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Abstract: Virtual reality (VR) is a 3D space created by computer graphics technology and immersive
devices. In addition to providing a new visual experience, users can also interact with others in
the virtual world to address any of their needs. In recent years, the application of virtual reality in
the field of education has attracted the attention of more and more people. This study combined
virtual reality and concepts of spatial memory in wayfinding and memory palace to develop a VR
memory maze learning system based on the seven large-scale expedition voyages of Zheng He
(1405-1433) in the early Ming Dynasty of imperial China. The objective is to improve memory and
efficiency in learning social science by correlating spatial information and organizational skills in the
virtual environment. A teaching experiment has been conducted to explore its impacts on learning
effectiveness, learning motivation, and cognitive load, as well as learners’ technology acceptance of
the VR system. The analysis results indicate that using the VR system for learning social science can
improve learning effectiveness; it can also increase learning motivation and reduce cognitive load.
The questionnaire results of the technology acceptance model analysis show that most learners were
satisfied with various aspects of this system.
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Published: 9 November 2023 of Zheng He in the early Ming Dynasty of imperial China, including seven consecutive large-

scale ocean voyages from 1405 to 1433 to the West, 80 years before Columbus discovered

America. Zheng He led a large fleet of more than 240 ships and 27,400 crew members on

- a long voyage, visiting over 30 countries in the Indian and Western Pacific oceans and

the neighboring regions. The visited areas spanned East Asia, Southeast Asia, the Indian

subcontinent, the Arabian Peninsula, and East Africa. It was considered the largest ocean
sailing project in the world at the time.

Zheng He’s fleet once sailed to the East China Sea, the South China Sea, and the Gulf
of Thailand, going around the Strait of Malacca and entering the Andaman Sea and the Bay
of Bengal. Then, they bypassed the entire south of India to the Arabian Sea and the Persian
Gulf, entered the Red Sea from the Gulf of Aden, and also sailed to Madagascar in East

1.1. Historical Context
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Africa. The seven voyages of Zheng He not only made a considerable contribution to the
development of political and economic relations with Asian and African countries but also
contributed to the development of cultural exchanges between China and foreign countries.
The expeditions also stimulated the movement of people and animals across oceanic space.
It was a significant event in Chinese history as well as in the history of the world, and the
impact is vast, far-reaching, and unexpected.

1.2. Wayfinding

Wayfinding encompasses all of the ways in which people orient themselves in physical
environments and navigate from place to place. Effective wayfinding helps people under-
stand where they are and enables them to arrive where they want to go. In the process
of wayfinding, people often structurally construct cognitive maps in their minds and use
directional clues and positioning landmarks to assist them. When people remember the
spatial information in the environment, they can use a top-down hierarchical structure
to assist their memory, including the ordering of spatial features. In this way, they can
remember the spatial information during the wayfinding process. This skill can also be
applied to learning or used anytime and anywhere in real life.

Arthur and Passini [1] pointed out that the concept of wayfinding first appeared
in 1960 in Kevin Lync’s work “Urban Imagery." In this article, wayfinding describes a
person’s understanding and insight into the city. They believed that wayfinding should
be an ongoing activity to solve uncertain spatial problems. Golledge [2] proposed that
wayfinding is a decision-making process related to path and direction positioning from
the starting point to the final destination, and it is an active behavior with goals to achieve.
Gluck [3] defined wayfinding as the positioning and operational process enabling a person
to move correctly from one place to another in a large environment. Gibson [4] proposed
an alternative explanation of wayfinding. It was described as the process when a person
is in a strange environment and keeps asking and answering questions before arriving at
their destination.

Darken and Sibert [5] divided wayfinding behavior into three types: naive search,
primary search, and exploratory search, according to the familiarity of space and the
existence of targets. Naive search is the brute-force method of searching, and it checks
for all possible ways to find the destination. A primary search is a quick search of the
structures likely to contain the targets. An exploratory search is a preliminary search prior
to starting the review with goals. If there are targets during wayfinding but the pathfinder
is not familiar with the space for searching, the naive search usually forms a blanket search.
A primary search will have a certain degree of understanding about the search area, so
it is not necessary to conduct an exhaustive search. An exploratory search is a type of
wayfinding in which the pathfinder is unfamiliar with the searching area or has no goals to
achieve, so it belongs to the initial cognition process in an unfamiliar space.

Researchers have different views on the wayfinding process. Klippel [6] proposed
that the wayfinding process should include four subtasks: orientation, choosing the route,
keeping on the right track, and discovering the destination. Chen and Stanney [7] divided
the wayfinding process into three stages: the information-generating process (or cognitive
mapping), the decision-making process, and the decision execution process. Compared
with the former, Darken and Peterson [8] considered that the theoretical model proposed
by Jul and Furnas in 1997 was relatively complete [9]. Their model states that a destination
is established when people are performing a search, and the goals may affect the selected
wayfinding strategy as well as the acceptance and evaluation of perception. When receiving
and evaluating perception, the pathfinder will collect spatial knowledge and gradually
establish a cognitive map of the environment, which may also influence the final action
taken according to the decision. The standard strategy of the models mentioned above
is consistently utilizing a set of standard principles to help pathfinders orient themselves
while navigating in an area to reach their destination.
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1.3. Memory Palace

A memory place is an imaginary place used as a mnemonic device to recall things
or objects by their positions. It is a memory enhancement strategy that uses visualization
of familiar environments to enhance the recall of information. The process of wayfinding
mainly relies on one’s acquisition of spatial knowledge. Darken and Peterson [8] pointed
out that Tolman [10] was the first to propose cognitive maps to explain spatial knowledge
in the brain, and there are two ways to obtain spatial knowledge: (1) the primary way
is to acquire it directly from the environment; (2) the secondary way is to obtain it from
other resources, and the most common resource is the map. Lynch [11] proposed a theory
about how to obtain spatial knowledge directly from the environment. He divided the
spatial knowledge of an environment into five types, including (1) landmarks: optional
destinations; (2) routes (or paths): for connecting landmarks; (3) nodes: path intersections;
(4) districts: specific areas containing landmarks and paths; and (5) edges: signs indicating
traffic interruptions. Spatial knowledge is helpful in finding the destination.

However, the theory of cognitive maps commonly used in wayfinding research is the
Landmark, Route, and Survey (LRS) model proposed by Siegel and White [12] as well as
Thorndyke and Goldin [13]. This model divides spatial knowledge into landmark, path,
and overview knowledge. The pathfinders obtain landmark knowledge from the outside
world first, and the landmark knowledge is static and independent at this time. They
can perform wayfinding through the paths connecting these landmarks and obtain path
knowledge as if drawing a route map in their minds. Finally, pathfinders develop overview
knowledge when the route map is refined, and they can find the way to the destination
even without passing through a path because they can estimate the distance and relative
direction between two points. However, many maps today directly provide users with
routes to their destinations.

The memory palace is a powerful memory and learning tool with a wide range of
applications. Whether in academic areas, daily life, or other fields, this tool can help
us improve memory and learning efficiency by correlating the spatial information of
environments and organizational skills. According to historical records, there have been
examples of using memory palaces to aid recall through spatial mapping and environmental
attributes since ancient times. Camillo’s Memory Palace (1511) maps words or phrases to a
model of the environment to help people recall phrases by visualizing their connections
with the scenes [14]. To be precise, memory palace is a spatial memory technique to
improve memory retention by correlating spatial information to specific locations within
an imagined physical space [15,16].

The study by Gelsomini et al. [17] applied memory palaces to address the needs of
second language learners. The research results show that using the concepts of memory
palaces can help them learn a second language. Qureshi et al. [18] used memory palaces
to design interactive courses, allowing students to learn about insulin and diabetes. The
results show that students learning through interactive courses with memory palaces
performed better than those who learned through traditional lectures and independent
study courses. The study by Ruchkin et al. [19] used memory palaces to train children
with Attention Deficit Hyperactivity Disorder (ADHD). Their research results showed that
children who received training in memory palaces performed better on memory tests and
were able to reduce the symptoms of ADHD effectively.

1.4. Virtual Reality

Virtual reality is a technology and research field that covers multiple disciplines, such
as computer science, human-computer interaction, and perceptual psychology. McCloy
and Stone [20] described virtual reality as an immersive technology allowing people to use
their senses and skills to interact with 3D computer data effectively in real-time. Riva [21]
defined virtual reality as a computer-generated virtual world that allows users to interact
effectively in real-time through sensory stimulation. Kilmon [22] defined virtual reality
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as a computer-generated 3D simulation environment where users can view, operate, and
interact with the virtual objects inside the virtual world.

Lopreiato et al. [23] defined virtual reality as a computer-generated 3D environment
that can provide users with immersive effects. Kardong-Edgren et al. [24] reviewed various
definitions of virtual reality and suggested using the concepts of immersion and presence
to define virtual reality. Combining the above concepts, we can define virtual reality
as a computer-generated 3D space that allows users to immerse themselves inside by
providing multiple sensory stimuli and conducting real-time interaction in the virtual
world. According to the research of Lombard and Ditton [25], the characteristics of virtual
reality include immersion, interaction, and imagination, also called the 3I's.

° Immersion

Virtual reality creates a realistic and believable virtual environment through tech-
nologies such as the head-mounted display (HMD), stereo sound, and tactile feedback,
making people forget about the existence of the real world and immerse themselves in the
virtual scene [26]. The improvement of immersion can increase emotional connection and
participation and lay the foundation for a richer and more realistic experience.

° Interaction

Virtual reality provides a wealth of interactive devices and methods, such as the
hand controller, body posture tracking, and voice recognition [27]. Users can interact with
the objects in virtual scenes in real-time. According to Slater’s research [28], enhancing
interactivity can also make the virtual experience more immersive.

e Imagination

Virtual reality can stimulate human imagination and create rich and diverse virtual
scenes and plots. Users can experience situations different from the real world to transcend
the limitations of reality. The stimulation of imagination allows them to explore the
unknown, experience different perspectives and feelings, and broaden the scope of thinking
and creativity. According to the research by Riva [29], the imagination of virtual reality is
crucial to a sense of participation and engagement.

In recent years, the applications of virtual reality in different fields of education
have gradually attracted people’s attention. Many studies have explored how virtual
reality affects the learning process and achievement, as well as its potential applications
in various subjects. Freina and Ott [30] explored the impacts of virtual reality on student
engagement and learning outcomes. Research results show that virtual reality can provide
an immersive learning environment, which enables learners to become more engaged in
learning activities. The immersive and interactive nature of virtual reality allows learners
to practice what they have learned at their own pace.

Hwang and Hu [31] used virtual reality to design teaching tools, observed students’
peer learning behavior, and analyzed the impact of virtual reality on solving geometric
problems. The results show that using a collaborative VR system is more effective for
students to learn geometric concepts than traditional paper-based learning. Izard et al. [32]
explored the use of virtual reality as a tool in medical training and education. Their findings
show that virtual reality provides a virtual learning environment for medical students to
practice in an immersive and interactive way. Through virtual reality, students can perform
various exercises such as surgical simulation, case analysis, and clinical diagnosis in a safe
and controlled environment to provide them with more practical opportunities as well as
increase their self-confidence and professional skills.

Caliskan [33] explored the use of virtual field trips as an alternative to actual field trips,
and the research results show that the former can simulate a field trip widely and support
students with financial or physical disabilities. Based on the above literature review, the
applications of virtual reality in education have huge potential. It can improve student
engagement and learning outcomes, enrich the learning experience, and transform tradi-
tional teaching methods into more interactive and immersive learning activities. Therefore,
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virtual reality has a broader range of applications and can provide a more concrete and
intuitive learning environment in various subjects.

1.5. Applications of VR in Wayfinding and Memory Palaces

In recent years, virtual reality technology has been applied in the research fields of
wayfinding and memory palaces. Because wayfinding is the process of finding a target
location in an unknown environment, virtual reality can provide users with a safe and
controllable environment where they can practice and become familiar with wayfinding
skills. Sharma et al. explored the effects of landmarks on wayfinding in a virtual envi-
ronment [34]. Their research results show that the number of landmarks has a significant
impact on the effectiveness of wayfinding, and it is suggested to design an effective virtual
environment with more landmarks to provide better wayfinding guidance.

Lingwood et al. [35] used virtual reality to measure the wayfinding ability of children.
Their results suggest that virtual reality can provide a safe and realistic simulation environ-
ment for children to acquire wayfinding skills. Jiang et al. [36] used virtual reality to study
the impacts of hospital green space on wayfinding and spatial experience. The results of
their study show that using the green space in a hospital as landmarks can enhance people’s
emotional state, spatial experience, and aesthetic perception to improve their wayfinding
experiences effectively.

Kober et al. [37] used virtual reality to rehabilitate spatial disorientation after brain
injury. Their research results show that wayfinding training with virtual reality can effec-
tively enhance a patient’s spatial cognition, which is suitable for the rehabilitation of defects
related to spatial disorientation. Davis and Ohman [38] used virtual reality to improve
wayfinding abilities for the old people with Alzheimer’s. The results of their study show
that adding salient visual cues can enhance wayfinding in complex environments for the
older adults with Alzheimer’s.

Wayfinding is a complex psychological and cognitive process with a number of stages.
The pathfinder must position himself, choose a path, stay on the right track, and finally
reach the destination. The memory palace is a mnemonic device to store information
in one’s mind, and it is a helpful technique for quick memorization. Considering the
flexibilities and advantages of virtual reality, researchers began to apply it to wayfinding
and memory palaces to improve memory retention.

In the study of Krokos et al. [14], the VR and PC environments were used to simulate
memory palaces in an experiment for comparison. Their research results show that a VR
memory palace can enable users to connect with spatial information and improve their recall
rate more effectively compared to the PC environment. In the study by Reggente et al. [39],
virtual environments were used as memory palaces to memorize 3D objects, and the
research results show that virtual reality is practical in binding objects to spatial contexts
for the enhancement of subsequent memory.

Huttner and Robra-Bissantz [40] used virtual reality to simulate memory palaces for
the user to memorize words. The results show that users with HMDs have a higher recall
rate than those with laptops. The study by Moll and Sykes [41] also used virtual reality
to simulate a memory palace for learners to memorize words. Unlike the previous study,
which used controllers for movement, theirs used KAT Loco sensors to simulate actual
walking, and the results show that using the virtual memory palace can improve efficiency
in memorizing words.

Lacking suitable learning methods, students may find it difficult to study geography
and history because they have to appreciate the comprehensiveness, practicality, and
correlation between spatial and temporal information. As a result, the driving force for
learning is low without sufficient motivation and interest. Different from the studies
mentioned above, this study is focused on learning the historical, geographic, and cultural
knowledge of Zheng He's expedition voyages in designing the VR memory maze learning
system, and the research goals also cover the learning motivation and cognitive load when
using the VR system for learning.
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Through virtual reality technology, we can create a rich and realistic virtual environ-
ment to make the memory palace more vivid and interesting. According to the research
background and motivation, this study combined virtual reality technology with the spatial
concepts of wayfinding and memory palaces to develop a VR memory maze learning
system based on the historical context of Zheng He’s expedition voyages. The objective is to
improve memory and efficiency in learning social science by correlating spatial information
and organizational skills in the virtual environment.

This study aims to explore the effectiveness of using the VR system for learning social
science, specifically the historical events of Zheng He’s expedition voyages. The research
goals of this study are listed below:

(1) Explore the impact of using the VR memory maze learning system for studying Zheng
He’s expedition voyages on students’ learning effectiveness.

(2) Explore the impact of using the VR memory maze learning system for studying Zheng
He’s expedition voyages on students’ learning motivation.

(3) Explore the impact of using the VR memory maze learning system for studying Zheng
He’s expedition voyages on students’ cognitive load.

(4) Explore students’ technology acceptance of using the VR memory maze learning
system for studying Zheng He’s expedition voyages.

2. Research Method

This study used virtual reality technology to combine the spatial memory concepts
of wayfinding and memory palaces to develop a VR memory maze learning system. The
exploration process in the virtual memory maze allows learners to obtain historical and
geographic knowledge and become familiar with the culture and export products of a
country while experiencing its exotic music. This study integrated Zheng He’s seven
voyages into a virtual route, as shown in Figure 1, and designed the VR learning system
based on the spatial concepts of wayfinding and memory palaces to construct a virtual
memory maze according to the locations of the countries that Zheng He’s voyages passed
through. Figure 2 shows the top view of the virtual memory maze.

Persia
Arab

Africa

Figure 1. The virtual route of Zheng He’s expedition voyages.

2.1. Research Structure

This study used a quasi-experimental method with a pretest and posttest design to
evaluate learners before and after the treatment. The experiment adopted random grouping
to divide learners into the experimental group and the control group. The former used the
VR memory maze learning system, and the latter used traditional paper-based teaching
materials for learning. The learning effectiveness of the two groups is then compared by
statistical analysis. This study used achievement tests (pretest and posttest), questionnaires
of learning motivation and cognitive load, and the technology acceptance model as the
research tools (described in Section 2.3) to explore the impacts of using the VR memory
maze learning system for studying social science.
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Figure 2. The top view of the virtual memory maze.

The research structure of this study is divided into a number of steps, as shown in
Figure 3, including research background, literature review, system development, designing
questionnaires and test questions, as well as paper-based teaching materials. Before the
treatment, the experimental group and the control group took the pretest to measure their
background knowledge. After that, the experimental group used the VR system, and the
control group used traditional paper-based teaching materials for learning. After the treat-
ment, both groups took the posttest and filled out the learning motivation questionnaire
and the cognitive load questionnaire. The experimental group must fill out the question-
naire on the technology acceptance model. After that, the statistical analysis is conducted

based on the experimental results.

Research Background

Literature Review

System Development

(Design Tests and Questionnaires)

I

( Achievement Test (Pretest) )

Experimental Group: Learning with the VR system
Control Group: Learning with Paper-based Materials

I

( Achievement Test (Posttest) )

Questionnaire Survey

Data Analysis

Figure 3. The research structure of this study.

The research variables in this study include the independent variable, dependent

variable, and control variable (Figure 4), as described below.
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Control Variables

Learning Content

Experiment Time

Independent Variable ) Dependent Variables

Experimental Group: Learning Effectiveness
VR Memory Maze Learning System > Learning Motivation
Control Group:

Paper-based Textbooks

Cognitive Load

J

Figure 4. Research variables in this study.

Independent variable: The independent variable in this study is “using different meth-
ods for learning social science.” That is, the experimental group used the VR memory
maze learning system as the learning tool, and the control group used traditional
paper-based teaching materials for learning. The learning content of the textbook (a
total of 20 pages) contains historical and geographic knowledge, maps, and cultural
images of the countries visited by Zheng He during his expedition voyages in the
early Ming Dynasty of imperial China.

Dependent variables: The learning effectiveness, learning motivation, and cognitive
load of the two groups are investigated as described below:

(1) Learning effectiveness: This study used the pretest score before the treatment
as the baseline. If the posttest score increased significantly after the treatment,
it means that the learning effectiveness has improved.

2 Learning motivation: This study used the learning motivation questionnaire to
collect data after the treatment. According to the statistical analysis, the higher
the questionnaire score, the higher the learning motivation.

©)] Cognitive load: This study used the cognitive load questionnaire to collect data
after the treatment. According to statistical analysis, the lower the questionnaire
score, the lower the cognitive load.

Control variables: The variables that are not of interest to the study’s objectives but
must be controlled because they could influence the outcomes.

(1) Learning content: This study used self-compiled learning content, which covers
the countries visited by Zheng He during his expedition voyages to the West,
including China, the Philippines, Borneo, Java, Sumatra, Sri Lanka, India,
Persia, Arabia, and Africa and their history, geography, culture, and export
products.

2 Experimental duration: The total time interval of the teaching experiment
was 40 min, including 20 min of learning time and 20 min for conducting
the pretest, posttest, and questionnaire survey. A pilot test was conducted
before the teaching experiment, and the 40 min experimental duration was
determined according to the time spent in the pilot test.

2.2. Research Samples

This study selected a university in northern Taiwan as the research site and recruited

60 undergraduate and graduate students as research samples. However, those with 3D
dizziness or VR motion sickness were excluded to avoid affecting the results. The partici-
pants were divided randomly into the experimental group (using the VR memory maze
learning system) and the control group (using paper-based teaching materials). The ex-
perimental group contained 30 subjects (14 males and 16 females), and the control group
contained 30 subjects (15 males and 15 females). There were no significant differences in
the sex, age, or education level of participants between the two groups.
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2.3. Research Tools

e Achievement test

In order to understand the difference in learning effectiveness between the two groups
before and after learning, this study designed an achievement test based on the learning
content. The test items include questions about the country’s history, geographic location,
national culture, export products, and so on. The test questions were reviewed and revised
by social science teachers to ensure their validity and meet the learning objectives of this
study. The achievement test in this study contains fifteen multiple-choice questions, each
with four options (Appendix A).

e Learning motivation questionnaire

In order to understand the difference in learning motivation due to different learning
methods, this study adopted and revised Keller’s learning motivation scale [42]. The
researchers discussed it with experts to ensure its validity, and Cronbach’s & is 0.95. There
are eight questions in the questionnaire, where Question 6 is a reverse question, and its
score has been recoded. The questionnaire uses a five-point Likert scale as the evaluation
method, with scores ranging from “strongly agree = 5” to “strongly disagree = 1”. A higher
score means a higher level of learning motivation.

o  Cognitive load questionnaire

To investigate the difference in cognitive load between the two groups due to different
learning methods, this study used the NASA-TLX cognitive load scale [43] with six items
and a seven-point Likert scale as the evaluation method, of which Cronbach’s « is 0.88. The
evaluation items include mental load, physical load, time load, performance, effort level,
and frustration level. The score ranges from “high = 7” to “low = 1”7, and a lower score
means a lower level of cognitive load.

e  Technology acceptance model questionnaire

To understand learners’ opinions in the experimental group after using the VR learning
system, this study designed the technology acceptance model questionnaire and discussed
it with experts to confirm the correctness of this questionnaire, and Cronbach’s « is 0.85. The
model proposed in [44] was revised for the questionnaire to explore students” technological
acceptance of the VR learning system. The questionnaire contains a total of ten questions,
and it uses a five-point Likert scale as the evaluation method. The score ranges from
“strongly agree = 5” to “strongly disagree = 1”, and a higher score means the learner is
more satisfied with the VR system.

e  The VR memory maze learning system.

The learning content of the VR memory maze learning system includes the history,
geography, culture, and export products of the countries visited by Zheng He during his
expedition voyages. The system creates a realistic situation to stimulate learning motivation
and improve learning effectiveness. It makes learners feel as if they were walking in a real
maze and allows them to experience what Zheng He saw and heard during his expedition
voyages, which helps enhance memory retention.

e  Virtual reality device

The VR system uses Oculus Quest 2 (Figure 5) to enable users to browse the virtual
memory maze for learning. Oculus Quest 2 is an advanced virtual reality device that
provides a highly interactive experience and allows users to completely immerse them-
selves in the virtual environment. The immersion makes it easier for users to observe and
experience specific situations, for example, simulations of real-life experiments, archae-
ological scenarios, and cultural events. Oculus Quest 2 is highly interactive, and users
can interact with the virtual environment through gestures or controllers. The immersion
and interactivity provided by Oculus Quest 2 can expand the scope of investigation, for
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example, in education, where users can learn more about the content in the virtual memory
maze by observing and interacting with virtual things and objects.

Figure 5. Oculus Quest 2 is a virtual reality device.

2.4. Development Tools

This study used Cinema 4D 2023.0.0, developed by the Maxon Computer GmbH, Bad
Homburg, Germany as the modeling software (Figure 6). Its user interface is simple and
easy to understand, so the modeling and 3D animation production are faster than in Maya
and 3D Max. Also, it is very convenient to interface with other software, such as Adobe
Series. The 3D models built in Cinema 4D can be exported to Adobe After Effects for
integration. With the path combination of Adobe Illustrator, materials drawn in Adobe
Photoshop can be directly pasted to the 3D models created in Cinema 4D. Therefore, it is
prevalent in the industry and related fields because its powerful material and rendering
functions can create very high-quality visual works quickly, as we can see in the VR memory
maze learning system. In this study, Cinema 4D and Adobe Illustrator were chosen as the
design tools because they can facilitate the development process efficiently.

Cinema 4D 2023.0.0

‘ CI N E MA 4D © Maxon Computer GmbH. All Rights Reserved. 8 MAXON
4 , i

Artist: Vladislav Solovjov
Initializing Modules...

Figure 6. Cinema 4D animation and modeling software.

This study used Unity3D 2021.1.2 as the design tool and C# as the programming
language for developing the VR memory maze learning system. Also, Adobe PhotoShop
24 and Adobe Illustrator 26.0 were used as drawing tools for designing the user interface,
virtual objects, and the scene of the memory maze. This study developed a compass on the
upper right corner of the screen (Figure 7) to show the direction and help learners recognize
the relative geographic locations when walking through different countries in the virtual
maze. It can also provide learners with useful spatial information for constructing cognitive
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maps during the wayfinding process. Besides, there are four paintings at the booth to show
the national cultures and export products.

Signboard (China)

1}

Export product (shoes)

Figure 7. Using a compass to indicate direction in the VR memory maze.

During the experiment, the researchers assisted learners in wearing Oculus Quest 2
and helped them take safety measures when using the VR device. After that, the learners
were guided to use the controller to move around and interact with the virtual objects. The
memory maze contains the booths of ten countries, namely China (the home country), the
Philippines, Borneo, Java, Sumatra, Sri Lanka, India, Persia, Arabia, and Africa. Learners
were required to explore, observe, and memorize the learning content of these countries, as
if Zheng He experienced it during his expedition voyages.

The VR system is designed based on the virtual memory palace experiment conducted
by Reggente et al. in 2020 [39]. Each country is represented in the form of a booth, where a
signboard with the country name and the export products is placed in front of it. To reduce
the effects of prior knowledge on the experimental results, this study adopted the country
names at the time of Zheng He’s expedition voyages and used the trading goods commonly
seen today as their export products. Entering the virtual memory maze, the learner will
start with the booth of China, go through the booths along the route as shown in Figure 2,
and finally arrive at the booth of Africa. The export products of the ten countries are listed
in Table 1, and the booths of these countries, including their signboards, export products,
and cultural pictures, are shown in Figure 8.

Table 1. The export products of the ten countries.

Country Export Product
China shoes
the Philippines wires and cables
Borneo pepper
Java tobacco
Sumatra coffee
Sri Lanka clothes
India jewelry
Persia carpets
Arabia oil
Africa gold

Following the virtual memory palace experiment conducted by Krokos et al. [14], this
study designed forty paintings for display at the booths to show the national culture of each
country as the knowledge points. When visiting a booth, an infrared indicator will appear
if using the controller to aim at a cultural picture, and the learner can see the description
after clicking the button on the controller. Taking the booth of China as an example, the
four paintings are the Great Wall, Calligraphy, Tea Culture, and Peking Opera. In addition
to the explorative process in the memory maze, the VR system can also enhance learners’
impressions by performing challenging tasks. When learners enter the first challenge level,
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they must search for the theme of national culture, and the paintings representing national
cultures will be displayed at the booth as a reminder. The learner can complete the mission
by arriving at the booth in the correct country to return the missing signboard. When
learners enter the second challenge level, they must search for the booth with the correct
country name, and the signboard will be displayed at the booth as a reminder. The learner
can complete the mission by arriving at the booth of the correct country and returning the
export product.
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Figure 8. The booths represent the countries visited by Zheng He after departing from China.

3. Analysis Results

This study conducted a teaching experiment to analyze the differences in learning
effectiveness, learning motivation, and cognitive load between the two groups to explore
the performance of using the VR memory maze learning system for learning social science.
The data collected in this study include the scores of the pretest and posttest as well as the
questionnaire results of learning motivation, cognitive load, and the technology acceptance
model. After performing statistical analysis, the results are described as follows:

3.1. Learning Effectiveness Analysis

According to the analysis results in Table 2, the pretest mean of the experimental group
is 48.22, and the standard deviation is 12.71; the posttest mean is 74.89, and the standard
deviation is 11.70. The pretest mean of the control group is 49.56, and the standard deviation
is 11.96; the posttest mean is 56.44, and the standard deviation is 13.30. It is obvious that
the posttest mean of the experimental group is higher than that of the control group. The
standard deviation of the posttest scores of the experimental group is smaller than that of
the control group, indicating the distribution of posttest scores in the experimental group is
more concentrated than that of the control group.
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Table 2. Descriptive statistics of pretest and posttest scores for both groups.

Group Pretest Mean Pretest S.D. Posttest Mean Posttest S.D.
Experimental Group 48.22 12.71 74.89 11.70
Control Group 49.56 11.96 56.44 13.30

In order to examine if there is significant progress between the pretest and posttest
scores of the experimental group and the control group, this study uses a paired samples
t-test to compare the means of two variables for a single group to see if a significant
difference exists between the two tests. The results in Table 3 show that the average
difference between the pretest and the posttests for the experimental group is —26.666,
with a standard deviation of 13.218; the average difference between the pretest and the
posttest for the control group is —6.888, with a standard deviation of 15.008. It can be seen
that the experimental group made more progress than the control group.

Table 3. Paired samples ¢-test results of learning progress between the two groups.

Source Mean S.D. t Significance
Experimental Group —26.666 13.218 —11.050 0.000 ***
Control Group —6.888 15.008 —2.514 0.018 *

¥p<0.05, % p < 0.001.

The t-value of the experimental group before and after the treatment is —11.050,
and the p-value is less than 0.001, reaching the significant standard; the t-value of the
control group before and after the treatment is —2.514, and the p-value is 0.018 < 0.05,
also reaching the significant standard. The result indicates that using the VR system and
paper-based teaching materials can both improve learning effectiveness. However, whether
the difference between the two groups is significant has to be verified by the analysis of
covariance (ANCOVA), a general linear model to evaluate if the means of a dependent
variable differ across levels of one or more categorical independent variables.

Before conducting the ANCOVA, the homogeneity test of variance and the homo-
geneity test of regression slope have to be conducted to ensure that the variances of the
experimental group and the control group are homogeneous for accepting the null hypoth-
esis. The result of the homogeneity test shows that F = 1.503 and p = 0.225 > 0.05, indicating
the variance homogeneity test of the two groups has not reached a significant difference;
the test result of regression slope homogeneity shows that F = 1.497 and p = 0.226 > 0.05,
also without a significant difference. It is confirmed that the experimental group and the
control group are homogeneous, and the slopes of the two groups can be considered the
same, so the ANCOVA can be conducted.

This study uses pretest scores as the covariate, posttest scores as the dependent
variable, and learning methods as the independent variable. An ANCOVA is conducted
to explore whether the learning effectiveness between the two groups has achieved a
significant difference due to different learning methods. It can be seen from the analysis
results in Table 4 that the difference in learning effectiveness has achieved a significant
level, F = 34.769, p < 0.001, and the net correlation n2 = 0.379 > 0.138, indicating a high
correlation strength. According to the analysis results in Table 2, the experimental group
made more progress than the control group, so the VR system is more effective than the
paper-based teaching materials in learning historical and geographic knowledge.

3.2. Learning Motivation Analysis

A descriptive statistic is used to analyze the mean, standard deviation, minimum, and
maximum values of the questionnaire results for the two groups, and then the independent
sample t-test is used to compare the difference in learning motivation between the two
groups. When conducting statistical analysis, this study uses the effect size d to evaluate
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the significance of the difference. In general, the effect size d > 0.2 means a small effect,
d > 0.5 means a medium effect, and d > 0.8 means a large effect.

Table 4. ANCOVA results on learning effectiveness between the two groups.

Source Type III Sum of Squares Freedom F Significance 17>
Pretest 479.322 1 3.168 0.080 0.053
Group 5260.527 1 34.769 0.000 *** 0.379
Deviation 8624.046 57
Sum 272,927.867 60
) < 0.001.

As shown by the descriptive statistical results in Table 5, the mean of the experimental
group is 34.07, the standard deviation is 4.65, the minimal value is 25, and the maximal
value is 40. The mean of the control group is 22.20, the standard deviation is 7.68, the
minimal value is 14, and the maximal value is 37. It can be seen that the average number of
the experimental group is higher than that of the control group.

Table 5. The descriptive statistical results of learning motivation for the two groups.

Group Mean S.D. Minimum Maximum
Experimental Group 34.07 4.65 25 40
Control Group 22.20 7.68 14 37

In order to determine if a significant difference exists in learning motivation between
the two groups, this study uses an independent sample ¢-test to analyze the impact on
learning motivation by using different learning methods. The results in Table 6 show
that t = 7.244, p < 0.001, and d = 0.715 > 0.5, indicating the difference between the two
groups is a medium effect but close to a significant effect. From the above results, we
can see that the control group and the experimental group have a significant difference
in learning motivation due to using different learning methods. More precisely, using
the VR memory maze learning system can achieve higher learning motivation than using
traditional paper-based teaching materials.

Table 6. Analysis results of a paired-samples t-test on learning motivation.

Experimental Group Control Group Freedom t Significance Cohen’s d

34.07 22.20 58 7.244 0.000 *** 0.715
*** p <0.001.

The analysis results of the learning motivation questionnaire in Table 7 show that
the two groups achieved a significant difference, with p < 0.001 in each question. It
reveals that the control group and the experimental group have different levels of learning
motivation due to using different learning methods. Specifically, the experimental group
has a higher level of learning motivation than the control group. It is speculated that the 3I's
characteristics of virtual reality—immersion, interaction, and imagination—can improve
the learning motivation of the learners in the experimental group.

3.3. Cognitive Load Analysis

There are six items in the questionnaire, including mental load, physical load, time
load, performance, effort level, and frustration level. Descriptive statistics are used to
analyze the mean and standard deviation of the questionnaire results for the two groups,
and the independent sample t-test is used to explore the difference in cognitive load
between the two groups. From the analysis results in Table 8, we can see that different
learning methods have caused different cognitive loads. The significant differences in
most indicators are less than 0.001. Only the significant difference in “mental load” is less
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than 0.05. It can be seen from the mean and standard deviation that the cognitive load
of the control group is higher than that of the experimental group in terms of “mental
load”, “physical load”, “time load”, “effort level”, and “frustration level”, but the score
of the dimension “performance” is lower than that of the experimental group, indicating
the VR system has a lower cognitive load and performs better than the paper-based
teaching materials.

Table 7. Analysis results of the mean, standard deviation, and significance of learning motivation.

Experimental Group Control Group
Learning Motivation Questionnaire p
Mean S.D. Mean S.D.

1. Ican focus on this learning mode. 4.07 1.048 2.70 1.368 0.000 ***
2. Ifound this learning mode to attract my attention. 433 0.758 2.80 1.270 0.000 ***
3. The learning content is helpful for me to learn the history, 453 0571 2 80 1186 0.000 ***

geography, and culture of a country.
4. 1 can tell the history, geography, and culture of the countries 403 1.066 3.00 1114 0.000 ***

visited by Zheng He.
5. I think the 1 i tent i t too difficult or t

foriie_ e learning content is not too difficult or too easy 407 0,691 310 0.960 0.000 ***
6.  The learning content is more difficult than I thought. 4.07 0.828 2.20 0.761 0.000 ***
7. I think it is interesting to learn the history, geography, and

culture of a country through this learning mode. 450 0.777 2:90 1.322 0.000
8.  Learning the history, geography, and culture of a country in 497 0.907 270 1.208 0.000 *+*

this way gives me a sense of accomplishment.

% < 0.001.

Table 8. Independent sample ¢-test results of dimensional cognitive load.

Experimental Group Control Group
Dimension t Significance
Mean S.D. Mean S.D.
Mental Load 4.40 1.673 5.43 1.305 —2.667 0.010 *
Physical Load 2.63 1.326 417 1.577 —4.076 0.000 ***
Time Load 2.63 1.629 5.20 1.627 —6.105 0.000 ***
Performance 5.37 1.377 3.23 1.431 5.885 0.000 ***
Effort Level 3.53 1.717 5.47 1.042 —5.273 0.000 ***
Frustration Level 2.17 1.177 4.20 1.243 —6.506 0.000 ***

¥p<0.05, * p < 0.001.

3.4. Technology Acceptance Model Analysis

In this study, the questionnaire for the technology acceptance model uses a five-point
Likert scale to evaluate the technology acceptance of the experimental group after using the
VR system. From the results in Table 9, it can be seen that the average score of each question
is greater than 4, indicating the degree of acceptance is between the range of “agree” and
“strongly agree”. The overall average score of the questionnaire is 4.46, and the standard
deviation is 0.49, showing that most learners have a positive attitude toward the acceptance
of the VR memory maze learning system.

According to the ANCOVA results of achievement tests, the experimental group
made more progress than the control group, so the VR system is more effective than
the paper-based teaching materials in learning historical and geographic knowledge. The
questionnaire results for learning motivation show that using the VR memory maze learning
system can achieve higher learning motivation than traditional paper-based teaching
materials. The questionnaire results also show that the cognitive load of the control
group is higher than that of the experimental group in terms of “mental load”, “physical
load”, “time load”, “effort level”, and “frustration level”, but the score of the dimension
“performance” is lower than that of the experimental group. The results of the technology
acceptance model analysis show that most learners have a positive attitude toward the
acceptance of the VR memory maze learning system.
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Table 9. Analysis results of the mean and standard deviation on the technology acceptance model.

Technology Acceptance Mean S.D.
1.  Tam willing to use this VR system to learn relevant knowledge about the countries visited
. . 4.27 0.94
b{l Zheng He durm%lhls voyages to the West.
2. The VR system can help me understand the countries visited by Zheng He during his 447 0.57
voyages to the West. ’ ’
3.  If a friend wants to know about the countries visited by Zheng He during his voyages to 450 0.68
the West, I will introduce this VR system to him. ’ ’
4. The VR system allows me to understand the history, geography, and culture of the
LT . . 4.57 0.68
countries visited bﬁ Zheng He during his voyages to the West.
5. After completing the learning activity, I have a deeper understanding of the countries
.. . . 4.40 0.77
visited by Zheng He during his voyages to the West.
6.  Ithink the VR system is easy to operate. 4.67 0.61
7. Ithink the game rules of this VR system are easy to understand. 4.57 0.68
8.  Ithink the threshold for using this VR system is low. 4.27 091
9. When using the VR system, I felt that I was very focused. 4.37 0.85
10. Ifound it interesting in the process of using the VR system. 4.57 0.63
Overall technology acceptance 4.46 0.49

4. Discussion

In recent years, virtual reality has been widely applied in various fields, including
science, engineering, entertainment, and education. This study allows us to understand
the advantages of combining virtual reality with the spatial concepts of wayfinding and
memory palaces. Using VR technology, we can create a rich and lifelike virtual environment
to make memory palaces more diverse and effective. Experimental results also confirm
the potential of wayfinding in virtual memory palaces for improving memory with more
interest and less effort. A similar result shows that imagination in virtual reality is crucial
to the user’s sense of participation and engagement [29], so learners have a higher level of
learning motivation when using the VR system.

The VR memory maze learning system developed in this study creates an interesting
situation to stimulate learners’ motivation and enhance their learning effectiveness. It
makes learners feel as if they were walking in a real maze, where they can learn the history,
geography, culture, and export products of the countries visited by Zheng He during his
expedition voyages to the West, and it is fun and helpful for strengthening memory. As
a result, the VR memory maze learning system is more interesting and effective than the
paper-based teaching materials for learning social science. The findings are similar to
the research results in [37], which show that wayfinding training with virtual reality can
effectively enhance the patient’s spatial cognition.

A compeass is designed in the virtual memory maze to indicate direction and help
learners recognize the relative locations when passing by the booths of different countries.
It can also provide them with spatial information and on-site assistance for constructing
cognitive maps during the wayfinding process. As described in [9], the pathfinders will
collect spatial knowledge and gradually establish a cognitive map of the environment
when receiving and evaluating the perception. This may also influence the final action
taken according to their decisions. A more in-depth analysis and interpretation of the
experimental results obtained in the previous section is described below:

e  Learning effectiveness

According to the analysis results, the learning effectiveness of the experimental group
is higher than that of the control group, and the difference has reached a significant level
(p < 0.001), indicating using the VR memory maze learning system is more effective than
using the paper-based teaching materials for learning social science. The result is similar
to the finding of Krokos et al.’s study [14], that is, virtual memory palaces allow users to
better connect with spatial information in the virtual environment and improve the recall
rates of spatial information during the exploration process.
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° Learning motivation

According to the analysis results, the learning motivation of the experimental group
is higher than that of the control group, and the difference has reached a significant level
(p < 0.001), indicating virtual reality can improve learning motivation as compared with
paper-based teaching materials. The finding is similar to that of Freina and Ott’s study [30],
which proposed that virtual reality provides learners with a hazard-free simulation envi-
ronment, allowing unlimited attempts. Hence, it can improve learners’ engagement as well
as learning motivation.

o  Cognitive load

According to the analysis results, the cognitive load of the experimental group is lower
than that of the control group, and the effect size d = 0.715 > 0.5, indicating using the VR
system can reduce cognitive load. Among the dimensions of “mental load," “physical load”,
“time load”, “performance”, “effort level”, and “frustration level”, only the first dimension
has a lower significant level, and the remaining dimensions have a high significant level.
It reveals that using the VR system to learn social science is more effective in reducing
cognitive load than using paper-based teaching materials. A more in-depth discussion of
the differences in the six dimensions is given below.

The dimension “mental load” has achieved a significant level, p = 0.01 < 0.05, a smaller
degree of difference among the six dimensions. It is inferred that learners still required the
process of thinking, memorizing, and searching, whether using the VR system or the paper-
based teaching materials for learning. However, the VR system integrates wayfinding and
memory palace concepts, making the learning process easier and more intuitive. Therefore,
the experimental group’s cognitive load in terms of “mental load” is still lower than that of
the control group.

For the dimension “physical load”, it is speculated that the learners in the control
group must compare maps and the textural descriptions of different countries by turning
between other pages, which is exhaustive and causes extra physical load. When using the
VR memory maze learning system, learners only need to browse the information using the
controller, and it is easier to switch between the cultural picture and its textual description,
so the level of physical load is lower than that of the control group.

In the dimension “time load”, it is inferred that learners can immerse themselves in
and interact with the VR system to enhance learning effectiveness. Although the study
times of the two groups are the same, the level of time load for the experimental group is
lower as compared with the control group because it can improve memory and learning
efficiency through the correlation between spatial information in the virtual memory maze
and cognitive maps as well as organized knowledge of each country.

In the dimension “performance”, it is speculated that the VR memory maze learning
system combined virtual reality technology with the spatial concepts of wayfinding and
memory palace so that learners can achieve better performance with less effort and further
strengthen their memory by performing challenging tasks. Therefore, the performance of
the experimental group is better than that of the control group. The results of the analysis of
learning effectiveness also reveal that the learning achievement of the experimental group
is significantly higher than that of the control group.

In the dimension “effort level”, learners using the VR system can naturally memorize
the learning content while walking through the memory maze. However, learners in the
control group have to memorize the learning content of the paper-based teaching materials
in a limited amount of time, which requires great effort. Hence, the effort level of the
experimental group is lower than that of the control group.

In the dimension “frustration level”, it is speculated that the VR system allows learners
to immerse themselves in the virtual memory maze during the learning process. However,
learners in the control group have to experience anxiety, irritability, stress, and uncertainty
when trying to memorize the learning content. As a result, the frustration level of the
control group is higher than that of the experimental group.
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e  Technology acceptance model

According to the analysis results of the technology acceptance model, learners were
highly satisfied with all aspects of evaluation after the experiment. The mean score is
4.46 and the standard deviation is 0.49, indicating learners had a positive attitude toward
the perceived usefulness, perceived ease of use, attitudes, and actual behaviors of the VR
memory maze learning system.

In addition to the explorative learning activities, the VR memory maze learning system
can also strengthen learners’ impressions through challenging tasks, and they can complete
the missions to become familiar with the countries and their export products. It is similar
to the finding obtained in [18], which shows that students learning through interactive
courses with memory palaces can perform better than those who learn through traditional
lectures and independent study courses.

Although it is effective to apply virtual reality to wayfinding and memory palaces for
learning social science, there are some research limitations in this study.

e  Research device restrictions

This study used Oculus Quest 2 and the VR memory maze learning system as the tools
for learning social science. Currently, virtual teaching materials and related equipment
have not been widely used as learning tools at school, so learners may not be familiar with
the operation of such equipment, which in turn affects their operating process and learning
results. In addition, students with 3D dizziness or VR motion sickness must be excluded to
avoid affecting the experimental results.

e  Research sample restriction

For the convenience of conducting the experiment, this study recruited a number of
graduate and undergraduate students from a university in Northern Taiwan as research
subjects. Those participants with 3D dizziness or VR motion sickness were excluded to
avoid affecting the experimental results due to physical discomfort when wearing the HMD,
specifically the symptoms of dizziness and nausea resulting from motion sickness [45].
Consequently, there were only 60 participants recruited in this study. Due to the limitations
of a small sample size and specific samples, the results of this study may not be extrapolated
to other age groups, areas, or participants’ education levels.

e  Learning content restriction

This study used the learning content compiled by the researchers, and it is based on
the geographic locations, historical events, cultures, and export products of the countries
that Zheng He visited during his seven expedition voyages to the West in the early Ming
Dynasty of imperial China. Therefore, the findings cannot be inferred from the learning
content of social science, which is not within the scope of this event.

5. Conclusions and Suggestions

In recent years, the applications of virtual reality in education have attracted the
attention of more and more people in different age groups. Applying virtual reality to
memory palaces is an effective method for memory training because learners can naturally
and intuitively memorize learning content during the exploration process. The VR memory
maze learning system developed in this study contains learning content about the countries
that Zheng He visited in his expedition voyages, allowing learners to navigate through,
observe, and interact with the VR system to learn the history, geography, culture, and
export products of these countries.

5.1. Conclusions

A teaching experiment has been conducted to explore the impacts of the VR system
on the learning effectiveness, learning motivation, and cognitive load of learners, as well as
their technology acceptance after using the VR system for learning social science, and the
research goals of this study are satisfied as listed below:
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(1) The experimental group made more progress than the control group, so the VR system
is more effective than the paper-based teaching materials.

(2) The experimental group has a higher level of learning motivation than the control
group due to the immersive and interactive features of virtual reality.

(38) The experimental group’s cognitive load is lower than the control group because the
former can naturally memorize the learning content using the VR system.

(4) Learners in the experimental group have positive attitudes toward the acceptance of
using the VR system for learning social science.

5.2. Suggestions and Future Works

The analysis results obtained in this study after the teaching experiment can be used
as a direction for improving the VR system in future studies. Since the virtual memory
maze developed in this study has many corners, learners have to make several turns to
find the way to the next booth, which may cause them to feel dizzy and uncomfortable
after learning for a long time. In the future, the memory maze can be modified by using
smoother paths when designing the VR system to avoid this problem.

This study is focused on the historical, geographic, and cultural knowledge of Zheng
He’s expedition voyages to the West when designing the learning content of the VR memory
maze learning system. Future research can be expanded to cover other learning content in
social science for elementary and high schools to provide students of different ages with a
more effective and interesting way of learning.

According to the findings of this study, it is considered that the VR memory maze
learning system has a wide range of potential applications and can be further expanded to
other academic disciplines. For example, the VR system can be used in learning Chinese
to enhance students’ reading comprehension and writing skills. In that case, the virtual
scenes can be designed to allow students to act as different characters in literary works
to experience the plot of a story. Through interaction with the virtual world, learners are
encouraged to have an in-depth understanding of the plot and characters of literary works,
thereby improving their Chinese literacy.

Other applications include using virtual reality for learning art and music subjects,
allowing learners to appreciate artwork and musical performances in an immersive way.
The applications may contain the virtual scene of an art gallery (or a concert hall), where
learners can appreciate the artworks (or music) created by famous artists (or musicians)
from all over the world. When doing so, learners’ creativity can be stimulated, and their
understanding of artworks (or music) can also be enriched.

Author Contributions: Investigation and formal analysis: Y.-C.S.; methodology and investigation:
K.-L.O.; methodology, writing—review, and editing: W.T. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the National Science and Technology Council (NSTC), Taiwan,
under grant numbers 111-2410-H-007-009 and 112-2410-H-007-043-MY2.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee of National Tsing Hua
University, Taiwan.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.



Systems 2023, 11, 545

20 of 23

Appendix A

Achievement Test (15 multiple-choice questions)

() Which of the following items is the main export product of Sri Lanka? (A) oil (B)
clothes (C) pepper (D) Tobacco

() As shown in the picture below, in which country is the Manila Cathedral located?
(A) India (B) Philippines (C) Sumatra (D) Persia

e

() Which country does the culture of the Jember Fashion Carnival belong to? (A) Java
(B) Borneo (C) Sumatra (D) Africa

() Which of the following countries has coffee as its main export product? (A) China
(B) Persia (C) Philippines (D) Sumatra

() Tom is currently in India, and he plans to take a flight to Java for vacation tomorrow.
If he considers only direct flight, in which direction will the plane head? (A) Southwest
(B) Northwest (C) Southeast (D) Northeast

() Heroic sports were used in the early days to train soldiers’ combat effectiveness,
mental strength, and obedience to improve their ability to defend against enemies on
the battlefield. Which country did heroic sports originate from? (A) Africa (B) Borneo
(C) Persia (D) Java

() David is a salesman from India. He wants to choose one of the country’s main
export products for selling in other countries. Which of the following is the best
choice? (A) jewelry (B) oil (C) shoes (D) wire and cable

() Which direction is Africa for a person situated in Arabia? (A) northeast (B) north-
west (C) southeast (D) southwest

() Which of the following pictures does not represent Chinese culture?

10.

() John came to a country and found that most of the men here were wearing long
robes while the women were wearing loose robes to wrap themselves tightly, and
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none of them were wearing jewelry. After asking residents, we found that a classic
profoundly influences the people here. What is this classic? (A) Bible (B) Quran (C)
Code of Manu (D) Tanakh

11. () Which of the following carpets is exported from Persia?

12. () Many countries have their own representative animals. Which of the following
countries does not have any? (A) Sri Lanka (B) Borneo (C) India (D) Arabia

13. () What are the characteristics of traditional architecture in the Philippines? (A) Dome
house (B) Kadang house (C) Stilt house (D) Gothic architecture

14. () Which of the following countries has a national culture that is not related to masks?
(A) Java (B) Africa (C) Philippines (D) All of the above are related.

15. () What is the order of the countries Zheng He visited during his voyages to the West?

(A)  China-Philippines-Java-Borneo-Sri Lanka-Sumatra-India-Persia-Africa-Arabia
(B)  China-Borneo-Philippines-Sri Lanka-Java-Sumatra-Persia-India-Africa-Arabia
(C)  China-Philippines-Borneo-Java-Sumatra-Sri Lanka-India-Persia-Arabia-Africa
(D)  China-Borneo-Philippines-Java-Sumatra-Sri Lanka-Persia-India-Arabia-Africa

References

1. Arthur, P; Passini, R. Wayfinding: People, Signs, and Architecture; McGraw-Hill Ryerson: Toronto, ON, Canada, 1992.

2. Golledge, R.G. Human wayfinding and cognitive maps. In Wayfinding Behavior: Cognitive Mapping and Other Spatial Processes;
Golledge, R.G., Ed.; Johns Hopkins University Press: Baltimore, MD, USA, 1999; pp. 1-45.

3. Gluck, M. Making Sense of Human Wayfinding: A Review of Cognitive and Linguistic Knowledge for Personal Navigation with a New
Research Direction; Myke Gluck School of Information Studies, Syracuse University: Syracuse, NY, USA, 1990.
4. Gibson, D. The Wayfinding Handbook: Information Design for Public Places; Princeton Architectural Press: Hudson, NY, USA, 2009.
5. Darken, R.P; Sibert, ].L. Wayfinding strategies and behaviors in large virtual worlds. In Proceedings of the ACM CHI 96,
Vancouver, BC, Canada, 13-18 April 1996; Association of Computing Machinery: New York, NY, USA, 1996; pp. 142-149.
6.  Klippel, A. Wayfinding Choremes: Conceptualizing Wayfinding and Route Direction Elements; University of Bremen: Bremen, Germany,
2003.

7. Chen,].L,; Stanney, K.M. A theoretical model of wayfinding in virtual environments: Proposed strategies for navigational aiding.
Presence 1999, 8, 671-685. [CrossRef]

8.  Darken, R.P; Peterson, B. Spatial orientation, wayfinding, and representation. In Handbook of Virtual Environments; Kolsch, Y.M.,
Kuhn, M.H., Eds.; Wiley: Hoboken, NJ, USA, 2014; pp. 467-489.

9.  Jul, S.; Furnas, G.W. Navigation in electronic worlds: A CHI 97 workshop. SIGCHI Bull. 1997, 29, 44-49. [CrossRef]

10. Tolman, E.C. Cognitive maps in rats and men. Psychol. Rev. 1948, 55, 189-208. [CrossRef] [PubMed]

11.  Lynch, K. The Image of the City; MIT Press: Cambridge, MA, USA, 1960.

12.  Siegel, A.W.; White, S.H. The Development of Spatial Representations of Large-Scale Environments. Adv. Child Dev. Behav. 1975,
10, 9-55. [PubMed]

13.  Thorndyke, PW.; Goldin, S.E. Spatial learning and reasoning skill. In Spatial Orientation; Pick, H.L., Van den Broek, P., Knill, D.C.,
Eds.; Springer: Berlin/Heidelberg, Germany, 1983; pp. 195-217.

14. Krokos, E.; Plaisant, C.; Varshney, A. Virtual memory palaces: Immersion aids recall. Virtual Real. 2018, 23, 1-15. [CrossRef]


https://doi.org/10.1162/105474699566558
https://doi.org/10.1145/270950.270979
https://doi.org/10.1037/h0061626
https://www.ncbi.nlm.nih.gov/pubmed/18870876
https://www.ncbi.nlm.nih.gov/pubmed/1101663
https://doi.org/10.1007/s10055-018-0346-3

Systems 2023, 11, 545 22 of 23

15.
16.

17.

18.

19.
20.
21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

Yates, F.A. The Art of Memory; Random House: New York, NY, USA, 1992; Volume 64.

Harman, J. Creating a memory palace using a computer. In CHI ‘01 Extended Abstracts on Human Factors in Computing Systems;
ACM: New York, NY, USA, 2001; pp. 407—-408.

Gelsomini, F.; Kanev, K.; Barneva, R.P; Walters, L. Technological Enhancements of the Method of Loci for Facilitating Logographic
Language Learning. |. Educ. Technol. Syst. 2019, 48, 440-459. [CrossRef]

Qureshi, A.; Rizvi, F; Syed, A.; Shahid, A.; Manzoor, H.; Bian, H.; Bian, Y.; Li, J.; Xu, S.; Shao, X.; et al. The method of loci
as a mnemonic device to facilitate learning in endocrinology leads to improvement in student performance as measured by
assessments. Adv. Physiol. Educ. 2014, 38, 140-144. [CrossRef]

Ruchkin, V.; Wallonius, M.; Odekvist, E.; Kim, S.; Isaksson, ]. Memory training with the method of loci for children and adolescents
with ADHD—A feasibility study. Appl. Neuropsychol. Child 2022, 1-9. [CrossRef]

McCloy, R.; Stone, R. Science, medicine, and the future: Virtual reality in surgery. Br. Med. J. 2001, 323, 912. [CrossRef]

Riva, G. Virtual Reality for Health Care: The Status of Research. CyberPsychology Behav. 2002, 5, 219-225. [CrossRef]

Kilmon, C.A.; Brown, L.; Ghosh, S.; Mikitiuk, A. Immersive virtual reality simulations in nursing education. Nurs. Educ. Perspect.
2010, 31, 314-317. [PubMed]

Lopreiato, J.O.; Downing, D.; Gammon, W.; Lioce, L.; Sittner, B.; Slot, V.; Spain, A.E.; The Terminology & Concepts Working
Group (Eds.) Healthcare Simulation Dictionary. 2016. Available online: http://www.ssih.org/dictionary (accessed on 1 May
2023).

Kardong-Edgren, S.; Farra, S.L.; Alinier, G.; Young, H.M. A Call to Unify Definitions of Virtual Reality. Clin. Simul. Nurs. 2019, 31,
28-34. [CrossRef]

Lombard, M.; Ditton, T. At the Heart of It All: The Concept of Presence. J. Comput. Commun. 2006, 3, 1. [CrossRef]

Slater, M.; Sanchez-Vives, M.V. Enhancing Our Lives with Immersive Virtual Reality. Front. Robot. Al 2016, 3, 74.

Burdea, G.C.; Coiffet, P. Virtual Reality Technology, 2nd ed.; Wiley-Interscience: Hoboken, NJ, USA, 2003.

Slater, M. Place illusion and plausibility can lead to realistic behavior in immersive virtual environments. Philos. Trans. R. Soc. B
Biol. Sci. 2009, 364, 3549-3557. [CrossRef]

Riva, G. Virtual reality in psychotherapy: Review. Cyberpsychology Behav. Soc. Netw. 2018, 21, 223-238. [CrossRef] [PubMed]
Freina, L.; Ott, M. A literature review on immersive virtual reality in education: State of the art and perspectives. In Proceedings
of the International Scientific Conference eLearning and Software for Education (eLSE), Bucharest, Romania, 23-24 April 2015;
Volume 1, pp. 133-141.

Hwang, W.-Y,; Hu, S.-S. Analysis of peer learning behaviors using multiple representations in virtual reality and their impacts on
geometry problem solving. Comput. Educ. 2013, 62, 308-319. [CrossRef]

Izard, S.G.; Juanes, J.A.; Garcia-Pefialvo, EJ.; Gongalvez Estella, ]. M.; Ledesma, M.].S.; Ruisoto, P. Virtual Reality as an Educational
and Training Tool for Medicine. |. Med. Syst. 2018, 42, 50. [CrossRef]

Caliskan, O. Virtual field trips in education of earth and environmental sciences. Procedia Soc. Behav. Sci. 2011, 15, 3239-3243.
[CrossRef]

Sharma, G.; Kaushal, Y.; Chandra, S.; Singh, V.; Mittal, A.P.; Dutt, V. Influence of Landmarks on Wayfinding and Brain Connectivity
in Immersive Virtual Reality Environment. Front. Psychol. 2017, 8, 1220. [CrossRef]

Lingwood, J.; Blades, M.; Farran, E.K.; Courbois, Y.; Matthews, D. Using virtual environments to investigate wayfinding in 8- to
12-year-olds and adults. J. Exp. Child Psychol. 2018, 166, 178-189. [CrossRef] [PubMed]

Jiang, S.; Allison, D.; Duchowski, A.T. Hospital Greenspaces and the Impacts on Wayfinding and Spatial Experience: An
Explorative Experiment Through Immersive Virtual Environment (IVE) Techniques. HERD Health Environ. Res. Des. ]. 2022, 15,
206-228. [CrossRef]

Kober, S.; Wood, G.; Hofer, D.; Kreuzig, W.; Kiefer, M.; Neuper, C. Virtual reality in neurologic rehabilitation of spatial
disorientation. J. Neuroeng. Rehabil. 2013, 10, 17. [CrossRef] [PubMed]

Davis, R.; Ohman, ]. Wayfinding in ageing and Alzheimer’s disease within a virtual senior residence: Study protocol. ]. Adv.
Nurs. 2016, 72, 1677-1688. [CrossRef] [PubMed]

Reggente, N.; Essoe, ] K.Y.; Baek, H.Y.; Rissman, J. The Method of Loci in Virtual Reality: Explicit Binding of Objects to Spatial
Contexts Enhances Subsequent Memory Recall. J. Cogn. Enhanc. 2019, 4, 12-30. [CrossRef]

Huttner, J.; Robra-Bissantz, S. An immersive memory palace: Supporting the method of loci with virtual reality. In Proceedings of
the 23rd Americas Conference on Information Systems, Boston, MA, USA, 10-12 August 2017.

Moll, B.; Sykes, E. Optimized virtual reality-based Method of Loci memorization techniques through increased immersion and
effective memory palace designs: A feasibility study. Virtual Real. 2023, 27, 941-966. [CrossRef]

Keller, ].M. Strategies for stimulating the motivation to learn. Perf. Improv. 1987, 26, 1-7. [CrossRef]

Stanton, N.A.; Salmon, P.M.; Rafferty, L.A.; Walker, G.H.; Baber, C.; Jenkins, D.P. Mental Workload Assessment Method. Human
Factors Methods: A Practical Guide for Engineering and Design; Ashgate: Farnham, UK, 2005; pp. 301-364.


https://doi.org/10.1177/0047239519881758
https://doi.org/10.1152/advan.00092.2013
https://doi.org/10.1080/21622965.2022.2141120
https://doi.org/10.1136/bmj.323.7318.912
https://doi.org/10.1089/109493102760147213
https://www.ncbi.nlm.nih.gov/pubmed/21086871
http://www.ssih.org/dictionary
https://doi.org/10.1016/j.ecns.2019.02.006
https://doi.org/10.1111/j.1083-6101.1997.tb00072.x
https://doi.org/10.1098/rstb.2009.0138
https://doi.org/10.1089/cpb.2005.8.220
https://www.ncbi.nlm.nih.gov/pubmed/15971972
https://doi.org/10.1016/j.compedu.2012.10.005
https://doi.org/10.1007/s10916-018-0900-2
https://doi.org/10.1016/j.sbspro.2011.04.278
https://doi.org/10.3389/fpsyg.2017.01220
https://doi.org/10.1016/j.jecp.2017.08.012
https://www.ncbi.nlm.nih.gov/pubmed/28941380
https://doi.org/10.1177/19375867211067539
https://doi.org/10.1186/1743-0003-10-17
https://www.ncbi.nlm.nih.gov/pubmed/23394289
https://doi.org/10.1111/jan.12945
https://www.ncbi.nlm.nih.gov/pubmed/26915997
https://doi.org/10.1007/s41465-019-00141-8
https://doi.org/10.1007/s10055-022-00700-z
https://doi.org/10.1002/pfi.4160260802

Systems 2023, 11, 545 23 of 23

44.  Venkatesh, V.; Bala, H. Technology acceptance model 3 and a research agenda on interventions. Decis. Sci. 2008, 39, 273-315.
[CrossRef]

45. Caserman, P; Garcia-Agundez, A.; Gamez Zerban, A.; Gobel, S. Cybersickness in current-generation virtual reality head-mounted
displays: Systematic review and outlook. Virtual Real. 2021, 25, 1153-1170. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1540-5915.2008.00192.x
https://doi.org/10.1007/s10055-021-00513-6

	Introduction 
	Historical Context 
	Wayfinding 
	Memory Palace 
	Virtual Reality 
	Applications of VR in Wayfinding and Memory Palaces 

	Research Method 
	Research Structure 
	Research Samples 
	Research Tools 
	Development Tools 

	Analysis Results 
	Learning Effectiveness Analysis 
	Learning Motivation Analysis 
	Cognitive Load Analysis 
	Technology Acceptance Model Analysis 

	Discussion 
	Conclusions and Suggestions 
	Conclusions 
	Suggestions and Future Works 

	Appendix A
	References

