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Abstract: The measurement tool in the 3D map is the bridge between the map reader
and the 3D map information. They can help map readers get depth, distance and angle
information from 3D maps. Although many 3D map measurement tools have been
designed, but little is known about their impact on map readers and verify the role of
3D measurement tools in eye tracker experiments. The authors first designed some
new 3D map measurement tools to obtain the information in the 3D map, and then
conducted an eye tracker experiment to verify the effectiveness of these 3D map
measurement tools and the recognition mode of the experimental participants. This
experiment includes an eye tracker experiment and a post-test interview. A total of
26 people participated in this experiment. The results of the experiment show the
effectiveness and efficiency of the measurement tools in the 3D map. At the same
time, this experiment also revealed some key points on how to improve the 3D map
measurement tools.

Keywords: 3D maps; eye tracking; measurement tools; usability

1. Introduction

Spatial positioning ability is the basis for developing space ability and the basic
ability required for human survival and development. Living in a spatial environment,
human being shall have the ability to determine the spatial orientation of geographical
objects and explore the spatial structure of objects, which is the prerequisite for
solving spatial problems.

With the development of society and the advancement of technology, people are no
longer satisfied with obtaining information in 2D maps, and thus 3D maps have
gradually become people's first choice because of its authenticity and
multi-information. However, this also bring another problem that users in virtual
reality surrounding find it hard to interpret 3D symbols placed on horizontal or
vertical maps. Additionally, the orientation and distance to a visible object also pose a
challenge for users, which is caused by the perspective view and computer graphic
influences.

In order to solve this problem, some tools in 3D maps shall be introduced. With these
tools, the distance to the corresponding building, the distance between the two points
of the building, and the angle formed between two points in the 3D map could be
measured more easily. This makes it easier for us to read the 3D map and obtain more
effective information from the map. Eye tracking has provided insight into the human
cognitive process’?. An eye tracker samples and records the user’s eye movement
(gaze) data at a particular rate (e.g., 60Hz) and enables researchers to examine the
user’s visual and attention processes®*. During this work, eye tracking involves two
processes: capturing eye movements and determining the gaze points®. In some VR
and AR applications, it is sufficient to just know the 2D point of the eye-gaze, for
example, selected from an on-screen menu. For other applications, like surveying a
3D map, it is important to know the 3D location where the user is looking®. In this
experiment, an eye tracker is used to verify that the 3D map tool is effective. In the
next part, the eye movement tracker will be introduced.



1.1 Development of eye movement tracking

In the early Middle Ages, the Arabs established a new discipline, physiological
psychology, with the combination of mathematics, anatomy and experimental optics.
Vision, as a basic part of physiological psychology, is also valued, which is also the
origin of the use of equipment to track visual experiments. Since then, various
theories and experimental methods and experimental devices on vision have also been
rapidly applied to various researches and analyses. The earliest research on vision was
influenced by the philosophy of the same period, therefore, most of them were
idealistic, which greatly restricted the scientificity and objectivity of research on
vision. Until the nineteenth century, Charles Bell and Johannes Muller’” published a
series of papers on eye movement research, which provided new scientific theories
and scientific methods for eye movement research.

Muller and Hueck’ discovered visual rotation and optical rotation through exploratory
research. Meanwhile, Heuck also discovered the reason why the people’s head turned
in the opposite direction when their eyes turned to one side, and tried to explore the
law. The first European Eye Movement Conference was held in Bonn, Germany, in
1981, which marked the beginning of a boom in eye movement research. Until 2005,
the 13th European Eye Movement Conference was successfully held in Bern,
Switzerland, and its scope of influence is not limited to Europe. It attracts eye
movement researchers from all over the world to exchange academic ideas.

Looking back on the entire development of eye movement technology, there are so
many research methods created for the eye movement research from the early natural
observation methods, such as direct observation method, mirror observation method,
peephole method and after-image method, as well as mechanical recording methods,
including acoustic drum method, air bag method, and mechanical lever method. Until
now, the optical recording method has slowly developed from the initial observation
of idling features to the accurate measurement and recording, and finally it has
become a modern eye movement technology.

Human nature is always full of ingenuity. The gaze of the human eye is often an
unconscious process, and people often are attracted by those novel and interesting
things. The eye tracker is an advanced physiological measurement tool that measures
the gaze point, gaze time, and the path of saccade® (the short eye quickly moves from
one gaze point to another). These eye movement data can be comprehensively
analyzed through related software, providing researchers with a way to explore the
unconscious and rational process of eye movement.

The eye tracker is an ideal tool for the following research: in-store shopping behavior,
product packaging design, shelf design, promotion effects, store planning research;
driving research, mobile device testing; outdoor advertising, TV advertising research;
mailing list design research; orientation logo, navigation effect research; competitive
sports, sports science research; simulator, console, training effect evaluation, novice
and expert paradigm research; social behavior and group interaction research, etc.



1.2 The purpose and significance of this research

The purpose of this research is to construct and verify the 3D map measurement tool
model based on eye movement data, and use the established evaluation model to
divide the effectiveness of the tested 3D map tools. According to the correctness of
the data of the subjects in the eye movement test, the effectiveness of the 3D map
measurement tool is assessed, the cognition law of the measurement tool in the 3D
map is revealed, and the 3D map measurement tool is designed from the perspective
of spatial cognition.

(1) Construct and verify the 3D map measurement tool model on the basis of the eye
movement data. Based on the existing research results, to the experiment design of
eye movement to verify the effectiveness of the 3D map measurement tool, construct
an evaluation system on the basis of the testers’ eye movement experiment data. Use
Bayesian structural equation model and eye movement experimental behavior
indicators to verify the effectiveness of 3D map measurement tools. The low-cost
ready-to-use eye-trackers® could be observed with great potentials.

(2) Reveal the cognition law of measurement tools in 3D maps, and then design 3D
map measurement tools from the perspective of spatial cognition. All tested 3D map
measurement tools are scored by applying 3D map measurement tool evaluation
models. According to the experimental data of eye movement, find out the most
effective measurement tool, summarize the cognitive law*° of the measurement tool,
and design a new version of 3D map measurement tool from the perspective of spatial
cognition.

2. Background and Related Works

Until now, eye trackers are used in many fields, such as advertising, kinematics,
geography and so on. However, the current applications of eye-tracker in geography
and cartography are often focused on the exploration of the utility of the analysis tools
in 2D maps, and neglect the analysis of the measurement tools in 3D maps. Therefore,
in this research, the eye-tracker test on 3D maps would be implemented.

2.1 Map cognitive theory

When a reader is intent on learning a map, there are two cognitive factors taking
effect. The first factor shall be the control process, which matches the map with the
information already in memory and determines how the system should accomplish the



task that prompts the map learning. The second one is characteristics of the memorial
system, which includes the mode of representation (verbal or image) and a limited set
of resources for storing and maintaining a map representation in memory**.

Spatial cognition refers to the process of processing spatial information from the
outside world to the cognitive person’s mind!?. The essence is that the cognitive
person maps or reconstructs the external space in the brain, which could also be
defined as the process of internalizing the cognitive result of spatial events and spatial
relations into a systematic spatial knowledge structure. In the field of cartography,
spatial cognition studies the information processing process of the cognizer's
understanding of the various elements of geographic space, especially the shape and
location of the geographic event, the spatial distribution state of the cognition, the
spatial relationship between them and the cognitive process of dynamic changes in
geographical events®.

Think of human being as the CPU of a computer, the information obtained by them is
regarded as symbols. Cognitive information processing theory believes that the
process of human acquiring information is equivalent to the process of computer
processing information symbols, that is, the entire process of input, coding,
processing and storage, extraction and use of information'®. The processing of
information by human being follows a certain pattern. The earliest information
processing model is mainly divided into three parts: the first part is the storage of
information, which means that after obtaining external information, the information is
stored in a specific location in the brain, similar to a computer Disk. The second one
is the cognitive processing process, which includes several links, such as attention?®,
perception, retelling, organization, and retrieval. This process integrates, transfers, and
transforms information. It belongs to the internal intellectual activity of the brain,
similar to various computer applications. The third one is metacognition, including
the cognition, experience, monitoring and adjustment of the cognitive process, which
has a significant impact on controlling the processing of information.

As a complex cognitive process, similarly, geospatial positioning is also a process of
selecting, processing, coding, storing and extracting geographic information®. For
example, in the positioning process of image geographic space, the selection is that
people first perceive and process image information, processing and coding indicate
that people start to construct mental maps after obtaining geographic information, and
perform some complex operations on the map in their hearts, such as rotation,
comparison, etc. At the end, the important information to determine the final goal is
stored and extracted.

2.2 ""Eye-Mind" hypothesis

Generally speaking, eyes are the first sensory system to receive information from the
outside world. About 80% to 90% information is conveyed to the brain through the
eyes. Vision is significant for the reception and processing of information. As the



phrase said, "what you see is what you think", the process of eye movement reflects
the thinking process of the brain, and the brain dominates the movement of the line of
sight.

Just and Carpenter put forward the "Eye-Mind" hypothesis!’, namely that eye
movement can reflect the dynamic changes of human attention. Experts believe that
when there is cognitive process in the brain, the line of sight will be fixed at the
position that causes this cognitive process, and the corresponding fixation time and
number of fixations will increase. Therefore, the process of eye movement can reveal
the inner mechanism of cognitive processing. In the field of spatial cognition, eye
tracking technology has become an important research tool for a long period. With the
help of eye tracking technology, it is possible to visualize the human cognitive process.
At the same time, regarding the temporal and spatial characteristics of eye movement
as an indicator, the cognitive process could also be converted into statistical data that
can be quantified and analyzed. Researchers found that the eye movement process
generally reflects six mental cognitive processes: sight search, discovery,
discrimination, recognition, determination and memory search®8. These six processes
are indispensable in target search. Participants generally use certain strategies to
search for potential targets as a whole within the visual range, and constantly filter
information during the searching process to determine the target finally and follow the
target®. Participants will distinguish the target by analyzing the details of the target,
especially similar targets, and identify the final target based on the characteristics, and
finally determine the target. In the whole process of target search, memory search will
be continued, namely that, make a comparison between the target object and that in
memory.

2.3 The concept of eye tracking technology

Eye tracking technology is also called gaze tracking technology, and its principle is to
use multiple detection methods such as optics or machinery to obtain the subject's
gaze direction. By adopting the eye tracking technology, the subjects’ behaviors of
using vision to obtain information are more obvious, so that the subjects’
human-computer interaction behavior can be traced. Through records of the subjects’
gaze trajectory and gaze time, the subjects’ attention elements and attention levels to
the observed objects are studied. Research shows that the distribution of attention is
affected by two aspects. On the one hand, it is influenced by the experimental subjects
on the subjects, which is expressed in the paper as different 3D map measurement
tools. On the other hand, it is influenced by the subjects themselves and the
environment, such as whether the subjects have contact experience with the online
mapping system, their familiarity with the current experimental tasks, and the
subjects’ emotional state, use environment, use scenarios, etc.



2.4 The principle of eye tracking technology

The monitoring of the eye gaze point is achieved by recording the reflection track of
infrared rays on the eyeball. After emitted by the light source, the light would be
filtered by an infrared filter, and only infrared rays can pass through; after the infrared
rays pass through the half mirror, part of the infrared rays reaches the mirror, which is
then emitted to the human eye through the mirror. The reflected light from the eyeball
to infrared rays passes through the same mirror to a special pupil camera that can lock
the eyes. The camera continuously records the infrared rays reflected by the human
cornea and pupil®, and then the image processing technology is adopted to obtain a
complete image of the eyeball. After processing by the supporting software, the data
of the changing line of sight, such as the first fixation time?, the return rate, etc.,
could be collected, thereby achieving the purpose of line of sight tracking.

2.5 Eye movement index analysis

Eye movement is an output when the visual system is stimulated, and it is divided into
two forms. One is reactive eye movement, namely that, the process from signal
stimulation to eye movement is not controlled by the cerebral cortex, which is an
unconscious stress response.

The other is active eye movement, namely that, the signal stimulation acts on the
cerebral cortex center, and then descends to the brainstem eye movement control area,
thereby consciously starting the eye movement.

The technical indicators of eye tracking technology are called eye movement
parameters, and various eye movement parameters are also important dependent
variables in eye movement experiments. Common eye movement parameters can be
divided into qualitative eye movement parameters and quantitative eye movement
parameters according to whether they are quantified.

Qualitative eye movement parameters are mostly expressed in the form of pictures,
videos, etc., generally without specific data support, such as eye movement heatmaps,
gaze track maps, etc.

Eye movement heatmap: similar to other heatmaps, the variable in it is the fixation
time at the coordinate point. The different color rendering reflects the participants'
different degree of attention to each area.

Eye movement gaze trajectory map: refers to the gaze movement route trajectory,
which is obtained in the form of directed linear symbols or node numbers. Its essence
is the sequential connection diagram of the gaze points of the subjects during the
experiment.

When the observed object is a steady picture, the eyes will leave a series of stops on it.
Between these stop points, the activity is completed by rapid eye movement. In the



entire eye movement, when the eye movement stays for more than one hundred
microseconds, it is called fixation, and the visual jump between fixation points is
called saccade, which is a movement where the eyeball's fixation direction changes.
The vast majority of visual information needs to be watched in this process in order to
be processed. Generally speaking, eye movement is a joint response of nerves and
muscles after vision is stimulated by the external information. For the fact that it can
measure various indicators through instruments, it becomes a bridge to research the
relationship between information and vision. Movement data obtain the law of change
between external information stimulation and vision.

Commonly used eye movement indicators include: Time to First Fixation, Fixation
Duration, Total Fixation Duration, Fixation Count, Visit Count, Mouse Click Count,
Time to First Mouse Click, First Fixation Duration, etc.

(1) The time to first fixation characterizes perception.

It refers to the time from when the stimulus material starts to appear until the fixation
point first appears in the area of interest. The area of interest is where we are
concerned. When determining the landmark of the building, how long it took for the
trial to enter the target area of the building represents the time when the subject’s
eyeballs perceive the content of the area, namely, the degree of sensitivity that arouses
the subject’s visual perception.

(2) The first fixation time characterizes attention.

The first fixation time is the duration of the first fixation point that appears in the area
of interest. It is the time to form fixation and perform the information processing for
the first time. It is the process of the overall initial recognition of the target in the area.
The first fixation time is long, because not only the subjects are attracted by the
material, but also the information processing is difficult to understand.

(3) The average fixation time indicates the degree of understanding.

According to the literature, average fixation time = total fixation time/number of
fixation points. The total fixation time is the sum of information processing time from
the beginning of attention to the determination of the click behavior, which is affected
by the difficulty of information processing and the complexity of the material.

(4) The number of fixation points reflects the degree of information processing. The
greater the number of fixation points is, the deeper the degree of information
processing is, but it does not mean that the stimulus material is more difficult to
understand. It may also be related to the individual information processing strategy.
Therefore, it is usually necessary to consider the total fixation duration.

(5) The number of fixations indicates the degree of confirmation.

The number of fixations is the number of visits to an AOI in a certain area of interest.
Each visit refers to the time from the first fixation point in the area of n of the click
behavior, which is affected by the difficulty of Entering the same area of interest for
the second time aims at the inspection and confirmation of targets in that area.



2.6 Applications of eye tracker

Through keyword co-occurrence network and keyword statistical analysis of foreign
language periodicals, it is found that the focus of empirical research on eye movement
at home and abroad is concentrated on tourism advertising, cultural and creative
products, network maps, and tourism hotels. Of course, some scholars also focus on
exploring the brain, hybrid application of electricity, eye movement, and self-report??,
As a new effective tool, eye tracking equipment provides a new method for
psychologists to explore human mental activities with the eye tracking technology.
Medical eye trackers research human mental activity by investigating human eye
movement, and explore the relationship between eye movement and human mental
activity through eye movement data. With the development of science and technology,
more scientists have devoted themselves to the research of eye trackers in
schizophrenia. In addition, in clinical application, the eye tracker has also undergone
revolutionary changes in the diagnosis of schizophrenia.

The application of educational factors and teaching resources in learning and their
influence on cognition have always been research hotspots in the fields of educational
technology and learning science. However, traditional research is often based on the
learner's self-expression, or focused on the determination of the occurrence of
learner's learning through the analysis of the output results, in which the learner's
learning characteristics could be further analyzed. These external data are mixed with
learners' subjective color in a certain degree, and cannot represent the data when
learning occurs. Therefore, it is difficult to fully reflect the motivation of teaching
resources to learners to learn. An eye tracker is an instrument that can record human
eye movements, and its multiple characteristics are highly compatible with education
and research.

(1) Quantification. The eye tracker can objectively and fairly record the subject's gaze
duration, number of gazes, and gaze point sequence and other quantitative data, which
has extremely high reliability and validity and can be widely and repeatedly applied to
many experiments.

(2) Applicability. The eye tracker can generate intuitive diagrams such as heatmaps
and path maps. At the same time, the eye tracker supports the experimenter to define
the area of interest (AOI), with the aim of obtaining the eye movement data of a
specific area within a specified time.

(3) Applicability. The eye tracker is suitable for each role included in the education
process. It can reveal the relationship between learner characteristics and teaching
design strategies, which is beneficial to educators to find problems during teaching,
and to improve teaching skills and teaching quality. Besides, it can also help teaching
platforms optimize page design, reduce the waste of resources, and improve teaching
efficiency.

(4) Convenience. After years of development, the current eye trackers have the
characteristics of easy-to-use, automatic intelligence, friendly operation, user-friendly
design, accurate and reliable data tracking, which could be exported in multiple



formats.

In the field of sports psychology, the eye tracker is used for sports psychology
research. First of all, ecology is used to closely integrate the experimental situation
and the real situation. At the same time, some new instruments are gradually applied
to sports in real situation, which is beneficial to obtain more meaningful experimental
results. With adopting the visual movement method, the practice has obtained visual
information at every moment, so that athletes and referees can obtain information
feedback in time, which would continuously improve their sports level, and allow
coaches to guide athletes by referring to the information feedback.

At present, the mental health level of researchers in the field of sports psychology has
been improved in the limitations and trends of eye trackers. The subjects' scores in
depression, somatization, obsessive-compulsive symptoms, hostility, and terror after
exercise were significantly lower than those before exercise; there were very
significant differences in anxiety and interpersonal sensitivity.

2.7 Depth estimation

In recent years, with the innovation of computer software algorithms and
breakthroughs in hardware computing power, deep learning technology has achieved
breakthrough development and progress. Human beings are adopting deep learning
technology to build a new era of artificial intelligence. Computer vision is an
important part in the field of artificial intelligence. In essence, computer vision is
connected with the solution to the problem of visual perception. To be precise, it is
how to make a computer have the ability to segment, classify, identify, track, and
track objects similar to human beings, acquire the ability to show discernment and
make decisions. The emergence of deep learning technology provides infinite
possibilities for achieving this goal. For the fact that many problems in computer
two-dimensional vision are gradually overcome, the research focus of computer
vision has gradually shifted from two-dimensional vision to three-dimensional vision.
Depth estimation is a basic problem in computer 3D vision, and of course it is also a
very challenging problem.

Depth estimation is mainly divided into two categories: traditional methods and
methods based on deep learning. Traditional methods mainly rely on SFM (Structure
From Motion) technology and real-time positioning and map reconstruction (SLAM,
Simultaneous Localization And Mapping) technology. These two methods are very
similar in principle. They both use the motion between frames to estimate the camera
pose information, and then use triangulation for consecutive frames to recover the
depth information of the scene. The difference is that SFM is an offline system, while
SLAM is a real-time system. Traditional methods have been developed for more than
ten years and have made considerable progress. They have achieved very excellent
results on public data sets, and have derived a series of excellent open source system



frameworks. And depth estimation, based on deep learning technology, is a method
that has only been proposed in recent years, and it is also a current research hotspot in
3D vision. Train a convolutional neural network (CNN, Convolutional Neural
Network) with the application of a large amount of data, and the network model has
the ability to predict the depth of the scene, thereby achieving the goal of monocular
depth estimation. In this research, the depth estimation is achieved by the tools in the
3D maps, which is different from the former 2 methods. Eye tracking is compelling
for interaction as it is natural for users to direct their gaze to point at targets of
interest.?

3. Methodology

3.1Eye-tracker in this research

The experiment applies Gazepoint GP3 eye tracker, which is a screen-type eye tracker
with a sampling rate of 60Hz, which can accurately capture the position of the human
eye. The device is suitable for various qualitative and quantitative real-time eye
movement observation research?,

Figure 1.The Gazepoint GP3 Eye Tracker



3.1.1 The reason why we choose it

(1) Easy installation and wide applicability

The eye tracker can be directly attached to the bottom of the notebook or adaptable
monitor screen. The host is designed with small and compact size, which increases its
portability.

Provide a mounting bracket to support the installation and configuration of a variety
of screens;

Connect it to the computer with USB cable and network cable, and no more
operations are required for configuration;

The eye tracking data processing can be performed in a controlled environment
through the attached external data processing module;

Support Windows system;

The calibration? process is automated, simple and fast.

(2) Behavior capture sensitivity

The eye tracker is non-invasive, and the subject does not need to wear eye movement
recording equipment.

It can accurately collect eye movement data from short distance to long distance;
Support fast and large head movement behavior;

The eye tracking calibration process is automated and stable, with high success rate,
which reduces the time cost of repeated calibration.

(3) High sampling accuracy

The accuracy of the data collected by the eye tracker is high, and there are no
constraints on the height and age of the subjects.

The eye tracking data can be accurately captured no matter how the subject's head
moves quickly or slowly, and the amplitude changes rapidly;

Preferable adjustment to changes in light, environment, which makes it possible to
track the movement of subject's head, with the aim of ensuring the accuracy of the
data;

The adaptive dual camera system supports automatic selection of bright pupil or dark
pupil tracking.

Regardless of the tester’s race or whether they wear glasses, there is such limitation
for the eye tracker, which contributes to a wide range of compatibility.

3.1.2 Information of Gazepoint GP3

Table 1. Gazepoint GP3 Parameters

Angle Accuracy 0.5-1 degree
Sampling Accuracy 60Hz
Calibration 5 points

9 points

API Standard




Recommended Screen Size 26”

Movement Range 25¢cm  (horizontal) x 1lcm (vertical)
movement
the depth movement with a range of
+5cm

System Requirements Intel Core i5 — 8th generation or faster,
8GB RAM
Windows 7, 8.1 or 10;

Working Distance 65-80cm

Track Recovery Time <50ms

System Delay <50ms

Output Data Timestamp

xly coordinates
pupil diameter

Size Ultraportable — 320 x 45 x 40mm

Weight 145¢g

Interface USB 2.0

Installation Method It can be attached to an ordinary screen or
notebook;

or use a desktop bracket installation kit to
fix the eye tracker on a desk or a tripod.

3.1.3 Installation of Gazepoint GP3

1. Connect tripod and cables to GP3 unit.
2. Screw the tripod to the GP3 with the thumbscrew.
3. Connect USB DC power cable and USB data cable to the corresponding position.

3.1.4 Position GP3 and connect it to computer

Connect the two USB cables directly to computer. (Note: cables shall be connected
without use of a USB hub)

Position the GP3 on desk or laptop, centered and approximately arm’s length (65cm
or 25in) away from the user.

GP3 shall be angled and pointed at the user’s face.

GP3 shall be 40cm (15in) lower than the user’s eye level so it can point at an upwards
angle towards the eyes.



Avoid bright lights or sun pointing at the GP3 or the user’s face. The GP3 shall be
operated in a dark room.

If the user is wearing glasses, bring the GP3 closer and point upwards at a steeper
angle to avoid reflections®*.

Figure 2. The perfect pose of the participants

3.2 Gazepoint Control

When running the Gazepoint GP3 eye tracker, Gazepoint Control is one of the two
programs required operation. Gazepoint Control acts as a “power switch” for the IR
LEDs and camera, and processes the images captured by the camera to estimate the
point of the participant’s gaze on the screen. So when we are collecting data,
Gazepoint Control needs to be running, but shut down when data are analyzed at a
later time.

Please note: if we want to switch to Gazepoint Analysis and conduct the experiment,
Gaze point Control shall be minimized. Failing to do so will keep the calibration
image on the screen, which would cause unreliable results from the experiment.

Most of the works done by Gazepoint Control is automatic and require no monitoring
or input from the researcher. Nevertheless there are still 4 parts that need to be
controlled: Calibrate, Gaze Pointer, Select Screen, and Switching the tracker type.

Start the Gazepoint Control, as shown in Figure 3.
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Figure 3. Screenshot of Gazepoint Control

When the Gazepoint Control is started, the camera inside the Gazepoint GP3 begins to
work. The window on the screen shows four important information: Distance of
Participant, Camera View, Right Eye Capture, and Left Eye Capture.

1. Distance of Participants: The ball between “close” and “far” will give us a rough
estimate of the distance between eye tracker camera and the participant’s eyes. In an
ideal condition, the color of the ball shall be green, near the center of the spectrum.
This will provide us with the installation of the Gazepoint GP3 camera.

2. Camera View: When we see this display on the screen, we could make a conclusion
that the camera in GP3 is able to work. We will want to position our participant to
appear in the center of the display window. With the help of the ball between “close”
and “far”, we now could define the physical area where our participant’s eyes should
be located.

3. Right Eye Capture: this display zooms in what Gazepoint Control is believed to be
the right eye of the participants. You can monitor the eye tracker’s ability to discern
the participant’s pupil and corneal reflex in this display.



4. Left Eye Capture: This display zooms in what Gazepoint Control is believed to be
the left eye of the participants. You can monitor the eye tracker’s ability to discern the
participant’s pupil and corneal reflex in this display.

3.2.1 Select Screen

As we have 2 screens, we could use the “Select Screen” button to quickly switch the
researcher’s screen to the experiment screen, on which the calibration and
experimental stimuli will be presented to the participant. When we click the button,
we could see a small, black window listing the display’s dimensions.

3.2.2 Calibrate

Once the participants is seated in the proper position where the camera in Gazepoint
GP3 could monitor and the experiment screen is selected, a calibration needs to be
executed to make the Gazepoint Control calculate the participant’s point of gaze. To
perform a calibration, make sure the participant is ready well and click the “Calibrate”
button. Figure 4 will appear on the experiment screen once the participant completes
the calibration:

Figure 4. The Screenshot after Calibration



If the calibration results are unsatisfactory, the entire calibration could be run again by
pressing the “c” key. If it’s necessary to recalibrate one point, simply click on the
point needing to be recalibrated and Gazepoint Control will rerun the calibration for
that one point. If the previous calibration is the desired result, but another calibration
is accidentally performed, just press the “u” key to undo the most recent calibration
and accept the previous calibration.

3.2.3 Gaze Pointer

The “Gaze Pointer” option allows researchers to set the mouse pointer under the
control of the participant’s point of gaze. To regain the control of the mouse pointer,
simply block the camera sensor’s “view” with your hand and use the mouse to turn
the “Gaze Pointer” option off.

3.2.4 Switch Tracker Type

The “Switch Tracker Type” option allows researchers to switch between multiple eye
tracker models created by Gazepoint. As of this manual was composed in former
times, the Vision Lab only uses the GP3 eye trackers. Thus, this option will be used
only if and when new

eye trackers are purchased.

3.2.5 Feedback information

Frame time:

It shall be ~16.6ms (60Hz). If the value is larger, more CPU power may be required.
Server:

This indicates how many clients are connected and if data is being used

3.3 Participants

26 students or employees from Technical University of Munich participated in this
experiment. They were told that they could suspend the trial at any time. 24 of them



had normal or corrected-normal eyesight. After the experiment, two of the participants
had severe astigmatism and strabismus, who are not suitable for experiments®®. We
found that the eye-tracking ratios of 24 participants were more than 80%, so we have
a 24 persons’ data. Among the 24 participants, there were 12 males and 12 females.
Their average age is 25.5. They have a diverse educational backgrounds and have
different majorities.

Six of the participants have a bachelor’s degree, 12 of the participants have master’s
degree, and 6 of the participants have doctor’s degree. 9 of the participants major in
Geoscience and 15 of the participants major in other subjects.

3.4 Apparatus

In this research, a Gazepoint GP3 eye tracker was adopted. And with the help of
Gazepoint Analysis UX edition and Gazepoint Control, the eye movement data could
be collected. Some details of Gazepoint GP3 could be found in the former chapter. As
shown in Figure 3 and 4, the eye tracker was installed rightly under the center of the
monitor. In this research, 2 monitors is equipped, with one for the participants and the
other for the controller. The experiment environment was set up in the eye-tracking
lab in Technical University of Munich. The experiment lab was in a stable and quiet
condition, with scattering light during the experiment.

Figure 5. A Picture Showing the Experiment Environment. (A participant (left) was
doing the eye-tracking experiment with the Gaze Point GP3 eye tracker, while a
controller (right) was observing the eye and mouse movements of the participant on
another screen.)



3.5 Benchmark Tasks and AOI settings

After analyzing the existing 3D map measurement tools, the tasks of this experiment
are divided into two large groups, with the aim of verifying the function of the
existing 3D map measurement tools and whether the newly designed 3D map
measurement tools are more effective. In this experiment, the first group includes four
big tasks with 11 questions in total. These questions fall into two categories. The first
category aims to measure the distance between two points in the 3D map, while the
second category aims to measure the depth of two points in the 3D map. The second
group includes two big tasks with 3 questions in total. These tasks are also divided
into two categories. The first category aims to measure the distance between two
points in the 3D map through a newly designed tool, while the second category aims
to measure the angle formed by two points and eyes. All of these questions will have a
correct answer. Participants use the tool to measure and finally choose one of the four
options that they think is the closest to the correct answer.

The execution of these proposed tasks involves different search areas, querying types,
cognitive operations, and tool interactions. In each of these tasks, the questions are
becoming more and more complex. Q1, Q2, Q4, Q5, and Q8 require participants to
only find a value of a point. Q3, Q6, and Q7 require participants to compare 2 values.
Q10, Q11, Q12, Q13, and Q14 require participants to find the value of 2 points and
make a comparison between them.

At the same time, in this part, the scenes that appear in the task and their AOI settings
will be displayed. In Group 1 Task 1-3, they contain 3 AOIs. The AOI Question part
includes the part of the task description in the figure. The AOI Option section includes
the options in the figure. The AOI Object contains the target object in the figure. In
Group 1 Task 4 and 5 and Group 2 Task 1 and 2, they contain 4 AOIs. The AOI
Question part includes the part of the task description in the figure. The AOI Option
section includes the options in the figure. The AOI Object contains the target object in
the figure. AOI Tool contains the measurement tools in the figure. Since AOI Tool and
AOI Object will have overlapping areas, an AOI Object-Tool area will be added when
processing data. Besides the parts not included in these AQOls, they could be defined as
AOI NULL to facilitate the data processing and visualization of the eye tracker data.

Groupl Task 1 Buffer zone?®

The buffer zone is a kind of influence or service scope of a geospatial target,
specifically referring to a certain width of polygon around the point, line, and area
entity.

In this image, each buffer represents as10m, with AOI settings shown in Figure 6(b).
Q1: Which one is closer to the center building? The translucent square building or the
red T-shaped building?

Answer: The translucent building.

Q2: Measure the distance between the red T-shaped building and center building.



Answer: 42m.
Q3: Measure the distance between the translucent building and center building.
Answer: 33m.

Ql: Which one is closer to the center building? A or B

Q2: Measure the distance between A and center building

A 35m B 39m C 42m D 49m A 35m B 39m C 42 D 49m
Q3: Measure the distance between B and center building 23: Measure the distance hetwzen B and center building
A 20m B 25m C 33m D 43m A 20m B 25m C 33m D 43m
(a) (b)
Figure 6. 3D Map in Task 1(a) and its AOI Settings(b)
Groupl Task 2 Scale bar?®

The facade scale bar is a perspective scale bar, whose course is aligned along the
edges of the building. Therefore, when the viewing position changes, not only the
building but also the scale bar adapts to the perspective distortions and replaces the
classic scale bar from the map legend, which is unusable for perspective space.

In order to ensure readability from any viewing direction, a scale bar is built up along
the edge in a standing and lying form. In addition, double the segment size and
enlarged numbering appear for every tenth scale segment. The facade scale bar
enables the building dimensions and signature positions to be determined in the map
drafts. Their use is limited to flat facade maps, because physical map designs can
partially or completely cover the adjacent scale forms. And the AOI settings is shown
in Figure 7(b).

Q4: Measure the distance between the red points and horizontal scale bar.

Answer: 7m.

Q5: Measure the distance between the red points and vertical scale bar.

Answer: 16m.



Q4:Measure the distance between
the red points and horizontal
scale bar.

ATm B9m C 10m D 13m
Q5:Measure the distance between
the red points and vertical scale
bar.

Al3m B 16m C 18m D 19m

Q4:Measure the distance between
the red points aud horizontal
scale bar.

H stance
> red points =nd vertical scale

Al3m B 16m C 18m D 19m

Figure 7. 3D Map in Groupl Task 2 (the Upper one) and its AOI Settings (the Lower
one)

Task 3 Grids

The perspective edge grid is a comparable element to the scale bar. Like the scale bar,
this is aligned with the edges of the building, with the difference that the lattice
structure rests on the building as a floor lattice or as a standing lattice. Due to the
limited urban representation in the immediate vicinity of the facade, and the space
limited by the facade and the rather large-scale thermal structures, the expected
number of structures to be classified is limited and the detail density is in the later
facade map. And the AOI settings is shown in Figure 8(b).

Q6: Measure the horizontal distance from the red cone to green cone.

Answer: 14m.

Q7: Measure the vertical distance from the red cone to green cone.

Answer: 13m.



Q6:Measure the horizontal distance from the red cone(B) to green cone(A) A

Q7:Measure the vertical distance from the red cone(B) to green cone(A) A7m B 9m C 13m D 17m

)
|

I he horizontal distance from th d cone(B) to green cone ; 18m D 20
7:Measure the vertical distance from the red cone(B) to green cone(A) A7m B9aC 13m D 17m

Figure 8. 3D Map in Groupl Task 3 (the Upper one) and its AOI Settings (the Lower
one)

Groupl Task 4 Distance fan

The distance fan spreads from the camera origin along the viewing axis as a colored
circular sector. This is built up symmetrically along the visual axis on both sides by
concentrically equidistant circular arcs with colored circular sectors in constant
circular arc length. For the construction of the individual circular sectors to form a
distance fan, the mathematical relationship reduces the opening angle o as a function
of the growing circle radius r. This, on the one hand, guarantees a fixed arc length L,
on the other hand, maintains a steadily increasing division ratio for each half of the
subject?. And the formation process of distance fan is shown in Figure 9 and AOI
settings in Figure 10(b).

Q7: Which one is closer to us?

Answer: A.

Q8: Measure the depth from our view to A.



Answer: 24m.

S )
L=2-r-7 360° L:Arc length (const)
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Figure.9 The Formation Process of Distance Fan

8 Which one is more closer to us? A or B = i
Q Q8 Which one is more closer to us? u

Q9 Measure the depth form our view to A

Q9: Measure the depth form our view to A
A 18m B 20m C 24m D34m

(@ | (b)
Figure 10. 3D Map in Groupl Task 4 (a) and its AOI Settings (b)

Groupl Task 5 Scale bar + Distance fan



Q10 measure the distance between B

n and C

AbSm B7m C 1lm D 13m

Q11 Measure the distance between
A and C

A 30m B 36m C 42m D 45m

Q10 measure the distance between B
and C

A'5n B7n € 1im D 13n]

Q11 Measure the distance between
A and C

A 30m B 36m C 42m D 45m

Figure 11. 3D Map in Groupl Task 5 (the Upper one) and its AOI Settings (the Lower
one)

Q9: Measure the distance between A and B.

Answer: 34m.

Q10: Measure the distance between A and C.

Answer: 36m.

Group2 Task 1 Circle like scale bar

The idea of this 3D map distance measurement tool came from a scope. When | use
the scale of the tool above to measure, | find that it takes time to find the target to
make a vertical line to the scale. And due to the perspective angle, the vertical line
may not be so accurate and just fall on the target. The projection point of the scale.



And when using the scale bar, | found that when measuring the distance between two
targets that are not parallel to the scale bar, the scale bar is difficult to be applied and
only an estimation value for the distance could be obtained. Therefore, this sight-like
scale is designed with the sight as the origin. Due to the existence of the 45 scale in
the oblique direction, it is more convenient for us to estimate the distance between
any two targets. And the AOI settings is shown in Figure 12(b).

Q12 : measure the distance between
B and C
ASm B7m C1lm D 13m
Q13: Measure the distance between
A and C

s A 30m B 36m C 42m D 45m

Figure 12. 3D Map in Group 2 Task 1 (the Upper one) and its AOI Settings (the
Lower one)

Q11: Measure the distance between A and B.

Answer: 34m.

Q12: Measure the distance between A and C.

Answer: 36m.

Task 7 Angle calculator

The angle calculator is inspired by an FPS game Player Unknown's Battlegrounds.
In this game, participants can easily find the enemy's position by using the similar
angle calculator at the top of the screen. Suppose we are facing a building in a 3D



map, and the angle between the two sides of the building and where we are standing is
30 degrees, then we take ourselves as the center of the circle and rotate the line of
sight by 5 degrees, and mark the position where the line of sight meets the bottom of
the building as 5 degrees, and then turn again until we reach the other boundary of the
building, and an angle calculator could be formed at the end. The process is shown in
Figure 13.

30° 25 20° 15° 10° 5° 0O°

5°

Figure 13. The Formation Process of Angle Calculator



Q14: measure the angle formed by A, B
and our view.
A 12° B 15° C 17° D 20°

Figure 14. 3D Map in Group 2 Task 2 (the Upper one) and its AOI Settings (the
Lower one)

Q13: Measure the angle formed by A&B and our view.

Answer: 15 degrees

3.6 Procedure

The experiment started on November 21, 2020, at the 3704 Eye Tracking Laboratory
in Technical University of Munich. The laboratory is quiet and protected from light,
which is very suitable for eye trackers to track the pupils of human eyes, and is
beneficial to improve the accuracy of experimental data and avoid the phenomenon of
pupils not being tracked due to reflection. This experiment was conducted in an
orderly manner. All participants performed the experiment one by one, in order to
eliminate interference from other participants. Before the experiment starts, all
participants will be told that they can withdraw at any stage of the experiment. This
experiment consists of six stages: preparation before the experiment, introduction,



adjustment of the eye tracker, calibration, task-solving, and interview?’. Each stage is
carried out immediately after the previous stage, with no gaps in between. In this part
of the paper, each step will be provided with detailed introduction.

Preparation. Before the start of the experiment, in order to eliminate the influence of
the participants’ mood, all participants will get adequate relaxation and rest before the
experiment. During their break, all participants will be informed of the data protection
policy of this experiment, and all data will be used only in this paper. In addition, the
participants will be informed of how much time this experiment will consume, what
the tasks of each stage are, and what kind of data the eye tracker collects. If the
participant agrees with that, the experiment will be carried out continuously. Then,
participants will be provided with a form for collecting their personal information,
such as gender, age, education level, and major, which is beneficial to analyze the
collected eye tracker data.

Introduction. In this phase, the participants will be informed with the specific content
of this experiment. These contents include how to use the tools provided in the map to
measure 3D maps, and how many meters each buffer zone represents. In the process,
if participants have questions about 3D map measurement tools, some explanations
will be made for them to ensure that the data obtained in the experiment is valid. If
there are questions that will affect the results of the experiment, participants will not
be informed.

Adjustment of eye tracker. In this experiment, for the fact that some participants wear
glasses and the glasses will reflect light, the eye tracker will not track the pupils of the
participants, which will affect the results of the experiment. Therefore, before
proceeding with the calibration step, the position of the eye tracker shall be adjusted
to ensure that the adverse effects would not occur when participants look at the
corners of the computer screen.

Calibration. First of all, the participants will be asked whether the current position is
comfortable, and then let them slowly adjust the posture, guiding the ball in the
Gazepoint Control software to turn green. The participants would be instructed to try
to maintain this position, allowing a small range of head rotation. Then the
participants will be asked whether they are ready to make corrections. If the
participant is ready, click the Calibration button and let the participant's gaze track the
white circle that appears on the computer screen. In the final screen, let the
participants manipulate the green traces that appear on the screen. If they feel that the
manipulation is smooth and precise, then the next step would be carried out. If it is not
very precise and the traces are a bit jerky, repeat this step until the experimental
requirements are met.

Task-solving. In this phase, the eye movement data of experiment participants will be
collected. In the previous introduction, all participants are divided into two groups.



The tasks in the first group consist of 5 pictures and 10 questions. The tasks in the
second group consist of 2 pictures and 3 questions. After the experiment starts, they
will read the 3D map that appears on the screen, then apply the measurement tools
given, and finally answer the questions that appear. Their answers will be recorded by
the experiment controller, who will remind you how much time is left for each task
during this process.

Interview. After the eye tracking data collection is over, the experiment participants
will be asked to conduct a small interview. First, they will be asked whether they are
confident in their answers to the questions. Then, ask which tools they find most
useful during the experiment. Finally, they will be asked about what improvements
can be made to the measurement tools in these 3D maps, and what they don’t
understand in this experiment that need to be added.

3.7 Method of Analysis

The effectiveness of the measurement tools in the 3D map is evaluated by analyzing
the eye movement data of all experimental participants, as well as the interview data
and question answers. In this paper, the key points shall be the analysis of the 4 issues:
(1) the attraction of the 3D maps; (2) the effectiveness of the measurement tools in the
3D map; (3) the recognition mode of the participants when solving the problem; and
(4) the participants’ attitudes towards the tools

These 4 issues will be explained in details: (1) the attraction in the 3D map can be
well displayed by the heatmap and fixation map. Both of these visualization
methods?® can be directly implemented in the software Gazepoint analysis. (2) The
effectiveness of the 3D map tools is measured by the correctness. Firstly, the success
rates of the participants among the different 3D map measuring tools are compared.
Secondly, the success rates of participants among the different participants groups are
compared. (3) The recognition modes of the participants when solving the problem
are measured by the fixation sequence and the transition and return probabilities
among the Areas of Interest (AOI) in each task. According to the goal of the research,
4 AOQIs shall be chosen in each image, including AOI Question, AOI Options, AOI
Tools, and AOI Objects. According to?°, the selected metrics® of the eye movements
are listed in Table 2. In this experiment, the sequence chart3'* is adopted to visualize
the sequence of the fixations®® of each AOI. And in this sequence chart, different color
represents different AOIs. Based on the Markov chain from Vu T. Tran’s method**,
another method is adopted to visualize the transition probability. Through this method,
the recognition pattern of the experimental participants could be observed and
conclusions will be reached. (4) After the experiment, the participants would have an
interview. From the interview, the drawbacks of these tools could be obtained and
relevant adjustments to these tools will be made.



Table 2. The Selected Eye Movement Metrics

Metric Description
Gazepoint Gaze points show what the eyes are looking at.
Heatmap Heatmaps are visualizations which show the general

distribution of gaze points. They are typically displayed as a
color gradient overlay on the presented image or stimulus.

Sequence The order of all the fixations and scales within an AOI

Transition The movement from one AOI (itself) or to another AOI

Dwell Time Dwell time quantifies the amount of time that respondents
have spent looking at a particular AOI

Revisit This is a transition inside an AOI itself.

Transition Probability ~ The probability of the fixation moving from one AOI to
another AOI.

4.Evaluation Results

In this part, a detailed analysis will be made on the eye movement data obtained from
the experiment and the feedback of the participants. More specifically, in this part,
more attention shall be paid to the results from the following parts: (1) The
participants’ fixations in 3D maps; (2) successful rate of the tasks; (3) the participants’
recognition pattern when they are undertaking the tasks; (4) the feedback from the
interview.

4.1 Fixation and Heatmap in 3D maps

When discussing the eye tracker tracking analysis experiment, fixations and gaze
point are the most basic output content of eye tracker analysis. Gaze point will show
what your eyes are looking at. The eye tracker collects data at 60Hz, according to
common sense, therefore, a 60 independent gaze points would be got per second.
When a series of gaze points are quite close (in terms of time or space), these gaze
points will form a fixation, indicating that your eyes have been locked on an object for
a certain period of time. For visual attention, fixation is a very good measurement
method.

Heatmap is a visualization method that shows the approximate distribution of gaze
points. They are usually displayed as color gradients in pictures. Compared with
fixation map, heatmap is an intuitive method to quickly discover what is the most
attractive in the image and which objects are more attractive than other objects.



Heatmaps can be compared across single respondents as well as groups of participants,
which can be helpful in understanding how different populations might view a
stimulus in alternative ways.

In this experiment, each 3D map was displayed for 45 seconds. In the next part, an
analysis will be made on these fixation maps and heatmaps task by task.

4.1.1 Fixation map and Heatmap of Groupl Task 1

(a) (b)
Figure 15. Fixation Map (a) and Heatmap (b) of Groupl Task 1

As shown in Figurel5, from the fixation map and heatmap in Task 1, it’s obvious that
the attention of participants is mainly concentrated in three areas, one is the
description part of the task, one is on the building in the center of the map, and the
other is on the buffer zone. AOI Option did not get too much attention. This may be
because it is more critical for this participant to read the contents of the AOI task
carefully for the solution of this problem. He can use the buffer zone tool to estimate
the distance from A to the central building and from B to the central building. At the
end, he can quickly choose one of the four options that is closest to the correct one in
his mind.



4.1.2 Fixation map and Heatmap of Groupl Task 2
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Figure 16. Fixation Map (a) and Heatmap (b) of Groupl Task 2

As shown in Figure 16, from the fixation map and heatmap in Task 2, it’s obvious that
the attention of the participants is mainly attracted by the provided tool and the scale
bar, which appears as two red dots in the heatmap. In addition, the AOI object attracts
the participants' attention, which is represented by yellow dots. The difference
between the heatmap of Task 2 and the heatmap of task 1 is that the experiment
participants have significantly less time to read the topic, which is the AOI Task area.
The reason may be that they are not familiar with the entire process at Task 1 and
buffer zone and they read the topic description carefully. When they got to Task 2,
they was already familiar with the experiment process, and the scale bar is more
common than the buffer zone, so it can reduce the time required to read the topic
description. The last point that interests us more is that the end of the horizontal scale



bar usually turns blue. Participants in the performance experiment usually estimate
how long and wide the entire object is, so as to establish an overall impression of
qualified objects, and then estimate the distance from a point on the object to the scale
bar.

4.1.3 Fixation map and Heatmap of Groupl Task 3

(b)
Figure 17. Fixation Map (a) and Heatmap (b) of Groupl Task 3



As shown in Figurel7, similar to Task 2, in the fixation and heatmap of Task 3, the
participants in the experiment just quickly browsed the AOI Task. In the Heatmap of
Task 3, the three red dots represent the places where the participants are most focused.
Two of them are on the provided grids, and the other is on target B. There is also a
yellow dot on the AOI Tool. This means that most attention of the participants in the
experiment in Task 3 focused on the provided tool Grids.

4.1.4 Fixation map and Heatmap of Groupl Task 4
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(a) (b)
Figure 18. Fixation Map(a) and Heatmap(b) of Groupl Task 4

Same as the previous Task, in Task 4, the experimental participants also quickly
browsed the AOI Task. However, in Task 4, the experimental participants did not
separate part of the attention on the AOI object as before. They put most of their
attention on the provided Distance Fan. As shown in Figure 18(b), there is only one
red dot in the Heatmap of Task 4, and it contains the numbers ‘30’ and ‘40’ on
Distance Fans. This shows that in this task, numbers are the key point in solving the
task.

4.1.5 Fixation map and Heatmap of Groupl Task 5
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Figure 19. Fixation Map (a) and Heatmap (b) of Groupl Task 5
Compared with the previous Task, Task 5 is more difficult. Participants in the
experiment not only have to use tools to calculate the horizontal or vertical distance
like distance between “B” and “C”, they also have to measure the distance between
the “A” and “C” points. It can be seen from the Figure 19 (b) that the red dots are
mainly concentrated in the “B” area.



4.1.6 Fixation map and Heatmap of Group2 Task 1
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Figure 20. Fixation Map (a) and Heatmap (b) of Group2 Task 1

The Group 2 Task 1 is a comparison task of Group 1 Task 5. The problems that the
two tasks need to solve are exactly the same, but the provided tools are completely
different. In the Figure 20 (b), it can be found that the difference from group 1 Task 5
is that the two red areas contain points “B” and “C”, and the other yellow area
contains point “A”, which means that when they are using the tools provided by this
group, the participants of the experiment will divide their attention evenly among the
three points “A”, “B” and “C”.



4.1.7 Fixation map and Heatmap of Group2 Task 2

(b)
Figure 21. Fixation Map (a) and Heatmap (b) of Group2 Task 2
From Figure 21 (b), as a new tool that participants are not familiar with, when
participants in the experiment faced this task, a red area appeared in the AOI Question,
which means that they want to understand what the task is to solve by reading the task

description carefully.

4.2 Successful Rate

For judging the effectiveness of measurement tools in 3D maps, the successful rate of



each question is the most intuitive performance. When in a task, a high successful rate
means that the measurement tool in the figure has played a role. If the accuracy rate is
low, it means that the tool is ineffective or has limited effects.

4.2.1 Successful Rate in Group 1
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Figure 22. The Successful Rate for Each Question in Group 1

The Successful Rate of the 11 Questions in Group 1 is shown in Figure 22. From the
histogram, it’s obvious that except Q11, the Successful Rate of all other 10 Questions
is above 75%. Unfortunately, only Q11's Successful Rate is 50%. This shows that the
measurement tools in the Task 1-4 map are all effective. They can have a positive
effect when the experiment participants browse the map and help the participants
measure the distance in the 3D map and assess the depth. It also can be seen that Q10
and Q11 use the same tools, but the Successful Rate is very different. This is because
the combination of Distance Fan and Scale Bar is effective when measuring the
distance between the horizontal or vertical two points of a 3D map, but in the face of
the diagonal distance, the combination of these two tools becomes powerless and can
only rely on experiments participants to measure the horizontal and vertical distance
and calculate it by themselves, which is hard in 45 seconds.

With the consideration of the difficulty of Question, there are some new discoveries.
Q1 and Q8 are the two least difficult questions. Almost all experiment participants
answered these two questions correctly. The difficulty of Q2, Q3, Q4, Q5, and Q9 is
higher than that of Q1 and Q8, so the correct rate of experiment participants also
decreased when facing these problems. The reason why the Successful Rate of Q4 and
Q5 is lower than that of Q2 and Q3 is that the scenario of Task 3 is more complicated
than that of Task 2, so the cognition of experimental participants will be more difficult.
The most difficult questions, namely Q6, Q7, Q10, and Q11, the accuracy rate is a bit



lower than the previous group. Therefore, the difficulty of the question has a great
influence on the correct rate of the experimental participants. The more difficult the
experimental problem is, the more complex the scene is, the lower the Successful
Rate of the experimental participants will get, and the higher the requirements for the
tool we designed.

4.2.2 Successful Rate in Group 2
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Figure 23. The Successful Rate for Each Question in Group 2

Group 2 contains two newly designed tools, so Group 2 appears as a comparison
group of Group 1. Task 1 of Group 2 and Task 5 of Group 1 use exactly the same
scenario and the same difficulty. In this way, the level of Successful Rate can prove
which of the two sets of 3D map measurement tools is more effective. When facing
the horizontal or vertical distance between two points in the 3D map, the Successful
Rate of Group 2 Task 1 Question 1 also reached 91.67%. Although it is lower than the
Successful Rate of Group 1 Task 5 Q11, it can also prove the effectiveness of the new
tool in the face of this Question. A few percentage points lower may be caused by the
added tool, which makes the scene more complicated, so there will be misjudgment.
From Figure 23, the Successful Rate of Group 2 Task 1 Question 2 reached 83.33%,
which is much higher than the 50% of the controlled trial. This shows that the new
designed tool has a better effect when facing the diagonal distance. Participants in the
trial can find the corresponding point from the new tool to measure the distance. The
Successful Rate of Group 2 Task 2 Q 3 also reached 83.33%. This shows that the
designed angle calculator is effective for angle measurement in 3D maps. In the future
augmented reality, it can be believed that this angle calculator will be applied to
augmented reality glasses to help people get more information.



4.3 Dwell and Transition

In order to better improve the effect of the measurement tools in the 3D map, and to
better develop other 3D map measurement tools, it’s necessary to extract the
recognition mode of each participant in the task from each task, and compare the
correct recognition mode and wrong recognition mode. For each task, the fixation
sequence of all experiment participants shall be visualized into a sequence chart. In
the sequence chart, all colors correspond to the AOI area. For the fact that each map
will be displayed for 45s in each different task, the sequence chart we see has the
same length and can be easily used to compare the differences between them. The
transition probability of successful participants and failed participants would also be
visualized. In this way, through these two visual data, an analysis could be made for
the recognition patterns of successful participants and failed participants in the
experiment.

For Groupl Taskl “ Which one is closer to the center building?(B)” and
“Measurement the distance between A and center building.(C 42m)” “Measure the
distance between B and center building(C 33m)”, the participants need to find the
distance of A and B. In order to solve this task, the best recognition mode shall be (1)
carefully read the AOI Question part, (2) search for AOI Object in the map to locate
Object A and B, (3) measure with the tool Buffer zone provided in the map and, and
(4) transfer during the period Go to the AOI Option section to compare and choose the
correct answer that is closest to your own feeling. As shown in Figure 24, most of the
experiment participants spent a lot of time checking the AOI Question and AOI
Obiject parts. However, the failed participants spent more time on the AOI Option than
the successful participants. However, the AOI Option part has no positive effects on
solving Task 1, which leads to a difference in the correct answer rate of participants.
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Figure 24.The Visualization of Search Strategies of Group 1 Task 1: the dwell and
transition chart of the successful group (upper left) the dwell and transition chart of
the successful group (upper right) the sequence chart (lower one)

For Groupl Task2 “Measure the distance between the red point and horizontal scale
bar (A 7m)” and “Measure the distance between the red point and vertical scale bar (B
16m)”, the best solution shall be (1) carefully read the problem description in the AOI
Question, (2) locate the position of the red dot in the map AOI Object, (3) find the
projection point corresponding to the red dot in the scale bar, and (4) go back to the
AOI Option section to find the answer. As shown in Figure 25, when solving this



problem, the difference between failed experiment participants and successful
experiment participants is that the failed experiment participants spend too much time
in the AOI Question part and more time in the AOI NULL part. This results in less
time for them to locate the red dot and the projection point of the scale bar. The
projection point cannot be accurately positioned, so they failed.
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Figure 25.The Visualization of Search Strategies of Group 1 Task 2: the dwell and
transition chart of the successful group (upper left) The dwell and transition chart of
the successful group (upper right) The sequence chart (lower one)



For Groupl Task 3 “Measure the horizontal distance between B and A (B 14m)” and
“Measure the vertical distance between B and A (13m)”, the most powerful solution
shall be (1) carefully read the problem description in the AOI Question, (2) use the
marker to locate A and B and their projected point on grids, and (3) back to AOI
Option part to answer the question. As shown in Figure 26, Participants who failed in
the experiment almost ignored the AOI Option part, which means that they only
glanced at the option before making a choice, and even when they chose, they did not
know whether it was the option they wanted to choose. However, this experimental
design also has shortcomings. Because the software cannot set the polygon interest
area, which leads us to face the AOI Tool interest area that should have appeared in
Task 3, therefore, there are many AOI NULL. This will affect some experimental
results.
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Figure 26.The Visualization of Search Strategies of Group 1 Task 3: the dwell and
transition chart of the successful group (upper left) the dwell and transition chart of
the successful group (upper right) the sequence chart (lower one)



For Groupl Task4 “Which one is closer to us? (A)” and “Measure the depth from our
view to A(C 34m)”, the best solution shall be (1) read the task description in AOI
Question carefully, (2) locate A and B in AOI object, (3) estimate the depth of A and B
using the tool in AOI Tool, and (4) back to AOI option part to answer the question.
Because AOI Object and AOI Tool overlap in part, when the data is finally generated,
the overlapped part will be named AOI Object-Tool in the data. As shown in Figure
27, it can be seen that successful experiment participants spent a lot more time in AOI
Tool and AOI Object-Tool than failed participants. And among the successful
participants, they spend less time in the AOI Question section, which means that they
have gone through the previous tasks and are more familiar with the task description
of this experiment, which means that our tool is useful when measuring depth on 3D
maps. Using this tool can significantly improve the accuracy of Task 4.
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For Groupl Task 5 “Measure the distance between B and C (D 13m)” and “Measure
the distance between A and C (B 36m)”, the best solution shall be (1) read the task
description in AOI Question, (2) locate Point A, Point B and Point C, (3) find the
corresponding projection point on the tool and (4) back to AOI Option part to answer
the question. Obviously, as the control group of Group 2 Taskl, the last question is
difficult for all participants to answer. Faced with the oblique distance between AC,
because the corresponding projection point cannot be found in the corresponding tool,
the experimental participants can only use the tool to measure the distance between
AB and BC, and then use the Pythagorean theorem to calculate the distance between
AC. Completing within 45 seconds is obviously an unlikely task. But because of the
option setting for the last question, experiment participants can eliminate the option
by the distance between AB and BC, and then choose the closest one. As shown in
Figure 28, it can be seen that successful participants spend more time in AOI Tool and
AOI Object-Tool. Finally, when choosing the answers, they also spent more time
thinking about which choices should be excluded in AOI Option.



Successful Fail

221%
219% - 90.34%
91.11% 203% o PO.31% A12%

85.00%

0.24% 15.10
2593 3336 ogg -
343 S i 531%
' : 1.82% °P1*
020% 5,6io% v
A
5.25% 6.98% y
7%2% 032%  0.93%

3534
2273

0.6%

% A
13,
YD /@»
i 3.04% @
86.14 86.11

o (i Inin | il

“ LT BRI -

BRI 11 NIL RN

Coa 1l

Bl LRI B I

S R DIRR Y |

o L I

o e, or

NI il ey

B BRI BN

A ] 'l

Sy taannm mii
[[] object [l Question [ Option
. Tool |:| Object-Tool

Figure 28. The Visualization of Search Strategies of Group 1 Task 5: the dwell and
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As the control group of Groupl Task5, except for the different tools on the map, the
two tasks contain the same problems, and the best way to identify them shall also be
the same. Unlike Groupl Task5, when facing the oblique distance between A and C,
the participants of the experiment can find the approximate projection points from the
newly designed measurement tool to estimate the distance between A and C. As



shown in Figure 29, it can be seen that successful experiment participants spend more
time in AOI Tool and AQOI Object-Tool, and less time in AOI Option. This is because
there are approximate projection points to be relied on. Participants no longer need to
use AOI Option to eliminate wrong answers, and only need to spend more time
looking for approximate projection points.
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Figure 29. The Visualization of Search Strategies of Group 2 Task 1: the dwell and



transition chart of the successful group (upper left) the dwell and transition chart of
the successful group (upper right) the sequence chart (lower one)

For Group 2 Task 2 “Measure the distance formed by A, B and our view(B 15°)”, the
best solution shall be (1) read the task description in AOI Question, (2) locate Point A
and Point B in AOI Object, (3) find the projection point on the tool, and (4) back to
the AOI Option part to answer the question. As shown in Figure 30, successful
participants looked at the AOI Object-Tool area more than failed participants, as a
result, there is a light blue part. In addition, another important point, which is not
obvious in Figure X. There are two yellow thin lines from AOI Object to AOI Tool
and AOI Object-Tool, accounting for only 0.08%. These two lines are very important,
representing that successful participants are looking for corresponding points of Point
A and Point B on the given tool, which also leads to the correctness of participants'
answers in this task.
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transition chart of the successful group (upper left) the dwell and transition chart of
the successful group (upper right) the sequence chart (lower one)

4.4 Feedback

In this section, the 3D map measurement tool will be evaluated through the interview
with the experiment participants after the experiment. In the following, the discussion
shall focus on the participant's evaluation of the 3D map measurement tool we
designed.
In Group 1, the participants rated on average 4.08 (1-5 from less to more confident)
on the confidence of their answers, and 3.95 (1-5 from hard to easy to use) on the
usability of the measuring tool. Therefore we can see that the overall results in Group
1 were very positive. And for each tasks in Group 1, the participants rated the buffer
zone in Task 1 on average 4.16 (1-5 from not useful at all to very useful), rated the
scale bar in Task 2 on average 4.16 (1-5 from not useful at all to very useful), rated
the grids in Task 3 on 4.08, rated the distance fan in Task 4 on 4 (1-5 from not useful
at all to very useful), rated the combined tool in Task 5 on 3.584 (1-5 from not useful
at all to very useful). There are 2 reasons for this results: the first one is that the tasks
become more and more complex, and the second one is that as the control group of
Group 2 Task1, the participants should meet some problems when completing Group
1 Task 5.
In Group 2, the participants rated on average 3.58 (1-5 from less to more confident)
on the confidence of their answers, and 3.16 (1-5 from hard to easy to use) on the
usability of the measuring tool. The confidence in Group 2 was a little weaker than
that in Group 1. The reason relies on the complex Tasks and measuring tools. And for
each tasks in Group 2, the participants rated the tool in Task 1 on average 4.25 (1-5
from not useful at all to very useful), rated the scale bar in Task 2 on average 3.5 (1-5
from not useful at all to very useful).
We asked the participants of the experiment, in the course of this experiment, which
elements were difficult for them to understand or easily caused errors in their
understanding and whether the tools are helpful when completing the tasks. The
positive feedback is summarized in Table 3. The negative feedback is summarized in
the Table 4.

Table 3. Positive Elements from Feedback

Elements Frequency
The buffer zone is helpful. 7
The scale bar is helpful. 10

The grid is helpful.

The distance fan is helpful

The circle like scale bar is helpful
The angle calculator is helpful.

o ~N 00 0o




Table 4. Negative Elements from Feedback

Elements Frequency

The participants are not familiar with distance fan.

Time limitation is not necessary.

Scale bar is far from the object.

Numbers should be clearer.

The participants are not familiar with the tool in Group2 Task2.
Participants need more text explanation.

W wolk NP

In summary, the measurement tools in 3D maps are effective. They can help
experiment participants obtain distance information, depth information, and angle
information from the map, which is undoubtedly a huge help in a virtual environment.
When designing these tools, the colors of the tools should be kept as clear as possible,
and the ruler numbers on the tools should be clear, which is very effective for
participants to read 3D maps.

5. Discussion

In this part, the attention shall be paid to the strengths and weakness of 3D map
measurement tools in obtaining 3D map information, as well as the shortcomings of
this experiment.

As we all know, the measurement tools in 3D maps are used to help map readers to
obtain various information in the map. The 3D map measurement tool is the bridge
between the map reader and the 3D map. For the buffer zone in Group 1 Taskl, a
buffer zone of 10m is not accurate enough for map readers, and map readers can only
guess the specific distance based on their own feelings. For the scale bar in Group 1
Task 2, this is undoubtedly the measurement tool that people come into contact with
experience in daily life, no matter 3D or 3D map. However, the limitation of the scale
bar is great. When the point to be measured is far away from the scale bar, due to the
perspective relationship in the 3D map, when the map readers without training are
looking for the projection point on the scale bar, errors often occur, and this is where
improvement is needed. For the Grid in Group2 Task 3, the Grid may block the map
and cause loss of information, especially when the grid is dense. For Distance Fan in
Group 1 Task 4, it is more suitable to be applied to virtual reality maps. This tool is
more suitable for experienced and trained users. For users who come into contact with
it for the first time, the effect is relatively small. For the combined tool of Group 1
Task5, it can help map readers to collect the horizontal or vertical distances in the 3D
map, but when facing the oblique distance between two points on the plane, it
becomes powerless. For the circle like scale bar of Group 2 Task 2, it can help map
readers to deal with the oblique distance between two points. However, since this
tool is large and occludes the 3D map, it will also cause the loss of information. It and



the combined tool in Group 1 Task 5 have their own advantages and disadvantages.
Map readers can choose the right tool according to their own situation. For the Angle
calculator of Group 2 Task 2, if the participants of the experiment have played a
shooting game similar to FPS before, they will be familiar with this tool and the
application will be handy. However, when experiment participants do not have similar
experience, it will take more time to explain to them how to use this tool. Similarly,
this tool is more suitable for use in the augmented reality world.

When evaluating the measurement tools in the 3D map designed in this experiment, a
combination of interview and eye tracker experiments is introduced. In this way, it is
more scientific to verify the results of the interview through the scientific data of the
eye tracker. The results of the experiment show that the 3D map measurement tool we
designed can help map readers to obtain the information in the 3D map.

However, this experiment also has shortcomings. Because the software used in this
experiment cannot generate polygonal AQOIs on the map, the first three tasks of Group
1 could not be added with AOI Tool, which may prevent us from discovering more
content when analyzing experimental results. In addition, due to the COVID-19
lockdown, only 24 people participated in this experiment. In the future, the research
focus shall be made on expanding the sample size of the experiment and more
detailed analysis of more data.

6. Conclusion

3D map surveying tools build a bridge between map users and map information.
Through the understanding of collecting information and the knowledge of
cartography, the effectiveness of the existing 3D map measurement tools are verified,
and new 3D map measurement tools suitable for different fields are designed.

In this research, in order to verify the effectiveness of the measurement tools in the
3D map, an experiment that includes eye tracking experiments and interviews is
introduced. An analysis is made of the data obtained from the eye tracking experiment
in terms of fixation, success rate and dwell and transition metrics. Moreover, the
feedbacks given by the experiment participants is analyzed and these feedbacks into
positive elements and negative elements is summarized in the table. The results of eye
movement experiments and interviews verify the effectiveness of the measurement
tools in 3D maps, and the newly designed 3D map measurement tools have their
suitable application scenarios.

The future research shall focus on 4 main tasks. Firstly, design a software like SMI
BeGaze® that can set the polygon AOI and regenerate the data. Secondly, improve the
3D map measurement tool from the feedback of the experimental participants to make
the numbers clearer and the description more complete. Thirdly, apply these tools to
different 3D maps and conduct more experiments. Finally, design methods with more



visualization to explore the eye tracker experimental data and explore more
possibilities of the data.
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