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As a new medium in modern education, virtual reality technology has stimulated the changes of pedagogical practice and added further opportunities for experiential learning. The immersive and interactive experience of VR fits seemingly well with practical subjects such as Creative Design. Design-related courses in secondary education usually appeal to the students with their practical elements, which also help in developing a student's creative and cognitive ability. The dual coding learning theory states that the learning process can be improved by using the symmetrical visual and language systems of the left and right hemispheres. This paper presents a novel teaching framework that combines classroom learning with VR technology. We devise the course structure based on Bloom’s Taxonomy and fill in knowledge and skills related to 3D Design. In collaboration with a local school, we implemented and delivered the proposed course to a group of students. After the course, we use questionnaires and interviews to collect and analyze the attendees’ feedback. The results show that the interactive experience in VR coincides better with the students’ perception of 3D conceptual design. The teaching methods are also well-received by them. Based on the findings, we suggest that immersive VR technology is a promising tool for developing practical courses such as product design and development.
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INTRODUCTION
Design is one of the important subject areas included in STEAM education (Science, Technology, Engineering, Art, and Mathematics). Many educators believe that STEAM education can improve aesthetic appreciation and achieve the effect of interdisciplinary collaboration so as to cultivate students’ creativity and critical thinking (Prezhdarova and Pastarmadzhieva, 2020). Graham (2020) argued that design education naturally integrated art, science, and technology to improve a student’s cognitive and practical skills. Design education shall thus be a comprehensive concept that connects “imagination” and “planning” to achieve “purposeful creation” (Zhang, 2018). The elements of a successful learning process should include the effective teaching modes, appropriate teaching tools, and the arrangement of teaching activities (Laurillard et al., 2013). These elements are required educators to balance the relationship among the three in the process of curriculum arrangement. In terms of design education, the conceptual knowledge and design practice are intertwined in cultivating students to establish the understanding of design technology.
The Dual Coding theory (DCT) proposed by Paivio (1991) puts visual and verbal cognition in equally-important positions for learning new knowledge (Liu et al., 2020). Mayer and Anderson (1991) found that the learning effect of verbal or visual interpretation alone was not as good as that of coordinated interpretation combining verbal and visual interpretation. By utilizing the visual and verbal systems that are symmetrical in both the left and right hemispheres of the brain, a student’s learning process can be significantly improved (Suh and Moyer-Packenham, 2007). With the emergence of immersive technology, the learning process can be enriched by including more channels of information (Barari et al., 2020). Dahlstrom and Bichsel (2013) stated that one critical issue of technology uses in education was the educators’ ability to integrate technology seamlessly into the pedagogical framework. Educators shall design a learning experience to meet the learners’ needs but simply introduce new technologies as an isolated agenda. Many studies have shown that Virtual Reality can positively influence students’ learning result in design (Allcoat and von-Mühlenen, 2018; Meyer et al., 2019; Radianti et al., 2020). For example, combining immersive VR with 3D modeling so that students could learn with a more intuitive and responsive process (Bruno et al., 2007; Jimeno-Morenilla et al., 2016; Liang et al., 2016; Camba et al., 2017; Hamurcu, 2018; Shih et al., 2019). VR technology could also help motivate the students in secondary school (Tang et al., 2020) and bring a new perspective to the course delivery. The immersive visual experience provided by VR seems to enhance the visual content of DCT theory, especially in the field of design education, which has specific requirements for 3D space understanding.
As a learning medium, VR is advantageous in letting students interact directly with design models, thus simulating better the physical manipulation in reality. However, according to the review in Radianti et al. (2020), most of current research focused on developing different VR learning applications. Moreover, many related courses used desktop-based panoramic imagery, instead of immersive display, to provide simulated training of specific tasks (Lin and Hsu, 2017), which may not be suitable for students at the early stages of learning design, where heuristics, divergent thinking, and intermediate reflection often take place. The design course of secondary education is committed to inspiring students’ design thinking and understanding, and the way of introducing VR technology into the education process and the degree of achieving the expected education effect are worth discussing. In this paper, our study was initiated in response to the following questions: 1) how to embed immersive technology in the design course of secondary education for students to learn basic design expression skills? 2) how do the students evaluate their learning experience and achievements after completing the design course based on VR? We aim to: 1) bridge the subject learning and immersive learning with a proposed pedagogical framework, 2) analyze the students’ needs and evaluate such a framework to inform design educators who wish to integrate immersive VR technology into their teaching. The rest of this paper is structured as follows: “Related Works” presents the current research in dual coding theory and VR education. In “Methodology”, we elaborate the proposed pedagogical framework and course structure. The course feedback collected through the questionnaires and interviews are analyzed and discussed in “Analysis and Discussion of the Learners’ Feedback”. We then conclude the work in “Conclusion”.
RELATED WORKS
Dual Coding Theory and Learning Style
Many researchers proposed teaching methods suitable for different types of learners and integrated them into educational practice (Demirbas and Demirkan, 2003; Kvan and Jia, 2005). Several studies also showed that when the teaching mode matches the students’ learning style, a better learning effect could be achieved (Mahlios, 2001; Stanberry and Azria-Evans, 2001; Ogden, 2003; Lovelace, 2005; Naimie et al., 2010). On the other hand, Pashler et al. (2008) found that only few studies supported the direct effect of learning style on student performance. Most of these studies are based on experiential learning theory (Demirkan and Demirbas, 2008; Amran et al., 2011; Muscat and Mollicone, 2012). The results are often related to individuals and difficult to be accounted for a unified teaching mode. Cuevas and Dawson (2018) argued that learning style was not necessarily an effective element in teaching, whereas the dual coding theory might be more beneficial to developing teaching approaches. The DCT puts forward a hypothesis that memory information is processed by two interconnected coding (verbal and visual) systems (Paivio, 1991). In other words, DCT promotes an individual’s innate capability of encoding the information into verbal and visual systems, and the dual processes are interrelated but functionally independent (Hodes, 1998; Cuevas, 2016). This claim is mainly based on the brain’s left and right hemispheres to work in parallel, the left processing language, the right processing visual-spatial information. Some studies found that when both hemispheres of the brain were activated, the comprehensive processing of information would improve people’s memory performance (Funnell et al., 2001; Gazzaniga, 2005). To validate DCT, most studies focused on comparing abstract vocabulary comprehension and recall (Sharps et al., 1996; Jessen et al., 2000; Mazoyer et al., 2002; Welcome et al., 2011). A large number of verbal stimuli could lead to cognitive overload and partial information loss. Visual information stored separately could achieve the additional effect of memory retention. In Jessen et al. (2000), the researchers found that the participants’ visual performance were related more to 3D spatial stimuli, rather than 2D images. Similarly, Funnell et al. (2003), pointed out that human spatial perception depended mostly on visual processing. In terms of design education, visual information is very important in students’ judgment on shapes and forms, which in consequence influence their understanding of design concepts.
Virtual Reality in Education
Emerging technologies such as VR create new learning opportunities, strategies, and methods. Dabbagh (2003) pointed out that the learning effect relied on the good co-ordination of education modes, learning methods, and teaching tools. VR technologies can be regarded as a teaching tool for delivering education. The interactive learning feature provided by VR can enhance a learner’s creativity (Fowler, 2015; Cai et al., 2019; Barari et al., 2020), which benefits design education. Krokos et al. (2019) showed that students could better apply their knowledge after using VR for practice. Barari et al. (2020) proposed that VR-aided teaching approaches could access the learning objectives at different levels in Bloom’s taxonomy.
Many studies have verified and recognized the application influence of VR in training (Stone, 2001; Lee and Wong, 2008). Liang et al. (2016) built a designer-oriented VR system for students majoring in industrial design, which is different from the traditional commercial software on the market, to help students better understand industrial design. Similarly, Nguyen and Dang (2017) proposed a model for educators to build the structure guidelines of the educational application by using VR and AR. Lin and Hsu (2017) used desktop-VR to improve the content of architectural education courses and got better feedback from students. Chung et al. (2020) explored the ability indices of VR technology on the teaching of a welding practice course and verified the effectiveness of the teaching modes. In particular, Jones et al. (2016) indicated that VR technology has the ability to attract students by improving the teaching content that students are interested in, which can let the VR distinguish from the traditional learning approaches.
Similarly, VR has been applied to secondary education by many research. Jensen and Konradsen (2018) systematically reviewed the past literature and concluded that the advantage of VR for STEAM education is to provide an effective way to improve new perception technology to enhance students’ learning motivation. Maheshwari and Maheshwari (2020) showed that VR enables students to interact with 3D objects, conducive to visualizing conceptual knowledge and making students understand it more comprehensively. Zhang et al. (2020) found no significant difference between VR and traditional teaching media unless the unstructured knowledge is delivered and the use of VR reduces the learning pressure of some students. On this point, Sulaiman et al. (2020) also found that VR as a teaching tool can promote students’ learning of physics concepts that are difficult to understand in secondary school. In addition to design courses, Guerrero et al. (2016) combined the geometry interface created by VR to provide a higher level of knowledge in secondary school geometry learning, which was also confirmed by Brinson (2015). Due to the weak of the learners’ interest in STEAM education in secondary school, Bogusevschi et al. (2020) agreed that VR could improve the students’ enthusiasm in the courses.
Meanwhile, some research focused on applying 3D software like CAD to enhance their perception of the creative skill for design education (Wang, 2001; Sampaio et al., 2010; Dinis et al., 2017; Nguyen and Dang, 2017). However, these studies are designed for students with a particular design basis, many of them are designed for college students or students with specific skills, but they are relatively complex for students in secondary school. Nevertheless, these studies also prove the benefits of VR to design education. Noel and Liub (2017) indicated that the developed focus of design-based STEAM education is to encourage students to create design solutions and implement design thinking into secondary education, providing a primary foundation and skills for future professionals engaged in the design and knowledge-based industries. Therefore, as for design education in secondary school, inspiration and exploration are the key points of curriculum design.
METHODOLOGY
Overview
Virtual Reality can be useful to education, but the premise to achieve this effect is the appropriate combination of delivery modes and tools. We hope the curriculum design can reflect the way students master how to express and present the design concepts with VR. Our goal is to provide a complete pedagogical framework, including the whole VR-based design curriculum from planning to implementation. This research takes the students in secondary education as the target learners. We propose a pedagogical framework embedded with VR technology. The whole research process is shown in Figure 1. Based on the idea of DCT, we gathered the relevant content and set the general delivery modes of the course. Bloom's taxonomy is then used in the development of the course structure as the basis to ensure the rationality of curriculum design. Finally, we collected the students’ feedback through questionnaires and interviews to evaluate the proposed course. We aimed to use VR to induce the students’ imaginative and expressive abilities contributing to basic “design expression” skills.
[image: Figure 1]FIGURE 1 | Research Flowchart.
The learning goals and objectives for students can be summarized as follows:
1) Understand the basic conceptual and operational knowledge of VR;
2) Understand the concept of design and its process;
3) Have the ability to use VR to express/generate design concepts in 3D forms
Course Attendees and Arrangement
This study was carried out with a collaborated local school. Our courses were delivered for three class groups of students in the first grade (age of 13–14) in this secondary school. A total of 72 students (37 males and 35 females) from the three classes (23 in the first class, 24 in the second, and 25 in the third) participated in the study. We implemented the pedagogical framework as a technical course that lasted for 15 weeks with one contacting hour per week for each class group. The designated classroom includes four activity spaces with VR devices (two sets of HTC Vive and two sets of Oculus rift), as well as a spacious lecture area. Two teaching staff contributed to the delivery of the course.
Course Design
Course Content
As discussed earlier, DCT stated that students could better understand the knowledge and concept through verbal and visual system processing (Cuevas, 2016). We invited three teachers with the industrial design background to participate in the focus group to extract the design course content, summarize and analyze the verbal and visual content in these course content. Most of the students who attended the course were novice learner who did not possess knowledge of design but only interests. The focus is, therefore, to develop the students’ creative thinking by using VR. Zhang et al. (2020) pointed out that educators should pay more attention to the inquiry skills cultivation. The design course’s main content is 3D model design, which is mainly because activities such as design and prototype construction help to cultivate students’ creative thinking and problem-solving ability (Siew, 2017). VR’s stereo perspective can meet the 3D space and intuitive operation mode needed by 3D model design. The 3D design selected in this course is not a simple design activity but an exploratory design project. Therefore, the course requires students to master the technology of operating 3D models and to cultivate their ability to deal with the whole design process.
We adapted the DCT design framework proposed by Liu et al. (2020) and generated the content layout accordingly. According to the discussion results of the focus group, the verbal content mainly involves some relevant design theories or design concepts that are difficult to understand. We used the visual materials to help students better understand the meaning of some theoretical terms and design theories, which first need some figures and design cases to explain. Besides, for the content of 3D space perception mentioned in the verbal part, a VR environment is needed to guide students to learn. As shown in Figure 2, to help students achieve a better cognitive performance in storing and processing information, we specified the linguistic-based content and the visual content and their corresponding deliveries in our course. For example, as shown in Figure 3, we built the basic visual 3D modeling and model explosion diagram of the product model. Through three groups of pictures to show the students the modeling process or the back-stepping process of the design. To help students quickly analyze the product shape, understand that product design is not only focused on the concept of shape but also considers the combination and assembly effect of 3D geometry. In this part of the course, we focus on the analysis of product modeling. We chose to use relatively less complex geometry and product models. In the content of the collection, we focus on the analysis of product modeling.
[image: Figure 2]FIGURE 2 | The content structure of the course.
[image: Figure 3]FIGURE 3 | The lecture of 3D modelling based on DCT theory to express the modeling principle.
Pedagogical Framework
Our pedagogical framework is based on Bloom’s taxonomy revised by Anderson and Bloom (2001). Bloom (1956) created a taxonomy of six elements in learning and classified the common educational goals, to ensure the rationality of the framework and students can master all stages of the cognitive field in learning. The revised taxonomy defines the six elements as the six processes of remembering, understanding, applying, analysing, evaluating, and creating. This study aims to develop the necessary education process and teaching indicators for the design curriculum of secondary school, in order to achieve the required learning objectives. The proposed pedagogical framework is shown in Figure 4 and described in Table 1.
[image: Figure 4]FIGURE 4 | The pedagogical framework 
TABLE 1 | Pedagogical framework based on revised bloom's taxonomy.
[image: Table 1]1) Introduction to VR: For learners without VR experience, exploring a 3D virtual environment may lead to cognitive overload (Pellas and Boumpa, 2017). The premise of implementing this course content is that students can skillfully use VR equipment. In the initial stage of the course, we introduce VR related knowledge and the basic operations of VR systems. This introductory stage lasts about 3 weeks. This content of this part mainly corresponds with the three fundamental processes in Bloom’s taxonomy. We adopt the mode of half teaching and half practice in the first 3 weeks of the course. The teaching part mainly involves the development and characteristics of VR technology, which is carried out on memory and maintenance content in the cognitive field. The practice part is a course for students to experience VR so that students can cross-use two different VR devices provided by our classroom, and implement the teaching content into the practice process, which will enhance learners’ understanding of VR. The practice process will promote learners to the third level, that is, the application of knowledge.
2) 3D design basics: Because the theme of the course is about 3D design, the students need to establish a conceptual understanding of design and its process. We arranged manual activities, instead of sketching or computer operations during this period, to let students think in 3D without the limitation of a 2D plane, which is also the essence of introducing VR as a means of design education. This stage lasts about 4 weeks. The first 2 weeks of the design course mainly include the theory and process of 3D design, which also involves the stage of memory and understanding. The design process of the 3D model can be regarded as the modification and assembly of the models, so we arranged a manual course to collage and assemble the geometry models to deepen students’ understanding of the 3D model. This stage involves the understanding and application of bloom taxonomy.
3) Project assignment: Sims and Shreeve (2012) advocated that the process of art design education is “dialogic,” which means that the interaction process between students and teachers, students and knowledge content, and students and students is continuous. This session dedicates to a group assignment to achieve the “dialogic” learning effect in group members’ cooperation. The course form is similar to the design studio. The students are asked to think about the design theme and create it with the VR equipment. We do not want to limit the students’ creative scope, henceforth the open theme. The students work as groups till the completion of the projects. In order to complete the design project, we need modelling software using virtual reality technology, which can create 3D models in the virtual environment and modify and optimize them. We incorporate a VR modelling software freely available online (produced by Google) for the students to express and refine their ideas and design concepts to produce the final models. The software can support the use of Oculus and HTC Vive, and other devices to meet the type of equipment in our classroom. In addition, this software has a friendly tutorial in the initial use stage, which undoubtedly helps students to understand and be familiar with the operation method of the software more quickly. Vande Zande et al. (2014) pointed out that design education can help students develop the ability to solve problems through the design process. At this stage, the students need to consider the design goals, how to implement them, and the distribution of the work among group members. They play the role of designers, experience the design process, and learn how to cooperate with each other. In the design activities of students modeling by VR software, students apply the design knowledge and the way of using VR devices to the design activities according to the previous learning. The cognitive stage of their self-evaluation accompanies the process of students modifying and improving the design project.
4) Assessment: At the end of the course, we organize a class demonstration. Each group shows their design outcome and gives a presentation about their design concept and design process in turn. The other groups together with teachers to evaluate and discuss these design works. The assessment stage lasts 2 weeks. In the first week, we conduct the assessment activities, and students will get their design feedback. In the next week, students will optimize their design work based on their feedback. During the 2 week cognitive process, students use critical thinking to evaluate other people’s works, and at the same time, combined with the evaluation results, students reflect on their design to create new value.
Course Assessment
Considering that this is an introductory design course in secondary education, we arrange mainly class exercises and one final group project in the course. The theme of the project is open and not graded by paper-based examination, which aims to quantify the degree of their design work (Takala et al., 2016). In terms of assessing, we focus on the students’ understanding of design process and basic working knowledge of VR, instead of the aesthetic quality of the design work (Bevins and Price, 2016).
ANALYSIS AND DISCUSSION OF THE LEARNERS’ FEEDBACK
We collected the students’ feedback via both quantitative and qualitative means. After 15 weeks of teaching, a questionnaire survey was given to each student who attended the course. The questionnaire focused mainly on students’ self-learning and reflection on their experience in the course. The questionnaire contains a series of statements attached with the Likert-type of scale. Each statement is to be rated with one to five points, in which one represents a strong disagreement, and five represents a strong agreement. The questionnaire’s design is designed and revised based on the research of Kuo et al. (2017), which has great potential as a reference tool for educational institutions to evaluate the implementation and practice of innovative education. The total 12 statements are shown in Table 2. The content of the questionnaire involves three dimensions:
1) the feeling of VR (Q1, Q9, Q11);
2) the understanding of course content (Q2, Q4, Q5, Q6), which also reflects the evaluation of DCT-based course structure;
3) the experience and feeling of the design course (Q3, Q7, Q8, Q10, Q12)
TABLE 2 | The feedback questionnaire.
[image: Table 2]For the qualitative feedback, we carried out a follow-up interview to explore further the students’ attitudes and ideas towards the course.
Questionnaire Data Analysis
The questionnaire was distributed to each student who attended the course to collect students’ opinion and feedback of the design course. Therefore, a total of 72 questionnaires were collected. After removing those of uncompleted or completed with highly-disruptive responses, 60 of them were considered as the valid data for further analysis. We run a reliability test with the valid responses. As shown in Tables 3Tables 4, the resulted Cronbach’s Alpha value is 0.869, which indicates the responses are highly consistent and supported with statistical significance (p < 0.05).
TABLE 3 | The reliability analysis of the questionnaire.
[image: Table 3]TABLE 4 | The validity analysis of the questionnaire.
[image: Table 4]The readers are kindly recalled that in our questionnaire, rating of one is “strongly disagree” and that of five is “strongly agree”. As a result, the higher a statement’s average rating, the stronger the students’ agreeableness to the statement. The descriptive statistics of the ratings are shown in Table 5. The overall ratings (ranged from 3.38 to 4.48) indicate that the students gave positive responses to the listed statements. Among them, Q9 scores the highest. The students agreed that using VR to carry out 3D design is a reasonable approach. Despite the overall positive responses, Q1 and Q5 received relatively lower ratings. The students might have certain hesitations in claiming their confidence of expressing design ideas with VR and the mastery of the taught content. We thus focused on these two aspects in the follow-up interview.
TABLE 5 | Mean plot of the questionnaire results.
[image: Table 5]Pearson correlation analysis was used to establish the correlation among the responses. The correlation coefficients are collated as the correlation matrix shown in Table 6. It can be seen that all the responses to the statements are positively correlated, though some of them are statistically insignificant. We found a positive correlation between Q1 and Q5 (r = 0.503, p < 0.01), which shows the mastery level of the taught content increases or decreases with the VR expressive skills. Moreover, Q1 and Q2 have the highest correlation (r = 0.607, p < 0.01). This implies that if a student is confident in using VR to express design ideas, he or she perceives a more complete design process. Q3, Q11, and Q12 (r = 0.535, 0.506, and 0.557) also have the higher positive correlations with Q2. Experiencing the design process are tied in with the empowerment of creativity, the aid of VR, and the incorporated teaching methods. These phenomena support our initiative of embedding VR technology in teaching design. And for most students, the pedagogical framework does help them achieve the set learning outcomes of this design course.
TABLE 6 | Correlation matrix of the questionnaires.
[image: Table 6]Q3 is strongly correlated with Q4 (r = 0.608, p < 0.01), in which case exhibits the highest correlation among all the responses. The perceived creativity changes in accordance with the understanding of design. It is worth mentioning here that no significant correlation was found between Q4 and Q11. However, the correlation between Q4 and Q1 is high (r = 0.582, p < 0.01). Most of the students who think they understand design better (Q4) can express ideas better with VR (Q1), while there does exist some students who may not achieve their understanding through VR. Q5 and Q6 are correlated with all the other items. That is, if a student thinks he or she has a good command of learning content and communicating the design ideas, the student also feels confident with the other statements.
Q8 investigates the subjective evaluation of one’s design outcome. It has the positive correlations with Q5, Q6, and Q7 (r = 0.292, 0.292, and 0.258). This shows that the students who are satisfied with their design results grasp the content and communicate their ideas better in the design process. Q9 probes the students’ attitude towards the implementation of design through VR. Its positive correlations with Q3, Q6 and Q10 (r = 0.332, 0.348, and 0.353) are another evidence to support our VR-aided approach to teach design. Although the descriptive statistics shows that Q9 has a high mean rating, there is no significant correlation between it and Q1. We hypothesis that even though students recognise the usefulness of VR in design, it does not necessarily mean that they can confidently use VR for design. This seems to be true in most cases, where the appreciation of a value does not always lead to the practical skills manifesting that value.
Q10 explores the students’ acceptance of our pedagogical arrangements. It has a strong correlation with Q11 and Q12 (r = 0.506 and 0.416). This reflects that the students agree with the VR-aided approach and the fitness to their learning habits. The positive correlation between Q11 and Q12 (r = 0.557) also further supports this finding. On the other hand, the correlation between Q12 and Q5 (r = 0.479) confirms that the learning modes based DCT can enhance the students’ understanding and retention of the taught knowledge.
Interview Result
After the questionnaire survey, we randomly selected 28 students for a follow-up interview. As one of the most effective methods to collect data, interview can provide abundant data and making meaning (Warren, 2002). We adopted semi-structured interview in a one to one setting and mainly talk about the experience of the course. During the interview, we observed that almost all the students accepted VR technology as a good teaching aid. The students’ positive attitude can be verified with the following quotes from the interview:
“I feel authentic in the process of using it for it is easier to generate the design.”
“VR can easily concretize what I have imaged, which is impossible to do in the physical process.”
“I will soon learn how to use it.”
“In addition to painting and handcraft, I have mastered a new design skill.”
As mentioned in the questionnaire analysis, in the interview, we focused on the students’ responses related to Q1 and Q5. Some of them did not think they could skillfully use VR equipment to complete the design concept. After the interview, we found that the main cause of this phenomenon is the exposure time. Because the project is based on group work, each student’s role and task in the group might not be so clear. As a result, the average usage of VR could not be guaranteed. Some students said that they did not have enough time to learn more functions of VR. So, they did not think they carried out their design tasks well. This seems to explain why the mean ratings for Q1 and Q5 are not as high as those of the other statements. In our course, we tried not to intervene in the distribution of tasks within the group. That seems to have caused the nuances of student experience.
We also interviewed the students about their understandings of the course as a whole. The response is satisfactory. Many students mentioned the words, “helpful” and “clear”, when describing their overall feelings. For example, in the following quotes:
“The combination of lectures and practices can help us understand better the course’s content.”
“If it is was a design course based on painting, it might not be able to show your ideas well because of the lack of painting skills. In that case, VR naturally works in 3D and intuitive for implementing ideas.”
In our class observation, we noticed that VR quickly provided a visualized mean for the students to analyze and reflect on their design works. The peer’s evaluation could also be used as the direction of updating and improving the work.
Many students naturally associated this course with the design courses they had experienced before and made the comparison. Although those courses were not aimed at 3D design, there were some shared principles and practices:
“Traditional design courses are taught by copying and practicing, but VR can give more fun to them.”
Most students think that the VR-aided teaching mode is more in line with their learning habits. They appreciated the immersion and interaction provided by VR so that they felt less cumbersome in comparison with using the traditional 3D software.
“We learnt how to use VR at the early stage in the course, which reduces the learning task for the later design process.”
“The feeling of design is imaginative and playful. VR can help us achieve that.”
Two interviewee students gave suggestions to the course arrangement. They thought that the class time was short. Sometimes, a design task could not be completed by the end of a class. In the week after, they felt that they could not follow up with the previous design flow well. In addition, they thought it would be helpful to receive the evaluation and feedback on the progress made in the previous class.
CONCLUSION
VR technology introduces more possibilities of education. However, its educational applications should adapt to learning objectives with a coherent design strategy. In design courses, the expression and communication of design ideas are two essential elements. Our study aimed to embed VR technology in the teaching of those elements for 3D design. In our proposed pedagogical framework, we ensure the VR-aided teaching approach covers students’ remembering, understanding, applying, analysing, evaluating, and creating processes stated in the Bloom’s taxonomy. The students’ feedback shows that they are satisfied with the approach that helps them understand the design process and communicate their design ideas. The immersive viewing and interaction modes of VR fit well with the students’ cognitive process of making and manipulating 3D models, which in turn enhance their design expression skills. Our findings indicate that immersive VR technology may be particularly suitable for educating practically-oriented subjects such as product design.
According to the analysis and discussion of the course feedback, we sum up the possible future work of this research. The Likert-scale analysis shows that some students still have some problems of using VR software because of the varied usage time. In the following development of the course, we shall arrange more exercises with set goals to use VR for design. In the meantime, we will investigate more user-friendly VR-based 3D manipulation software. Although we chose not to intervene the task arrangement within each group in current course, it is important to make each student feel involved in the whole design process. One possible solution is to have formative assessments requiring students to report and explain their contributions along the process. This also allows the teaching staff to give intermediate feedback more frequently. While we attempt to give more freedom to and empower the students’ creativity, the guidance from the teachers can provide certain assurance of the learning progress and help optimize their design outcome.
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