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Abstract: This research paper has defined and applied a new approach to develop and optimize 

augmented reality-based metaverse environments for learning construction and rehabilitation in 

architectural studies. This research paper is part of a broader project that aims to improve the learn-

ing process of architectural students by approaching construction and rehabilitation realities to the 

classroom in a feasible and pedagogical way. The approach has been applied successfully to develop 

a new environment with augmented reality that allows teachers to carry out activities using com-

puters, tablets, cellphones and smartphone headsets in classrooms. Students’ satisfaction regarding 

the new environment is high, though there is room for improvement. The assessment of this new 

environment has involved both questionnaires and a multicriteria decision-making method which 

have holistically evaluated the new proposal by achieving complementary results. The main ad-

vantages of this new environment are in terms of application and inclusion, while its weaknesses 

will be solved in future steps that will introduce both mixed reality, to enlarge students’ perception 

and comprehension, as well as neuroeducation, to diminish students’ potential annoyances and dis-

satisfaction. 

Keywords: metaverses for learning; digital transformation; architecture education; augmented  

reality; teaching innovation  

 

1. Introduction 

In numerous countries, teaching construction is one of the current teaching chal-

lenges in architecture and civil engineering. Students often find it difficult to understand 

how architectural elements (structure, foundations, façades, etc.) materialize construc-

tively, since they are often hidden in current buildings. Most related learning materials, 

which show these elements using images and texts, have proven to be inadequate for ar-

chitecture students [1], so site visits have become very important. However, site visits to 

building works have several drawbacks, such as security risks that must be covered with 

specific insurance or transport to places that are not always accessible by public transport 

[2]. 

This can be improved by the application of digitization in the world of architecture 

education, favored by a context where students are digital natives, with the incorporation 

of augmented reality visits to works in a metaverse environment that can complement 

traditional media. Metaverses, immersed and interactive environments [3] represent a 

new paradigm based on technologies such as augmented reality (AR), mirror worlds 

(MWs), virtual worlds (VWs) and lifelogging [3,4]. 
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1.1. Literature Review 

Metaverse is a term from the end of the 20th century that has been and is still being 

redefined at present. As Davy Tsz Kit (2022) states “educational researchers have used this 

term to describe how learners engage and socialize in the metaverse using digital technol-

ogies such as augmented reality (AR), virtual reality (VR) and mixed reality (MR)” [5–7] 

(the complete list of abbreviations used in the text can be found in Appendix A). This re-

search paper considers metaverse from a general point of view, considering it as an envi-

ronment for students to engage by means of digital technologies such as AR [7]. The ap-

plication of AR can additionally provide students with the opportunity to engage in the 

real-world context, which supersedes teaching methods that are confined and restricted 

to traditional classroom learning [8]. 

The use of the metaverse in education is expanding rapidly, despite the fact that sci-

entific articles that describe it are still few. In 2022, Inceoglu et al. [9] reviewed scholarly 

studies scanned from the Web of Science and Scopus databases, identifying 128 publica-

tions by searching the word metaverse, though only seven of these papers were related to 

the field of education. Most of these studies focused on VWs, and quite a few focused on 

ARs, but very few focused on MWs or life logs.  

The field in which metaverse application in education has been studied the most is 

in higher education in general (62.9%) [10]. Regarding specific disciplines, 53% of studies 

focus on natural sciences, mathematics and engineering, while the least number of pro-

jects focused on the fields of architecture or civil Engineering.  

Much has been written, specifically, about virtual reality (VR) focusing on teaching, 

due to its dynamic characteristics for the teaching and learning processes, its updated and 

organized contents as well as its easy interaction between the teacher and the student. 

Virtues in the use of VR are highlighted, such as its dynamism and the promotion of crit-

ical thinking, socializing participation, collaboration, interaction and communication 

when learning [11]. 

There have been interesting reviews on the application of AR in education in general, 

such as those by Chen et al. [12] or Hajirasouli et al. [8], and papers discussing the use of 

AR experiences to develop students’ higher-order thinking capabilities [13].  

It has been proved that, generally, learning in the metaverse has multiple advantages, 

such as its potential to explain complex or abstract concepts, performing rich immersive 

educational experiences for learning by doing and interacting in a dynamic and amusing 

way [14] as well as providing social learning and long-distance exchanging of information 

[9,15], which are related to the characteristics required for transnational education [16]. 

Learning in the metaverse allows unrestricted time and space, personalization and pre-

vention of academic misconduct through blockchain technology, and constitutes a teach-

ing revolution as, with the help of tools for analyzing big data and educational behaviors, 

teachers can assign students complex, personalized homework that can help them become 

more independent [17]. Metaverse environments provide an integrated holistic learning 

experience and development of responsible use values to students [18,19]. 

Some negative aspects of teaching in the metaverse are the great consumption of time 

and a risk of excessive gamification. Risks may also exist on the knowledge level for the 

use of information technologies by students and teachers or issues related to computer 

security [9,19]. It should also be considered that instructional designers and instructors 

who want to use the metaverse for education should adequately understand the technical 

characteristics of each type of metaverse and design classes so that they can solve projects 

collaboratively and creatively [20]. Moreover, introducing the metaverse in teaching must 

also consider the loss of tactile contact between student and teacher, in addition to the 

great technological advances, not always available to everyone and not always within the 

reach of all educational centers. Another important limitation is that most people do not 

enjoy prolonged experiences within virtual worlds [21]. 

In the fields of architecture and civil engineering education, mobile learning, VR and 

AR have been used with some frequency in the last decade [22,23]. Of note is the research 
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developed by Abdelhameed [24], who used VR Studio software to increase students’ 

awareness during designing processes, in terms of the structural properties and compo-

nent assembly of the structural system. Bashabsheh et al. [25] developed and applied a 

software program that presented a 4D model (3D model and time dimension) for certain 

building construction phases, using VR technology to carry out immersive and non-im-

mersive virtual reality experiences for users. Bustamante Escapa [26] studied the applica-

tion of immersive VR in architecture studies, arguing that spatial perception is crucial in 

the field of architecture, giving a special consideration to the experience of space through 

multiple senses, so that the qualities that are not considered in drawing, such as color, 

texture, lighting and sounds, become fundamental, thus allowing the development of a 

spatial sensitivity. Diao et al. [27] reported that the main advantage of AR in architectural 

and civil engineering (ACE) education curricula was being an effective tool in traditional 

pedagogical settings to improve students’ learning interest, academic performance, moti-

vation, satisfaction and participation in the course. They also stated that AR challenges in 

ACE education are the difficulty to generate AR model content and insufficient study time 

or too much course content.  

Hajirasouli and Banihashemi analyzed the implications of AR on architectural and 

construction students’ skills as well as AR implementation effects on pedagogical, curric-

ula, technological issues and contents of these higher education experiences. This study 

aimed to assist teachers and future generations on issues related to the rapid evolution of 

the digital industry [8].  

Other application cases for architecture students include representing historical 

buildings in VR [28], facilitating the investigation of architectural details through an in-

teractive and immersive medium such as VR [29], using VR and AR technologies to moti-

vate students in graphic expression subjects [30], and employing VR and AR as methods 

of presenting architectural projects [31]. Several of these students pointed out smartphone 

and standalone headsets as the best tools, and noted how AR technology can help them 

to succeed in their postgraduate qualifications. Thus, it is expected that by combining an 

attractive technology, and by the user–machine interaction that involves AR, students feel 

more motivated, their graphic competences and space skills are increased in shorter learn-

ing periods and their academic performance is highly improved [32]. 

It is necessary to consider that three types of AR teaching methods exist in ACE edu-

cation. The first type emphasizes the roles of students and their interaction. The second 

type emphasizes the locations; therefore, students leave the traditional classroom and go 

to a given location outdoors to use AR to complete their studies [2,33]. The third type 

emphasizes the task, and students use AR to complete learning tasks in the form of a game 

or direct communication [27]. 

Regarding the different technologies on which AR is mostly based, these include plat-

forms, interfaces and tools. Platforms can be mobile-based, station-based, PC-based or 

smartphone-based, wired or wireless, and can employ a head-mounted device (HMD) or 

hand-held device (HHD).  

Of the ACE educational research projects carried out to date, there exist very few 

cases using AR technologies to improve the comprehension of architecture and construc-

tion. Most of the projects deal with architectural design, making new proposals on existing 

environments [34] or using augmented reality to allow urban planning experts to move 

around a city’s streets and project virtual, three-dimensional buildings, allowing research-

ers to see the real city and virtual buildings at the same time [35], and even incorporating 

human sensations and feelings into architectural designs [36].  

Very few research papers propose to improve our understanding of the construction 

aspects of architecture. These studies are based on the application of layers containing 

virtual objects overlaid on the existing reality that has been photographed in different 

phases of construction works. These are shown through edited videos of a limited dura-

tion [37]. 
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1.2. Definition of the Problem 

As explained at the beginning of this article, the main objective of the research pre-

sented here is to improve the learning process regarding construction and rehabilitation 

in architectural studies through the development of AR-based metaverse environments. 

This research paper considers the metaverse from a general point of view, as an en-

vironment for students to engage in learning by means of digital technologies such as AR, 

VR and MR [5]. This research is supported by the application of AR technology and can 

provide students with the opportunity to engage in a real-world context, which super-

sedes teaching methods that are confined and restricted to traditional classroom learning 

[8]. 

AR technology can be interpreted in different ways and, therefore, delimiting this 

concept is a requirement. A common definition is that of Fazel and Izadi [38], who under-

stand AR as a line between the virtual and real-world that overlays supplementary and 

additional virtual information over real objects and scenes and, therefore, enhances our 

perception of the real world. It is also explained as a way to allow a participant’s clear 

view of the real world [1], but it can also be understood as methods and ways to submerge 

users in educational simulations where they can practice acquired theoretical knowledge 

and concepts by interacting with the environment [8]; further, AR can allow one to view 

the real world with the addition of external information intended to provide a new un-

derstanding to what is being seen [39]. The latter is the definition that best suits the present 

research project.  

This article proposes to carry out AR visits using a platform equally valid for com-

puters and mobiles [8]. These are visits to a real environment that has been documented 

in all its phases and no longer exists once the building is finished. In addition, users can 

freely access and move along the construction site, in time and space, and can consult data 

about the objects observed. However, they cannot socialize or interact with other students, 

a feature that is common to several types of metaverses. 

Another difference between previous experiences in the same field and the one 

shown here is that we attempt to improve the users’ degree of comprehension. While pre-

vious research projects assess the increase in the students’ degree of attention and moti-

vation, as well as users’ improved learning process compared to theoretical classes, this 

research evaluates the increase in learning by comparing AR visits to onsite visits. These 

differences are the main novelty of this research, as they differ from the augmented reality 

research applied to learning architecture developed until present.  

The research questions that derive from the objectives and articulate the research are 

the following: (a) Can metaverse environments reproduce the built reality and substitute 

for onsite visits? (b) What are the pros and cons of these environments? 

This article is the main result of a competitive, funded research project developed at 

the Universitat Politècnica de Catalunya. Section 2 presents the developed methodology, 

and explains the case study, Section 3 shows the results, Section 4 discusses them and, 

finally, conclusions and future projects are drawn in Section 5. 

2. Methodology 

The methodology followed consists in two consecutive cyclic phases that include de-

sign, application and assessment steps. These phases rely on an initial analysis of the 

courses involved in the project. Figure 1 presents the main steps, actors, methods, tools, 

outcomes and outputs of this initial analysis and the subsequent two main phases. 

During the initial analysis, the teaching team for the courses involved studied the 

strengths and weaknesses of these courses. This analysis relied on past theories in higher 

education such as Bloom’s taxonomy revised by Anderson [40], the learning principles of 

Chickering and Gamson [41] and neuroeducation [42]. In the analysis of the courses, we 

sought to determine their strengths, weaknesses, opportunities and threats (using the 

SWOT technique) [43]. 
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Figure 1. General framework for this research project. Legend: G1 indicates group 1; G2 indicates 

group 2; SWOT indicates strengths, weaknesses, opportunities and threats technique; AR indicates 

augmented reality; MIVES indicates the integrated value model for sustainability assessment. 

The first-phase designs tested and evaluated a first version for the learning platform 

based on 360-degree panoramas. Both the design and the assessment were carried out by 

the teaching team and external experts, who brought knowledge about the courses and 

expertise on the software tools, respectively. In this first phase, the external experts were 

professionals, specialized in augmented reality, from outside the university, chosen by the 

teaching team relying on their initial analysis. Students from higher courses within the 

architecture program used this first design and provided feedback. This feedback was col-

lected using questionnaires which were defined by the research team. The first question-

naire had 13 questions, was designed in order to detect the strengths and weaknesses of 

the platform and was divided into three blocks: (i) a first block related to ethics, asking for 

permission to use the answers for scientific researches; (ii) a second block to contextualize 

the students’ level of construction knowledge, meaning the level of the construction sub-

ject followed or the fact of having been on a construction site before this AR experience; 

(iii) the third and final block dealt with the easiness of the platform’s use and its settings, 

advantages and disadvantages and a comparison to onsite visits (Appendix B shows the 

full fist questionnaire). A list of suggestions for improving the mock-up of the learning 

environment was the outcome of this first phase. 

In the second phase, we redesigned the first version of the 360-degree learning plat-

form by replicating similar steps from the former phase, keeping the previous software 

tools and external experts group apart from another group of experts during the assess-

ment phase, as explained in the following paragraphs. The teaching team and external 

experts collaborated again to design a more complete learning environment that took into 

account the previous trial and assessment. The software tools were changed if necessary, 

and the resulting learning environment was improved by increasing and adapting its 

functions to the courses’ needs. Moreover, smartphone headsets were added in order to 

improve students’ immersion and experience during the digital visit. This phase did not 

incorporate the environment optimization, as this was beyond the scope of this research 

project. 

The second trial was carried out by students from the construction and rehabilitation 

courses who will use these learning environments. These students provided feedback as 

real users. This feedback was collected again via questionnaires. This second-phase ques-
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tionnaire also had 13 questions and 3 similar blocks, but there were 3 substantial differ-

ences: (i) the suppression of questions related to the level of construction level, not because 

it was a minor issue, but because, to facilitate the reading of results, the questionnaires 

were separated by courses; (ii) the introduction of specific questions about the use of the 

smartphone headsets; and (iii) the fact that students had to carry out a specific activity, in 

addition to the possibility of free navigation, and answer 2 questions related to the effects 

of this activity on learning (Appendix C presents the full second questionnaire). 

This final step combined the analysis of the questionnaire with a sustainability as-

sessment. This sustainability assessment used a tool previously developed by the re-

searchers to assess learning alternatives for practical sessions [44], and was successfully 

applied to one case study. This tool evaluates learning alternatives using a MIVES-Delphi 

tool. Delphi is a method for structured research that enables researchers to obtain highly 

reliable data using strategically prepared questionnaires sent to certified experts [45]. 

MIVES, an acronym for integrated value model for sustainability assessment, is a mul-

ticriteria decision-making method from the Spanish Modelo Integrado de Valor para una 

Evaluación Sostenible (MIVES) [46]. The resulting MIVES-Delphi tool is able to quantita-

tively assess learning alternatives and integrate the results in global and partial indexes. 

The agility of this assessment process and the ability to minimize the possible subjectivity 

related to some indicators were also considered when choosing this tool [47]. This specific 

tool has a tree of requirements that is composed of 4 requirements, 8 criteria and 20 indi-

cators, which were defined and weighted by external experts following Delphi [44]. There-

fore, the second phase had two groups of external experts: (i) the group involved in im-

proving the software that was chosen following the same criteria as in the previous phase; 

and (ii) the external experts that defined the MIVES tool, who were chosen following Del-

phi [44]. The four MIVES requirements are applicability and the three broadly accepted 

sustainability branches (economic, environmental and social) [48]. This tool was already 

validated, in the aforementioned article, for the assessment of learning activities for prac-

tical sessions such as challenge-based learning (CBL), team-based learning (TBL), flipped 

classrooms, project-based learning (PBL), reflective learning, industry–community pro-

jects, videos of real cases, case studies, gamification activities, interdisciplinary activities, 

problem-solving activities, storytelling, real material practices, hands-on activities, role 

play and site visits. The main outcomes of this final phase were, obviously, the improve-

ment of the 360-degree learning environment as well as a guideline for its application. 

Research Setting 

This project was applied to courses about construction and rehabilitation in architec-

ture that are part of the architectural higher education program at Barcelona Architecture 

School at the Universitat Politècnica de Catalunya. Specifically, the courses included: 

Technical Bases (first year), Construction I (secnd year), Construction II (third year), Con-

struction IV (fifth year), and Innovations in Architecture and Technology (IAT) (third–

fourth year). It must be highlighted at this point that the teaching team has extensive ex-

perience in the field of teaching innovation and were already applying good practices that 

had become, in fact, the subject’s strengths, such as the use of cooperative learning activi-

ties [49–51], gamification techniques [52] or flipped classroom methodologies [53]. Table 

1 summarizes the main information these courses include.  

It must be taken into account that part of the relevance of this study relies in the fact 

that the field of architectural construction is of special importance in the training of Span-

ish architects since, unlike differences that exist in other countries in the world, Spanish 

architects have complete authority, competencies and legal responsibility over the work, 

its construction, its structure, its facilities and, of course, its design [54]. 

Some details regarding the studied subjects that should be stated: 

1. Technical Bases aims for students to learn the foundations for all the technical 

knowledge for their whole degree. The main objective this course has is that students 
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understand architecture as the simultaneous fulfillment of all its principles: suitabil-

ity to space, suitability to the environment, integrity, sustainable production and aes-

thetic convenience. 

2. During Construction I, students come to know and understand the main construction 

materials and techniques through identifying the typological characteristics of the 

usual construction systems incorporated into structures, façades and roofs. This 

course also presents solutions for the singular points of construction systems, espe-

cially for residential buildings, and proposes critical evaluations for those systems in 

order to guide and justify project decisions. 

3. Construction II focuses on the structural part of a building, from its foundations and 

retaining walls to its columns, load-bearing walls, beams, steel and reinforced con-

crete, wood and masonry slabs. This course aims to improve students’ knowledge 

about the materiality of these parts in a building project, as well as to provide stu-

dents with resources to be able to face the transition from design to the real architec-

tural object. 

4. Construction IV deals with construction for rehabilitation, so it provides the technical 

knowledge to diagnose, repair and improve existing buildings. Specifically, this 

course instructs student on how to apply the methods and resources required to di-

agnose the physical condition of buildings and evaluate their conditions of safety and 

habitability and to, subsequently, select the suitable techniques and resources to in-

tervene in existing buildings. 

5. Innovations in Architecture and Technology focuses on novelties and innovations in 

the world of architecture and technology, from its design to its sustainability assess-

ment process, including prototyping, materials, production, offsite technologies, on-

site techniques and rehabilitation of buildings. 

Table 1. Course information. 

 Technical Bases Construction I Construction II Construction IV IAT 

Eligibility Compulsory Compulsory Compulsory Compulsory Eligible 

Curricular block First Second Second Third N/A 

Degree year 1 2 3 5 3–5 

ECTS 6 7.5 3 

Class hours/week 5 6 3 

Lecture/workshop 

hours 
2/3  3/3 0.5/2.5 

Lecture groups 65 20 

Workshop groups 33 20 

Project groups 4 3 2–4 

Contents area Construction Rehabilitation 
Constr. and 

Rehab. 

Topics 

Construction, 

structures, 

environmental 

comfort, services 

Structures, 

façades, roofs 

Soil, foundations 

and structures 

Building pathology 

and rehabilitation 

techniques 

Innovations 

Learning approach FL and PBL Lectures and PBL, ALA and FL Lectures and PBL PBL and ALA 

Assessment Formative and summative 

Competences General, transversal and specific 

Legend: IAT, Innovations in Architecture and Technology; N/A, non-applicable; ECTS, European 

Credit Transfer System; Constr. and  Rehab., construction and rehabilitation; PBL, project basic 

learning; ALA, active learning activities; FL, flipped classroom. 
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3. Results 

This research relied on several former studies regarding the courses involved. For 

example, in the case of Construction I [55] and Construction II [56], professors collected 

data from questionnaires and informal encounters during several years [2,57]. From these, 

the following SWOT conclusions were obtained: 

1. Strengths: (i) the complete and detailed learning materials incorporated into these 

courses; (ii) the teaching experience and professional expertise of the courses’ profes-

sors and teachers. 

2. Weaknesses: (i) the students’ low level of engagement and participation; (ii) the low 

level of digitalization of the course material, and (iii) the low capacity of the courses 

to place students into contact with real construction and rehabilitation works. This 

contact usually only consisted of pictures, videos and few site visits, due to the afore-

mentioned difficulties to organize site visits, because of their risks and resource avail-

ability. 

3. Opportunities: (i) new available digitization software tools such as 360-degree pano-

rama platforms that are being introduced now to the construction sector to ease sev-

eral phases such as preparing models for buildings, for the real estate market, etc.; 

(ii) newly available digitalization hardware such as smartphone headsets. 

4. Threats: (i) difficulties for university professors and teachers to learn and prepare 

materials with the aforementioned new software and hardware due to time and 

budget limitations; (ii) similar difficulties for applying them. 

The teaching team of the aforementioned courses worked with external experts on 

software tool development for architecture learning [1,33,58]. 

3.1. First Phase 

In this phase, the software tool PANO2VR [59] and the plugin “buildings 360°” [1] 

were used to develop the first version of metaverse environments for students to digitally 

visit construction and rehabilitation sites. Figure 2 shows a screenshot of one moment 

during a visit [60]. For the smartphone headsets, students used their mobile phones after 

verifying that their devices had the applications Google cardboard and VR Google ser-

vices [61]. As previously explained, questionnaires were carried out to obtain data on the 

usefulness of augmented reality site visits and on the advantages and disadvantages in 

relation to onsite visits. The survey was answered by 110 students—none from the higher 

course levels—and it must be highlighted that there were no major differences in the stu-

dents’ responses depending on the level of studies they were at.  

The qualities of augmented reality visits that were voted most advantageous were 

being able to move through different phases of the building process, accessing these visits 

at any time of the day and any day of the week, avoiding traveling to the work sites and 

the improved accessibility for people with reduced mobility.  

The disadvantages pointed out were the difficulty to really grasp the material impli-

cations of the building construction works, as well as to understand the scale and materi-

ality of what was seen. Figures 3–6 display the main advantages and disadvantages 

pointed out in both the first and second phases.  

There was an absolute consensus about which format of visit should have priority: 

the onsite one. The augmented reality visit is much more useful after an onsite visit, to 

remember certain aspects or to zoom in on specific details without having to return to the 

site. In addition, more importantly, the augmented reality visit was useful in order to be 

able to access the different phases of the photographed works at any time during the same 

session. 
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Figure 2. Screenshot of one moment during a visit using the first phase metaverse environment. 

 

Figure 3. First-phase results of the platform advantages showing the differences between first-level 

students and medium-level students. 
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Figure 4. First-phase results of the platform disadvantages showing the differences between first-

level students and medium-level students. 

 

Figure 5. Second-phase results of the platform advantages showing the differences between first-

level students and medium-level students. 
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Figure 6. Second-phase results of the platform disadvantages showing the differences between first-

level students and medium-level students. 

3.2. Second Phase 

This specific phase aimed to obtain data on the improvement gained in learning and 

understanding during virtual visits when using smartphone headsets, and, as in the pre-

vious phase, to detect the advantages and disadvantages in relation to onsite visits. Figure 

7 presents the resulting metaverse environment, which can be accessed through an open 

website containing different construction and rehabilitation processes [62]. Figures 8 and 

9 depict different moments of this phase. 

Up to 108 students answered. Most of them had been at least once to a construction 

site, although they had not been to the analyzed construction site before. Again, they high-

lighted the same three aspects: the fact of being able to see different phases of the con-

struction works during the same session without traveling to the site, the improved acces-

sibility for people with reduced mobility and the possibility to visit the platform at any 

time. Regarding the disadvantages, they pointed out the difficulties they had in under-

standing what a construction site is, what the materiality and dimensions of construction 

elements are, the difficulties in receiving information through senses other than sight and 

even the loss of interaction between the different construction work agents. 

As in the first-phase questionnaire, the onsite visit was considered to be necessary 

before any virtual visit; the virtual visit would always be complementary. 

The visualization through smartphone headsets was not greatly considered due to a 

lack of comfort using the device related to dizziness suffered after sustained use, technical 

connection problems, the specific adaptation of headsets to each student and difficulties 

managing and navigating within the online platform. These discomforts have already 

been reported in previous research papers [63]. 

In short, adding low-quality smartphone headsets does not provide an improvement 

over a visit using a computer. Table 2 shows the main similarities and differences between 

the two phases as well their statistical reliability [64–67]. 
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Figure 7. Screenshot of the website prepared during the second phase. 

 

Figure 8. Learning activity during the second phase involving smartphone headsets. 
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Figure 9. Learning activity during the second phase involving the website and smartphone head-

sets. 

Table 2. Comparison between first- and second-phase characteristics and results. 

 Questionnaire 1 Questionnaire 2 

N. answers 

N. potential answers  

Reliability 

110 

585 

92.5% 

108 

995 

92% 

Level of 

construction/subject/answers

/potential answers 

Initial  

Technical bases: 59/390 

Medium 

Construction II: 51/195 

Upper 

- 

Initial 

Technical Bases: 38/390 

Medium 

Construction I: 10/195 

Construction II: 28/195 

Upper 

Construction IV: 13/195 

IAT: 19/20 

Previous experience visiting 

construction sites 

Limited for first-level students, but at 

least one experience for the rest 

Limited for first-level students, but at 

least one experience for the rest 

Platform characteristics 

360° panorama 

Videos 

Standard pictures 

Technical information 

Map 

Possibility to move from different 

phases 

360° panorama 

Videos 

Standard pictures 

Technical information 

Map 

Possibility to move from different 

phases 

Visualization through smartphone 

headsets 

Connection means Visit using a computer or mobile 
Visit using a mobile and a smartphone 

headset 
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Kind of construction works New building construction 

New building construction and 

rehabilitation works in an existing 

building 

Main advantages  

1. Access to the platform at any time 

2. Avoid traveling to the site 

3. See more than in a work day 

1. See more than in a work day 

2. Accessibility for people with 

reduced mobility 

3. Avoid traveling to site 

4. Possibility to visit the platform at 

any time 

Main disadvantages 

1. Difficult to understand what a real 

building site is 

2. Difficult to interpret the real scale 

of elements 

3. Lack of information through 

senses other than sight 

1. Lack of comfort: dizziness after a 

while 

2. Lack of information from senses 

other than sight 

3. Technical problems from mobiles 

4. Difficult to understand what a 

work site really is 

For the MIVES assessment, the following alternatives were considered: 

1. A31—web-based 360-degree environment: students grouped in three carry out prac-

tical activities using the web-based solution. 

2. A32—web-based and smartphone headset environment: students grouped in three 

carry out practical activities using the web-based solution combined with the solu-

tion for smartphone headsets. Table 3 presents the results from analyzing the sustain-

ability of these alternatives. 

Table 3. Global sustainability index (GSI) and requirement satisfaction. 

Code Alternative R1 R2 R3 R4 GSI 

A31 Web-based 360 0.60 0.80 0.56 0.66 0.66 

A32 
Web-based and 

AR 360 
0.50 0.77 0.56 0.74 0.68 

Legend: R1, applicability requirement; R2, economic requirement; R3, environmental requirement; 

R4, social requirement. 

These results are useful to improve these alternatives in the future because they point 

out their strengths and weaknesses. The resulting global sustainability index (GSI) indi-

cates that these learning alternatives have significant room for improvement, especially 

regarding applicability and environmental issues. In any case, considering other alterna-

tives assessed using the same tool, the measurements of these GSIs achieved almost the 

average (0.65) or the median (0.66) [44]. Thus, in terms of performance, these are common 

performing learning solutions. 

Table 4 presents the evaluation of the applicability indicators in detail. At present, the 

main problem of these new alternatives is the difficulty of transferring them, especially to 

other teachers, because they are innovative technologies, most of which involve teachers’ 

new learning and recycling. These alternatives require adaptation before being trans-

ferred to other disciplines, because they are specialized in construction and rehabilitation 

in architecture. 
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Table 4. Evaluation of the applicability indicators. 

Requirement Indicators A31 A32 

Applicability  

I01 Ease of application 0.74 0.70 

I02 Flexibility for adaptation 0.85 0.85 

I03 Transferability to other teachers 0.05 0.06 

I04 Transferability to other disciplines  0.62 0.47 

Economic 

I05 Direct costs 0.81 0.61 

I06 Logistic and scheduling issues 1.00 1.00 

I07 Dedication in class 0.88 0.88 

I08 Teachers’ dedication outside 0.21 0.21 

I09 Students’ dedication outside 1.00 1.00 

Environmental I10 Extra environmental impact 0.56 0.56 

Social 

I11 Roles, talents and ways of learning 0.44 0.62 

I12 Encouraging cooperative work  0.27 0.45 

I13 Autonomous work 0.76 0.76 

I14 Students’ cognitive load 0.69 0.73 

I15 Students’ interest and participation 0.77 0.95 

I16 Students and faculty contact 0.35 0.68 

I17 Feedback to students’ time 0.87 0.87 

I18 
Learning outcomes (cognition and 

affect) 
0.61 0.61 

I19 University learning innovation 0.98 0.98 

I20 Teachers’ new functions 0.64 0.64 

The new alternatives perform better than well in most economic indicators, as shown 

in Table 4. Both A31 and A32 are excellent alternatives regarding logistic issues or stu-

dents’ dedication outside class and perform well in dedicated time in class. Costs can be 

borne by an institution’s sources or university funds, which would change if the latest 

models of smartphone headsets were used. On the other hand, at present, the implemen-

tation of these alternatives requires a lot of time outside class by the teachers, who must 

prepare and learn about them. 

Regarding environmental issues, this assessment tool focuses on energy consump-

tion and waste generation by these learning solutions. In this regard, these solutions re-

quire the use of hardware—both computers and cellphones—which consumes power. Ta-

ble 4 shows the heterogenous performance of the ten social indicators. The novel learning 

alternatives perform excellently as innovation for the university learning processes. Simi-

larly, solution A31 is an excellent learning alternative to promote students’ interest and 

participation, while A32 has a good role too. These alternatives are also good at enhancing 

feedback to students’ time and autonomous work. On the other hand, these alternatives 

should improve the encouragement of cooperative work, the incorporation of different 

roles and talents in learning as well as learning outcomes, among other factors. These so-

cial indicators show that from A31 to A32, there is an improvement in different indicators 

such as I11, I12, and I14-I16. 

4. Discussion 

The results of both phases directly answer the two previously introduced research 

questions: 

(a) Can metaverse environments reproduce the built reality and substitute for onsite vis-

its?  

(b) Which are the pros and cons of these environments? 
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The vast majority of students surveyed said that AR visits and onsite visits are com-

plementary and that at least one real visit is necessary. This real visit would improve the 

perception of the materiality and dimensions of the construction elements, issues detected 

in the second phase of the results. 

In this second phase, comparing the results from the questionnaire and the MIVES 

tool, the researchers found that some issues coincided, while other aspects were comple-

mentary, when assessing the new learning alternatives. Both the questionnaire and 

MIVES detected that the new version has positive strengths in terms of application: the 

ability to show different moments in building and rehabilitation works for all students 

without requirements in terms of mobility, fewer safety risks and accessibility at any time 

for students. These detected advantages coincide with the scientific literature that high-

lights the advantages of learning in the metaverse for facilitating distance learning [9,15]. 

In this regard, MIVES has confirmed these alternatives’ strengths in terms of economic 

feasibility.  

On the one hand, the questionnaires have been able to detect more specific ad-

vantages—such as the capacity of these learning alternatives to be accessible at any time—

and problems—such as feelings and physical effects on students, detected previously in 

the scientific literature [21,63], and technical problems. Another important shortcoming 

detected by the questionnaires is that these AR alternatives, compared to a real visit to the 

construction site, are less able to transmit essential issues such as: (i) construction ele-

ments’ materiality, (ii) building components’ organoleptic properties or (iii) onsite build-

ing professionals’ advice. 

On the other hand, MIVES found some important implementation weaknesses re-

garding the partial maturity of these learning alternatives. For example, these alternatives 

require high dedication outside class by the teaching teams at present, and they are still 

difficult to transfer among teachers, schools and universities. These teaching alternatives 

also require improvements in encouraging teamwork, diversity in ways of learning, learn-

ing cognition and affect outcomes. 

5. Conclusions 

The main novelty of this research project is the fact that it proposes and develops 

augmented reality visits to an environment that already exists, has been documented in 

all its phases and can never be seen again once the construction of the building is finished, 

for learning architectural construction and rehabilitation in the university. This fact is im-

portant because, to the best of the author’s knowledge, the research carried out so far on 

the field of metaverse use for architecture education is mainly based on the study of vir-

tual worlds that do not exist yet (VR), in order to consider their feasibility, beauty, etc. 

Further, as documented in the introduction, AR has been used very infrequently for the 

improvement of architectural learning, and mainly to figure out the result of changing the 

existing buildings and cities.  

This novel metaverse project experience implies moving virtually to an existing site 

to be able to examine it in detail throughout its evolution, without time or movement lim-

its, on any day at any time, without using transportation to get to the real site, without 

risks, etc., as proved in the results and discussion sections.  

The significance of this is crucial for architecture learning, since teachers and profes-

sors involved consider that a visit to construction works is probably the main method to 

improve understanding and learning, but that physical visits are impossible to carry out 

every day for each class.  

The methods used in this research project to assess the application of this new aug-

mented reality environment have proved useful. Both questionnaires and the MIVES-Del-

phi method have provided useful insights about strengths and weaknesses of the envi-

ronment in a complementary manner. Both methods have detected that the new version 

has positive strengths in terms of application. The questionnaires were able to detect more 
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specific advantages and problems. On the other hand, MIVES found some important im-

plementation weaknesses regarding the partial maturity of these learning alternatives. 

The aforementioned limitations of the present augmented reality platform will be 

solved in future research steps, which will also work on its optimization. The weaknesses 

related to this research experience are expected to be solved with the incorporation of 

other technologies, such as cloud point combined with 360-degree panoramas with new 

functions such as taking measurements of objects. Furthermore, the forthcoming incorpo-

ration of mixed reality will also enable students to better comprehend these environments. 

These future steps will involve neuroscience experts to precisely control any potential ef-

fects from these applications on students’ brains. 
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Appendix A 

Table A1. Abbreviations used in the text. 

Abbreviations Relevant Values 

ALA Active learning activities 

ACE Architectural and civil engineering 

AR Augmented reality 

CBL Challenge-based learning 

ECTS European Credit Transfer System 

FL Flipped classroom 

GSI Global sustainability index 

IAT Innovations in architecture and technology 

MIVES Integrated value model for sustainability assessment 

MW Mirror worlds 

PBL Project-based learning 

N/A Non-applicable 

SWOT Strengths, weaknesses, opportunities and threats technique 

TBL Team-based learning 

VR Virtual reality 

VW Virtual worlds 

Appendix B 
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Table A2. First questionnaire. 

Block Question Possible Answers 

1st block 

ETHICS 

1—Do you agree that your 

answers to this questionnaire 

are used to improve the 360° 

Architecture learning platform 

being developed by ETSAB 

and ETSAM? 

Yes 

No 

2nd block 

CONTEXTUALIZATION 

2—During which course are 

you doing this questionnaire? 

Technical Bases 

Construction I 

Construction II 

Construction III 

Construction IV 

Master MBarch, CP, 

Materiality and Project 

Another course 

3—If it is another course, 

which one is it? 
Free answer 

4—Have you ever visited a 

building under construction? 

Yes, one 

Yes, from one to three 

Yes, more than three 

No 

5—Have you ever visited the 

building of the platform 

(Batlle i Roig student 

residence and offices at 

c/Cristòbal de Moura 196)? 

Yes 

No 

3rd block 

PLATFORM USE 

6—What aspects did you find 

most useful about the 

Architecture 360° platform? 

360° panoramas 

Videos 

Standard pictures 

Technical information 

The function to move from 

different construction phases  

The function to move 

between the three points 

The map 

The bar to move thorough 

the panoaramas 

Others 

7—If there are other aspects 

that you have found most 

useful, what are they? 

Free answer 

8—What advantages do you 

think that the Arquitectura 

360° platform has compared to 

going on a site visit? 

You avoid having to travel to 

the site 

You don’t need the personal 

protective equipment 

(helmet, vest, boots) 

There are no risks 

Allows access for people 

with reduced mobility 
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It can be done at any time 

and day 

You can see more than one 

day of work 

There are no vision/audio 

issues that large groups may 

encounter during an onsite 

visit, when most of the group 

has problems seeing and 

listening 

Others 

9—If the platform has other 

strengths and advantages, 

which are they? 

Free answer 

10—What disadvantages do 

you think the Arquitectura 

360° platform has compared to 

going on a site visit? 

It’s hard to get an idea of the 

scale of the things you see in 

the platform 

You do not receive 

information from other 

senses other than sight 

(touch, smell, sound) 

You don’t get much of an 

idea of materiality 

You have no idea what a 

work really is 

Others 

11—If the platform has other 

weaknesses and 

disadvantages, which are 

they? 

Free answer 

12—To sum up, the 

Arquitectura 360 platform, 

compared to go to the 

building site you think it is? 

Better 

Worse 

Complementary 

Others 

13—Why? Free answer 

Appendix C 

Table A3. Second questionnaire. 

Block Question Possible Answers 

1st block 

ETHICS 

1—Do you agree that your 

answers to this questionnaire 

are used to improve the 360° 

Architecture learning platform 

being developed by ETSAB 

and ETSAM? 

Yes 

No 

2nd block 

CONTEXTUALIZATION 

2—During which course are 

you doing this questionnaire? 

Technical Bases 

Construction I 

Construction II 

Construction III 

Construction IV 
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Master MBarch, CP, 

Materiality and Project 

Another course 

3—If it is another course, 

which one is it? 
Free answer 

4—Have you ever visited a 

building under construction? 

Yes, one 

Yes, from one to three 

Yes, more than three 

No 

5—Have you ever visited the 

building of the platform 

(Batlle i Roig student 

residence and offices at 

c/Cristòbal de Moura 196)? 

Yes 

No 

3rd block 

PLATFORM USE 

6—What aspects did you find 

most useful about the 

Architecture 360° platform? 

360° panoramas 

The function to move from 

one point to another 

The function to move from 

one day to another 

The fact to be able to 

visualize it through 

smartphone headsets 

Others 

7—If there are other aspects 

that you have found most 

useful, what are they? 

Free answer 

8—What advantages do you 

think that the Arquitectura 

360° platform has compared to 

going on a site visit? 

You avoid having to travel 

to the site 

You don’t need the 

personal protective 

equipment (helmet, vest, 

boots) 

There are no risks 

Allows access for people 

with reduced mobility 

It can be done at any time, 

time, day 

You can see more than one 

day of work 

There are no vision/audio 

issues that large groups 

may encounter during an 

onsite visit, when most of 

the group has problems 

seeing and listening 

Others 

9—If the platform has other 

strengths and advantages, 

which are they? 

Free answer 

 
10—What disadvantages do 

you think the Arquitectura 

Technical: the mobile does 

not fit the smartphone 
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360° platform has compared to 

going on a site visit? 

headsets well, the mobile 

closes 

Comfort: headsets hurt, 

bother 

Connection: the platform 

does not connect well, there 

are times with connection 

losses 

Comfort: dizziness after a 

while 

Usage: it is difficult to 

orientate within the work, I 

get lost, I lose points to 

change point or day 

It’s hard to get an idea of 

the scale of the things you 

see in the platform 

You do not receive 

information from other 

senses other than sight 

(touch, smell, sound) 

You don’t get much of an 

idea of materiality 

You have no idea what a 

work really is 

11—If the platform has other 

weaknesses and 

disadvantages, which are 

they? 

Free answer 

12—How did the activity you 

did go? 

Positive, I have been able to 

learn more about the 

classes contents 

Not very useful, I have 

been able to understand 

better some things, though 

some doubts have raised up 

Useless 

13—Do you have more 

comments about the activity? 
Free answer 

14—To sum up, the 

Arquitectura 360 platform, 

compared to go to the 

building site you think it is? 

Better 

Worse 

Complementary 

Others 

15—Why? Free answer 
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