label Set 1 and Label Set 2 can be seen in
Figure 5. As a group, most of the participants (Label Set 1: 73.4%, Label Set 2: 64.2%) ranked the labels
placed at the (top left, medium) position. 78.2% of those who chose the top left label in Label Set 1, chose
the (top left, far) label position in Label Set 2.

If participants had prioritized distance information, then (top left, far) would not have been so strongly
preferred in Label Set 2, compared to the small number of responses (39.6%) that ranked (direct left, far)
in Label Set 1. In fact, of the participants who chose (direct left, far) in Label Set 1, the largest proportion
(39.6%) continued to prefer left aligned labels (direct left, close) in Label Set 2.

Although most of the participants appeared to focus on the alignment of labels, there was a minority who
appeared to take distance information into account. Of those who chose the position (top left, medium) in
Label Set 1, 16.9% shifted their decision to (direct left, close) and 4.9% shifted to (bottom left, medium) in
Label Set 2. This is in line with the distance preferences we observed in Part I, with people preferring closer
labels to those farther away.

When comparing these results with those found in Part I, we found some similarities. In Part I, we found
that people generally preferred bottom left positions the least, and this was also seen in Part II. In fact, when
considering (bottom left, medium) in Label Set 2, we found that people’s preference for medium positions
in Part I seems to be overpowered by their preference against the bottom left position. With that exception,
we found that people preferred the medium and far placed positions to close positions, as we also found in
Part I.

Consistent preferences between Part | and Part I, Consistent preferences between Part | and Part I,
{alignmentWeight > distanceWeight) {alignmentWeight = distanceWeight)
E alignments E alignments
50 4 N distances 80 1 N distances

a8

&

# of participants
# of participants

B
(=]
L

0.0 02 0.4 0.6 0.8 10 0.0 02 0.4 0.6 0.8 10
% coensistent % consistent

Fig. 6—Each graph represents the number of participant responses in buckets denoting how
consistent they were. If % consistent is 1.0, the participant chose the Part II option in every
question that aligned with their preferences along the associated dimension in Part I.

Modeling Map Preference Trade-offs To better understand how participants choose which label posi-
tions to rank first, we employed a model to estimate the utility for each of the label positions in Part II, fitted
to the preference data collected in Part L.
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In Part I, participants chose their preferred position between three distance positions and three alignment
positions in a series of pairwise comparisons. Using this information, we can generate an order over the
positions in A = {top left, left, bottom left} and positions in D = {close, medium, far}, for each map
background, such thata; > ar > az and d; > dp > ds.

We assign a utility to each position, assuming that the relationship between them is linear, and that higher
ranked items should have a higher utility than lower ranked items. More formally, # is the number of options
compared (n = 3 in this case), and r(x) returns a value in {1, 2, .., n} that corresponds to the rank index of x.
Note that it was possible for multiple positions to share the same rank r(x) if the participant was indifferent
between them. Therefore, the utility of the alignment position is Ya € A,u(a) = n — r(a), and the utility
value of the distance position can then be described Vd € D, u(d) = n —r(d).

Given these utilities, we can model the rank 1 responses in Part I by aggregating the alignment and
distance utilities for the label position, as a weighted sum: u(P) = wau(ap) + wpu(dp). Here, ws and wp
represent the weights applied to the alignment and distance features, respectively.

The weights represent how consistently an individual chose options using a preferred placement found
in Part I. For example, if wp was closer to 1, then the participant’s decisions in Part I were more consistent
with their distance preferences collected in Part I. If a weight was closer to -1, then their preferred choices
in Part II were not heavily influenced by their preference in Part 1.

After the utilities for each option have been generated, the model returns the choice with the highest
utility as the preferred option. If multiple choices are tied for the highest utility, then the model is indifferent
between them and returns one randomly chosen from a uniform distribution.

As seen in Figure 5, participants exhibited a variety of strategies when ranking positions, so we model
the preference weights for each individual, rather than for the entire group.

Model Results To model the rankings, we use a grid search to fit the values for w4 and wp, chosen
between -1 and 1 in increments of 0.1 [-1,-0.9,...,0,0.1...,0.8,0.9]. We fit the values by selecting the
pair (w4, wp) that most often predicted an individual’s choice of ground truth Rank 1 choice over eight total
responses (four responses each combined with the two sets of preferences gathered in Part I). Predictions
were generated by calculating the utility of the position using the process described above. Since the model
broke ties randomly, a variety of outcomes were possible. To ensure that the model works well across a
number of different random seeds, we ran the model 20 times. When comparing the runs, there was no
statistical difference between them, and the model accurately produced 72.7% (sd = 0.01) of the Rank 1
responses on average. We used one of these runs (accuracy = 72.9%) to perform the weight analysis below.

Weights Analysis We can analyze the weights of the resulting models to understand how consistent
participants were in their preference choices between Part I and Part II of the survey. For example, if
wa > wp (N = 896), then the participants were generally more consistent in choosing the option that
reflected their alignment preferences from Part I, compared to distance preferences. Likewise, if w4 < wp
(N = 1040), then participants were more consistent in choosing an option that reflected their distance
preferences in Part I. If w4 = wp (N = 400), then participants were often not very consistent in using their
Part I preferences to choose options in Part II. In Figure 6, we can see a summary of these results, showing
that people were generally more consistent in choosing options that used their alignment preferences than
those that used their distance preferences.



10 Jaelle Scheuerman

1000
800
600
400
200
D -
= o
u u
= =
B =
- baseline B Part |l choice 2 B Part Il choice 2
= Correct Choice (Part 111} Part Il choice 3 Part Il choice 3
mmm Part |l choice 1 mm Part |l choice 1

Fig. 7—Comparison of responses from Part II and Part III for Label Sets 1 and 2. Part II

choices are those that were ranked first in Part 2. Part III choices were the position selected
as the best choice, given the boss’s preferences.
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Fig. 8—Results of context effect questions. Red lines mark the choice we would expect to
be chosen the most often, if the associated context effect is seen in the data
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3.3 PartIIl

Recall that Part III asked participants to choose the label position that best represented their boss’s
preferences. Eight of the questions replicated Label Set 1 and Label Set 2 from Part II, on four backgrounds.
However, in this part of the survey, participants needed to respond using the boss’s preferences, rather than
their own. In all of these questions, there was a single correct answer. We compared the distributions of the
responses from Part II and Part III and found that they were significantly different (P < 0.005). Figure 7
shows a comparison between each group’s responses for each question. In Part II, we see that, while there
was a clear majority in favor of one particular label position in each question, minority groups still preferred
the less popular option in each case. However, in Part III, nearly all participants chose the option that
correctly aligned with the boss’s preferences. These results seem to indicate that the participants understood
the instructions to choose maps using the boss’s preferences in Part III.

The remaining questions in Part III of the survey were included to see if similarity, attraction, and
compromise effects occur in the rich visual environment of a map. Recall that given the boss’s preferences,
the three label positions compared in each question either had equal preference values (to test for the similarity
and compromise effect), or near equal preference values (to test for the attraction effect). For the questions
that were equal (similarity and compromise), we would expect that if the participants made the choice
randomly among positions of equal value, each choice would receive 33.3% of the responses. In the case
of questions testing the attraction effect, where one option is slightly less preferred by the boss, we would
expect the less preferred option to get the least number of responses and the remaining responses to be evenly
distributed among the other two.

We can see from Figure 8 that participants did not randomly choose label positions among those with
equal preference values. Although the context effect option is the most popular in the first similarity set
(57.0%), it is not very popular in the second similarity set (23.1%). Instead, it seems that people chose
the (direct left, medium) aligned option by a large majority in both of these questions (similarityl: 57.0%,
similarity2: 56.7%). In the attraction questions, the dominated option is chosen much less often than the
other two, and the responses are nearly equally distributed between the remaining two options (attractionl
- choicel: 43.2%, choice3: 46.0%, attraction2 - choice 1: 45.4%, choice 2: 49.6%), with the (bottom left,
farl) position being slightly preferred in both cases. Compromise questions may show a weak effect, with
the contextual choice slightly preferred (47.3%) over the other two options.

Rather than exhibiting context effects in these questions, the participants seem to be choosing a preferred
option given some other internal method. The participants were instructed to break ties by choosing the
position they thought was best, so their choices may have been moderated by their own preferences, as the
boss would have been indifferent between the label positions. Many of the existing studies in the literature
use values that are objective (i.e., decisions being based on the strength of eyewitness testimony, or by
choosing the area of a rectangle [21]), such that they may not evoke strong personal preferences or be open
to interpretation.

4. CONCLUSION
4.1 Limitations and Future Work

Certain limitations exist in the current dataset that should be addressed in the future. Due to limits on the
participants’ time, we did not collect responses for all possible distance and alignment comparisons in Part I
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or ask participants to rank all the possible Part III positions in Part II. Since Part III questions made use of
alignment and distance options that were not present in Parts I and II, it is not possible to analytically test if
people use their personal preferences to break ties between the choices that the boss was indifferent about.
To address this, we will collect additional data where people rank all the context effect questions using their
own preferences, as they did in Part II. This information would allow us to compare the distributions of their
choices before and after being instructed to use the boss’s preferences.

The results and analysis presented here represent the first steps in understanding people’s visual prefer-
ences in digital map displays. Future work will include developing models of preferred label positions using
data collected in the survey, as well as incorporating additional cognitive and spatial information such as
saliency, clutter perception scores, color density, spatial distribution, or alignment with other map features.

In the future, we plan to test whether using people’s label position preferences in map generation impacts
their experience or the map’s effectiveness for finding information on new maps. It would also be interesting
to compare the differences between the preferences of novice and expert map users, to understand the impact
of expertise on visual preferences in map displays.

4.2 Conclusions

We have introduced a study of visual preferences for the placement of labels on map displays. This
study considered whether people have consistent preferences about the alignment and distance of labels from
their associated point of interest. We considered preferences when alignment and distance are manipulated
independently and together. In general, we found that people preferred specific label positions and that they
were more consistent in choosing positions that prioritized alignment over distance.

We also collected responses where participants chose positions that best represented some provided
preferences, and found that they successfully applied these when one position clearly dominated the others.
However, when possible positions had the same preference value, participants did not evenly distribute their
responses among options, indicating that they used some internal mechanism to break the ties. We tested to
see whether psychological context effects, such as compromise, attraction, and similarity, could be observed
when participants chose between positions of equal value, but did not observe this outcome. Participants
may have broken ties using their own personal preferences. Additional data must be collected to further
investigate this.

The dataset resulting from this survey will pave the way for new models of visual preferences in map
displays and creates opportunities to consider how visual attention, clutter, and spatial perception influence
preferences in digital displays.
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