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A B S T R A C T   

Landmarks, salient spatial elements, are often argued to play an important role in the formation of mental 
representations of space. They are likely to be perceived due to their salience and they can be used as spatial 
reference points to memorize the locations of other spatial elements. In maps, landmarks are often represented as 
pictograms. Similar to real world objects, their likelihood to be perceived and used as spatial reference points 
depends on salience characteristics. In this paper, we investigate the structural salience of landmark pictograms 
in maps, based on their location relative to a task-relevant object. Using eye tracking, we aimed to identify 
distance parameters that predict the structural salience of landmark pictograms in an object location memory 
task. Additionally, we investigated whether the availability of structurally salient landmark pictograms improves 
object location memory. Our results show that landmark pictograms close to a to-be-learned object and the 
cardinal axes of the to-be-learned object were fixated more often. However, only the distance to the to-be-learned 
object was found to be related to object location memory performance. An increased location memory perfor-
mance was observed when landmark pictograms were available close to the to-be-learned object. We argue that 
proximity of a landmark pictogram to a task-relevant object location and its cardinal axes can be used as pa-
rameters for its structural salience. We also found some first evidence that the availability of structurally salient 
landmark pictograms may improve object location memory performance.   

1. Introduction 

People live and act within geographic space. They regularly change 
their current location, which requires orientation and navigation. 
Effective and efficient orientation and navigation depend on knowledge 
about the geographic space, as people need to compare visually 
perceived spatial elements to a spatial model (Field, O’Brien, & Beale, 
2011; Kitchin & Blades, 2002). Identifying spatial elements and the 
spatial relation between these elements allows people to determine their 
current location and to triangulate the direction of their target location 
(Foo, Warren, Duchon, & Tarr, 2005; Gunzelmann & Anderson, 2006). 

In unfamiliar environments or in cases when knowledge about 
remote spaces needs to be acquired, people rely on external represen-
tations of space, i.e. maps (Roskos-Ewoldsen, McNamara, Shelton, & 
Carr, 1998). Maps are abstract representations of geographic space used 
to communicate spatial information (Montello, 2002) either without or 
in combination with direct experience of the represented geographic 
space (Uttal & Wellman, 1989). By interacting with geographic space 

and maps, people gradually build a mental representation of space 
(Millonig & Schechtner, 2007; Montello, Hegarty, Richardson, & Waller, 
2004; Sorrows & Hirtle, 1999). Such mental representations of space 
(also called cognitive maps or cognitive collages, cf. Tversky, 1993) are 
knowledge about spatial elements and the spatial relation between these 
elements (Kuipers, 1982; Morris & Parslow, 2004; Tversky, 2003). 
Although spatial knowledge can be structurally distorted in terms of 
distances and directions (Dickmann, Edler, Bestgen, & Kuchinke, 2013; 
Mark, Freksa, Hirtle, Lloyd, & Tversky, 1999; Montello, 1998; Tversky, 
1993), it allows people to navigate through geographic space without 
relying on external representations of space (Millonig & Schechtner, 
2007), thus making the use of maps obsolete after the mental repre-
sentation of space is sufficiently complex and detailed to support 
orientation and navigation. 

Concerning the complexity of mental representations of space, it is 
important to realize that it is not useful to obtain ‘complete’ spatial 
knowledge, as the temporal spatial permanence can greatly vary be-
tween spatial elements. A parking car for example may change its 
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location multiple times per day whereas a building may exist in the same 
location for hundreds of years. Storing objects with a low temporal 
spatial permanence in a mental representation of space could lead to 
confusion and might impair orientation and navigation if these objects 
disappear or change their location (cf. Keil, Mocnik, Edler, Dickmann, & 
Kuchinke, 2018). Therefore, a certain level of temporal spatial perma-
nence seems to be required for objects to be used as anchor points for a 
mental representation of space. 

A group of spatial elements that has been repeatedly argued to play 
an important role in the formation of mental representations of space are 
landmarks (Foo et al., 2005; Millonig & Schechtner, 2007; Sorrows & 
Hirtle, 1999). Defined as salient spatial elements associated with a 
specific location (Anacta, Schwering, Li, & Muenzer, 2017; Basiri, 
Amirian, & Winstanley, 2014; Bestgen, Edler, Kuchinke, & Dickmann, 
2017), landmarks not only remain in a specific location for long enough 
to be used as spatial reference points for a mental representation of 
space. Their salience also makes them more likely to receive attention 
than other surrounding objects (Caduff & Timpf, 2008; Röser, 2017). 
Additionally, locations of salient objects are more likely to be memo-
rized accurately (Fine & Minnery, 2009). Therefore, highly salient 
landmarks are assumed to be ideal spatial reference points for the for-
mation of mental representations of space. 

In maps, landmarks are often represented as pictograms. The salience 
levels of these pictograms depend on three sub-characteristics: their 
visual, semantic and structural salience. Visual salience is defined by 
visual characteristics of an object compared to surrounding elements, e. 
g. color contrast or size (Duckham, Winter, & Robinson, 2010; Klippel & 
Winter, 2005). Semantic salience comprises individual associations with 
an object, as attached emotions or knowledge about its origin, purpose 
or relevance (Duckham et al., 2010; Raubal & Winter, 2002). Therefore, 
the semantic salience of an object can vary greatly between individuals. 
Structural salience is context dependent. The structural salience of an 
object is determined based on its location relative to a currently (task-) 
relevant object or location (Claramunt & Winter, 2007; Röser, Krum-
nack, Hamburger, & Knauff, 2012). Previous research concerning the 
structural salience of landmarks and landmark pictograms in maps has 
mostly focused on navigation and route memory scenarios (e.g. Keil, 
Edler, Kuchinke, & Dickmann, 2020; Klippel & Winter, 2005; Röser 
et al., 2012; Röser, Krumnack, & Hamburger, 2013). However, the 
investigation of the structural salience of landmarks in the context of a 
location memory scenario has been neglected so far. This paper is meant 
to narrow this gap based on experimental investigation of the role of 
landmark pictograms in maps for memorizing locations. More specif-
ically, we aim to identify spatial distance parameters for the structural 
salience of landmark pictograms in an object location memory scenario. 
As argued above, highly salient landmarks may be more likely to be 
integrated into mental representations of space. Therefore, we also 
assess whether the availability of structurally salient landmark picto-
grams can be used to predict location memory performance. Accord-
ingly, we formulate the following two research questions:  

1. Which spatial distance characteristics predict the structural salience 
of landmark pictograms in maps when object locations are learned?  

2. Does the availability of structurally salient landmark pictograms in 
maps improve location memory performance? 

The experiment described in the following sections is meant to 
answer these research questions and to broaden our understanding of 
how maps are perceived and used to build mental representations of 
space. If, as suggested, relative locations of landmark pictograms can be 
used to predict their structural salience and their relevance for memo-
rizing object locations, this information could be used to dynamically 
adjust map contents based on task requirements. For example, landmark 
pictograms could be displayed or hidden based on their structural 
salience, as derived from a selected map location. 

2. Background 

Maps are (in most cases) visual stimuli consisting of a multitude of 
visual elements. Based on their salience, some map elements will receive 
more visual attention than other elements (Caduff & Timpf, 2008). 
Therefore, information about the distribution of visual attention across 
all elements in the map can be used to deduce the salience of specific 
map elements. Eye fixations recorded with eye trackers have been 
argued to be an indicator of the attentional processing of visual stimuli 
(Henderson, 2003; Just & Carpenter, 1976; Poole & Ball, 2006; Tsai, 
Hou, Lai, Liu, & Yang, 2011). Therefore, they are commonly used as a 
measure for the salience of specific visual stimuli (e.g. Edler, Keil, Tuller, 
Bestgen, & Dickmann, 2020; Fabrikant, Hespanha, & Hegarty, 2010; 
Keil, Edler, Dickmann, & Kuchinke, 2019; Kuchinke, Dickmann, Edler, 
Bordewieck, & Bestgen, 2016). In combination with locational infor-
mation, fixation data may also be used to assess structural salience dif-
ferences of landmark pictograms in maps. The underlying assumption is: 
if landmark pictograms in a specific location (relative to a task’s relevant 
object location) have a higher structural salience, these landmark pic-
tograms receive more visual attention. 

In order to compare structural salience differences between land-
mark pictograms and to assess potential effects of structurally salient 
landmark pictograms on object location memory performance, it is 
necessary to define potential spatial parameters for structural salience. 
Such parameters usually reflect the proximity to a specific location. In 
the context of a navigation or route memory scenario, structural salience 
is usually argued to depend on its distance to a decision point (e.g. an 
intersection along the route) or the route in general (Claramunt & 
Winter, 2007; Keil et al., 2020; Röser et al., 2012). However, in the 
context of a map-based location memory scenario, these route depen-
dent distances do not exist. The most intuitive distance parameter might 
be the distance between a landmark pictogram and the to-be-learned 
object location. Winter, Tomko, Elias, and Sester (2008) argue that the 
dominance of (real world) landmarks is inverse to its distance to a 
specified location. We assume that this distance may also be a relevant 
parameter for the structural salience of a landmark pictogram. In our 
second research question, we speculate that the availability of struc-
turally salient landmark pictograms improves location memory perfor-
mance. If this is the case, and if the distance between landmark 
pictograms and a to-be-learned object is a relevant parameter for the 
structural salience of landmark pictograms, recall performance of 
to-be-learned objects should be better if landmark pictograms are dis-
played close to the to-be-learned objects. This assumption is supported 
by the results of related studies showing that location memory is better 
when spatial cues used to memorize a location are closer to the 
to-be-learned location (Fitting, Wedell, & Allen, 2007; 2009). 

A second spatial parameter of landmark pictograms that we chose to 
investigate in the context of structural salience and location memory 
performance is derived from angular information about the spatial 
relation between landmark pictograms and the to-be-learned object. 
When people perceive images, they tend to assign a coordinate system 
based on its rotation and shape (Rock, 1997; Tversky, 1981). Both paper 
maps and digital maps usually have a rectangular shape. When such 
maps are perceived, two cardinal axes (horizontal and vertical) are ex-
pected to be deduced parallel to the borders of the maps. These cardinal 
axes may affect how specific map areas and elements are processed. 
Dickmann, Edler, Bestgen, and Kuchinke (2016) found that grids in 
maps support object location memory performance even if considerable 
parts of the grids are covered by topographic objects. They argue that 
people use Gestalt principles to connect visible grid fractions with illu-
sory grid lines that are used as an additional layer of spatial reference. 
Similar to such illusory grid lines, ‘illusory cardinal axes’ originating 
from a to-be-learned object location may act as reference frames to 
improve object location memory performance. If the location of land-
mark pictograms is aligned with or close to one cardinal axis of the 
to-be-learned object, people can focus on the distance between the two 
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objects for memorizing the to-be-learned object location and neglect to 
memorize the angular relation between the two objects. E.g. memorizing 
a location 1 cm ‘above’ a specific landmark pictogram is assumed to be 
easier than memorizing a location that is 1 cm away from a specific 
landmark pictogram, but 37◦ clockwise from the top of the landmark 
pictogram. Therefore, the distance between landmark pictograms and 
the cardinal axes of the to-be-learned object is proposed to affect loca-
tion memory performance of the to-be-learned object. Given that visual 
attention is partially guided by top-down attentional control (Connor, 
Egeth, & Yantis, 2004; Hopfinger, Buonocore, & Mangun, 2000; Oliva, 
Torralba, Castelhano, & Henderson, 2003), people may deliberately 
direct visual attention towards spatial elements that are expected to be 
helpful for a given spatial task. Thus, if people are aware (or just expect) 
that landmarks close to the cardinal axes of the to-be-learned object 
should be preferably used as reference points for memorizing the loca-
tion of the to-be-learned object, these landmarks should also have a 
higher structural salience (cf. Corbetta & Shulman, 2002). 

Attempts to predict the spatial perception of specific map elements 
(in this case landmark pictograms) also need to take potential biases of 
spatial perception into account. When people scan visual stimuli in a 
specific pattern, this might affect which landmark pictograms are visu-
ally perceived and used as spatial reference points for location memory. 
Studies have shown that people use more horizontal than vertical sac-
cades to scan images (Foulsham & Kingstone, 2010; Gilchrist & Harvey, 
2006). This perceptual bias may be caused by habits trained by the 
native reading direction (cf. Afsari, Ossandón, & König, 2016). Based on 
these findings, we assume that the distance to the horizontal cardinal 
axis of the to-be-learned object is a better predictor for the structural 
salience of landmark pictograms than the distance to the vertical car-
dinal axis. Consequentially, if landmark pictograms close to the hori-
zontal cardinal axis receive more visual attention, they should be more 
important as reference points for location memory than landmark pic-
tograms close to the vertical cardinal axis. 

Patterns of spatial perception can also be affected by the content of 
an image (Foulsham, Kingstone, & Underwood, 2008). In route memory 
tasks, areas offside the route have been shown to receive more visual 
attention when the map has a lower visual complexity, i.e. contains less 
spatial elements (Keil et al., 2020). Thus, low visual complexity seems to 
enlarge the scanned map area, assumedly because the area close to the 
route does not contain sufficient spatial reference points to memorize 
the route. As location memory also depends on the availability of spatial 
reference points (Montello et al., 2004), we expect that more distant 
landmark pictograms relative to the to-be-learned object location are 
fixated when the displayed maps have a low visual complexity. 
Conversely, as demonstrated in multiple studies (Bestgen, Edler, Müller, 
et al., 2017; Edler, Bestgen, Kuchinke, & Dickmann, 2014; Edler, Dick-
mann, Bestgen, & Kuchinke, 2014), location memory should be better in 
maps with high visual complexity, because more spatial reference points 
are available close to the to-be-learned object location. 

In summary, we assume that the distance of landmark pictograms to 
a to-be-learned object and its cardinal axes affects their structural 
salience and relevance for memorizing the location of the to-be-learned 
object in a map. Visual complexity of the map is expected to be a 
mediator variable for these effects. For the experimental investigation of 
our assumptions, we formulate the following hypotheses: 

H1. Landmark pictograms close to the to-be-learned object location 
receive more visual attention. 

H2. Landmark pictograms close to cardinal axes of the to-be-learned 
object, especially the horizontal axis, receive more visual attention. 

H3. In maps with low visual complexity, landmark pictograms farther 
away from the to-be-learned object location receive visual attention. 

H4. Map-based object location memory is more accurate when land-
mark pictograms are available close to the to-be-learned object location. 

H5. Map-based object location memory is more accurate when land-
mark pictograms are available close to the cardinal axes of the to-be- 
learned object, especially the horizontal axis. 

H6. Map-based object location memory is more accurate in maps with 
higher visual complexity. 

3. Methods 

The presented study was controlled and approved by the ethics 
committee of the Faculty of Geosciences at the Ruhr University Bochum 
(February 25, 2019). 

3.1. Participants 

The sample size was selected based on a power analysis with the 
assumption of a moderate effect size of 0.5 (cf. Sawilowsky, 2009), a 
significance level of 0.05 and a power level of 0.9. Based on these values, 
a required sample size of 38 was calculated. In a previous eye tracking 
study, we had to exclude 13.6% of the participants from statistical an-
alyses, because gaze data losses were too high (Keil et al., 2020). Based 
on these considerations a required sample size of n = 43 was computed 
using G*Power (v.3.1.9.3). Accordingly, 43 volunteers from Ruhr Uni-
versity Bochum (11 females, 32 males) were recruited for participation 
in the study. Their age ranged between 20 and 36 years (M = 24.5, SD =
3.7). None of the participants was informed about the study purpose 
until the experiment was completed. 

3.2. Materials 

Nine stimulus maps were derived from OpenStreetMap (OSM) data 
using Maperitive. Opposed to map data from commercially oriented map 
providers, OSM data is based on volunteered geographic information 
and free access is provided to the underlying data structure. This 
allowed us to completely control the map design and to remove all street 
name labels, as their semantical load could have affected map percep-
tion. One of the nine maps was used as a training stimulus. From the 
other eight maps, a second version was created. The central area of the 
map (one fifth of the width and height) was selected and stretched to the 
original size of the map (see Fig. 1). The stretched maps had a lower 
visual complexity, as less elements were displayed per unit of length. 

Creating a second version of eight of the original maps resulted in a 
total of 17 maps (see example stimulus in Fig. 2). All maps were scaled to 
1920 × 1080 px and all point symbols (including landmark pictograms) 
were removed from the maps. Instead, 20 landmark pictograms 
retrieved from the OSM repository were placed with a size of 25 × 25 px 
on random locations in each map. To prevent effects of visual salience on 
the visual perception of specific landmark pictograms, all landmark 
pictograms were displayed black. Additionally, one red pictogram with 
black outlines representing a camera was added with a size of 25 × 25 px 
to a random location of each map. This pictogram marked a to-be- 
learned object location (“good location for taking a photo”). 

3.3. Procedure 

The study comprised one training trial and 16 experimental trials. 
Each trial consisted of a study phase, a distractor task and a recall phase. 
During the study phase, one of the stimulus maps was displayed for 20 s. 
The order of stimulus maps was randomized. Participants had to 
memorize the location of the red camera pictogram (“A map containing 
a red camera symbol will be shown for 20 s. Please memorize the 
location of the camera symbol.”). The subsequent distractor task con-
sisted of two questions concerning alphabetical order (e.g. “What letter 
comes two positions after the letter P?”). Participants had to answer 
these questions using the keyboard (“Two questions concerning the 
order of letters in the alphabet will appear on the screen consecutively. 
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Please answer these questions by pressing the respective letter on the 
keyboard.”). In the recall phase, the same map as in the preceding study 
phase was presented. However, the red camera pictogram was not 
visible. Participants had to press on the memorized location using the 
mouse cursor and the left mouse button (“The map from the study phase 
will be shown, but without the camera symbol. Please click on the 
memorized location of the camera symbol using the left mouse 
button.”). 

3.4. Measures 

3.4.1. Salience 
Salience of landmark pictograms was measured based on total fixa-

tion durations assessed during the study phase with a Tobii TX300 eye 
tracker (23 in, 1920 × 1080 px, 300 Hz gaze recording). Round areas of 
interest (AOIs) with a diameter of 60 px were placed on all 20 landmark 
pictograms. The size difference between the landmark pictograms and 
the AOIs was due to the fact that no eye tracker can provide perfectly 
accurate gaze data. Therefore, a small buffer around the landmark pic-
tograms was required to ensure that not too many fixations on landmark 
pictograms are missed (cf. Keil et al., 2020). 

To investigate the proposed predictors for the structural salience of 
landmark pictograms, we measured the distance of each landmark 
pictogram to the to-be-learned object location, as well as their distance 
to the two cardinal axes of the to-be-learned object location (see Fig. 3). 
Measuring the distance to both cardinal axes (horizontal and vertical) 
also allowed to assess the distance to the closer cardinal axis of the to-be- 
learned object. The cardinal axes were not displayed visually in the 
stimulus maps. 

3.4.2. Object location memory 
Performance in the object location recall task was assessed based on 

the pixel distance between the correct location of the to-be-learned 
object and the recalled object location. The recalled object location 
was defined as the pixel coordinates of the mouse cursor at the moment 

when the left mouse key was pressed during the recall phase. 

3.4.3. Visual complexity 
As described above, eight stretched (thus visually less complex) maps 

were created from the OSM-based stimulus maps. In order to validate 
that stretching maps actually reduced their visual complexity, we saved 
the stimulus maps in the JPEG file format and compared the file sizes 
between the original maps and the stretched maps (MOriginal = 718 kB, 
MStretched = 360 kB). JPEG file sizes are regularly used as a measure for 
visual complexity of image files, because the JPEG algorithm can 
compress the visual information into smaller files if less elements are 
presented in the file (Donderi & McFadden, 2005). Additionally, JPEG 
file sizes have been found to correlate positively with subjective user 
ratings of visual complexity (Stickel, Ebner, & Holzinger, 2010). In order 
to test whether the stretched maps indeed also have a lower subjective 
visual complexity, we asked a small sample of participants (12 partici-
pants that were not included in the sample of the main experiments) to 
rate the visual complexity of the 16 maps on a scale from 0 to 100 
(“Please rate the visual complexity of the maps by selecting a value on 
the scale with the left mouse button. The left area of the scale represents 
a low visual complexity. The middle area of the scale represents an 
average visual complexity. The right area of the scale represents a high 
visual complexity.”). A t-test showed that the stretched maps were rated 
as significantly less visually complex than the original maps (MOriginal =

65.54, MStretched = 34.73, 95% CI [24.57, 37.06], p < .001). Addition-
ally, a high and significant correlation was found between the subjective 

Fig. 1. Creation of maps with low visual complexity. In order to build map versions with lower visual complexity, the central area of eight stimulus maps was 
stretched to the original map size. 

Fig. 3. Proposed predictors for structural salience. The distance of landmark 
pictograms to the to-be-learned object and its imaginary cardinal axes was 
assumed to predict their structural salience. 

Fig. 2. Stimulus map example. Each stimulus map contained 20 black land-
mark pictograms serving as potential spatial reference points and one red 
pictogram that marked a to-be-learned object location. 
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rating and the JPEG file size of the maps (r = 0.97, 95% CI [0.913, 0.99], 
p < .001). Thus, we replicated the findings of Stickel et al (2010). 
Additionally, we showed that the stretched maps were indeed visually 
less complex. 

3.5. Statistics 

When recorded eye movements are statistically investigated, it is 
important to consider gaze data losses. Rates of gaze data losses can vary 
greatly between participants, because the ability of an eye tracker to 
track eye movements depends on criteria as eye color, eye openness and 
head pose (Al-Rahayfeh & Faezipour, 2013; Zhu, Fujimura, & Ji, 2002). 
Gaze data losses are problematic, as important information may get lost 
and the remaining recorded gaze pattern can be distorted. Therefore, a 
maximum threshold for gaze data losses should be defined. Based on the 
suggestion of Bojko (2013), we set this threshold to 25%. This required 
us to exclude nine participants from analysis, which reduced the sample 
size from 43 to 34 participants. 

In order to investigate whether the position of landmark pictograms 
relative to the to-be-learned-object affected visual attention towards 
these pictograms (H1 and H2), fixations on each pictogram were 
aggregated across participants. Subsequently, correlations were calcu-
lated between the fixation values and the distances of landmark picto-
grams to the to-be learned object and its cardinal axes. Spearman’s rank 
correlation coefficient was used, because the fixation data contained 
several outliers. 

A potential effect of visual map complexity on landmark pictogram 
fixation patterns (H3) was investigated by comparing the distances of 
the to-be-learned object location to all landmark pictograms that were 
fixated at least once between the two map conditions (original maps 
with high visual complexity/stretched maps with low visual 
complexity). Fixation data was aggregated per participant and map 
condition. As the data was not normally distributed in both conditions, 
potential differences were assessed using the Wilcoxon-signed rank test 
for paired data. 

Whether map-based object location memory was related to the 
relative position of the surrounding landmark pictograms (H4 and H5) 
was assessed based on correlations between the object location recall 
performance and the distance values of the closest landmark pictogram 
relative to the to-be-learned object location. Four distance values were 
considered: distance to the to-be-learned object location, distance to the 
two cardinal axes of the to-be learned object location and distance to the 
closer cardinal axis of the to be learned object location. Additionally, 
correlations between the object location memory performance and the 
distance of the second- and third-closest landmark pictogram to the to- 
be-learned object location were calculated with the intention to inves-
tigate whether more than one landmark pictogram are used for 

memorizing the object location. As all participants saw the same land-
mark pictogram distributions, each distance measure contained 16 
values (number of stimulus maps). Therefore, recall performance values 
were aggregated per map. Spearman correlation coefficients were 
applied, because the object location recall errors were right skewed. This 
is not uncommon for performance data in an object location recall task, 
because most participants are usually able to recall the correct location 
fairly accurate. 

In order to assess whether visual map complexity may affect object 
location memory performance, recall errors were aggregated per 
participant and map condition (original maps with high visual 
complexity/stretched maps with low visual complexity), resulting in 
two paired values per participant. The paired values were then 
compared using the Wilcoxon-signed rank test, because the data was 
right skewed. 

4. Results 

The investigation of potential effects of the relative landmark 
pictogram position on the visual attention directed towards these 
landmark pictograms revealed a significant negative correlation be-
tween the total fixation duration on landmark pictograms and their 
distance to the to-be-learned object location (rs(318) = − 0.617, 95% CI 
[-0.698, − 0.536], p < .001, see Fig. 4, left side). Additionally, the total 
fixation duration on landmark pictograms was found to be negatively 
and significantly correlated to their distance to the closer cardinal axis 
(rs(318) = − 0.513, 95% CI [-0.597, − 0.429], p < .001, see Fig. 4, right 
side), to the horizontal cardinal axis (rs(318) = − 0.54, 95% CI [-0.624, 
− 0.455], p < .001), and to the vertical cardinal axis of the to-be-learned 
object location (rs(318) = − 0.396, 95% CI [-0.49, − 0.302], p < .001). 

The Wilcoxon signed-rank test used to compare the average distance 
of the to-be-learned object location to all fixated landmark pictograms 
between the two map conditions (original maps with high visual 
complexity/stretched maps with low visual complexity) revealed no 
difference between the two conditions (MHigh = 360.21 px, MLow =

361.9 px, SDHigh = 102.77 px, SDLow = 87.47 px, W = 295, 95% CI 
[-38.31, 34.18], p = .973). 

When object location memory performance is investigated, it is 
important to consider the risk of massive outliers caused by inatten-
tiveness of the participants (cf. Meade & Craig, 2012). However, not 
every outlier should be discarded. As mentioned above, the recall per-
formance data was right skewed. This naturally leads to outliers on the 
right side of the data, which need not reflect inattentiveness of the 
participant. Instead, many outliers may only reflect that participants 
differ concerning their ability to memorize object locations. Therefore, 
we plotted the object location recall errors for visual inspection (see 
Fig. 5). The figure shows that even though most recall errors were 

Fig. 4. Duration of fixations on landmark pictograms. Landmark pictograms close to the to-be-learned object (left scatterplot) and its cardinal axes (right scatterplot) 
were fixated more often. 
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smaller than 50 px, no considerable gap can be seen in the data distri-
bution of recall errors smaller than 220 px. Given that 220 px corre-
sponds to just 11.5% of the map width, we argue that response errors 
below this threshold are realistic and cannot be ascribed explicitly to 
inattentiveness. However, large gaps exist between the only two recall 
error values larger than 220 px (361.45 px and 738.88 px) and all other 
values. These massive outliers cannot be explained by the distribution of 
participant performance and were therefore removed from the following 
analyses. 

Object location recall errors were significantly correlated to the 
distance of the to-be-learned object location to the closest landmark 
pictogram (rs(14) = 0.532, 95% CI [0.05, 0.813], p = .036). However, 
correlations between the object location recall errors and the distance of 
the to-be-learned object location to the second-closest landmark picto-
gram (rs(14) = 0.406, 95% CI [-0.112, 0.751], p = .12) or to the third- 
closest landmark pictogram (rs(14) = 0.206, 95% CI [-0.323, 0.637], p 
= .443) were not significant. 

No statistically significant correlations were found between the ob-
ject location recall errors and the distance of the closest landmark 
pictogram to the closer cardinal axis (rs(14) = − 0.119, 95% CI [-0.782, 
0.547], p = .66), to the horizontal axis (rs(14) = 0.315, 95% CI [-0.214, 
0.701], p = .235), or to the vertical axis (rs(14) = − 0.041, 95% CI 
[-0.464, 0.526], p = .882) of the to-be-learned object location. 

Comparing the object location memory performance between the 
two map conditions (original maps with high visual complexity/ 
stretched maps with low visual complexity) with the Wilcoxon signed- 
rank test showed that recall errors were significantly lower in maps 
with high visual complexity (MHigh = 14.26 px, MLow = 17.18 px, SDHigh 
= 14.21 px, SDLow = 9.02 px, W = 182, 95% CI [-6.87, − 0.02], p =
.048). 

5. Discussion 

Based on our results, we were able to confirm our first hypothesis. 
Landmark pictograms close to the to-be-learned object received more 
visual attention. This is in agreement with the statement by Winter et al. 
(2008) that the dominance of landmarks is inverse to its distance. We 
assume that the visual salience of the to-be-learned object (high color 
contrast of the black and red camera) directed visual attention towards 
its location quickly after stimulus onset. Hereafter, people seem to have 
looked for potential spatial reference points in the proximate area of this 
location. Thus, similar to real world landmarks, distance to a 
task—relevant object (the to-be-learned object) is argued to be an 
appropriate spatial parameter of the structural salience of landmark 

pictograms in maps. 
Similar results have been found for the second proposed spatial 

parameter of structural landmark pictogram salience in object location 
memory tasks. Landmark pictograms received more visual attention 
when they were located close to the cardinal axes of the to-be-learned 
object. Therefore, we can confirm our second hypothesis. As hypothe-
sized by Rock (1997) and Tversky (1981) people seem to apply an 
invisible coordinate system to perceived images. However, it remains 
uncertain whether the cardinal axes were applied based on the 
egocentric coordinate system (“long axis of the observer’s head and 
body”, p.142) as proposed by Rock (1997), or based on the borders of 
the displayed image. To answer this question, future experiments could 
apply random rotations to the rectangular maps or the monitor. 

Additional insights were obtained when the relation between fixa-
tions on landmark pictograms and their distance to the cardinal axes of 
the to-be-learned object was investigated separately for the horizontal 
and the vertical cardinal axis. Although all correlations were statistically 
highly significant, differences in the effect size were found (according to 
Cohen, 1988, correlations can be interpreted as effect sizes). The effect 
size for the distance to the horizontal axis was larger than the effect size 
for the distance to the closer cardinal axis of the to-be-learned object. 
The effect size for the distance to the vertical axis was smaller than the 
effect size for the distance to the closer cardinal axis of the to-be-learned 
object. Thus, as landmark pictograms close to the horizontal cardinal 
axis were more likely to be fixated, we found a first indication that a bias 
towards horizontal scanning patterns may affects the visual perception 
of specific landmark pictograms. This is in agreement with previous 
findings regarding biases of spatial perception (Foulsham & Kingstone, 
2010; Gilchrist & Harvey, 2006) and may be a reflection of behavioral 
patterns trained based on the native reading direction, as reported by 
Afsari et al. (2016). Another explanation for the higher salience of 
landmark pictograms close to the horizontal cardinal axis of the 
to-be-learned object could be the screen aspect ratio. As conventional for 
modern computer screens, the maps were displayed on a screen with a 
landscape format. Thus, participants could expect to find more landmark 
pictograms and other spatial reference points along the horizontal axis. 
Whether such an expectation can affect fixation patterns could be 
investigated by comparing fixation patterns between maps displayed on 
landscape and portrait format screens. As the smartphone, a device that 
can be used in both landscape and portrait format, has become an 
important medium for map use (Schmidt & Weiser, 2012), investigating 
potential effects of screen format on map perception patterns could help 
to improve how people perceive and use maps. 

Previous findings indicate that the visual complexity of a map affects 
fixation patterns. Keil et al. (2020) conducted a route memory task and 
found that people fixate numerous landmark pictograms farther offside 
the route when the map has a low visual complexity. Contradictory to 
this finding, we found no effects of visual map complexity on fixation 
patterns in this study. In both complexity conditions, almost all fixations 
were targeted on landmark pictograms close to the to-be-learned object. 
Therefore, we were not able to confirm our third hypothesis. We argue 
that the contradiction with the findings of Keil et al. (2020) may reflect 
different requirements for memorizing a route and memorizing a loca-
tion. Routes consist of multiple locations (start point, decision points, 
end point). Therefore, multiple suitable reference points are required to 
memorize each of these locations and their sequence. Location memory 
however is knowledge of only one isolated location without directional 
information. Therefore, memorizing the location of a to-be-learned ob-
ject relative to the closest suitable spatial reference point seems to be 
sufficient. 

It is important to note that the identified fixation patterns related to 
the relative location of landmark pictograms and map complexity reflect 
the acquisition of spatial knowledge purely based on map information. It 
is uncertain to what extent the findings are transferrable to map use in a 
real-world environment. In the real world, proximal landmarks may be 
hidden behind other objects, whereas some distant landmarks may be 

Fig. 5. Distribution of recall errors. Two recall error values (361.45 px and 
738.88 px) cannot be explained based on the distribution of participant per-
formance. They might have been caused by inattentiveness and were therefore 
excluded from the statistical analyses. 
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visible (cf. Stülpnagel & Frankenstein, 2015). Therefore, when people 
try to compare real-world objects to their representations in maps, vis-
ibility of landmarks in the world is assumed to affect fixations on its 
representation in the map. 

Our second research question implied that the availability of struc-
turally salient landmark pictograms might affect object location mem-
ory. Indeed, in agreement with our fourth hypothesis, we found that 
location memory was better when landmark pictograms were available 
close to the to-be-learned object location. However, significant effects 
were found only for the closest landmark pictogram. Significance and 
effect size gradually decreased when effects of more distant landmark 
pictograms were investigated. As the effects of the second- and third- 
closest landmark pictograms were not statistically significant, we 
cannot infer that they affected object location memory. These results are 
in agreement with findings of Fitting et al. (2007, 2009), who reported 
that proximity of spatial reference points affects object location recall 
performance. It also supports our assumption that location memory re-
quires less spatial reference points (maybe even only one) than route 
memory. As reported above, the closest landmark pictograms relative to 
the to-be-learned object location were also fixated more often. Thus, 
people seem to focus their attention on spatial reference points that 
support the acquisition of accurate spatial memory. A question that has 
not been addressed in this study is whether the location of a landmark 
pictogram relative to other landmark pictograms affects its relevance for 
location memory. For example, if one landmark pictogram is located 
very close to another landmark pictogram, it can be assumed that only 
one of the two is used as a spatial reference point for a memorized 
location. If such interactions between landmark pictograms exist, they 
could affect the structural salience of landmark pictograms. 

In contrast to the distance of landmark pictograms to the to-be- 
learned object, no statistically significant relation was found between 
object location recall performance and the distance of the closest land-
mark pictogram to the closer cardinal axis of the to-be-learned object. A 
trend can be seen when the horizontal and vertical cardinal axes are 
investigated separately. Distance to the horizontal axis shows a stronger 
relation to location memory performance. However, the test results are 
not significant. Therefore, we cannot confirm our fifth hypothesis. Our 
results are in line with findings of Waller, Loomis, Golledge, and Beall 
(2000), who reported that people memorizing locations in the real world 
rely more on distance information than on angular information of spatial 
reference points. Although spatial memory effects in 3D space cannot 
automatically be transferred to spatial memory in 2D maps, we found 
some evidence that, similar to real world location memory, distance 
information seems to be more important for map-based location mem-
ory. Both the distance of landmark pictograms to a to-be-learned object 
and the distance to its cardinal axes have been argued to affect the 
structural salience of landmark pictograms, but only the distance to the 
to-be-learned object seems to affect location memory performance. 
However, based on the weak trend seen when the results are compared 
between the horizontal and vertical cardinal axis, further studies with 
larger sample sizes may be required to rule out a type II error. 

Finally, in agreement with previous findings (Bestgen, Edler, Müller, 
et al., 2017; Edler, Bestgen, Kuchinke, & Dickmann, 2014; Edler, Dick-
mann, et al., 2014), we found that location memory performance was 
better in maps with higher visual complexity. Therefore, we can confirm 
our sixth hypothesis. We argue that the additional spatial elements 
provided in maps with higher visual complexity can be used as spatial 
reference points and thereby support object location memory. One 
might argue that the availability of additional spatial reference points 
close to the to-be-learned object may reduce the relevance of landmark 
pictograms for object location memory. However, this is not reflected in 
our data, as no differences in fixation patterns on landmark pictograms 
were found between the two map complexity conditions. Therefore, we 
conclude that people seem to use landmark pictograms in maps for 
approximation of memorized object locations. If a landmark pictogram 
is displayed close to the to-be-learned object, accurate location memory 

should be enabled based on the landmark pictogram alone (Fitting et al., 
2007, 2009). If no landmark pictograms are available in close proximity 
of the to-be-learned object location, people may expand the spatial 
reference frame provided by landmark pictograms with other spatial 
reference points. However, if the map complexity is low and insufficient 
spatial reference points are available in close proximity to the 
to-be-learned object location, location memory performance is expected 
to be less accurate. 

6. Summary and outlook 

Based on our findings, we were able to verify two spatial distance 
parameters for the structural salience of landmark pictograms in the 
context of a map-based object location memory task: a) distance of 
landmark pictograms to a to-be-learned object, and b) distance of 
landmark pictograms to the projected cardinal axes of a to-be-learned 
object. Landmark pictograms close to a to-be-learned object and its 
cardinal axes (especially the horizontal axis) were fixated more often 
and are therefore argued to have a higher structural salience. Addi-
tionally, object location memory performance was found to be better 
when landmark pictograms were available close to a to-be-learned ob-
ject. Thus, people seem to focus their visual attention on spatial refer-
ence points that support location memory particularly well. Future 
research needs to inspect how the tendency to fixate landmark picto-
grams close to the cardinal axes of a to-be-learned object relates to the 
orientation and format of the used screen or map, as rotations could 
affect the subjective coordinate system applied by the perceiver. Addi-
tionally, a replication of the study in a real-world scenario or a virtual 3D 
environment is required to investigate how landmark visibility in 3D 
space affects the salience of their representations in a map. 
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