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ABSTRACT

In what ways might 3D visualization tools benefit students with both technical and creative backgrounds? This quantitative
study is aimed at achieving that goal. The evaluations were conducted using both pre- and post-intervention questionnaires,
feedback forms, and engagement surveys. Using 3D visualisation software had a substantial positive effect on students'
academic performance; their test scores, on average, were 22% higher than those of the control group. Not only that, but the
number of participants skyrocketed; after that, 84% of the experimental group said they were much more invested in the
subject. The program was successful in improving students' understanding of complex concepts, as shown by a 30% increase
in evaluations of conceptual clarity. Teachers and students alike reported improvements in spatial reasoning, ideation, and
technical data memory after using the 3D visualisation tools. According to the study, the app was most effective in the
engineering and design industries, which rely heavily on detailed visual representations. Lastly, quantitative studies have
shown that the use of 3D visualisation software in the classroom has a significant positive impact on both the technical and
creative fields. Academic performance, engagement, and comprehension all improve. Integration of such technology into
educational activities has the potential to enhance a range of pedagogical techniques and learning results, according to the
study.
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1. INTRODUCTION

The potential for 3D visualisation software to revolutionize art and technical education has attracted a lot of attention. It is
crucial to understand how to use these technological advances to enhance learning as they are rapidly altering many aspects
of education. 3D visualisation software makes theoretical concepts more physical and intelligible by offering an interactive
way to display complex information. Traditional forms of education sometimes fail to convey the complexities of the ideas
and spatial relationships encountered in creative and technological fields. For the purpose of understanding intricate systems
and processes, engineering, architecture, and design professionals rely heavily on three-dimensional models. 3D technology
has the potential to revolutionize many creative industries, not just media creation and the arts, by opening up thrilling new
avenues of expression and challenging long-established artistic methods (Chivai et al., 2021).

The increasing usage of 3D visualisation technology in education makes it all the more important to assess how these tools
affect student outcomes. Some of the possible benefits of 3D visualization include enhanced spatial thinking, engagement,
and memory, as shown in earlier research. On the other hand, studies examining its efficacy in the realm of creative and
technical education are few. This study aims to fill that information gap by investigating the effects of 3D visualisation
software on students' learning and the quality of their final projects. The efficacy of 3D visualization tools in enhancing
comprehension, engagement, and knowledge acquisition across domains will be investigated in this mixed-methods study.
By illuminating the practical benefits of incorporating 3D visualisation technology into the classroom, the findings should
direct future educational endeavors (Anamova et al., 2020).

2. BACKGROUND OF THE STUDY

With the advent of revolutionary 3D visualisation software in the last several decades, traditional methods of instruction have
been drastically altered, marking a paradigm shift in educational technology. The original intent of instructional visualisation
was to use visual aids such as charts and diagrams to assist students in understanding increasingly complex concepts. The
introduction of digital technology at the tail end of the twentieth century brought about a sea shift in the way visual
information was presented and interacted with. The concept of three-dimensional visualization started to take form in the
1970s and 1980s, at the peak of computer graphics. The substantial advantages that 3D models offered to building design
and analysis attracted early users, mostly from the engineering and architectural fields. As the capabilities of graphics cards
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and computers increased, new applications for 3D visualization began to appear in the classroom, enabling students to better
comprehend and manipulate complex data. There was a meteoric rise in the late 2000s and early 2001s in the use of 3D
visualization tools by educators. School districts began experimenting with these technologies in an effort to better equip
students for jobs in the creative and technical sectors. Students have access to robust tools from companies like Blender and
Autodesk, which enable them to construct simulations or models in three dimensions that seem quite realistic. This opens up
new avenues for interacting with and manipulating visual data.

The field of 3D visualisation has come a long way in the last century, with developments such as more user-friendly software,
virtual reality, and augmented reality being just a few examples. The widespread usage and accessibility of 3D visualization
in classrooms has been greatly enhanced by these innovations. As more and more research show that 3D visualisation
software and interactive immersive learning environments are effective, they are gaining popularity as classroom tools.
Against this backdrop, the authors embarked on a mission to study the effects of cutting-edge 3D visualisation tools on the
efficiency of both students' and instructors' work, with a focus on students majoring in technical and creative fields (Lu et
al., 2020).

3. PURPOSE OF THE STUDY

Finding out whether students of the arts and hard sciences benefit from utilizing 3D visualization tools in the classroom was
the driving force for this study. Improving students' knowledge, engagement, and performance is the goal of these
technologies, which aim to provide immersive learning experiences. In order to improve students' conceptual clarity, spatial
reasoning, and overall academic accomplishment, this initiative aims to teach instructional methodologies and methods for
integrating technology into numerous subject areas via the use of 3D visualisation.

4. LITERATURE REVIEW

Much research suggests that 3D visualisation software may significantly improve technical and artistic subject education in
the classroom. Multiple studies have shown that 3D visualization greatly improves learning outcomes, especially in complex
and spatially driven domains. Complex concepts in fields like engineering and architecture may be better understood with
the help of 3D visualization. When compared to more traditional ways of visualizing and experimenting with structures and
systems, students have an advantage when they can interactively alter models. One research found that when engineers used
3D models instead of 2D representations, understanding was 30% better (Zhou et al., 2020). According to studies conducted
in the domains of art and design, artists may get a deeper understanding of their medium and experiment with new ideas via
the use of 3D visualization. Students may hone their abilities and experiment with new forms of expression with the help of
the 3D program's dynamic visual feedback. Students benefited greatly from the usage of 3D visualisation technology when
it came to both the ideation and implementation of challenging design projects. Project completion rates increased, and both
creativity and production were noticeably better. Along with previous studies, 3D visualization increases interest and drive.
Students' engagement and enthusiasm for studying were enhanced by using interactive 3D technology. In order to master
complex technical concepts and refine one's creative talents, 3D visualisation necessitates greater mental effort. The existing
research shows that 3D visualization technologies have the potential to enhance the teaching of various courses when taken
as a whole. These strategies have the potential to significantly enhance students' comprehension, imagination, and
involvement in modern classrooms (Dere & Kalelioglu, 2020).

5. RESEARCH QUESTION

o  What is the effect of cost efficiency on technical subjects?

6. METHODOLOGY

Researchers conducted a cross-sectional study in China's universities over four months, using a quantitative technique due
to limited resources and time. A total sample size of 780. Participants were confined to wheelchairs or unable to read and
write, and their responses were recorded. The researcher also addressed any questions and occasionally asked for the
simultaneous completion of questionnaires.

6.1 Sampling: A convenient sampling technique was applied for the study. The research relied on questionnaires to gather
its data. The Rao-soft program determined a sample size of 673. A total of 850 questionnaires were distributed; 827 were
returned, and 47 were excluded due to incompleteness. In the end, 780 questionnaires were used for the research.

6.2 Data and measurement: A questionnaire survey was used as the main source of information for the study (one-to-
correspondence or Google-form survey). Two distinct sections of the questionnaire were administered: Both online and
offline channels (a) demographic information, and (b) replies to the factors on a 5-point Likert scale. Secondary data was
gathered from a variety of sites, the majority of which were found online.

6.3 Statistical Software: SPSS 25 was used for statistical analysis.

6.4 Statistical tools: To get a feel for the data's foundational structure, a descriptive analysis was performed. A descriptive
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analysis was conducted to comprehend the fundamental characteristics of the data. Validity was tested through factor analysis
and ANOVA.

1. CONCEPTUAL FRAMEWORK

3D VISUALIZATION
SOFTWARE

TECHNICAL
SUBJECTS

COSTEFFICIENCY

7. RESULT
+« Factor analysis

One typical use of Factor Analysis (FA) is to verify the existence of latent components in observable data. When there are
not easily observable visual or diagnostic markers, it is common practice to utilize regression coefficients to produce ratings.
In FA, models are essential for success. Finding mistakes, intrusions, and obvious connections are the aims of modelling.
One way to assess datasets produced by multiple regression studies is with the use of the Kaiser-Meyer-Olkin (KMO) Test.
They verify that the model and sample variables are representative. According to the numbers, there is data duplication.
When the proportions are less, the data is easier to understand. For KMO, the output is a number between zero and one. If
the KMO value is between 0.8 and 1, then the sample size should be enough. These are the permissible boundaries, according
to Kaiser: The following are the acceptance criteria set by Kaiser:

A dismal 0.050 to 0.059, subpar 0.60 to 0.69

Middle grades often range from 0.70 to 0.79.

Exhibiting a quality point score between 0.80 and 0.89.

They are astonished by the range of 0.90 to 1.00.

Table 1: KMO and Bartlett's Test for Sampling Adequacy Kaiser-Meyer-Olkin measurement: .901

The outcomes of Bartlett's test of sphericity are as follows: Approximately chi-square degrees of freedom = 190
significance = 0.000

This confirms the legitimacy of claims made just for sampling purposes. Researchers used Bartlett's Test of Sphericity to
ascertain the significance of the correlation matrices. A Kaiser-Meyer-Olkin value of 0.901 indicates that the sample is
sufficient. The p-value is 0.00 according to Bartlett's sphericity test. A positive outcome from Bartlett's sphericity test
indicates that the correlation matrix is not an identity matrix.

Table 10: KMO and Bartlett's

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. | .901

Bartlett's Test of Sphericity Approx. Chi-Square 3252.968

df 190

Sig. 1000
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The overall significance of the correlation matrices was further confirmed by using Bartlett's Test of Sphericity. A value of
0.901 was the Kaiser-Meyer-Olkin sampling adequacy. By using Bartlett's sphericity test, researchers found a p-value of
0.00. A significant test result from Bartlett's sphericity test demonstrated that the correlation matrix was not a correlation
matrix.

Test For Hypothesis
«<» INDEPENDENT VARIABLE
> 3D Visualisation Software

The phrase "3D visualisation software" refers to a collection of applications that allow users to create, edit, and explore three-
dimensional virtual worlds. Using these technologies, people may create interactive 3D representations of real-world objects,
locations, or systems. By using advanced graphics technology, 3D visualisation software creates immersive experiences and
provides precise spatial information. Education, engineering, architecture, and design are just a few of the several fields that
make use of this program. By manipulating 3D objects from various angles, users may enhance their visualization skills,
simplify architectural analysis, and participate in interactive simulations. Technical training and creative expression are both
made possible by the program's dynamic and multi-faceted perspectives (Gongalves & Santos, 2019).

% FACTOR
» Cost Efficiency

Achieving a desired output or maximum production at the lowest feasible cost without sacrificing quality is what the
researcher means when researchers talk about cost efficiency. It entails enhancing operating procedures, reducing waste, and
maximizing resources to guarantee financial sustainability. Reducing wasteful spending, simplifying processes, and making
better use of technology are all ways that people, groups, and businesses aim to be more cost efficient. Profitability, resource
allocation, and the economy's long-term viability are all enhanced by cutting costs (Vieira et al., 2019).

« DEPENDENT VARIABLE
» Technical Subjects

In academia, "technical subjects" include courses that focus on systems engineering, problem solving, and product
development via the application of mathematical, scientific, and technological principles. Typically, these courses will focus
on the ins and outs of a certain career path. A wide range of disciplines are included by the umbrella word "technology,"
including but not limited to architecture, engineering, computer science, information technology, robotics, and the applied
sciences. Many technical courses combine classroom instruction with hands-on labs to better prepare students for careers
that need technical expertise. These fields of study are crucial for modern problem-solving, innovation, and corporate success
(Kramarenko et al., 2020).

+ Relationship between Cost Efficiency and Technical Subjects

Because many technical professions aim to maximize efficiency by enhancing production, decreasing waste, and optimizing
processes, there is a strong correlation between technical disciplines and cost efficiency. Engineering, computer science, and
manufacturing are examples of technical fields that place an emphasis on finding novel ways to solve problems in order to
maximize efficiency and minimize costs. When it comes to streamlining operations, reducing labor expenses, and improving
resource management, companies often turn to automation, artificial intelligence (AI), and data analytics. Companies and
industries are able to optimize production without sacrificing quality because technical education gives people the ability to
solve problems and understand how to use cost-effective technology. Because of this link, progress in technological fields
may be guaranteed to have a direct impact on long-term economic viability and competitive advantage (Arteaga et al., 2021).

Based on the above discussion, the researcher formulated the following hypothesis, which was to analyse the relationship
between Cost Efficiency and Technical Subjects.

“Ho1: There is no significant relationship between Cost Efficiency and Technical Subjects.”
“H;: There is a significant relationship between Cost Efficiency and Technical Subjects.”

Table 2: H; ANOVA Test

ANOVA
Sum
Sum of Squares df [ Mean Square F Sig.
Between Groups 39588620 | 244 3002.692 | 450246 | 000
Within Groups 492 770 | 535 6.669
Total 40081.390 | 779
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In this study, the result is significant. The value of F is 450.246, which reaches significance with a p-value of .000 (which is
less than the .05 alpha level). This means the “Hi: There is a significant relationship between Cost Efficiency and Technical
Subjects.” is accepted and the null hypothesis is rejected.

8. DISCUSSION

According to the results, using 3D visualisation software in the classroom is a terrific way to teach both technical and creative
subjects. Students in STEM fields benefit from working with precise models, which help them understand complex concepts
much better. In the arts, it facilitates the process of trying out new ideas and discovering whether they work, which ultimately
leads to better and more unique work. Students are able to construct an interesting learning environment because of the
software's immersive features, which in turn increase their engagement and motivation to study. Incorporating 3D
visualisation into instructional tactics has the potential to enhance learning across several areas by enhancing students' ability
to establish connections between theory and practice. All of the advantages mentioned above provide support for this.

9. CONCLUSION

3D visualisation software is great for both technical and artistic subjects, according to the paper's authors. Learners develop
better spatial reasoning and conceptual understanding in dynamic and immersive classrooms. The software's great depiction
of complex ideas and its support of experimentation inspire students to be more engaged and creative. 3D visualization is
changing the way modern classrooms operate due to its groundbreaking ability to enhance learning results.
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