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The integration of 3D technologies into education opens up new opportunities for the study and 
preservation of cultural artifacts, particularly in the context of studying ceramics. This study aims to 
assess the impact of using laser scanning and 3D printing technologies on student satisfaction with 
the educational process. The study had a quasi-experimental design with two groups. The theoretical 
part of the taught course “Ceramics of China and Southeast Asia” was the same for both groups. 
The Intervention group (n = 114) used 3D scanning and printing in practical classes, while the Control 
group (n = 114) studied using traditional methods. The course lasted 15 weeks. At the end of the 
course, students in both groups completed a questionnaire on the scales Tutor Guidance & Support, 
Satisfaction, Content & Experience, Collaboration & Activities. The results of the questionnaire of 
students in both groups were compared using an independent t-test. The influence of individual 
student characteristics (gender, age, previous experience) was determined using one-way ANOVA. 
The Intervention group showed significantly higher scores on Satisfaction, Content & Experience, 
and Collaboration & Activities than the Control group. Gender and previous experience influenced 
the course’s perception, while the students’ age was not a significant factor. The obtained results 
are important for the development of 3D approaches to learning in the field of cultural heritage and 
archaeology, as well as for the creation of more interactive and effective educational programs that use 
modern technologies for the preservation and study of cultural artifacts.
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Contemporary three-dimensional technologies, such as 3D printing and 3D scanning, are opening new horizons 
for education and the preservation of cultural heritage1,2 Specifically, 3D scanning technologies, including 
the Kinect, and 3D modelling, enable the accurate capture of the geometry of real-world objects and their 
representation in digital form3. The use of automated scanning and modelling approaches has made 3D scanning 
technology accessible even to unskilled users3.

This shift is transforming the approach to learning, making it more hands-on and facilitating a deeper 
understanding of conceptual knowledge.

Structured and laser 3D scanners utilize the projection of light patterns or laser lines to collect data with high 
precision, ensuring the detailed representation of even the most complex objects4. These technologies are widely 
employed across various industries, from manufacturing to healthcare, and in creating visual effects for films 
and video games5–7.

In addition, 3D scanning is increasingly used in the preservation of cultural heritage and artistic projects. 
This technology allows for the digital conservation of artifacts, the creation of reproducible 3D-printed copies, 
and the sharing of cultural materials within academic circles8–10. Artists and art historians incorporate real 
objects into their works, while museums employ scanning to preserve valuable collections4.

Despite the successful application of 3D scanning and printing across various fields, including archaeology 
and art, there is a limited amount of research that specifically analyzes their use for education and the study 
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of cultural artifacts. Most existing studies focus on the technological aspects of these technologies,11,12 rather 
than how these tools can contribute to a deeper understanding and preservation of cultural heritage within 
educational programs.

The preservation of cultural heritage through digital technologies is an important and well-explored topic 
among researchers4,13 However, regarding 3D printing and 3D scanning, there is a noticeable gap in knowledge 
concerning how these three-dimensional technologies can be utilized in education to enhance the understanding 
and preservation of ceramic artifacts. This study aims to address this gap by comparing the effectiveness of 
traditional teaching methods with modern technologies such as 3D scanning and 3D printing. The focus of the 
research is on Chinese and South Asian ceramic artifacts, due to their high cultural, historical, and artistic value, 
which makes them significant objects for study and preservation14. These artifacts represent the rich traditions 
of regions known for their complex manufacturing techniques and symbolic meanings, offering unique 
opportunities for the use of 3D technologies in the educational process. The objective of this study is to assess the 
impact of using Laser Scanning and 3D Printing technologies on student satisfaction with the learning process.

Advantages of laser scanning and 3D printing for the study and preservation of artifacts: 
Theoretical justification
Traditional research methods, such as visual inspection or drawings, are limited in their ability to reproduce the 
details of artifacts15. In contrast, Laser Scanning provides high accuracy in the digital reproduction of objects, 
including fine details, surface defects, and textures11. Furthermore, digitization through laser scanning is a safe 
method that allows for the study of fragile artifacts without physical contact, unlike manual measurements or 
manipulations16.

3D models enable the creation of interactive representations, which students can rotate, scale, and explore 
from various angles17. Lost parts of artifacts can also be reconstructed,18 which is not possible with traditional 
approaches. This aligns with constructivist learning theory,19 which emphasizes active interaction with learning 
materials as key to better knowledge acquisition. A comparative analysis of the key characteristics of traditional 
learning methods and innovative technologies such as Laser Scanning and 3D Printing is presented below (Table 
1).

Research indicates that the use of digital technologies, such as virtual reality or 3D models, significantly 
enhances the learning experience20. This is achieved through (1) increased student engagement via interactivity;21 
and (2) enhanced spatial understanding of complex objects and their structures22. According to the cognitive 
theory of multimedia learning,23 combining visual and interactive methods facilitates better comprehension of 
complex information.

Thus, the application of Laser Scanning and 3D Printing in the study and preservation of Southeast Asian 
ceramic artifacts is justified by their technological efficiency, safety for the original artifacts, and the ability to 
create accessible and interactive learning materials. These approaches not only improve the learning process 
but also ensure the long-term preservation of cultural heritage in digital format, making them promising and 
significant for contemporary education and archaeology. In addition to the technical advantages, it is important 
to consider how the integration of these technologies into educational programs affects student satisfaction.

The relationship between instructional design and student satisfaction
Student satisfaction research in digital versus traditional learning is an important area of educational science, 
as it allows for the evaluation of the effectiveness of selected teaching strategies and their impact on academic 
outcomes24,25 Satisfaction assessment not only provides feedback for instructors but also serves as a tool for 
improving curricula26.

The design of the learning experience plays a crucial role in shaping satisfaction. According to Park and 
Kim,27 well-designed, thoughtfully organized content engages students and contributes to their satisfaction. As 
noted by Kwangmuang et al.,28 the integration of innovative approaches into the structure of learning materials 
can significantly enhance the student learning experience. 3D virtual learning environments can also influence 
satisfaction by improving the learning experience29,30.

Virtual simulations and three-dimensional imagery, in the context of cultural heritage study, increase student 
engagement and satisfaction through immersion31. However, the role of the instructor remains critical. Their 
competence in working with three-dimensional environments, their support, and their ability to collaborate 
flexibly with students are considered key factors for successful learning and student satisfaction32. Researchers 
also highlight that the quality and realism of 3D images significantly influence student satisfaction33. Realistic 
and engaging 3D images improve the learning experience33.

A number of studies34–36 emphasize the importance of a systematic approach to assessing satisfaction, which 
includes both the quality of interaction between instructors and students and the accessibility of learning materials 

Approach Traditional learning Laser Scanning and 3D Printing

Detailing of artifacts Limited (diagrams, photos, physical presence) High accuracy through 3D scanning

Accessibility of materials Limited to physical presence Global access to digital models

Security of artifacts High risk of damage Minimal intervention

Interactivity Low High (model manipulation, 3D printing)

Preservation of cultural heritage Reliance on physical media Creating reliable digital copies

Table 1.  Comparison of laser scanning and 3D printing with traditional Learning.
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and technological resources. In this context, standardized tools, such as the Course Experience Questionnaire, 
help measure key satisfaction indicators, including the quality of teaching, student support, and personal 
development37. These questionnaires are widely used in research37–39 as they allow for data systematization and 
the identification of relationships between the learning environment and student satisfaction.

Previous studies also emphasize the need to consider individual student characteristics. For example, 
researchers Pal and Patra40 and Tsang et al.41 highlight that demographic data, prior educational experience, 
and socio-economic factors can significantly influence students’ perceptions of the learning process in digital 
education.

Thus, digital technologies, such as Laser Scanning and 3D Printing, open new opportunities for engaging 
students in deeper study of cultural artifacts, allowing for interactive interaction with learning materials. 
This approach not only has the potential to make the learning process more engaging but also contributes to 
enhancing student satisfaction. In light of this, the study focuses on the following research questions (RQ): 
Does the use of 3D technologies influence student satisfaction with the course compared to traditional teaching 
methods (RQ1), and what individual student characteristics (gender, prior experience, age) affect satisfaction 
with a 3D technology-based course (RQ2)?

Methodology
The study was conducted using a quasi-experimental design with two groups: control and experimental. The 
theoretical part of the training was the same for both groups. The practical and laboratory classes of the Control 
group were conducted using traditional approaches, while the Intervention group used laser scanning and 3D 
printing during laboratory and practical classes.

Participants
The study involved second-year students enrolled in the “Archaeology” and “Art” programs at Guilin University 
of Technology, China. A total of 228 students participated in the course, randomly assigned to the Control 
group (n = 114) and the Intervention group (n = 114). The participants’ ages ranged from 18 to 26 years. The 
Intervention group consisted of 56 females and 58 males, while the Control group comprised 57 females and 57 
males.

Procedure
The course “Ceramics of China and Southeast Asia” lasted 15 weeks and consisted of lectures, discussions, 
and practical sessions focused on studying traditional methods of ceramic artifact preservation, as well as the 
integration of cutting-edge technologies. Both groups had two sessions per week, each lasting 1.5 h (one lecture 
and one laboratory/practical session). The same instructor, with 18 years of teaching experience, led the course.

The course was divided into 8 modules. Students were introduced to the fundamental ceramic manufacturing 
technologies and explored the development of ceramics in China and Southeast Asia from the Neolithic period 
to the present. A detailed course outline is presented in Fig. 1.

Both groups participated in practical and laboratory work, though the format varied depending on the 
methods used (Table 2). The Control group followed the traditional approach to practical and laboratory work, 
focusing on 2D analysis. The Intervention group utilized the latest three-dimensional technologies, including 
3D scanning and 3D printing, to create accurate digital representations of Chinese and Southeast Asian ceramic 
specimens.

Fig. 1.  The Course “Ceramics of China and Southeast Asia”.
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Students in the Control group were actively involved in modeling and reproducing traditional 
ceramic artifacts as objects of study, which elicited a much greater attention to the smallest details and 
characteristics of the objects. They also had the opportunity to participate in the process of recreating not 
only the finished product but also elements of the technical processes of ceramic production at various 
stages, which enhanced their understanding of the technology. Following the laboratory sessions, students 
in both groups were required to present presentations based on their acquired knowledge and their 
own projects, using 2D or 3D models to recreate specific artifacts, their history, the technology of their 
creation, and the cultural, historical, and artistic context. Following each module, students presented their 
instructors with a final project reflecting all the knowledge gained during the module and their reflection 
on their personal experiences.
During the course, instructors not only covered the course material but also provided feedback to students 
in class, while preparing their personal projects, and before module submissions. In the Intervention 
group, instructors, along with university engineering specialists, explained the use of 3D scanning and 
printing technologies to students and assisted them in creating their own models in class or individually 
at their own request, using a separate schedule for their own models and presentations. Students in the 
Control group received similar support with processing and creating 2D images.
The study utilized the Artec Space Spider 3D scanner (Fig. 2a). It has an accuracy of up to 0.05 mm and a 
resolution of 0.1 mm, which is important for ceramic artifacts with fine details and intricate decoration. 
It is also fast and allows for the creation of 3D models of medium-sized objects in a short amount of time. 
Additionally, this device is user-friendly and does not require complex calibration.

The study also used the Formlabs Form 3 + 3D printer (Fig. 2b). It has a print accuracy of up to 0.025 mm and 
a layer resolution of 25 microns, allowing for the reproduction of the smallest ornaments and texture elements 
of artifacts. It operates on the principle of stereolithography (SLA): using liquid resin, which ensures high detail 

Fig. 2.  Used equipment: a - Artec Space Spider, b - Formlabs Form 3+.
 Source: https://www.artec3d.com/, https://formlabs.com/.

 

Intervention group Control group

Practical work Training in working with the equipment (using Artec Studio for processing scans and 
PreForm for preparing for printing)

Using 3D models to analyze form, structure and decoration. Analysis of artifacts from photographs, diagrams, and 2D images.

Comparison of digital copies with archaeological data. Study of historical contexts of ceramics through textual sources 
and description cards.

Researching cross-regional impacts through modeling in digital environments. Discussion of features of styles and production techniques based 
on printed materials.

Laboratory work 3D scanning of artifacts to create digital models. Measurement of ceramic parameters (size, shape) from 
photographs.

3D printing of reconstructions to study texture, fabrication techniques, and functionality. Reproduction of ornaments in 2D (drawings, diagrams).

Experimental reconstructions that reproduced ceramics with possible use of local styles. Analysis of material composition based on chemical and 
geological descriptions, if available.

Table 2.  Topics of practical and laboratory work for the intervention and control Groups.
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and a smooth surface. It also features an intuitive interface and an automated model preparation process. The 
working chamber dimensions are 145 × 145 × 185 mm. The printer supports CAD files and models created with 
3D scanners.

Scales
Upon completion of the intervention after 15 weeks of classes, at the beginning of the 16th week from the 
start of classes on the course, students completed a survey. A standardized questionnaire was used to measure 
student satisfaction, adapted from instruments such as the Course Experience Questionnaire42 and other similar 
methodologies43,44 The questionnaire consisted of 20 items assessing various aspects of the learning experience, 
including Tutor Guidance & Support (7 items), Satisfaction (6 items), Content & Experience (4 items), and 
Collaboration & Activities (3 items). Each item was rated on a 0 to 5 Likert scale, where 0 = strongly disagree, 1 
= mostly disagree, 2 = slightly disagree, 3 = neutral, 4 = mostly agree, and 5 = strongly agree. For example, for the 
question “Overall, I am satisfied with the learning materials provided,” a score of 0 indicated that the materials 
were completely unsuitable, unclear, or absent, while a score of 5 indicated that the materials were perfectly 
prepared and fully met expectations and needs.

Additionally, on the same day as described above survey students were asked to report their age, gender, and 
prior experience with the use of three-dimensional imagery for educational purposes. This approach enabled a 
comparison of the effectiveness of the teaching design used in both groups and helped identify the key factors 
contributing to increased student satisfaction.

The graphical sequence of the methodological stages of the study is presented in Fig. 3.

Statistical data analysis
The data were tested for normality of distribution using graphical methods (histograms). Levene’s test indicated 
homogeneity of variances. An independent t-test (Student’s t-test) was used to determine differences in 
satisfaction scores between the control and experimental groups. The effect size was evaluated using Cohen’s d, 
where small effect = 0.2, medium effect = 0.5, and large effect = 0.8. A one-way ANOVA was employed to assess 
the impact of individual student characteristics, such as demographic data (age, gender) and prior educational 
experience. For the one-way ANOVA, the effect size was determined using partial eta squared (η2): small 
(η2 = 0.01–0.05), moderate (η2 = 0.06–0.09), and large (η2 at least 0.1).

Ethical issues
Participation in the study was voluntary. All participants were informed about the purpose and course of the 
study. Students participated voluntarily in the study and were informed before it began that they could withdraw 
from participation at any time. No personal information was stored or collected. The study received approval 
from the Guilin University of Technology Ethics Committee.

Results
The results of the confirmatory factor analysis are presented in Table 3. The second column of the table shows 
the factor loadings, the third column displays the Average Variance Extracted (AVE), and the fourth column 
presents the Composite Reliability (CR).

For Tutor Guidance & Support, the factor loadings range from 0.73 to 0.89, with AVE = 0.75 and CR = 0.91. 
For Satisfaction, the factor loadings range from 0.76 to 0.89, with AVE = 0.76 and CR = 0.93. For Content & 
Experience, the factor loadings range from 0.78 to 0.92, with AVE = 0.83 and CR = 0.94. Finally, for Collaboration 
& Activities, the factor loadings range from 0.81 to 0.86, with AVE = 0.75 and CR = 0.89.

Factor loadings greater than 0.70 are considered high and acceptable for confirming that each indicator is 
well explained by the corresponding factor45. All factor loadings fall within the range of 0.73–0.92. This indicates 
that each item is strongly associated with the corresponding latent variable and adequately reflects it. AVE values 
greater than 0.50 indicate high convergent validity, meaning that the indicators accurately measure the latent 
variable they are intended to represent45. CR values greater than 0.70 indicate high reliability45. In this case, CR 
values range from 0.89 to 0.94, confirming that the measurement instrument is stable and reliable.

Comparison of student satisfaction levels when using traditional teaching methods and laser 
scanning and 3D printing technologies
Descriptive statistics (M, SD) and the results of independent-sample t-tests between course evaluations by 
students in the Intervention group and the Control group are presented in Table 4. For the Tutor Guidance & 
Support scale, the Intervention group (M = 3.51, SD = 0.91) and the Control group did not show statistically 
significant differences (t = − 0.532, p = 0.107). Thus, the use of 3D technologies did not have a significant impact 
on ratings of tutor support and guidance. It appears that the instructor was equally effective in adapting to both 
learning formats, with the teaching methodology being the key factor rather than the technology.

For Satisfaction, the Intervention group (M = 3.80, SD = 0.83) rated significantly higher than the Control 
group (M = 3.42, SD = 0.81) (t = 3.498, p = 0.015). Participants in the Intervention group demonstrated a higher 
level of satisfaction, likely due to the interactivity and modernity of the 3D technologies. These methods appear 
to have increased interest in the learning process and contributed to deeper student engagement.

For the Content & Experience scale, the Intervention group (M = 3.94, SD = 0.77) significantly outperformed 
the Control group (M = 3.46, SD = 0.69): t = 4.957, p = 0.001. The use of three-dimensional technologies allowed 
students in the Intervention group to interact more effectively with the material, providing a richer learning 
experience. The ability to perform 3D analysis and experimental reproduction facilitated a more thorough 
understanding of ceramic specimens.
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For the Collaboration & Activities scale, the Intervention group (M = 3.89, SD = 0.74) also rated the course 
significantly higher than the Control group (M = 3.56, SD = 0.76): t = 3.322, p = 0.001. The application of modern 
technologies fostered better teamwork, as students were able to work together on digital models, discuss 
reconstructions, and analyze interregional influences. This may also be explained by increased engagement due 
to interactivity.

The influence of individual student characteristics on their satisfaction with the course
A one-way ANOVA was used to identify the factors influencing student satisfaction with the course “Ceramics of 
China and Southeast Asia.” A relationship was observed between participant satisfaction and gender (F = 11.24, 
p = 0.001), with a medium effect size (η2 = 0.08). The mean scores indicated that female students were generally 
more satisfied with the course than male students. Additionally, the influence of prior experience on satisfaction 
with the project was observed (F = 12.21, p = 0.000), with a medium effect size (η2 = 0.09). Participants with 
no prior experience in 3D visualization rated the project higher than those who had previously worked with 

Fig. 3.  Sequence of methodological phases of the study.
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3D images. No effect of participants’ age on course satisfaction was found (F = 1.77, p = 0.115). The lack of a 
statistically significant effect suggests that participants from different age groups rated the course equally equally, 
indicating its content’s universality.

Discussion
The use of advanced three-dimensional technologies (3D scanning, 3D printing) in the Intervention group 
significantly improved satisfaction, learning experience, and collaboration outcomes (RQ1). The obtained data 
align well with the conclusions of previous studies,17,22 which suggest that 3D models enable students to interact 
with learning material in a way that enhances their engagement and spatial understanding of complex objects. 
Additionally, the current results support the constructivist learning theory,19 which emphasizes the importance 
of active interaction with learning materials to improve knowledge acquisition. The data indicate a higher level 
of satisfaction with the course that incorporated 3D technologies compared to traditional methods. This is 
consistent with studies by Lackovic et al.31 and Violante et al.21 which demonstrate that interactive and visual 
elements significantly enhance the learning experience and increase student motivation.

Thus, the use of 3D scanning and 3D printing in the Intervention group facilitated a deeper understanding of 
the material through the analysis of realistic digital models and the ability to conduct experimental reproductions; 
fostered interactivity and student engagement in the learning process; and expanded competencies in working 
with modern technologies. The Control group, which employed the traditional approach (text analysis, diagrams, 
and photographs), was more limited in terms of practical interaction with the material, which impacted overall 

Intervention 
group 
(n = 114)

Control 
group 
(n = 114)

М SD М SD t p d Confidence Interval

Tutor Guidance & Support 3.51 0.91 3.60 0.85 −0.532 0.107 0.102  −0.265–0.47

Satisfaction 3.80 0.83 3.42 0.81 3.498 0.015*  −0.498 -0.871 –  −0.125

Content & Experience 3.94 0.77 3.46 0.69 4.957 0.001*  −0.657  −1.033 –  −0.28

Collaboration & Activities 3.89 0.74 3.56 0.76 3.322 0.001* 0.622  −0.812 –  −0.068

Table 4.  Descriptive statistics (M, SD) and results of independent-sample t-tests between course evaluations 
by students in the intervention group and the control group. * statistically significant at p < 0.05.

 

Factor Loading AVE CR

1. Tutor Guidance & Support

I am satisfied with the support provided by the instructor during the course. 0.73 0.75 0.91

My instructor responded to my individual support needs or directed me to appropriate resources. 0.77

The instructor demonstrated a detailed understanding of the course material, which helped me learn better. 0.89

The instructor’s extensive knowledge of the subject matter contributed to my understanding of the material. 0.81

The instructor provided useful guidance for preparing for practical work and laboratory work. 0.84

Contact with the teacher contributed to a positive attitude towards learning. 0.82

I felt the benefit of the teacher’s support 0.75

2. Satisfaction

I would recommend this course to other students. 0.89 0.76 0.93

The course met my expectations. 0.79

I enjoyed studying this course. 0.84

Overall, I am satisfied with the quality of this course. 0.87

Overall, I am satisfied with the learning materials provided. 0.76

The course was successful in terms of the effort and time invested in the study. 0.78

3. Content & Experience

I was able to work with the learning materials at a time that was convenient for me. 0.92 0.83 0.94

The learning materials were well integrated and supported my learning. 0.86

The method of presenting the learning materials facilitated my understanding of the topic. 0.84

The learning resources were easy to use and supported my learning. 0.78

4. Collaboration & Activities

Participating in collaborative projects or discussions helped me better understand the material. 0.82 0.75 0.89

Participating in digital/lab activities (depending on the group) helped me learn. 0.86

Doing exercises or assignments helped me consolidate the material. 0.81

Table 3.  Factor loading, average variance extracted, and composite reliability of the variables.
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satisfaction and engagement. This highlights the importance of integrating innovative methods into practical 
and laboratory activities to enhance the effectiveness of learning when studying cultural heritage.

Individual characteristics such as gender and prior experience influence course perception, while students’ 
age is not a significant factor (RQ2). This aligns with the findings of Pal and Patra,40 Tsang et al.41 and who 
emphasize that demographic and socio-economic factors have a significant impact on the perception of digital 
learning environments. The results regarding gender and prior experience could serve as a basis for further 
course improvements. For instance, it may be beneficial to consider the specific interests of male students and 
more experienced participants to enhance their satisfaction. The lack of an age effect is viewed as a positive 
aspect, as the course is likely designed to be accessible and engaging for audiences of various ages.

The application of 3D technologies enables global access to digitized artifacts, which corresponds with 
the observations of Qureshi et al.20 regarding the enhancement of the learning experience through resource 
availability. As noted by Pintore et al.,18 the ability to reconstruct lost parts of artifacts makes these technologies 
particularly valuable for cultural heritage preservation.

Thus, the integration of 3D technologies can transform the learning process, making it more effective, flexible, 
and appealing to students of varying levels of preparation. Realistic 3D models contribute to a better understanding 
of the material compared to traditional drawings or photographs. This is facilitated through visualization and the 
ability to visually analyze the intricate details of artifacts through their accurate reproduction, as also observed 
in this study. Using 3D models and simulations, training can be conducted to model real research conditions, 
preparing students for practical work. This is an important conclusion not only for cultural heritage education 
but also for engineering and natural sciences, where objects have complex structures and compositions.

It’s important to emphasize that the proposed intervention demonstrated that the most crucial issue for 
replicability and scalability—technology availability and faculty training—is resolved more easily than expected. 
Given the cost of a 3D printer, technology at the required level is readily available to virtually any university, and 
training technical support specialists in departments takes just a few lessons. This is due to the rapid reduction 
in cost, proliferation, and attractiveness of these technologies. Young undergraduates, graduate students, 
and departmental lab assistants are interested and motivated to learn 3D modeling and printing skills, and 
many universities already have such technologies. Some researchers have already indicated that 3D printing 
technologies will rapidly penetrate university practice for the reasons described here29,31.

This study has potential limitations. Since the survey relied on self-reporting by participants, it imposes 
certain limitations related to the potential social desirability of the responses and potential response bias (in 
the form of social desirability bias or response bias). These limitations should be mitigated in future studies 
using objective measurements of participants’ knowledge and cognitive abilities during classes and through 
triangulation with validated similar measures.

The relatively small sample size may reduce the generalizability of the results to a broader student population. 
The use of a survey to measure satisfaction may have led to socially desirable responses or biased evaluations. 
The short duration of the study may not have fully reflected the impact of the technologies on student learning. 
Long-term monitoring is needed to assess the sustainability of the results. Students may have shown increased 
interest in the learning process due to the novelty of the technologies, which could have temporarily influenced 
their satisfaction. This effect may decrease as the use of 3D technologies in education becomes more widespread. 
The cost and availability of modern equipment may limit the scalability of the study.

Conclusions
The use of 3D technologies, such as laser scanning and 3D printing, has been shown to be an effective tool for 
increasing student satisfaction with the learning process. Students who worked with these technologies rated the 
course “Ceramics of China and Southeast Asia” significantly higher in terms of satisfaction, learning content, 
and collaboration compared to the group that studied using traditional methods. Individual characteristics of 
students, in particular, gender and previous experience, had an impact on the perception of the course, which 
confirms the need for individualization of educational approaches in the context of using the latest technologies. 
The use of 3D technologies in teaching can be an important tool for teachers who seek to provide more interactive 
and visual learning in fields such as archaeology, art history, and cultural heritage conservation. There is a need 
to develop curricula that include the use of new technologies to improve understanding of complex topics such 
as history and art, particularly in the study of cultural artifacts. Since individual student characteristics can affect 
learning effectiveness, it is important to implement differentiated approaches to the use of technology in the 
educational process, adapting them to different categories of students.

Future research should focus on examining the impact of different types of 3D technologies (e.g., various 
types of scanners or 3D printers) on the quality of learning and student satisfaction in different educational 
contexts. Additionally, future studies could explore the long-term effects of using 3D technologies on students’ 
knowledge and their ability to engage in self-directed learning. Comparative studies investigating the impact of 
3D technologies on students with diverse academic backgrounds and experiences would also be promising, as 
they could help develop more personalized educational strategies.

Data availability
All data generated or analysed during this study are included in this published article.
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