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Abstract. The onset of the intelligent era demands a multifaceted approach to
talent development in education, focusing on enhancing students’ cognitive
skills. Existing educational models face challenges such as limited interdiscipli-
nary courses, disjointed skill development, and a lack of practical application,
hindering students’ ability to integrate knowledge and apply it professionally. To
address these issues, our educational research has thoroughly evaluated the needs
of the intelligent interaction design major. We have conducted an in-depth review
of the curriculum to align it with the era’s talent demands, emphasizing critical
thinking, technical skills, and tool development. The research culminates in a
curriculum system that uses the metaverse as a case study, supported by peda-
gogical strategies aimed at the specific courses within the major.
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1 Background and Introduction

Human progress has been tied to the evolution of written language and its recording
methods, from oracle bones to digital media, enhancing information exchange. The
20th century brought computing, leading to the digital age, while the 1990s and 2010s
saw the internet and mobile internet, respectively, revolutionizing communication. The
2020s marked a leap in Al, driven by computer technology. The integration of intelli-
gent and information technology is set to boost productivity, requiring industry adapta-
tions [1]. Educational institutions, particularly applied universities, must update their
methods to meet the demands of the intelligent age. Current university education is
challenged by a theoretical focus, outdated content, and fragmented curricula, discon-
necting from industry needs [2]. Educational reform should align teaching with industry
demands, fostering systematic cognition and critical thinking [3]. Educators must un-
derstand talent needs in the intelligent age and design interconnected courses to build
students’ knowledge and skills. The focus should be on cognitive abilities for problem-
solving, technology application, and tool development. This study aims to research and
address these educational imperatives.
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2 Literature Review

2.1  Critical Thinking Capability in the Age of Intelligent

Speculative design, a convergent approach that amalgamates design practice with crit-
ical thinking, rigorously examines pressing social, cultural, technological, and environ-
mental challenges through the construction and deconstruction of hypothetical design
objects or scenarios [4]. This methodology not only stimulates public discourse but also
acts as a catalyst for social transformation, solidifying its role as an essential instrument
in design research since the late 20th century.

Wallace’s four-stage theory of creative thinking - encompassing preparation, incu-
bation, illumination, and verification - provides a comprehensive framework for deci-
phering the cognitive processes that underpin creative endeavors [5]. This theory un-
derscores the paramount importance of critical thinking skills, ethical reasoning, and
decision-making capabilities, which are crucial for thriving in the intricate landscape
of a globalized professional environment. In higher education, these competencies are
nurtured through inquiry-based learning methodologies, which are designed to foster a
deep understanding and application of knowledge [6].

Knowledge reserves serve as the cornerstone of creative thinking, supplying the in-
dispensable raw materials necessary for innovation [7]. They extend beyond mere fac-
tual data to include conceptual frameworks and problem-solving strategies, which are
vital for identifying problems, formulating hypotheses, and exploring solutions. A ro-
bust knowledge base is particularly instrumental in fostering interdisciplinary innova-
tion, positioning creative thinking as a dynamic and adaptive process [8]. This process
requires not only a broad and deep knowledge foundation but also the dexterity to apply
this knowledge in a flexible manner [9]. It necessitates the ability to surpass existing
paradigms and to boldly explore new frontiers of understanding.

2.2 The Definition and Demand of Metaverse

The metaverse, an emerging research domain, is garnering significant attention from
industry stakeholders for its capacity to substantially elevate work quality and opera-
tional efficiency across diverse sectors. This virtual platform transcends the limitations
of the physical world, offering unprecedented flexibility in design and application. Ac-
cessible through a variety of interfaces, including Virtual Reality (VR), Augmented
Reality (AR), and traditional monitors, the metaverse enables immersive virtual inter-
actions and activities, redefining the potential for digital engagement [10].

The metaverse’s application spectrum is expansive, with the potential to signifi-
cantly enhance manufacturing processes through the integration of digital twin technol-
ogy and to transform online retail by transitioning from static 2D images to dynamic
3D models within virtual environments [11]. This shift provides consumers with a more
authentic and interactive product experience. Additionally, the metaverse serves as a
platform for conducting business meetings, effectively surmounting geographical con-
straints and fostering more efficient and interactive communication [12]. Consequently,
there is an escalating imperative for industries to devise strategic metaverse presences,



120 T. Yang et al.

which in turn is driving a surge in demand for professionals with specialized metaverse
expertise.

The development of the metaverse is intricately connected with advancements in
intelligent interaction technologies, presenting formidable challenges in user engage-
ment and the realization of immersive visualization [13]. The construction of the
metaverse necessitates sophisticated scene modeling, with Artificial Intelligence Gen-
erated Content (AIGC) technology playing a supportive role in content generation.
However, the process remains heavily dependent on manual modeling efforts. The es-
sential demands of the metaverse can be categorized into two primary areas: the fabri-
cation of virtual scenes and objects, and the innovation of a variety of interaction tech-
niques to facilitate visual and immersive engagement with digital entities.

2.3  Tools and Technologies to Develop Metaverse

As the metaverse evolves, it poses unprecedented challenges that underscore the ur-
gency for students to cultivate robust problem-solving skills, pivotal for their future
professional endeavors. Central to these challenges are the development of advanced
visualization capabilities for metaverse navigation and the seamless integration of im-
mersive technologies to enrich user interactions [14]. The realism of the metaverse is
further enhanced by the ability to interact with virtual objects, necessitating a deep un-
derstanding of modeling techniques and cutting-edge computer technology.

The construction of scenes and objects within the metaverse hinges on sophisticated
information modeling techniques and a suite of tools, encompassing data collection de-
vices and an array of modeling software. The complexity of information models de-
mands that students become proficient in a multitude of software applications to
achieve effective synergy [15]. Proficiency in both software and hardware is essential
for visualization and interaction technologies, particularly in the realms of Virtual Re-
ality (VR) and Mixed Reality (MR), where software-hardware integration is crucial.

Educationally, it is imperative to dissect the multifaceted requirements and chal-
lenges inherent in the metaverse and to integrate the teaching of complementary tool
combinations to bolster students’ intuitive problem-solving acumen [16]. Informed by
situated cognition theories, this study employs metaverse development as a case study,
systematically imparting relevant theoretical frameworks, cognitive processes, and tool
utilization methods. This pedagogical strategy is designed to instill in students a trans-
ferable problem-solving mindset, thereby augmenting their overall competencies.
Armed with a mastery of current technologies and sharpened problem-solving skills,
students are poised to drive innovation, enhance work quality and efficiency, and nur-
ture essential critical thinking capabilities [17].

3 Research Design

The question of this research investigates the impact of enhancing students’ critical
thinking skills in the intelligent era on their practical and problem-solving abilities. The
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aim of this research is to strengthen students’ overall competencies by devising special-
ized courses in intelligent interaction. These courses will leverage metaverse-based
teaching to construct curricula that integrate theoretical knowledge with practical tool
skills. This study is categorized into three objectives based on the research aim: a) Iden-
tifying the competencies essential for students in the intelligent era; b) Assessing the
role of the metaverse in the intelligent era, along with the technological and skill re-
quirements for metaverse development; c) Exploring strategies for implementing
metaverse teaching to enhance students’ comprehensive abilities in the intelligent era.

This study employs a literature review to delineate the talent requirements of the
intelligent era and to identify pivotal metaverse technologies. The insights gleaned from
this review are utilized to formulate a curriculum focused on intelligent interaction,
designed to bolster students’ skills in metaverse development and enhance their prob-
lem-solving capabilities. The scope of this research is confined to curriculum design,
with the implementation and preliminary assessment of the curriculum in actual educa-
tional settings. A comprehensive analysis of the curriculum’s effectiveness will be con-
ducted in subsequent studies.

4 Strategy of Teaching to Enhance Students’ Capability in
Critical Thinking

4.1  Process and Strategy to Integrate Problem Solving and Creativity
Capability

This study employs a metaverse-based teaching model to bolster students’ critical
thinking skills in the intelligent era, with a focus on the intelligent interaction design
major. The metaverse is constructed around three fundamental components: virtual en-
vironments, virtual objects, and digital characters (see Table 1). Development of these
components is based on key information, differentiated into graphical and non-graph-
ical categories. Graphical information encompasses environmental textures and the ma-
terial properties of objects, whereas non-graphical information pertains to physical
laws, the physical properties of objects, and the dynamics of characters.

Table 1. Key Elements in Metaverse Development

Graphical Information Non-Graphical Information
Virtual Objects Shape, Size, Material Physics Data
Virtual Environment Weather, Sky Box Physics Law
Digital Characters Appearance Weights, Movements, Manipulation

In metaverse education, fostering critical thinking in students requires an under-
standing of three core elements as shown in (Fig. 1). The virtual environment, essential
to the metaverse, necessitates meticulous design to accommodate a variety of activities
and challenges in virtual scene design and development. Students must analyze the im-
pact of virtual objects, such as architectural structures and vegetation, on immersive
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experiences and their interaction with the broader virtual environment. As part of digital
humans, digital characters bridge the real and virtual realms, and it is imperative for
students to grasp their role in enhancing metaverse interactions, vital for optimizing
user experience and ensuring the smooth operation of the virtual environment.

" " Interact with Manipulation —
Virtual Objects Digital Characters

Graphical and Non-Graphically Integrated

| Virtual Environment |} -
I™ Tnteract with Movement

Fig. 1. Interrelations Between These Three Elements

After mastering the basics of the metaverse, students must refine their skills for
deeper exploration and innovation. Building on the framework presented in (Fig. 1),
this study identified key learning modules (as depicted in Fig. 2) that are essential for
constructing the metaverse: computer literacy, information modeling, and program-
ming. Students must become proficient in information modeling to create virtual envi-
ronments, objects, and digital humans, which necessitates the integration of both graph-
ical and non-graphical information. Recognizing the diverse information demands
within the metaverse is crucial for selecting appropriate software and is key to effective
metaverse development and innovation.

Modelling Tools and Technologies For Game Objects,
Environment, and Digital Characters

Computer Science and Technologies
| Information Development Technologies | | Hardware Deployment |

| Information Model I——b{ Visualization Technologies |
1
[ L
v v v
I Desktop/Mobile Terminal | | Virtual Reality | | Mixed Reality
T T

1]
I Presenting Media
vy VvV
| Virtual Environment |

App and Software Design,
Coding and Programming Intervention

Establish the Interaction

Fig. 2. Interrelations Among Different Knowledge and Skills

Information modeling for the metaverse necessitates a unified platform that empha-
sizes real-world interaction. Students require systematic computer science education,
spanning both hardware and software, to effectively grasp and utilize tools of the infor-
mation age. Visualization and interaction technologies, including desktop displays, Vir-
tual Reality (VR), and Mixed Reality (MR), are pivotal in bridging the real and virtual
realms within the metaverse. The efficacy of these technologies in enhancing activity
performance hinges on the synergy between hardware and software, mandating that
students achieve proficiency in programming and a comprehensive understanding of
computer systems.
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4.2  Strategy to Teach Tools and Skills

This study aims to strengthen students’ problem-solving skills in the intelligent era by
integrating an interdisciplinary approach that focuses on information modeling, pro-
gramming, and computer literacy. (Fig. 3) illustrates the synergy among these areas,
emphasizing the importance of computer application skills for programming expertise.
A structured curriculum that covers both hardware and software is essential for estab-
lishing a solid foundation in computing. This foundation is further developed through
exposure to various programming languages and coursework in data structures and al-
gorithms, which are critical for enhancing analytical and problem-solving abilities.

I Coding and Programming I‘:' Computer Science and Engineering l

Functional Development Hardware and Software Supporting

I Graphical and Non-graphical Modelling |

I Visualization | I Inter;ction |

Metaverse Environment

Fig. 3. Interrelations Among Computer Skills, Programming and Information Modelling

The cultivation of information modeling skills not only enhances the ability to create
content within the metaverse but also, due to the need to coordinate various software
applications, improves students’ capacity to integrate different tools for problem-solv-
ing. Integrating computer technology and programming functionalities into information
models enables their visualization and interactivity, significantly enriching the user ex-
perience in the metaverse. Moreover, combining information modeling with computer
hardware and software is cognitively challenging, which makes such instructional ap-
proaches particularly effective in developing students’ comprehensive problem-solving
skills.

Programming Skills Development. Studying programming within a metaverse-based
educational framework enhances students’ problem-solving and critical thinking abili-
ties. This research incorporates three programming languages into the curriculum to
cultivate cognitive and analytical skills and to boost metaverse interactivity (see Fig.
4). Beginning with C, a fundamental language in computer science education for un-
derstanding data structures and algorithms, students are then equipped to quickly learn
web development technologies such as HTML, CSS, and SQL. This enables the effi-
cient creation and development of web pages and sites.
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I Unity }_I——:: Interactive Development I
Visualization Development
C# Language P |
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Web Development Artificial Intelligence
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Fig. 4. Strategy to Teach Programming

The curriculum commences with C, foundational for operating systems, and pro-
ceeds to C# and Python, both object-oriented languages. C# is crucial for Unity-based
metaverse development, and Python, being predominant in Al is essential for data anal-
ysis within the metaverse. This curriculum, encompassing C, C#, and Python, enhances
critical thinking and equips students with the necessary skills for metaverse visualiza-
tion and interactivity.

Model Build Skill Training. In metaverse development, information is categorized
into graphical and non-graphical types. The creation of graphical information, reliant
on modeling tools such as SketchUp, Rhino, and Blender, necessitates the inclusion of
modeling software training in the curriculum (see Fig. 5). Photogrammetry, using soft-
ware like RealityCapture, further enhances the realism of virtual environments. These
outputs, integrated with non-graphical data in Revit, are subsequently developed in
Unity. For digital character development, the curriculum employs Character Creator
for modeling and iClone for animating characters, which are then integrated into Unity
scenes.

Photogrammetry

RealityCapture

Blender }—‘ .
i i Model Integration
i Rhino } ; !I‘l Revit i

Information Integration :--se-s-fueeseemeuecueennat

Non-Graphical Information

SketchUp

Graphical Information

Character Creator |

iClone }

Digital Human Development

Fig. 5. Strategy to Teach Information Modelling

This course is designed to enhance students’ problem-solving and critical thinking
skills via modeling software education. It equips students with an understanding of
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modeling processes, the ability to evaluate software capabilities, and the skill to select
suitable tools for diverse modeling tasks. This method not only strengthens cognitive
abilities but also prepares students to integrate models with Unity programming, ad-
dressing the interactive demands of metaverse activities and promoting both problem-
solving and innovative thinking.

Computer Operation Skill Education. The development of the metaverse necessi-
tates that students gain a foundational understanding of both software and hardware,
beginning with computer architecture, notably the von Neumann model (see Fig. 6).
Students must grasp the operations of CPUs and GPUs, the interaction between CPUs
and memory, and the GPU's role in aiding CPU computations. Following this hardware
foundation, students should be introduced to the principles of operating systems, em-
phasizing the kernel and system variations. Given Linux’s ubiquity in server deploy-
ment, an in-depth understanding of Linux is crucial, including its kernel, various distri-
butions, and command-line interface (CLI) operations, equipping students for server
management and maintenance.

Core of Computer

| GPU Architecture | I Linux I:_’I Ubuntu Desktop I Tomcat Web Depolyment
Coordination _
Ubuntu Server | Nginx
CPU Architecture | +— I
Coordination SSH MySQL l

| Windows |—

—'l Terminal I-—-l i0S |
Cwmos +— L (o]

Desktop Terminal Mobile Terminal

Fig. 6. Strategy to Teach Computer Skills

Incorporating computer-related knowledge into the curriculum enhances students’
engineering thinking, bridging theoretical learning with practical computer hardware
assembly. This approach allows students to understand hardware functions, models,
and compatibility, fostering a comprehensive grasp of computer systems crucial for
operational integrity and rigorously assessing their engineering proficiency. A thorough
curriculum is vital, equipping students with insights into both hardware and software,
and enabling them to apply engineering thinking to real-world industrial contexts.

5 Findings and Discussion

This pedagogical research aims to enhance students’ problem-solving skills for the in-
telligent era with a curriculum focused on the metaverse. It integrates information mod-
eling, interactive programming, and computer science, designed to foster visualization
and interactivity within the virtual domain (see Fig. 7). The teaching system, divided
into information model creation and functionality programming, aims to achieve visual
and interactive capabilities through the synthesis of these elements.
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Computer Software and Hardware Application

| Graphical Information | L | Satisfy the Activities
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[ Demand in Metaverse |

Fig. 7. Integration Between Information Model and Programming

The aim of this pedagogical research is to strengthen students’ critical thinking skills
by developing their proficiencies in operating and integrating a variety of software ap-
plications, as depicted in (Fig. 8). The process commences with identifying challenges
and requirements within metaverse development to pinpoint suitable solutions. It then
proceeds to evaluate appropriate tools within existing technologies and methodologies
to address these specific issues and needs. If current technologies and methodologies
are insufficient for resolving the issues at hand, the exploration of innovative ap-
proaches becomes imperative. This iterative process is pivotal in markedly enhancing
students’ problem-solving skills.

E | Problems and Demands |—f—>| Way to Address the Problems |—-—>| Enhance the Critical Thinking

Critical Thinking Capability Development Process

Fig. 8. Strategy to Enhance Critical Thinking Capability

6 Conclusion

In conclusion, this study presents a metaverse-centric teaching framework aimed at
nurturing students’ comprehensive competencies in the era of intelligence. Teaching
software serves dual purposes: it is a cognitive exercise and a vehicle for knowledge
acquisition. By providing instruction on an array of technologies and tools, students’
understanding of the intelligent era is significantly deepened. Armed with a solid foun-
dation of pertinent professional knowledge, students are better equipped to integrate
and apply these technologies and methodologies, thus improving their critical thinking
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abilities. Therefore, the teaching framework proposed in this study is effectively
aligned with the research objectives.

7 Limitation and Future Research

The study’s limitations stem from the fact that the curriculum system remains in an
exploratory phase. While it has been initiated and is undergoing testing in practical
teaching scenarios, the long-term nature of educational effectiveness means that its im-
pact cannot be assessed in the short term. Future research endeavors will aim to identify
the talent cultivation needs in the era of intelligence and systematically organize these
insights to enhance curriculum development for the smart interaction design major. The
ultimate goal is to equip students with the critical thinking skills necessary to become
leading talents in the new era of intelligent construction.
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