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Abstract: Mobile map landmark symbols are pivotal in conveying spatial semantics and enhancing
users' perception of digital maps. This study employs a three-factor hybrid experimental design to
investigate the effects of different landmark symbol types and their color associations with
annotations on search performance using eye-tracking methods. Utilizing the Tobii X2-60 eye tracker,
40 participants engaged in a visual search task across three symbol types (icons, indexes, and symbols)
and two color conditions (consistent and inconsistent). The study also examines the impact of gender
on search performance. Results indicate that INDEX symbols, emphasizing landmarks' functions and
key features, most effectively improve search accuracy and efficiency while demanding the least
cognitive effort. In contrast, SYMBOL type characters, with clear semantics and minimal information,
require less visual attention, facilitating faster preliminary processing. Additionally, cognitive style
differences between genders affect these symbols' effectiveness in visual search. Careful selection of
symbol types and color combinations can significantly enhance user interaction with mobile maps.

Keywords: mobile map; landmark symbols; searching performance; eye-tracking

Introduction

Mobile maps have become indispensable tools for modern navigation and spatial awareness,
functioning as repositories of spatial knowledge and conduits for route information [1, 2]. Within this
framework, map symbols play a pivotal role, serving as the critical link between the geographical
representation on the map, the physical environment, and the user's cognitive spatial understanding
[3]. Landmarks act as external reference points within the human-oriented psychospatial model.
Extensive prior research has highlighted the crucial role that landmark information plays in
enhancing the construction of cognitive maps, especially in unfamiliar environments where
landmarks serve as primary orientation and navigation points due to their distinctive features [4-8].

While the significance of landmarks in spatial tasks such as wayfinding and navigation is widely
acknowledged [9-12], the field of visual landmark symbol design in mobile maps remains
underexplored [12]. Current research has primarily focused on the physical attributes of urban objects
[10] or the visual contrasts within the environment [11]. Although various levels of abstraction and
design guidelines for landmark visualization have been proposed [12], these approaches often lack
empirical support, particularly when it comes to designing individual landmark symbols for mobile
applications [13]. This gap is particularly evident on mobile screens, where limited screen real estate
can lead to clutter if too much landmark information is displayed, potentially negatively impacting
user experience and satisfaction [14].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In light of this, our research seeks to address the dearth of empirical studies on the visual design
of landmark symbols in mobile maps. We focus on the color consistency between symbol types,
landmark symbols, and text annotations, and examine their influence on search performance. By
integrating semiotic theories with eye-tracking techniques, we aim to quantitatively assess the impact
of these design elements on users' interactions with mobile maps.

This study aspires to provide innovative insights into optimizing mobile map design by
meticulously analyzing how users interpret and engage with visual symbols. In doing so, we strive
to bridge the gap between traditional cartographic practices and user-centric design, offering
evidence-based recommendations to enhance the usability of mobile maps.

The Influence of map Landmark Symbols Types on Search Performance

Lynch's urban image theory believes that the comprehensive perception and im-pression of the
city are established through the observation of the urban morphology[8]. The spatial cognition of
urban morphology includes five basic elements, namely, path, edge, neighborhood, node and
landmark[8]. And landmarks are important point-like markers and are the most basic and valuable
spatial cognitive elements[4, 8]. In wayfinding behaviors, landmark navigation is the most commonly
used navigation tool and plays a key role in daily spatial tasks[6, 15-19]. Numerous studies have
shown the positive effects of landmark settings during wayfinding on navigation and cognitive
representation of space[10, 20, 21]. Therefore, landmarks should be the focus of map information
visualization.

However, empirical studies on the connotative meaning of map symbols are still relatively
limited. The semantic differences of map symbols are often ignored in the applied research of
cartography and semiotics[22]. As Keates et al. emphasized, although there are a large number of
articles on cartographic strategies, few people analyze map symbols and the relationship between
map symbols and semiotic theory in detail[23]. Therefore, the difference between the meaning of map
symbols and the meaning they represent becomes blurred[1], and there are still different
understandings on how visual variables are used to encode information[24].

Regarding to the semantic indication of differences in symbol-function relationships, Peirce's
taxonomy of symbols classifies symbols into three types: icon symbols (ICON), index symbols
(INDEX), and symbols (SYMBOL)[25, 26], and their definitions are as follows.

Icon symbols indicate objects through similarity or analogy of symbols in physical properties,
i.e., similarity in visual images[26].

Index symbols refer to objects by logical proximity (cause and effect) or functional association,
i.e., by "a realistic correspondence"[26].

Symbolic relationships are based on social conventions and may vary due to local cultural
influences.[26].

It is evident that the essence of creating these three types of symbols is the designer's
transformation of specific goals or concepts into intuitive visual "symbols" in the form of metaphor,
while users interpret these visual "symbols" through their own knowledge and experience to
complete the cognition of the symbols[27, 28]. This difference in cognitive distance from the reference
object is likely a key factor affecting user cognition[27]. To better understand the role of different
symbol types in conveying map information, this study draws on Peirce's symbolic classification and
hypothesizes that there is a significant effect of mobile map landmark symbol type on search
performance. Due to the emphasis of INDEX symbols on the core functions or essential elements of
the original object, aligning with human behavior and logical thinking, it is hypothesized that among
the three types of symbols, INDEX symbols can more accurately establish a referential relationship.

‘Hypothesis 1: The map landmark symbol type has a significant impact on the search
performance.

The Influence of Map Vision on Search Performance

The basic language of maps is symbols, and the natural language used in maps is notation[29].
Map symbols and annotations are the two most important components of maps; map symbols are
used to locate geographic information, while annotations describe the relevant properties of features
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and express geographic information qualitatively and quantitatively.[29]. The annotation has the
functions of ex-pressing object relationship, describing object attributes, and identifying map objects,
etc. It is generally expressed by texts, numbers or a combination of the two[30]. In us-ability
evaluation, electronic map annotations design needs to evaluate some elements, namely, the font,
font color, font size, font column, and font spacing of the annotations, as well as their coordination
with symbols, colors, and other factors[31].

Among them, the color is a visual variable with selectivity[32]. Map color can help users to
distinguish geographical locations and also sort locations[32]. The color design of landmarks plays a
role in aiding selection. Williams[33] found that most eye fixations during the searching process falls
on objects of the same color as the searching target. This shows that in the searching task, clutter
mainly comes from similar colored symbols. This suggests that in the search task, clutter comes
mainly from symbols of similar colors. The idea that visual clutter occurs primarily between symbols
of similar size and color is supported by research on instant visual memory. [34]. On the basis of
Bertin’s systematic exposition of the color variables of map symbols in graphic semiotics, many
scholars have carried out empirical to explore the influence of symbol color on map reading, such as
the hue of color[33, 35, 36], brightness of color[36], color relationship with background[37, 38].
However, as a whole of landmark in-formation transmission, the different color relationships
between symbols and their annotations also affect the user's overall perception of landmarks on one
map. There is also no more systematic research on how the different color relationships between
symbols and their annotations affects the reading of maps, so the following hypothesis is proposed
in this study.

¢ Hypothesis 2: Consistent map landmark symbols and annotations are more likely to improve
search performance than inconsistent map landmark symbols and annotations.

The Influence of Gender on Search Performance

Individual cognitive difference is an important factor in the field of spatial cognition and
cartography, and gender difference is an important dimension of individual cognitive difference[39,
40]. Research on spatial cognition shows that men perform better in quantitative problem solving and
spatial ability tasks, while women perform better in language tasks[40]. The advantages of men in
visual spatial ability include drawing figures from models or memories, reasoning spatial
relationships between objects, and reading and following maps; The spatial advantages of women lie
in object location memory[41] and finding roads with landmarks[42]. There are also differences
between men and women in processing accuracy, processing methods and processing strategies[43,
44]. The results show that men are more sensitive to spatial relationships, while women are more
sensitive to element annotation, shape, location and spatial area[45].

At the same time, a large number of cognitive psychology studies have also proved that men
and women have cognitive differences in cognitive styles and mental models[46-48]. Relative to
females, males have a lower awareness of the presence of risk in unfamiliar things, while females
perceive unfamiliar things as riskier[47, 48]. Women have strong simulation ability and perceptual
thinking, so women are more inclined to perceive certain fixed patterns and natural objects than
men[46]. And different gender groups also have different abilities in visual perception, speech,
situational memory, face and other image recognition[49-51].Based on cognitive and behavioral
evidence, it is suggested that men may prefer logical icons such as INDEX symbols in visual
searches, while women may prefer symbolic icons such as ICON symbols in visual searches.

This study attempts to explore whether there are significant differences in the search
performance of map landmarks among participants of different genders, and whether different
symbol types affect the map landmark search process of participants of different genders. Based on
this, the following assumptions are pro-posed:

e Hypothesis 3: There is a significant gender difference in map landmark searching performance,
and the interaction effect between gender and symbol type on map landmark searching
performance is significant.
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Eye movement Research in Cartography

Eye tracking research is an important part of modern cartography. Spatial information is largely
acquired through vision. The study of visual attention and its relationship with cognitive processes
has been of interest to many research efforts for many years, in spatial cognition. Recent technological
developments have led to the growing popularity of eye tracking methods for investigating relevant
research questions: spatial cognition, geographic information science (GIScience), and cartography.
Since maps are visual media, eye tracking seems obvious, and an appropriate approach to support
cartographers in the design process. Early work on the use of eye tracking in cartography dates back
to the 1970s and 1980s [71]. In the past ten years, the eye movement research of cartography has made
many achievements in both theoretical research and practical application. At present, cartographic
eye movement research can be divided into two different types: usability engineering (UE) oriented
and psychology oriented[52]. UE oriented research mainly focuses on real map design to evaluate
users' performance (effectiveness and efficiency) in using real maps and their satisfaction with
tasks[53, 54]. Psychologically oriented research aims to achieve maximum experimental control by
manipulating visual variable stimuli, so it can explain the reasons for experimental results[52]. For
example, eye movement experiments were used to evaluate the perception difference between 2D
and 3D terrain visualization[55], the influence of symbol style types on their learnability, accessibility
and memorization of map information[56], and the influence of color distance and font size on map
readability[57]. These studies provide strong support for the quantitative and empirical research of
map visual cognition.

Methods and Experiments
Experiment Design

A three-factor mixed experimental design was used in this study, 3 (landmark symbol types:
icon, index, symbol) x 2 (gender: male, female) x 2 (consistency of symbol and text notation color:
consistent, inconsistent), where symbol type was a within-subject variable and gender and color
consistency of symbol and text notation were between-subject variables.

The experiment adopted visual search paradigm. Visual search is the ability to find a specific
target from many things by observing and using visual information, and it is one of the key abilities
for the survival of humans and animals. The study of the process and cognitive mechanism of visual
search is helpful to discover the factors that affect the efficiency of search, so as to improve the
accuracy and speed of search. In the experiment, the subjects were required to find the location of the
landmark in the designated map interface according to the text of "landmark type name", and clicked
the symbol with the mouse. The target area of interest (AQI) in this study delineated the area around
the target landmark symbol to include all fixation points. Based on expert interviews, we determined
that the correctness of the search task (validity) and the time to first mouse click (efficiency) were
measured as the dependent variables of behavioral indicators, and the three eye movement
parameters of time to first fix, duration and count were analyzed as dependent variables. The specific
meanings of dependent variable indica-tors are shown in Table 1. At the same time, we also analyzed
some intuitive conclusions through eye movement heat map.

Table 1. Definition and function of eye movement indicators.

Indicators Definition Function

. Indicate the validity of the
The correctness The correctness of searching task ! syr‘rllb(;l 1ty

. . The time from the presentation of . ..
Time to first . P . Indicate the efficiency of the
the stimulus material to the first

mouse click mouse click in AQI symbol
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Expressing the subject's
attention. The shorter the

The first fixati The durati f the first fixation ) . .
€ rstixation ¢ duration of the hrst ixat duration of the first time, the

ti oint in AOI .
me pomntt more focused the attention
span.
Indicates cognitive difficulty.
The fixati . The longer the total duration,
¢ 1xe‘1 ron Total fixation time in AOI 8 o .
duration the more difficult it is to
recognize.

The fixation Total number of fixation points in Represents the subject's
count AOI information processing

Note: The AOI rectangle of interest is for analysis only and is not visible to participants.

Participants

The experiment recruited 40 participants from China University of Geosciences (Wuhan). Due
to the prerequisite that participants must be proficient in using mobile maps, the age range was set
between 20 and 30 years old. Additionally, in order to investigate the impact of gender on search
results as mentioned in hypothesis 3, the participants were evenly divided with 20 males and 20
females. All participants claimed to have normal or corrected visual acuity and have 2 to 3 years of
mobile map use experience. All participants voluntarily took part in the experiment, signed an
informed consent form, and received a compensation of 10 Chinese yuan for their time spent in the
experiment.

Experimental Equipment

The TobiiX2-60 eye-tracking device and a personal computer connected to it were used in this
study to experiment. The sampling rate is 60 Hz, accuracy 0.4°, and precision 0.2°. It mainly uses an
infrared capture device to collect data from both eyes, and its built-in camera can capture the subject's
head position in real-time, and the motion compensation algorithm can automatically compensate
for the error caused by the subject's head motion. This allows experiments to be conducted in a more
natural environment without the need for head fixation, thus ensuring the validity of the results. The
experimental material was presented on a display with a resolution of 1366 x 768 pixels. Reaction
time and eye movements of subjects performing visual searching tasks were recorded using the
oculography program. Eye movement data were exported and statistically analyzed using Tobii
Studio software.

Experimental Materials

Acquisition of landmark Symbol Materials

To ensure the reliability of the experimental results, this study extensively collected symbol
styles designed by domestic mobile map service operators such as Baidu and Gaode as experimental
materials (as shown in Table 2). The research focuses on commonly used life scenario categories,
including residential environment, work environment, educational environment, shopping and
entertainment environment, transportation environment, public service environment, medical and
health environment, cultural and religious environment, etc., to obtain map landmark point symbols.
A total of 46 commonly used symbols were collected. To maintain consistency in the experimental
materials, the symbol size was standardized to 22x22 pixels with a resolution of 300 dpi.

We invited five design experts (three design teachers from the School of Art and Communication
of China University of Geosciences, one drawing teacher from the School of Information Engineering,
and one art design teacher from Hubei University of Fine Arts) to conduct in-depth exploration, lay
a solid theoretical foundation for Peirce's semiotic theoretical framework and application, and carried
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out in-depth and detailed discussions based on the characteristics of icons. According to Pierce's
semiotics theory, the 46 map landmarks symbols in the original data can be classified into three
categories: ICON, INDEX, and SYMBOL.

In order to test the cognitive familiarity of landmark symbol materials and maintain the balance
between materials, 42 college students were tested in the form of questionnaires from the aspects of
cultural influence of landmark symbols, the function of activity centers, and the characteristics of
urban locations, and the original materials were selected according to the test results. Forty-two
college students (21 females and 21 males) completed the questionnaire in-dependently (there was
no crossover with the subjects in the formal experiment). In the questionnaire, we showed the
pictures of 46 symbols, and asked the subjects to choose the corresponding meanings of symbols from

10 options.
Table 2. Three landmark symbol types.
Land k Symbol hing t ts in the
andmar Characteristics ymbols as searching targets i
symbol type experiment

Similar in appearance to the @ @ @
ICON geographic object —
Function-related to the
INDEX geographic object and important 8 @ Q 0

component related to it

Semantic socially agreed literal
SYMBOL and alphabetic symbols @ @ @ 9

representing geographic objects

To improve experimental accuracy, icons with good symbol recognition efficiency and clear
semantics were further selected through importance ranking based on questionnaire results.
Ultimately, 12 samples were chosen, with 4 symbols from each type.The results of symbol type
classification are shown in Table 2.

To avoid the influence of the emotional effect and familiarity of "landmark type name" on the
search task, the common words in daily life were screened according to the meaning and context of
the words, the frequency and scope of the words, and the choice of emotions, purposes and styles
expressed. The "landmark type names" used for the search in the experiment were all selected from
common words used in daily life [58]. The chi-square test showed that x2=4.198, P=0.123, and P >0.05
were obtained, indicating that the familiarity of the selected symbols was consistent.

In order to test the effectiveness of symbol typing, we invited a jury of 12 user interface designers
and interaction designers. The selection criteria are 3-5 years of work experience and the age of 28-35
years. They scored the above twelve iconic symbols according to the semiotic concept and design
practice experience, and the results were chi-square test, x2=198.390, P<0.001. The results show that
there are significant differences between the three types of grouping, and the classification of
landmark symbol types is effective.

Experimental Map Design

To control the level of complexity, the same simplified static map was used as the base map for
each experimental material, and the consistency requirements were made in terms of map use, terrain
conditions, accuracy requirements, production budget, use environment, and scale, with a size of
776*436 pixels and a resolution of 300 dpi. Each map contained 24 dotted symbols, of which only one
was the searching target landmark symbol and 23 were the interference symbols. In this experiment,
the target markers were randomly distributed around the periphery of the frame, avoiding placement
at the center of the page. Since each type of symbol stimulus was presented four times in the
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experiment, this study designed four groups of interference symbols (including three types, 23 in
each group), so that the four target search symbols of each type were matched with the four groups
of interference symbols respectively, so as to ensure that the complexity of each type of symbol
matching base map was consistent.

ol

(a) Blue annotation (b) Black annotation

Figure 1. Example of experimental maps.

@ @

AR B SIS 7R B

Figure 2. Landmark symbol and connotation color design.

According to the statistics of mobile map colors of existing mobile phones, blue is the color of
choice for the most map signs, so the icon color is blue (RGB, 0,102,204), and the text note color is blue
(RGB, 0,102,204) or black (RGB, 102,102,102), as shown in Figure 2. A total of 24 experimental maps
are designed, and the experimental materials were pseudo-randomly presented to eliminate the
location and order effect, as shown in Figure 1.

Experimental Procedure

Researchers first introduced the participants to the objectives, procedures, and precautions of
the experiment (e.g., participants were advised not to move their heads excessively during the
experiment). After calibrating and adjusting the eye-tracking device, participants began to familiarize
themselves with the experimental procedures and completed a practice task. The actual experiment
commenced. Participants were prompted to read and memorize generic landmark type names, such
as "subway station" and "shopping mall". (It should be noted that these landmark type names are
generic descriptors and do not represent specific subway station or mall names. Hence, there would
be no overlap with specific names in the subsequent map. For instance, if the landmark type name
was "subway station", the target symbol on the following map might correspond to a name like
"Hancheng East Road".) After memorization, participants would click to proceed to a visual
adjustment page. A crosshair icon would appear at the center of this page for 0.5 seconds, serving as
a visual cue to help participants adapt to the expected response speed. Finally, participants would be
directed to a map where they would identify and click on symbols representing the memorized
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landmarks. After completing one task, the screen would transition to the next generic landmark type
name, and the search task would be repeated. This continued until all 12 search tasks were completed.

Results

After collecting all the data, the researchers conducted validity tests on the experimental results.
They distributed questionnaires to the 40 participants involved in the experiment, recorded and
examined them to ensure the reliability of the results. In terms of map symbol memory, reaction
speed, and eye movement aggregation, the experimental results of all 40 participants were valid.
Statistical Product and Service Solutions (SPSS) Version 20.0 was used to process all experimental
data. Repeat-ed measures ANOVA was used to process the quantized data. And we also analyzed
the subjects' eye movement heat map.

Repeated measures ANOVA is a design of experiments technique that performs repeated
measures of the same dependent variable. This method belongs to the category of ANOVA [59]. When
the number of repeated measures of the pre- and post-measurement design is 3 or more, this method
is usually used to explore the relationship between the map symbol of the independent variable and
the experimenter's reaction speed of the dependent variable [59].The results of ANOVA include mean
(M), standard deviation (SD), standard error (SE), F-statistic (F), and P-value (P). The difference is
significant at the level of 0.05. The threshold level is set to a P-value less than 0.05. [59]. If the main
effect of landmark symbol type or gender is significant in the analysis of variance, the differences
among each group are further analyzed by post-hoc. If there is a significant interaction effect between
landmark symbol type and gender, simple effect tests are further conducted.

Symbol Validity

This study examined the overall validity of three landmark symbol types based on whether the
subjects clicked on the target symbols correctly, and used repeated-measures ANOVA on the
correctness of subjects' searching targets, results shown in Table 3.

The main effect of map landmark symbol type is significant (F (2,70) =7.800, p=0.001). The results
of paired comparison and analysis of the accuracy of landmark symbol types show that the
correctness rates of searching ICON and INDEX symbols are significantly higher than that of
SYMBOL P<0.05). In general, INDEX symbols is the most effective and SYMBOL is the worst effective
in the searching tasks. Gender and consistency of symbol and text notation color show no significant
difference in searching correctness (F (2,70) =0.894, P=0.414).

Table 3. Repeated measures ANOVA of the map symbols of the independent variable metro for the accuracy
of target search, and the data are summarized in detail.

Level M SD F p
ICON 0.776 0.249
Landmark
INDEX 0.850 0.206 7.800 0.001*
symbol type
SYMBOL 0.690 0.253
male 0.792 0.244
Gender 0.477 0.495
female 0.748 0.249
Consistency of consistent 0.768 0.215
symbol and text 0.042 0.839
notation color inconsistent 0.776 0.259

Type*Gender 0.894 0.414

d0i:10.20944/preprints202501.0252.v1
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*. The difference was significant at.05 level.

Searching Efficiency

Searching efficiency is measured using the time to first mouse click during searching tasks, i.e.,
the time from the presentation of the experimental material to the first mouse click to identify the
target. The results of the experiment were performed using repeated measures ANOVA, and the first
mouse click showed a significant difference in reaction time, as shown in Table 4.

Table 4. Repeated-measures ANOVA of independent variables on time to first mouse click.

Level M (s) SD F p
ICON 16.136 7.642
Landmark INDEX 9.756 3.721 9.335 0.001*
symbol type
SYMBOL 15.088 9.754
male 13.132 6.334
Gender 0.773 0.385
female 14.276 7172
Consistency of ~ consistent 13.292 7.235
tsyflbotl i.nd 0.500 0.484
EXENOWUON 4 consistent  14.048 6.782
color
Type*Gender 5.654 0.009*

*. The difference was significant at.05 level.

Table 5. Results of paired comparison of landmark symbol type analysis on time to first mouse click.

(I)Landmark (J) Landmark  Mean difference Standard

symbol type symbol type (L)) p
Error (SE)
INDEX 6.198 1.280 0.000"
ICON
SYMBOL 577 1.914 0.765
INDEX SYMBOL -5.622 1.495 0.001"

*. The mean difference was significant at.05 level.

The main effect of landmark symbol type is significant (F (2,70) =9.335, P=0.001). The interaction
effect of landmark symbol type and gender is significant (F (2,70) =5.654, P=0.009). Results of paired
comparison of landmark symbol type analysis on time to first mouse click is shown in Table 5. The
time to first mouse clicks for ICON (M=16.1359, SD=7.642) and SYMBOL (M=15.088, SD=9.754) differs
significantly (P<0.05) from INDEX (M=9.7539, SD=3.721).

Interaction Effect Between Landmark Types and Gender


https://doi.org/10.20944/preprints202501.0252.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 January 2025 d0i:10.20944/preprints202501.0252.v1

10 of 19

25

hd

S

2 20 I

w

3

315 I

=

E 10 I

o

(NN

o 5

'_

w

S O

= ICON INDEX SYMBOL
SYMBOL TYPE m Male m Female

Figure 3. Mean value diagram of Symbol type and time to first mouse click.

The results of searching efficiency (refer to Figure 3) show a significant interaction effect between
landmark symbol type and gender (F (2,70) =5.654, P=0.009). A simple effect test was done to
investigate at what level the two factors differed. The results of the test shows that for SYMBOL, the
first mouse click time is significantly higher for males (M=11.850, SD=6.990) than for females
(M=18.866, SD=11.274) (P<0.05). For ICON and INDEX symbols, there is no significant difference in
searching efficiency between genders.

Since the reaction time in the previous article includes visual access time, decision-making
judgment time and key reaction time, these times are negligible.[60]. The reaction time cannot
accurately determine the differences in perception of the three landmarks by the participants. To
further investigate the reasons for the above phenomenon, this study analyzed the first gaze time,
gaze duration, and gaze frequency. All the three eye-tracking parameters could reflect the allocation
of visual attention at different stages of the experiment. The duration of the freeze frame within the
region of interest is a measure of the difficulty of symbolic cognition and can be used to describe the
amount of resources invested in the overall cognitive process.

Firstly, descriptive statistics were conducted for the initial fixation time, fixed intervals, and fixed
counts corresponding to the three landmark symbols. The results are shown in Table 6.

Table 6. Descriptive data of eye-tracking parameters.

Dependent variables

Landmark . .. . .. . .
First fixation time Fixation duration Fixation counts
symbol type
M (s) SD M (s) SD M SD
ICON 0.212 0.131 1.365 0.717 5.879 2.157
INDEX 0.185 0.090 1.013 0.670 4.411 2.152
SYMBOL 0.158 0.074 1.163 0.906 5.130 2.742

The symbols in order of the first fixation time from longest to shortest are: ICON (M=0.212,
SD=0.131) >INDEX (M=0.185, SD=0.090) > SYMBOL (M=0.158, SD=0.074). The symbols in order of
fixation duration from longest to shortest are: ICON (M=1.365, SD=0.717) > SYMBOL (M=1.163,
SD=0.906) >INDEX (M=1.013, SD=0.670). The number of fixation counts using ICON (M=5.879,
SD=2.157) is highest, followed by SYMBOL (M=5.130, SD=2.742).

Repeated measures ANOVA was used for the first fixation time, fixation duration and fixation
counts, and the results are shown in Table 7. The results indicate that the type of landmark symbol
has a significant main effect on all eye movement parameters (P<0.05). A main effect of gender on the
fixation counts is significant. There is a significant interaction effect of landmark symbol type*gender
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on fixation duration and fixation counts. Due to the significant main effect of landmark symbol type,
pairwise comparisons of the three symbol types were performed and the results are shown in Table
8.

Table 7. Repeated-measures ANOVA of independent variables on dependent variables.

Dependent variables

Independent variables First fixation time  Fixation duration  Fixation counts
F p F p F p
(I) Landmark symbol type 4.218 0.019* 5771 0.005* 4390 0.016
(J) Gender 0.029 0.865 2.273 0.140 6.274  0.017"
(K) Color consistency 0.233 0.632 0.345 0.560 0924 0.343
I*]) 3.098 0.052 10.778  0.000* 6.748  0.002"

*. The difference was significant at.05 level.

Table 8. Results of paired comparison of landmark symbol type analysis on eye-tracking parameters.

Dependent (I)Landmark  (J) Landmark Mean Standard
symbol type  symbol type  difference (I-J)  Error (SE) p
variables
INDEX 0.030 0.019 0.133
First ICON
fixation SYMBOL 0.0571 0.021 0.011"
time
INDEX SYMBOL 0.027 0.018 0.141
INDEX 0.342 0.114 0.005
Fixation ICON
. SYMBOL 0.178 0.111 0.116
duration
INDEX SYMBOL -0.163 0.072 0.029
INDEX 1.430 0.500 0.007*
Fixation ICON
SYMBOL 0.657 0.557 0.245
counts
INDEX SYMBOL -773 0.375 0.047

*. The mean difference was significant at.05 level.

Table 9. Results of simple effect analysis on landmark symbol type level (Landmark symbol type*Gender).

1)) Mean
Dependent Gender (DLandmark Landmark difference St;?floird p
Variables symbol type symbol (SE)

type (1)

Female ICON INDEX 0.025 0.155 0.998
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Fixation ICON SYMBOL -0.277 0.163 0.251
duration
INDEX SYMBOL -0.302 0.112 0.019"
ICON INDEX 0.659 0.169 0.001"
Male ICON SYMBOL 0.634 0.152 0.001"
INDEX SYMBOL -0.025 0.093 0.992
ICON INDEX 0.215 0.725 0.988
Female ICON SYMBOL -1.071 0.807 0.474
. INDEX SYMBOL -1.285 0.543 0.069
Fixation
counts ICON INDEX 2.646 0.690  0.001°
Male ICON SYMBOL 2.386 0.767 0.011"
INDEX SYMBOL -0.261 0.517 0.944
*. The mean difference was significant at.05 level.
Table 10. Results of simple effect analysis on gender level (Landmark symbol type*Gender).
Dependent Landmark symbol . Mean Standard
; Gender  difference (I- Error (SE
Variables ype )] or (5E)
(I)Male
ICON 0.202 0.258 0.382
(J)Female
. (I)Male
Fixation INDEX -0.432 0241  0.053
duration
(J)Female
(I)Male
SYMBOL -0.709 0.301 0.012*
(J)Female
(I)Male
ICON 0.855 0.695 0.226
(J)Female
Fixati (I)Male
pation INDEX 1577 0.644  0.019*
counts
(J)Female
(I)Male
SYMBOL -2.601 0.789 0.002*
(J)Female

*. The mean difference was significant at.05 level.
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ICON symbols and SYMBOL show significant differences in the first fixation time. In terms of
fixation duration and fixation counts, INDEX symbols shows a significant difference with ICON and
SYMBOL, and there is no significant difference between ICON symbols and SYMBOL. The fixation
counts are significantly lower for INDEX and SYMBOL than for ICON symbols.

The interaction between landmark symbol type and gender is significant for fixation duration (F
(2, 70) =10.778, P=0.000, P<0.05) and fixation counts (F (2, 70) =6.748, P=0.002, P<0.05), and to
investigate at what level the two factors differed, a simple effects test was used, as the results shown
in Table 9 and Table 10.

FIXATION COUNTS
O R N WD U N ©

ICON INDEX SYMBOL
SYMBOL TYPE H Male mFemale

Figure 4. Mean value diagram of Symbol type and fixation counts.
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Figure 5. Mean value diagram of Symbol type and fixation duration.

For male subjects, the fixation counts and fixation duration of ICON symbols show a significant
difference with INDEX symbols and SYMBOL, and there is no significant difference between INDEX
symbols and SYMBOL. For female subjects, there is no significant difference in the fixation counts
among the three types of symbols. ICON symbols shows no significant difference in fixation duration
with INDEX symbols and SYMBOL, and there is a significant difference in fixation duration between
INDEX symbols and SYMBOL for females.

For ICON symbols, there is no significant difference in the fixation duration and fixation counts
between male and female subjects. For SYMBOL, there is a significant difference in fixation duration
and fixation counts between male and female subjects, and the fixation counts are significantly lower
for male subjects than for females. For INDEX symbols, genders show no significant difference in the
fixation duration, but a significant difference in the fixation counts. The fixation counts are
significantly lower for male subjects than for female subjects.

Eye Movement Heat Map

The eye movement heat map. can visualize the data recorded during the test and show some
preliminary conclusions. The average behavior of all subjects is shown in this graph, where it can be
seen that the areas with the most dense fixed points are shown in red. As the fixed point decreases,
the color changes from red to yellow to green. It shows the average behavior of all subjects, and the
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feasibility and signal effect index are very high. As can be seen from the fig 6, the line of sight of the
INDEX symbols is relatively concentrated, and the hot spot dense area is mainly concentrated near
the target symbol. The attention during information processing is concentrated and the search
efficiency is high. However, the other two types of vision are relatively scattered, and there are some
interference fac-tors during information processing. After seeing the target, the subjects still tried to
search near the target before making a judgment. It can be seen intuitively from the heat map that the
cognitive effect of the INDEX symbols is better than the other two, which is basically consistent with
the data analysis conclusion.

(a)ICON (b)INDEX (c)SYMBOL

Figure 6. Eye movement heat map of three symbol types (adjusting the transparency and color scheme of the
map to allow surface symbol types to be visible in the background).

Discussion
Landmark Symbol Type Effect on Searching Performance

In this experiment, hypothesis 1 is verified. The order of correctness of the three symbols is:
INDEX>ICON>SYMBOL:INDEX>ICON>SYMBOL, that is, in the search for map symbols, INDEX
symbols has the best validity, while SYMBOL has the worst validity (see Section 3.1 on symbol
validity). The reason for this phenomenon may be related to the uncertainty hypothesis theory, which
states that the representation of signs may face more uncertainty. [61]. In this experiment, both the
indicator and the pictorial symbol used graphic elements, while the symbolic symbols used literal
elements. Although the cognition of text is generally considered to be more accurate[62], due to the
limited space for displaying symbols in the map, the information display of the single text used is not
clear, and the interpretation of graphics may be more diverse than that of words. In addition, there
may be more semantic understanding, which is prone to cognitive confusion [27], especially for
unfamiliar objects, and it is generally difficult to quickly establish relevant correspondence, so the
accuracy rate of such symbols is the lowest. Both the double coding model and the independent
coding model in cognitive psychology have proved the superiority of patterns in ideographic aspect
[62-65]. This is also consistent with the generally accepted view in semiotic research that images are
more efficient at searching than text in many map-like transportation systems, because graphics can
be understood more widely than text [60,66].

For INDEX and ICON symbols, INDEX symbols emphasize the core function or important
elements of the original object, thus enabling to establish symbolic referent relationships more
accurately Whereas ICON symbols establish intuitive connections with geographical targets through
similarity in appearance [26] . ICON symbols are less effective than INDEX symbols because of the
limited space for displaying landmark symbols and the similarity in appearance of geographical
buildings, which leads to uncertain correspondence and divergent thinking. This may also be the rea-
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son why the search efficiency of the indicator is significantly higher than that of the other two symbols
[27].

Finally, while the Single-text symbols (SYMBOL) are less effective, but requiring less visual
attention. In the early stage of symbol cognition, the first-time processing of pattern symbols (ICON
and INDEX symbols) is more difficult and requires more visual attention resources. This is because
the semantic extraction of SYMBOL is simpler, with lower information capacity and recognition load,
which can effectively reduce attentional resources in the early stages of processing. This is also
consistent with the previous study by Javier Roca et al. on safety symbols, which shows that single-
word messages were associated with better performance and required fewer visual demands than
pictograms[67].

Color Consistency of Symbol and Notation

Experiments show that the idea that "the same color of map landmark symbols and annotations
is more conducive to improving search performance" proposed in Hypothesis 2 is not valid. The map
materials designed in the experiment, the map background images are the same and the color of the
landmark symbols are all blue. The annotation text is selected in black, and the color of the annotation
text in a single map mate-rial is the same, and the visual effect is not cluttered. In the end, it did not
have a significant impact on the searching performance of the subjects.

Interaction Effect Between Landmark Symbol Type and Gender

In addition, males were more likely to allocate cognitive resources to ICON symbols than to the
other two symbols in both breadth and depth, and female subjects were more likely to allocate
attention to SYMBOL than to the other two symbols in both breadth and depth. This is due to female's
superiority in simulating and perceptual thinking abilities[46]. Females process semantic information
more carefully than males and females tend to perceive specific objects more than males[45]. This is
al-so consistent with the strategies of map and spatial cognition of men and women[69].There is no
significant difference between male and female participants in terms of fixation time for the INDEX
symbol, but there is a significant difference in terms of fixation count. The number of fixed gazes in
male participants is significantly lower than that in female participants. This may be related to the
INDEX symbol emphasizing the core function or important elements of the original object, thus
helping people establish more accurate symbol referential relationships.

Evidence of differences in cognitive styles between males and females also suggests that, relative
to females, males have a lower awareness of the presence of risk in unfamiliar things, while females
perceive unfamiliar things as riskier[46]. [72]. In addition, the interaction differences between the
types of landmark symbols and the genders of men and women are verified through analysis. Males
have greater field independence than females, meaning that males prefer to perceive stimuli to the
exclusion of the environment, whereas females are less able to cognitively separate the self from the
environment [70]. Males are better at reasoning, and thus are usually able to make faster decisions
with incomplete information[47, 48]. For males, the role of self-insight is expressed as a difference in
processing speed, whereas for females, its role is expressed as a difference in processing level. In this
single-text incomplete information, longer cognitive distance symbol searching tasks, males are
usually able to make decisions more decisively and quickly. It can be seen that hypothesis 3 of this
study holds.

The results for fixation duration, on the other hand, suggest that the forementioned trend of
difference in searching efficiency only occurs at the late stage of symbol recognition processing, i.e.,
at the stage of decision-making about symbols. The understanding of knowledge inference and
transfer in maps may differ from the conventional setting, where symbols that reinforce attributes
such as function, as well as important features, do not require deep learning and comparison by
subjects, whereas symbols based on attributes such as graphical similarity and syntactic symbols
require more deep learning by subjects to complete the task[68].

Conclusions and Limitations

The following conclusions could be drawn from the study.
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Among the three kinds of symbols, INDEX symbols has the highest search accuracy and
efficiency. This symbol that emphasizes the function and important features of the target consumes
the least cognitive resources in the search, and can be used for target recognition without deep in-
formation processing.

Eye movement indicators show that the reading of SYMBOL requires less visual attention. This
kind of semantically agreed characters and letter symbols have small information capacity and low
identification load, which can effectively reduce the attention resources in the early stage of
processing. The above differences in symbol searching performance were only at relatively late stage
of processing, i.e., at the stage of decision making about the symbols. The INDEX symbols took fewer
attentional resource allocation both in breadth and depth than the other two symbol types.

The experimental results of search efficiency show that the difference in cognitive styles between
men and women leads to the difference in the search results of the three symbols. The searching
performance of male subjects for SYMBOL were significantly better than that of female subjects; the
searching performance of male subjects for INDEX symbols were significantly better than that of
ICON symbols. The searching performance of female subjects for INDEX symbols was significantly
higher than that of SYMBOL.

Due to the experimental environment, research scope, and technical conditions, this study has
some limitations. First, tobiix2-60 used in the experiment is a desktop eye tracker, and research must
be carried out on a computer desktop. This may be due to the lack of a real mobile map environment,
which may have a certain impact on the results of the experiment. Second, due to the limited accuracy
of the eye tracker, the symbols and annotations are divided into a region of interest in this study, and
it is impossible to accurately determine whether the subjects focus on symbols or annotations. For
example, the accuracy of the heat map depends on the data collection results, which cannot fully
represent all samples, and the user behavior that cannot be collected affects the reliability of the heat
map generated at the end of this experiment.

Future Work

The findings of the study could provide suggestions for the design of mobile map landmark
symbols, so that the design of map symbols can be more suitable for users' cognitive habits and thus
effectively improve the reading performance of mobile maps. In general, the effectiveness and
efficiency of map symbols are an important guiding principle, so the design of symbols should grasp
the most essential characteristics of geographical objects, such as the core functions and core
components of geographical objects. In addition, in the navigation environment using mobile maps,
users are usually in a multi task state. Their attention will be distracted from the road and traffic
information, and their concentration in reading the map is low. At this time, although single text
symbols without better effectiveness and efficiency may be a more appropriate choice, because their
cognition requires less visual attention. This is also the problem to be verified in this study. In the
follow-up, we will use a mobile eye tracker to carry out the experiment, so as to exclude the influence
of experimental situation factors on the experimental results. In addition, the subjects' age, cultural
background, map reading ability and professional knowledge may affect their understanding of
symbols. In the follow-up study, we will screen the subjects through psychological questionnaire
measurement, and strictly control the influence of these irrelevant variables on the experimental
results.
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