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Abstract

:

Immersive Virtual Reality (IVR) has proven to be an important tool for the exploration and communication of architectural projects prior to their real construction; however, there have been few scientific advances of its use in the understanding, exploration, and definition of architectural space by architecture students in their initial design processes. The purpose of this research is to determine how the use of IVR incorporated in the initial phases of the architectural design process improves, among students, the achievement of three specifics design competencies, and to know the evaluation that professors make of the advantages and disadvantages of the use of this tool in the design process. A mixed methodology was applied, considering participatory observations and surveys of students and teachers concerning the initial architecture workshop on architectural careers. It was found that the three analyzed competencies are better achieved with the use of IVR due to its high utility in the perception of space on a real scale and in its interior experimentation, both referred to as important advantages by students and teachers. It is concluded that the application of the interactive and immersive VR is a pedagogical tool that allows students to get feedback from their own spatial experience to correct and improve their designs, while teachers find the tool useful in the initial phases of architectural design.
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1. Introduction


One of the main activities in the training of an architect is design [1]. As an activity, it involves decision-making based on solving spatial problems [2]. Sullivan points out that decision-making consists of several methods that are used to solve a problem or generate a new opportunity [3]. In this sense, among the several activities that are carried out in an architecture workshop there are drawing, presentation, evaluation, and sketches grouping, among others [4]. Moreover, Kaur, Mantri, and Horan mention that an architecture student must have some skills in the problem-solving process, as well as fair knowledge of design [5]. However, students often experience difficulties in externally representing their ideas in 2D drawings or 3D models. Apparently, the causes of these difficulties focus on the non-understanding of design problems, the application of instructional materials, or the external representation of design ideas using traditional tools [5]. Regarding this, in recent decades, technological progress has been providing tools that allow the designed space to be expressed and experienced faster, on a real scale, and in a more realistic way. A powerful tool that current technology offers is Immersive Virtual Reality (IVR), which allows the architect to explore and communicate more ideas in the design process compared to conventional methods. This tool also allows the architect to experience the feeling of “being in the place” rather than “looking at the place”. In this way, experiencing a full-scale replicated environment can improve ideas in the design process [6]. As the student’s intentions and imagination overlap in the virtual model space, IVR becomes a tool to better understand the design problem and deepen the materialization and experience of the space. From this perspective, the current advances presented by IVR lead to a reassessment of the teaching methods of architectural design in architecture workshops and of the teacher’s role in proactively facilitating these changes through the study, application, and communication of this technology.



1.1. Immersive Virtual Reality


The beginning of virtual reality occurred in various fields of computer science during the 1950s and 1960s, especially in the field of interactive 3D computer graphics and navigation simulation in vehicles and flights [7]. The term “Virtual Reality” was coined in 1992 by Jaron Lanier [8], and it generally means a three-dimensional visual or sensory artificial environment, modeled and simulated by a computer with the help of interactive devices that send and receive information and with which a person can interact [7]. Depending on the level of interaction with the artificial environment, two extremes of Virtual Reality can be recognized, one immersive and one non-immersive, with a space in between for Augmented Reality and Mixed Reality (Figure 1).



Non-immersive Virtual Reality is one in which the content is displayed through a computer screen, TV, or mobile phone and no additional equipment is required as in Web-based virtual environments and video games [9,10], or, on the other hand, IVR, where users have to wear a head-mounted display or other devices and are completely surrounded by the virtual environment.



According to Schroeder’s definition [11], two of the most important characteristics of virtual reality are immersion and interaction; immersion is understood as the perception of being physically present in a non-physical environment that is created with images, sounds, or other stimuli that provide a totally absorbing environment and interaction, understood as the natural action that occurs between the user and the virtual environment. These characteristics position IVR as more beneficial than the non-immersive Virtual Reality.




1.2. IVR in Education


The idea of using IVR in the field of education has always been present since its inception because it allows for the possibility of learning and training in a safe environment, where authentic real-world situations can be recreated or even create new situations and virtual experiences [12] and where students face challenging situations with the possibility of repeatedly practicing new skills in an environment that allows for correction and failure without danger [9]. This important advantage of IVR coupled with the greater accessibility of the required software and hardware has made it even more attractive for learning and for the field of education in general, so much so that it has been described as a technology of great help to 21st century learning [13]. Another study [14] mentions that students retain more information and are better able to apply what they have learned after IVR training. It is therefore understandable that researchers, organizations, and educators are seriously considering this technology and looking for ways to include it in the classroom to improve the teaching and learning processes. The increasing academic attention to VR technologies has led to comprehensive reviews of VR applications for education [9,15]. For example, Merchant et al. [15] focus on desktop VR in education, while Jensen and Konradsen emphasize the application of HMD (more immersive and interactive) technologies.



On the other hand, it is important to recognize that the first practical applications of VR-based training appeared in the 2000s, in the defense, aerospace, and automotive industries [16]. VR is increasingly used in the military for methods, strategic analysis, and training in conflict situations [17]. The US military has used real-time visual simulation to support carrier landing training, emergency flight training, and air-to-air combat [18]. Another area where VR has been applied intensively is in medical science training, where VR is used, for example, for surgical or diagnostic training [19]. The use of VR technology opens new areas in the teaching and practice of medicine and biology by allowing visualizations to be manipulated with an intuitive immediacy similar to that of real objects. In a virtual environment, the user can view the scene from any point of view, objects can be dynamic, and the scene and objects can be interacted with by engaging other senses such as touch and hearing (or even smell) to enrich the visualization [20]. Numerous studies have used virtual environments to simulate situations that are too dangerous to practice in real life, for example, to teach fire safety techniques [21]. Other applications of training based on these environments can be found in engineering education in universities and industrial companies, e.g., training machine tool operators, assembly processes, or handling heavy equipment [19].



However, unlike the other three fields in which IVR is introduced such as research and development, healthcare, and industry, it is education, the field in which the tendency in the future is to decrease [22]. This prediction may be due to the fact that in most cases when IVR is used in education, it has been strictly based on the use of technology itself as a simple tool with few concepts or structural educational models [8] that support the educational process, in many cases becoming the immersive experience, itself a distractor from the learning task. Despite this, in cases where other approaches such as game-based attempts have been merged with IVR environments, a promising future has been glimpsed because they can improve learning and training methodologies because users engage in those learning environments as active participants, allowing for the development of exploration-based learning paradigms [23]. In addition, Jensen and Konradsen [9] have shown that IVR is useful for the acquisition of cognitive skills related to the recall and understanding of information and spatial and visual knowledge; psychomotor skills related to head movements, such as visual exploration or observation skills; and affective skills related to the control of the emotional response to stressful or difficult situations.




1.3. IVR in Architecture


IVR has spread widely in the field of architecture by allowing users to immerse themselves in a digital universe or in the simulation of an unbuilt project [24]. The specific subfields in which IVR has developed the most are Architecture, Engineering, and Construction (AEC). At the same time, great progress has been made in health and safety in construction, in the formation of teams and operational tasks [25], in the management of facilities, in the review and inspection of buildings [26], and in the evaluation of preliminary projects, among others, due to multisensory approach [26]. For architecture, the visualization of the proposals and solutions of the projects is very important for the understanding of the different stages in the design process [24,27,28]. Therefore, there is a constant search to increasingly incorporate the use of immersive technologies [29]. While it is true that virtual environments were adopted originally and mainly as a technology for the visualization and presentation of architectural designs, by the time, research has made important contributions to the development of practices such as the discovery of non-accessible spaces, the evaluation of the quality of the space before its construction, simulations of user behavior [30], to the acquisition of a better understanding of proposals and designs of solutions, the interaction of participants with the projected environment, and the improvement of the perception of spatial compositions [24]. Finally, it has also facilitated communication in the process of a design project and efficiently supported participatory design in decision-making [31]. The importance of the teaching of architectural design is explained in the following section.




1.4. IVR in the Teaching of Architectural Design


The use of IVR in the teaching of design, urbanism, construction, and other academic areas of architect training has not been much studied in the light of new learning theories [32], nor has the issue of learning experience been specifically addressed, but the importance of evaluating its usability to improve the effectiveness of applications is emphasized [33]. Among the experiences of the use of IVR in the teaching of architectural design, two types stand out: virtual tours in heritage contexts, and the development of projects in virtual spaces [34], both types take advantage of the important characteristic of this technology, which is the realistic and real-scale visualization of architecture. This enables new ways of studying and interpreting old constructions and construction projects, and even new paradigms of virtual architecture, free from the physical restrictions existing in traditional architecture [35]. However, most research does not take advantage of the characteristics of free creation of forms that give rise to architectural spaces.



It is necessary to design pedagogical processes and more research to consolidate the importance and influence of IVR in the teaching of architecture, and that they close the gap between professional use, education, and research [30]. In the literature review, there is an apparent resistance to deepening the use of IVR in the academic field [36] either because educational institutions are not yet able to adapt to this rapid development of tools to support creativity [37] or for other reasons. Despite this, there is an important advance as reported by Ummihusna and Zairul [38] that confirms that in the teaching of architecture, IVR has a positive influence on students in: (i) affective development, facilitating the performance of learning in terms of commitment, expectations, motivation, immersion, confidence, and level of satisfaction; (ii) cognitive development, improving the ability to apply knowledge and understand spatial qualities, facilitating imagination and the enrichment of creativity, and improving self-assessment and critical thinking. To all this, Jensen and Konradsen [9] add that psychomotor development, related to the movement of the head, such as visual exploration or observation skills, is also a positive result.



In addition, much of the research shows that IVR use has important advantages in the teaching of design, including (i) exploring and expressing ideas in the design process in comparison to traditional methods [39]; (ii) significantly influencing the creativity of the design process [37]; (iii) allowing for immediate feedback to be given to designers, which is not possible within other three-dimensional models [39]; (iv) simulating the feeling of presence in a virtual space similar to a real physical space [32,40,41]; and (v) reflecting and understanding the architectural sensory experiences of the designed space, leading to significant results [42]. From this perspective, its application also allows for exploratory experiences suitable for research tasks [23] oriented to a reflection of the relationships and spatial experience of complex designs, stimulating design in a holistic way through the human experience itself [43].



However, in order for IVR to become a tool that achieves the aforementioned, it must be achieved that (i) students, rather than being passive observers, must become active users by developing exploration-based learning paradigms [23] and (ii) students must be able to create their own content rather than just using IVR as a simulation tool [9]. If this is not achieved, it can be the case that, as has been shown in several research studies [44,45], non-immersive virtual learning scenarios can achieve greater learning than IVR scenarios. Therefore, it is recommended for optimal learning with IVR to avoid virtual interactions irrelevant to the learning task and to train students not only in basic concepts but also in the use of the virtual interaction tools themselves [46].



It is clear that research is demonstrating the importance of IVR in the architectural design process; however, the findings reported previously have concentrated almost entirely on realistic virtual tours on a real scale [35], and those who experimented with the development of projects in virtual spaces [34] have done so in the intermediate and final phases of the design process, i.e., in the preliminary project or the project design development, which are the initial phases of the design process known as the conceptual design and schematic design, the phases that do not thoroughly explore the use, application, and benefits of this technology. It is in these phases that architectural designs are actually created; the concept begins to become space through the creation of space-configuring elements and their manipulation to qualify the space. Here, a gap in knowledge may be found, which at the same time poses a challenge, since teaching and learning this according to a new paradigm of virtual education implies a change of mentality for IVR as a means and not an end in itself. To do so, a new culture needs to be created to make sense of where virtual representation media are valued as practical taxonomies to achieve an enriched and updated dialogue to “visually express” what is being created in architecture [34].




1.5. Justification


In the classical teaching–learning of architectural space that takes place in university design workshops, drawings, models, and three-dimensional digital models are used to understand the space, to configure it, and to perceive it; however, these forms of learning are allocentric, i.e., they are given in the third person and do not allow the space to be experienced as such, i.e., as in the case when a person apprehends a space in the first person and in an egocentric way by living it, walking through it, and experiencing it [47]. Therefore, the teaching of the design of architectural space is limited by this lack of direct perception of the spaces that are being designed, which mainly allows the new student to understand the space he or she is designing in order to configure it in a better way.



From the philosophy and theory of architecture, architectural space is conceived of as a communicative act intrinsically mediated through perception [48]; thus, the teaching–learning process of architectural space must have the purpose of promoting an integral reading of the codes of this language. Here, it is important to emphasize that human beings do not perceive the physical world but the psychological construct that depends on their own relationship with the environment [49], i.e., their previous experiences. So, since perception identifies the participation of context, personal experience, and expectations [50] as determining categories in the phenomenological construction of architectural space [49], the experience of living and experiencing it is recognized as another way in which the student learns architecture and precisely resorts to that experience to analyze a space or design it [51]. If the models and three-dimensional models explained above are added to the deficiency of drawings, along with situations that make it impossible to experience built spaces directly, or the students’ previous personal experiences are very limited, then the traditional way of teaching the design of architectural space will show serious shortcomings in its purpose.



In summary, IVR is a significant tool in the teaching of architectural design because it also allows one to experience the sensation of “being in the place” rather than “looking at the place” and thus to experience a full-scale replicated environment to enhance ideas in the design process [6]. As the student’s intentions and imagination are superimposed on the virtual model space, IVR becomes a tool to better understand the design problem and deepen the materialization and experience of the space [52]. However, even more important is the possibility to create each configuring element of the space in order to understand what is being designed. This is of utmost importance, especially in students who start in the career of architecture because it allows them to engage in an egocentric experience of space in its real dimension, which opens them up to a more holistic expression and imagination of space [53,54]. From this perspective, the current advances presented by IVR lead to a rethinking of the methods of teaching architectural design in architectural workshops and of the task of teachers to proactively facilitate these changes through the study, application, and communication of this technology and to interact at the time of providing feedback, which helps them to discover possible hidden errors [25].




1.6. The Purpose of the Research


The purpose of this research is to determine how the use of Immersive Virtual Reality incorporated in the initial phases of the architectural design process can help students to achieve the competences of configuring a space, qualifying a space with the use of light, color, degree of enclosure, and materials and to design a volumetric composition with aesthetic principles. A second objective is for the professors in charge of teaching the first-year architectural design subject to carry out an evaluation of the advantages and disadvantages of using this tool in the design process.





2. Methodology


This study was carried out as part of the Architectural Design Workshop subject in the first year of the architecture degree. The aim was to introduce students to the knowledge of space, thus helping them understand its configuration, its qualification, and its role as a fundamental element of architecture. To this end, their training is based on learning through discovering and constructing spatial ideas, which allows them to gain knowledge based on their own experiences of sensibility and tangible objects that are materialized through graphic expression and models. From this perspective, the exercises are designed to develop their ability to perceive and interpret the principles and structures that organize a space, culminating in a simple spatial solution. The subject assumes themes that involve theoretical foundations on composition, form, configuration, and spatial perception, as well as considering the theme of context in the synthesis exercise of the subject. The methodology involves the following stages: (i) research on the subject and context; (ii) analysis and interpretation on the information obtained; (iii) a concept approach, after an understanding of the design problem; (iv) decision making based on critical reflection; and (v) materialization of the object. An important aspect that has been observed in this process is the difficulty that students have in beginning to materialize their concept through diagrams, through graphics, and in the model, and to understand and perceive what they are beginning to create.



In the specific case of the research, the assignment was to design an ephemeral architecture of a recreational and playful nature to be installed in the courtyard of a colonial house with a strong historical connotation and whose current use is the dissemination of art and culture. The competencies to be achieved in the experimentation were:




	
Being able to configure a space through vertical elements, ceilings, and floors: we want to know how students understand and perceive the elements that they are building and that configure their space, i.e., the vertical elements such as walls and columns, and the horizontal elements such as ceilings, roofs, and floors, which together configure their final space and that, being immersed in the virtual space and on a real scale, they can immediately reformulate.



	
Being able to optimize the architectural space using light, color, degree of enclosure, and materials: we want to know how the students understand and perceive that the entry of light into the space, the greater or smaller enclosure of the space, and the use of colors and materials give a different character to the space, which they understand and perceive better when they are inside the it, experiencing it.



	
Being able to design a volumetric composition with unity and aesthetic experience: we want to know how the students understand and perceive if the final form of their space maintains principles of aesthetic composition and how the egocentric perception of that form, i.e., the perception of the space on a real scale by final users walking through, touring, and appreciating the space as pedestrians, changes with respect to the initial perception obtained from the models and drawings.








Therefore, the design process considered the first moment of research on the issue (ephemeral architecture). A second moment considered the analysis and interpretation of the premises indicated and the place of installation. With all of this, the students elaborated on their first conceptual idea, which was expressed in drawings, texts, and models. It is from this moment that the use of IVR was considered as a tool to create architecture, make improvements, and get feedback in real time of what was being designed and constructed virtually.



2.1. The Participants


For the experimentation of the pilot study, 12 students in their first year of architectural studies at San Agustín National University in Peru were recruited (they participated voluntarily). In the recruitment of students, an archetype was defined with the following characteristics: having passed the first two courses of design and architectural drawing; being highly familiarized with computer technologies; having an interest in video games; not suffering from color blindness or epilepsy; and not having an easy tendency to dizziness, nausea, or migraine. Out of the 76 first-year students recruited, only 12 of them fit the profile. The students participating in the pilot study were six women and six men, and their average age was 19.5 years old.



Furthermore, for the evaluation of the results, the 14 specialized architectural teachers in the subject of basic architectural design (of the first year) of the same university were invited, of which only 12 participated.




2.2. Measuring Instruments


An ad-hoc questionnaire was designed to be applied after the experience of designing with IVR in order to know the opinions of the students participating in the pilot study. The questionnaire included three questions. The first one was a closed question. The students had to sort by relevance the six aspects that had most influenced their design using IVR. The aspects were: (a) perception of a building on a real scale, (b) experiencing the interior space, (c) interaction with the existing environment, (d) experimenting with 3D shapes, (e) perception of light and shadows, and (f) experimenting with different materials. The second and third questions were open-ended. The students had to mention two advantages and two disadvantages of using IVR in their design process.



For the evaluation of the usefulness of IVR in helping students to achieve the competences of configuring a space, qualifying a space with the use of light, color, degree of enclosure and materials, and designing a volumetric composition with aesthetic principles, a grade sheet was created based on the rubrics that teachers often use to evaluate in the architectural design course. This grade sheet had five evaluation criteria: (i) the idea or concept, (ii) the configuration of the space, (iii) the qualification of the space, (iv) the composition of the form, and (v) the graphic representation in two or three dimensions. However, it was only criteria 2, 3 and 4 that would directly assess the contribution of IVR. The evaluation had a 20-point-based scale (see Table 1).



Finally, for the evaluation of the advantages and disadvantages of the use of this tool in the architectural design process, another ad-hoc questionnaire was designed with seven questions to know the opinions of the teachers evaluating the pilot study.



The first four questions used a five-level Likert Scale to determine the usefulness of using IVR in the four most important stages of architectural design, which are: (a) conceptual design, (b) schematic design, (c) preliminary project, and (d) project.



The fifth question was the same question that appears in both the student and the teacher questionnaire, where they must sort by relevance the six aspects that had most influenced the design of the students using IVR. The aspects were: (a) perception of building on a real scale, (b) experiencing the interior space, (c) interaction with the existing environment, (d) experimenting with 3D shapes, (e) perception of light and shadows, and (f) experimenting with different materials.



Finally, the last two questions were open-ended questions in which teachers were asked to indicate two advantages and two disadvantages of using IVR in the student design process.




2.3. Experimental Design


The experimental design was classified into four phases. In a preliminary session, the 12 participants were informed about the objectives and intentions of the experiment, and the schedule of activities, and their informed consent to participate in the study was requested. Figure 2 shows the sequence of the four phases:



The first phase required students to propose a conceptual design of an ephemeral architecture for recreational purposes to be installed in the patio of the colonial-style house called “Chávez de la Rosa” in the Historic Center of the city of Arequipa. For this, two architect professors explained for 45 min the problem of the design, the place, the program, the user, and the definition and examples of ephemeral architecture and its usefulness in historic centers. After that, for 120 min, the students worked on their conceptual design in the traditional way, that is, with handmade sketches and explanatory texts. Each of them presented their proposal and then received feedback from both professors, who were experts in basic architectural design. Figure 3 shows the assignments carried out by each of the 12 students.



In the second phase, the students were required to devise the schematic design of the ephemeral space that they had proposed and begun in the first phase. Based on the feedback of phase one and their own reflections, the 12 participants drew and created a model with cardboard (see Figure 4). In the session with the same two teachers, they re-presented their proposals and received feedback again. Students were asked not to make any more changes to the paper sheets or models, but they could make changes in the third phase using IVR.



The purpose of the third phase was for the students to continue the schematic design of phase two but this time in a virtual environment and with the help of the Google Tilt Brush application. Before starting the design using IVR, the students were given brief training for fifteen minutes to learn about the basic tools of the software and to adapt to the virtual environment. After a brief three-minute pause, each participant was asked if they felt any discomfort related to the presence of cyber disease. No student reported discomfort, so we continued with the experimental phase of continuing the schematic design using IVR for a period of 60 min, with an intermediate pause of five minutes to ask again of any symptoms or discomfort related to the use of HMDs. Before starting the design with IVR, the images of the designs made in phase two and the built environment of the colonial house where the new ephemeral architecture was to be created were uploaded to the Tilt Brush platform (Figure 5). The task was to use the tools of freehand strokes, straight strokes, and other tools for the creation of various shapes, as well as the color palette and the scaling tool. At the end of the session, the students were administered questionnaire 1 to know their opinions of the use of the tool on the schematic design they had made.



Finally, the fourth phase consisted of the presentation and explanation of each student of the results obtained in the three phases. The protocol for this phase was as follows: each student presented their conceptual and schematic design using traditional methods (phase 1 and 2) for five minutes and answered questions for two minutes, and then the 12 evaluating teachers established a grade based on the grade sheet. Immediately afterwards, the same student presented this same design for three minutes but this time helped by the three-dimensional model hosted on the Sketchfab platform. The student turned the model, toured it, entered the space, and flew over it to better show the final result created in IVR. After the explanation, the same 12 teachers re-graded the design using the same grade sheet. In the end, the 12 students and teachers completed questionnaire 2 to record their appreciation and opinions about the use of the tool in schematic design.





3. Results


The results obtained in the first questionnaire applied to the students are shown in Figure 6. The students expressed, valuing the questions on a Likert scale of 5 levels, that the perception of architecture at full scale and the experimentation of the interior space are the most relevant aspects of the use of IVR when they are designed, while the effects of light and shadow and the perception of the constructive materials were considered the least relevant aspects.



Students’ views on the use of HMDs and IVR for design are shown in Figure 7. Among the advantages that are considered the most important over the use of IVR in architectural design is the possibility of perceiving the space on a real or natural scale; this is the most highly rated advantage. The other advantages have fewer mentions but are equally important.



Furthermore, regarding the question of mentioning the most important disadvantages found in the design experience with IVR, they mentioned as the most relevant the lack of mastery and management of the Tilt Brush application used with haptic controls, followed by the discomfort of prolonged use of HMDs and three other disadvantages, which can be seen in Figure 8.



The second questionnaire applied only to teachers; it was established in the first instance that most specialist architects consider that the use of IVR in architectural design is more useful in the final stages of the design process, that is, in the preliminary and final project, and less useful in the conceptual stage, as shown in Figure 9.



Figure 10 and Figure 11 show, according to the teachers’ point of view, the advantages and disadvantages of using IVR in schematic design. For them, the greatest advantages are the experimentation of the interior space and the possibility of touring the building; the major disadvantages are the short training time with the Tilt Brush tool and the short amount of time available to access this type of technological tool.



Finally, Figure 12 shows that professors have observed a higher rate of achievement of competences 2, 3, and 4, which means configuring a space through different elements; qualifying a space with the use of light, color, degree of enclosure, and materials; and designing a volumetric composition with aesthetic principles when students use IVR as a design tool, compared to results using traditional methods such as two-dimensional drawings and models.



The Shapiro–Wilk normality test determined that the items used in the rubric do not have a normal distribution, so for comparison, the Wilcoxon test was used. On the other hand, the overall scores did show normal distribution (p > 0.05), so the Student’s t-test was used for paired samples.



Table 2 shows that there are statistically significant differences in the qualification of item 3 (space qualification, Z = −2.724; p = 0.006; and rbp = −0.952) with a large effect size and in that of item 5 (graphical representation, Z = −2.070; p = 0.038; rbp = −0.421) with a moderate effect size. In both items, the scores after having used IVR are significantly higher.



Moreover, Table 3 shows us that in terms of the overall rating, there are statistically significant differences between before and after the use of IVR (t = −3.517; p = 0.005; and d = −1.015) with a large effect size, indicating that there are higher ratings after the experimental sessions.



The individual rating of each project before and after the use of IVRs can be seen in Figure 13. In all cases except for the second and seventh students, grades remained the same or improved.




4. Discussion


The students’ experience of designing a small architectural space in a virtual environment allowed them to assess six architectural features proposed by the research team. The two best-valued characteristics that have a mutual relationship were the perception of building on a real scale and experiencing the interior space. As mentioned in the introduction, IVR technology allows one to improve aspects of architectural design by the ability to show the elements on a real scale [28,55,56] and by allowing the user to perceive of the space in an experiential way [32], which allows one to incorporate the human experience in the design [43].



Moreover, after having designed the architectural space using IVR, and before an open question, the students agreed that the most relevant advantage was the possibility of perceiving the space designed on a real scale, and secondly, they established the possibility of visualizing the real environment in the virtual space, while it could interact in such an environment, which in this case with the walls and floor of the colonial courtyard, as well as the blue sky. Again, two characteristics of IVR are highlighted: one was that it allowed experimental learning, by allowing first-person experiences, and the other was that it improved the ability to learn from the environment, not only by observing it but also by interacting with it [32].



The other advantages that were less mentioned are important to comment on since they refer to the fact that in virtual environments you can experiment with new shapes, and greater geometric freedom, which can be executed easily and quickly, in addition to being able to be effortlessly corrected. These three advantages mentioned by the students lead us to recognize that two-dimensional drawing (which in many cases is a limitation for some students), when using IVR, becomes a three-dimensional and natural construction of the object or space; therefore, the drawing becomes design, and the design becomes the construction of the architectural space.



At the end of the students’ survey, they established that the most important disadvantage of using IVR in their design process was the short time of use and therefore the lack of mastery of the software used for design in IVR (Tilt Brush). We believe that this disadvantage can become a strength after doing a few more hours of training. The second and fifth disadvantages most named by the students—the discomfort from long-term use, and dizziness and eyestrain—are negative effects of the use of virtual reality that, along with other symptoms, are known as simulator disease or cyber disease. In this case, it did not happen beyond the mentioned references, and this must be taken into account because if they appear, they could skew the results of the other dependent variables [57]. The other two disadvantages were the deficiency to achieve greater accuracy of the strokes and the deficiency to represent materials more realistically. Both disadvantages mentioned by the students are not aspects that should be evaluated in this experimentation since it has been intended to achieve a schematic design where precision and realism are not important; on the contrary, a less realistic and less precise representation should be the archetype of the schematic design.



From the systematic review carried out by Ummihusna and Zairul [38], it is clear that most of the research that used IVR in architecture education as a means of exploration was applied from the third year for the architectural design process in the phases of the preliminary and final project [33]. That same trend was collected from the 12 master architects when they mostly opined that IVR can be more useful in the final two phases of architectural design. However, after having evaluated this pilot study, there were 9 of 12 architects who have opined that this technology can also be extremely useful for schematic design reasons for this pilot study.



The two advantages that have been most mentioned by the evaluating architects have been the experimentation of the interior space and the possibility of walking in and through the space; both are characteristics that only IVR can provide and that from the pedagogical point of view are of great importance. Teachers agree with students that the main disadvantage is the little time spent on training and on using the app in experimentation. Teachers recognize that greater mastery of the application would allow for better responses in the same design process and final results. The second-most-considered disadvantage was the lack of accessibility to this technology. In Latin America, it is very difficult to find a virtual reality laboratory that allows more experiments with larger populations.



Regarding the quantitative evaluation carried out by the specialist teachers, it has been found that the item with the highest rating before and after the use of IVR was the graphic representation. The graphic representation in phases 1 and 2 refers to the two-dimensional drawing that students already master after having completed their first year of studies and having taken subjects such as architectural drawing and descriptive geometry. In phase 3, i.e., after designing using IVR, graphical representation refers to the presentation of the design in three dimensions. In immersive environments, this ideal conception of drawing as an experience of architectural creation happens naturally, where drawing means projecting at the same time [58] and where drawing three-dimensionally freehand has proven to be suitable and have great potential for drawing the preliminary ideas of schematic design [59]. The drawing, in turn, represents design, and this is in turn represents the “virtual” construction of space.



As for the architectural design itself, after evaluation with the same grade sheet, the results showed that the qualification of the space using light, color, degree of enclosure, and materials displayed a significant improvement of large effect in the score obtained after using IVR, compared to that shown with two-dimensional drawings and the models of phases 1 and 2. This aspect is very important in architecture because the internal space cannot be fully represented in any form, neither learned nor lived, but through students’ own experiences [60] and virtual reality it has brought them very close to this, so that they have learned this competence in a better way.



Statistically, the other items evaluated have not represented a significant improvement. However, the evaluating teachers established that the three-dimensional model resulting from the design and freehand drawing in 3D using IVR allows for a better perception of the volumetric composition and its aesthetic experience (item 4), as well as a better configuration of the space through vertical elements, and horizontal elements such as ceiling and floor (item 2).




5. Conclusions


The introduction of IVR in the schematic phase of the architectural design process of a small-scale ephemeral architecture by students in the first year of architecture studies has important academic and pedagogical advantages over the traditional method using drawings and models. The main advantages found by the teachers are the possibility of experimentation of the space in the first person, and the possibility of touring the building internally, which is closely related to the main advantage expressed by the students, which was the perception of space on a real scale. This advantage provided by IVR, thanks to the immersion and presence, is of high pedagogical value because it allows students to better understand what they are designing, contrast their proposals with the built environment where it will be located, and rethink it immediately and easily based on the direct feedback they receive from the virtual three-dimensional design. The most significant disadvantage encountered by both teachers and students is the limited training and use that was offered to operate the software used to virtually design, but this turned out to be more of an opportunity for improvement.



The quantitative rating using a grade sheet made by the teachers of the design using IVR was superior and statistically significant compared to the evaluation made on the traditional design. This finding allows us to conclude that the advantages expressed by teachers and students are significant and objectively influenced the design. This means that of the three competencies studied, the competency of the qualification of the space using light, color, degree of enclosure, and materials further strengthens this important advantage of IVR of allowing the experimentation and perception of the space designed on a real scale. Another item that has shown statistical significance has been the graphic representation of the design, which allows us to conclude that drawing or graphically representing a small architectural design using IVR implies building it in three dimensions, which allows for better and more efficient communication of the design, which is the main function of all graphic representation. It so happens that in IVR, the process of drawing in three dimensions is, in turn, a design process, and this, in turn, is a process of building space.



Finally, we can conclude that teachers have found a useful tool in the use of IVR during the conceptual design phase that is almost comparable to the usefulness that has been appreciated through research in the phases of the preliminary and final project.



We consider as future work the incorporation of IVR into the conceptual phase of design and the comparison of ephemeral architectural proposals in public spaces in Historical Centres in Peru, Mexico, and Spain. We also consider as future work the comparison of the results of the perception of first year students with those students in their final years who have had more training in design.
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Figure 1. Immersive and non-immersive Virtual Reality. 
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Figure 2. The four phases of experimental design. 
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Figure 3. The first phase: a conceptual design by the 12 students, using the traditional method. 
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Figure 4. The second phase: a schematic design by the 12 students, using the traditional method. 
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Figure 5. The third phase: a schematic design using IVR by the 12 students, on the Sketchfab platform. (https://sketchfab.com/johnbel/collections/rv4 (accessed on 18 February 2022)). 
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Figure 6. The IVR items that most influenced the design, according to students; on a Likert scale of 0–5. 






Figure 6. The IVR items that most influenced the design, according to students; on a Likert scale of 0–5.



[image: Buildings 12 00518 g006]







[image: Buildings 12 00518 g007 550] 





Figure 7. The most highly rated advantages of using IVR in design, according to students. 
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Figure 8. The most highly rated disadvantages of using IVR in design, according to students. 
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Figure 9. The most highly rated usefulness of IVR through the various phases of architectural design, according to teachers. 
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Figure 10. The most highly rated advantages of using IVR in design, according to teachers. 
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Figure 11. The most highly rated disadvantages of using IVR in design, according to teachers. 
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Figure 12. The qualifications of the five items before and after the use of IVR in design. 
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Figure 13. Individual qualifications before and after using IVR. 
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Table 1. The grade sheet for a before and after design using IVR.
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N°

	
Items

	
Max. Points






	
1

	
Communicates a conceptual idea linked to the ludic and recreational theme

	
5




	
2

	
Configures a space through vertical elements, the ceiling, and the floor

	
4




	
3

	
Qualifies the space using light, color, degree of enclosure, and materials

	
5




	
4

	
Designs a volumetric composition with unity and aesthetic expertise

	
4




	
5

	
Represents graphically the design in 2D or 3D, in a comprehensive way

	
2




	
Total

	
20
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Table 2. A comparison of the rating of each grade sheet item before and after using IVR.
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n = 12

	
Mean

	
DE

	
Z

	
p

	
rbp






	
Item 1

	
Pre test

	
3.375

	
0.5691

	
−0.632

	
0.527

	
-




	
Post test

	
3.458

	
0.6201

	

	

	




	
Item 2

	
Pre test

	
3.167

	
0.3892

	
−1.633

	
0.102

	
-




	
Post test

	
3.333

	
0.4438

	

	

	




	
Item 3

	
Pre test

	
3.375

	
0.6784

	
−2.724

	
0.006

	
−0.952




	
Post test

	
3.958

	
0.5418

	

	

	




	
Item 4

	
Pre test

	
3.083

	
0.2887

	
−1.933

	
0.053

	
-




	
Post test

	
3.375

	
0.3108

	

	

	




	
Item 5

	
Pre test

	
1.708

	
0.3965

	
−2.070

	
0.038

	
−0.421




	
Post test

	
2.000

	
0.0000
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Table 3. A comparison of the final rating before and after using IVR.
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	n = 12
	Mean
	DE
	t
	gl
	p
	d





	Pre test
	14.708
	1.7117
	−3.517
	11
	0.005
	−1.015



	Post test
	16.125
	1.5393
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