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Abstract— Virtual Reality (VR) is a technology well equipped to enhance learning processes. The development of Learning Activities 

with Virtual Reality (LAVR), however, remains a complex process. This makes it a somewhat costly process, the full cost of which can 

be reduced by using a set of tools (framework) for implementing LAVR, involving an educational model with which to guide the 

developer. In this paper, we review scientific articles that focus on learning processes that use immersive technologies, seeking to identify 

frameworks and guidelines for the creation of LAVR. To do this, a systematic mapping of the scientific production in ScienceDirect was 

carried out, observing those studies from 2015 onward that involved topics including virtual reality, learning activities, Bloom taxonomy, 

and the state of the practice in which they are found. The results show that no studies are to be found in the literature on frameworks, 

guidelines, or recommendations either for the creation of LAVR or for the production of frameworks that facilitate this process using 

the Bloom taxonomy. However, studies can be found that guide the creation of LAVR, and these could be used as the basis for creating 

a framework. Based on the review, it could be concluded that VR favors learning processes at the various levels of education in a range 

of areas but that there is a paucity of directives able to facilitate the creation, adaptation, and incorporation of LAVR. This, therefore, 

constitutes a field of interest that merits further research. 
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I. INTRODUCTION

With the passage of time, technology has proven to 
facilitate the learning process at different levels of education 
[1]. A recent type of educational technology that is effective, 
according to the 2020 Horizon report [2], is immersive 
technologies, which generate immersive realities that can be 
understood as those real or simulated environments in which 
a perceiver (who perceives the interaction) experiences 
telepresence ( “defined as a psychological state of feeling 

present in a mediated environment” [3], or where he 
experiences a virtual simulated world that surrounds him. 
According to de Freitas and Neumann [4]: "The main 

advantages with more immersive media-rich learning 

experiences for the learner include the potential to provide 

better simulations of real-life contexts for training or to 

enhance deeper conceptual thinking for learning ". 
To use immersive technologies in learning, Virtual Reality 

(VR) devices are employed. These software and hardware 
make it possible to generate the illusion for the user of being 

present in another environment. The literature reveals VR 
learning experiences to have been used as a strategy for 
improving pedagogy during the teaching process, thus 
highlighting optimal results [1], [5], [6]. This is because 
students show greater interest in the learning process using 
VR [7]. Therefore, it is pertinent to carry out research and 
make the most of the advantages concomitant with VR to best 
support educational processes. 

Although numerous educational applications implemented 
with VR are found in the literature, developing this type of 
software requires more time and specific knowledge, making 
its development costs. Because the development of these 
types of experience requires expertise in education and 
development, developing Learning Activities in Virtual 
Reality (LAVR) presents particular difficulties related to 
general application frameworks, which are more difficult to 
develop in terms of costs and developer effort. Therefore, a 
way needs to be found to make this development less costly 
concerning time, effort, and knowledge for programmers and 
thus more affordable for users. Development Frameworks are 
used to develop VR applications, which is to reduce the 

565



knowledge necessary to implement a solution by making use 
of configurable parameters that reduce the time required to 
finalize the expected product [8]. These Frameworks thus 
allow the development of applications that are compatible 
with commonly used VR devices without requiring advanced 
knowledge in technology. 

From an educational viewpoint, it is convenient to use 
learning models that guide the design of educational 
experiences such as LAVR. Among these is Bloom's 
taxonomy, a cognitive model [9] widely used by educators 
because it allows, through learning objectives divided into 
levels, structuring the teaching processes and planning of 
instructional activities that ensure the acquisition of student 
knowledge within different environments. That said, it is 
convenient to have tools (such as a framework) that facilitate 
the creation of LAVR following educational guidelines such 
as the Bloom taxonomy. 

Since the interest in developing LAVR is relatively recent, 
it is well worth discovering what guidelines already exist for 
creating LAVR and if there are frameworks for the creation 
of LAVR following Bloom's taxonomy. This article shows the 
results of a systematic mapping whose objective was to 
review articles from the literature in which the main focus was 
on learning processes using immersive technologies [10]. In 
the course of the review, a set of VR education processes were 
inspected, specifying whether or not these included 
taxonomies or methodologies. It allows the acquisition of 
knowledge to be positively developed, thereby significantly 
impacting the learning process. 

The methodological aspects are presented below. 
Subsequently, the results section describes the data found, 
together with the classification of the articles and the answer 
to the research questions posed following the methodological 
approach. Then, in the discussion, the interpretation and 
explanation are given to the data and previously presented 
related results. Finally, the conclusions and possible future 
work derived from the work carried out are presented. 

II. MATERIALS AND METHODS 

In the review of work carried out on the use of Virtual 
Reality for the learning process, the following three (3) 
research questions were raised:  

 Is there a framework that allows the creation of learning 
activities in VR using Bloom's taxonomy?  

 What guidelines and recommendations exist for 
creating learning activities using VR?  

 What guidelines and recommendations exist for 
creating a framework for the creation of learning 
activities using VR?  

Once the research questions and the scope of the review 
had been defined, the search strings were constructed (see 
Table 1). It is worth noting that it was necessary to use the 
term "Immersive Technologies" to recover "Virtual Reality" 
resources because many authors do not specify the technology 
but refer to its broader category. Table 1 presents the 
questions with their respective motivation, the search string to 
be used, and the results initially obtained. 

 

TABLE I 
PROPOSED SEARCH STRINGS AND RESULTS OBTAINED BY STAGE 

Question Search string Motivation 
Number of 

initial articles 

RQ1: Is there a framework that allows 
the creation of learning activities in VR 
using Bloom's taxonomy?  

(“Framework” OR “Frameworks”) AND (“Virtual Reality” OR 
“VR” OR “Immersive Technology” OR “Immersive 
Technologies”) AND (“Bloom’s Taxonomy” OR "bloom 
taxonomy" OR “Taxonomy of Bloom”) AND (“Learn Activity” 
OR “Learn Activities” OR (learn AND activity)) 

Determine studies carried 
out and their characteristics, 
if any, analyze possible 
improvements to the 
solution  

48 

RQ2: What guidelines and 
recommendations exist for creating 
learning activities using VR? 

(“guideline” OR” Guidelines” ) AND (“Virtual Reality” OR 
“VR” OR “Immersive Technology” OR “Immersive 
Technologies”) AND("learning activities" OR "learning activity" 
OR (learning AND activities)) 

Establish the guidelines that 
allow the creation of 
learning activities using VR 

4413 

RQ3: What guidelines and 
recommendations exist for creating a 
framework for the creation of learning 
activities using VR? 

(“guideline” OR” Guidelines” ) AND (“Virtual Reality” OR 
“VR” OR “Immersive Technology” OR “Immersive 
Technologies”) AND(“Framework” OR “Frameworks”) 

Identify the guidelines to 
follow during the creation of 
frameworks using VR  

3948 

 
After having formulated them, the search strings were 

consulted in ScienceDirect. The articles were obtained during 
March 2020, resulting in a quantity of 48 articles for question 
one. 4413 articles were found for the second question, and for 
the third question, 3948 were found. Due to the number of 
resulting articles, it was necessary to filter them to continue 
with the research process. 

In order to narrow the search, some inclusion and exclusion 
criteria, as well as criteria of quality assessment, data 
extraction, and classification were defined, in order to 
determine whether or not there were previous studies 
concerning the creation of learning activities using Bloom's 
taxonomy with immersive technologies such as Virtual 
Reality, to characterize them and establish guidelines that 
allow the future creation of these activities. Additionally, it 
was sought to identify guidelines that facilitate the creation of 

a framework for the implementation of learning activities 
using Virtual Reality. 

A. Inclusion 

 Review articles 
 Research articles 
 Articles that include learning models in their summary 
 Titles, abstract and keywords where included (VR or 

“Virtual Reality”) 

B. Exclusion 

 Articles prior to 2015 
 Articles written in a language other than Spanish or 

English 
 Articles found only in the form of slides or grey 

literature 
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Having applied these criteria to the searches, 20 articles 
were obtained for the first research question, 302 for the 
second question, and 195 articles for the third. Since the 
number of articles was still considerable, filtering of the 
articles was continued by reviewing the abstract and 
conclusions. Once the reading was done, a total of 46 articles 
were obtained, for which each was fully read to have a clear 
idea of the content of each reading. Subsequently, the 
“Evaluation criteria” were proposed, by means of which those 
articles that did not suggest a contribution regarding the 
objective of this systematic mapping could then be discarded.  

C. Evaluation criteria 

 The study describes in detail a learning approach. 
 Document of a proposal that has built the solution using 

VR. 
 The study presents a case study where the results 

obtained after carrying out the learning activities are 
evidenced in detail. 

 The study prioritizes the use of immersive technologies 
(Virtual Reality, Augmented Reality, Gesture 
Detection technologies). 

 Studies that do not report a design experiment. 
After applying the aforementioned evaluation criteria, 

several articles failed to meet the criteria and thus did not 
significantly contribute to the questions posed. These were 
discarded, leaving a total of 33 articles - 3 for Question One, 
24 for Question Two, and 6 for Question Three. 

 

 
Fig. 1  Proposed search strings and results obtained by stage 

A review of each article was then written that could answer 
Questions 1 and 3. The articles that answered Question 2 were 
grouped by subject and purpose in order to write a review for 
each of the groups, to be able later to conduct a discussion on 
it. In Figure 1, the methodological procedure applied is briefly 
presented, including the number of articles found for each of 
the questions posed, which, with the respective reviews 
prepared, will provide answers to the research questions. 

 
 

III. RESULTS AND DISCUSSION 

This section presents the results obtained on carrying out 
the aforementioned methodological procedures. Initially, the 
answer to each of the research questions that guided this 
systematic mapping - and that were previously cited - will be 
described. It is worth noting that a constant trend is observed 
in the studies found. These include Virtual Reality for the 
creation of applications using learning activities/tasks. 

A. Question Q1: Is there a framework that allows the 

creation of learning activities in VR using Bloom's 
taxonomy? 

According to the analysis of the articles made in the present 
systematic mapping, a framework was not found that 
specified Bloom's taxonomy for the creation of learning 
activities. On the other hand, there are ontologies based on 
Bloom's taxonomy for the creation of these activities [11]–
[14]. These ontologies (Conali, ON-SMMILE, Anderson's 
Taxonomy, Experimental learning models - Inventory of 
learning styles) optimize the development of the projects 
proposed by the authors and optimize the creation of learning 
activities with Virtual Reality. 

B. Question P2: What guidelines and recommendations exist 
for creating learning activities using VR? 

It was found that roughly 45% of the articles provide a 
guide that establishes guidelines and recommendations about 
carrying out learning activities using Virtual Reality. Below 
is a list of phases that serve as a tool to discover the frequency 
of use of a learning activity in each of the articles. Based on 
this, the most commonly used phases are listed below, and 
Table 2 indicates the use of each phase in each of the articles 
reviewed. 

 Pre-evaluation: knowing the strengths and weaknesses 
of the students and the skills and knowledge they 
possess before receiving the instruction. 

 Post-evaluation: verification of the degree of 
achievement of objectives and goals formulated in the 
program or project. 

 Requirement’s analysis: requirements capture and 
analysis stage. 

 Learning activity: each of the learning activities used to 
learn a specific objective. 

 Planning phase: represents graphically or virtually how 
the software performs. 

 Design phase: the action is structured and formalized, 
and the definitive features of the project are established. 

 Implementation phase: the stage of the planning 
process carried out once the design is validated. 

 Specific framework construction guide: guide provided 
to teach the step-by-step development of the 
framework. 

 Case study/evaluation: assessment of knowledge, 
attitude, and performance of a person. 

 Systematic review: a review of quantitative and 
qualitative aspects of primary studies to summarize 
existing information regarding a particular topic. 

 Literature review: analyzes and discusses articles and 
reports, general scientific and academic. 

 Specific approach: refers to specific approaches used 
by the authors, including Ace Star, Modular Approach, 

Initial set of articles 

Articles filtered using 
inclusion/exclusion criteria 

Final set of articles 

Articles read in full, and 
summaries prepared 

Q1:48 
Q2:4313 
Q3:3948 

Q1:20 
Q2:302 
Q3:195 

Q1:3 
Q2:24 
Q3:6 
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Hybrid Model, ARCS, Anderson Taxonomy, PEAR, 
Review Model Based on Competency Analysis, IA 
Model, Conali Ontology, and Blended Learning Model. 

 Framework: a standardized set of concepts to approach 
a problem that serves as a reference, facilitating the 
resolution of problems of a similar nature. 

 Detail of use: detail of use and development of the 
project. 

 Feedback: system/process that regulates itself; an 
action by which each result of the process affects the 
whole process, integrating and modifying it.  

TABLE II 
USE OF PHASES BY ARTICLE 
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2015 

[15] x x x      x      x 

[16]   x     x x x   x   

[17]  x x  x  x x    x    

[18] x x x      x   x  x x 

[1]   x      x     x  

[12]  x x    x  x       

2016 
[10] x x x            x 

[19]  x x           x x 

[20]  x   x  x      x x  

2017 

[21] x x x  x         x  

[22]  x            x x 

[23]  x     x x x x  x x   

[24] x x x  x  x x       x 

2018 

[25]  x             x 

[5]           x    x 

[26] x x x             

[27]  x       x  x x    

[28] x x x  x x        x x 

[29]     x x x x      x  

[11]        x x x      

2019 

[30]           x     

[31]  x x           x  

[32]   x  x x  x  x   x  x 

[26]  x x x   x   x  x x  x 

[33]  x       x   x  x  

[34]  x x  x  x x x x x  x x x 

[35] x x x  x   x      x x 

[36]   x           x x 

[13]        x x x   x   

2020 

[37]  x x            x 

[38] x x x    x  x x   x x x 

[39]  x        x x x x x  

[14]  x     x x        
 
 

Table 2 shows the phases such as requirements analysis, 
planning, design, implementation, and case study of the 

software development life cycle are key in the software 
development process. 
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C. Question Q3: What guidelines and recommendations exist 
for creating a framework for creating learning activities 

using VR? 

From reading each of the articles, it is important to 
highlight that no articles were found that specify developing 
a framework for creating learning activities with VR. 
However, some 27% of the articles detail the process used to 
create a framework in general, among which are mentioned 
(classification, design, data collection, data analysis, and 
theory of learning [39]. 

Additionally, after answering the questions posed in Figure 
2, the number of articles that use VR and focus on education 
using learning activities is shown from the beginning of 2015 
to the first quarter of 2020. 

Figure 2 shows an increasing trend in the inclusion of 
Virtual Reality in education, which continues to be interesting 
research subject due to each of the advantages that its use 
entails. In addition, Figure 3 shows the percentage of articles 
related to the previously tabulated phases, including Pre-
evaluation, Feedback, Framework Guide, and Systematic 
Review. 

 

 
Fig. 2  Number of articles published per year 

 
From the frequency of use of the activities presented in 

Figure 3, it was identified that the authors made more use of 
the activities previously mentioned in answer to question two 
(Pre-evaluation, Feedback, Post-evaluation, Framework 
guide). These activities are important for optimal performance 
during the development of their respective projects and the 
fulfillment of each of their objectives. 

 

 
Fig. 3  Frequency of phases on reviewed articles 

 
In addition, it is observed that more than a quarter (27%) 

of the respective authors were interested enough to include a 
pre-evaluation stage to mostly identify the current knowledge 

of the test subjects on the topic addressed. Thus, this study 
contrasted with a post-evaluation, which is used by 60% of 
the authors to validate the results of their projects (framework, 
application, systematic review, among others) and seeks to 
determine the effectiveness of their research work. 

Figure 4 uses the UNESCO International Standard 
Classification of Education as a reference in order to 
determine the academic areas in which VR has been applied, 
observing that those areas in which learning activities have 
been used the most for the instruction of their learners are 
Computer Science (which includes the area of engineering), 
Construction and Medicine.  

 

 
Fig. 4  Number of articles by educational areas 

In addition, an emphasis was found on the use of simulators 
for the acquisition of knowledge in a practical way in the 
virtual environment [8], [9], [17], [22]. The field of Medicine 
meanwhile focuses on the learning of laparoscopic skills with 
simulators and cognitive approaches. When the required 
process is learning, it focuses on spatial knowledge [33], [35], 
[36]. It was also observed that the construction field is the next 
most frequent and main articles are found that optimize 
learning environments so that they are as real as possible, and 
one of their main objectives is the safety of apprentices in 
construction [25], [27], [30]. 

Although no frameworks were found to create learning 
activities with Virtual Reality (VR) using Bloom's taxonomy, 
ontologies based on this taxonomy were found, whose 
objective continues to be the creation of learning activities. 
These ontologies can be considered since they become useful 
to orient and guide developing research projects. 

The existence of guidelines and recommendations to be 
considered for creating learning activities using VR is 
highlighted. In light of this, it could be seen that these 
activities have been widely considered during the preparation 
of the projects. We can highlight that those phases most used 
(Post-evaluation, Pre-evaluation, Activities/Learning tasks, 
Design phase, Implementation phase, Framework 
construction guide, Case study/Evaluation, Specific approach, 
Detail of use, Feedback) can be considered in the 
development of research projects and are the objective of this 
systematic mapping. 

The establishment and creation of the learning objectives 
set out in the Bloom taxonomy are an important resource for 
the theoretical base that supports the creation of the learning 
activities in Virtual Reality since it contemplates the creation 
of objectives for the Remember, Understand, Apply , Analyze 
and Evaluate levels. In addition, it explains the types of 
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Factual, Conceptual, Procedural, and Metacognitive 
knowledge. Therefore, it is recommended to take this 
taxonomy into account. 

It should be noted that no articles were found that specify 
the process of developing a Framework for the creation of 
learning activities in VR using Bloom's taxonomy. However, 
around 27% of the articles that detail the process used to 
create a Framework will be considered since the guidelines 
and recommendations set out there allow establishing those 
bases needed for the development of research projects that 
include Frameworks. 

It is also important to mention that a high 73% of the 
articles include learning activities (these are the actions that 
the learner follows as part of the instructional process), while 
only just over 45% describe the process of how to develop 
them. Therefore, the step-by-step must be considered for 
creating each of the learning activities to facilitate the 
fulfillment of the learning objectives that the learners must 
achieve. The most commonly used phases during the project 
development process are implementation (30%) and design 
(27%). The inclusion of these phases should therefore be 
considered for the development of research projects. 

In 21% of the articles, the creation of Frameworks for 
learning is proposed. Most of the authors implement it, but 
only in 27% of the articles is a guide specified on how to 
elaborate Frameworks. Therefore, it is recommended to make 
a guide for creating a Framework, as it provides the necessary 
material that can be used in future research projects that 
consist of the creation of a Framework for learning. 

In addition, 36% of the articles (12 articles) propose unique 
approaches and models that are applied throughout the 
process to create their projects. These articles include 
techniques, tools, and educational innovations for the specific 
learning of the corresponding topics within which comprise 
Review model based on content analysis [27], Modular 
approach [16], CAD model [33], Model hybrid [18], AI-based 
model [34], blended learning model [38], Motivational 
categories of attention, relevance, trust and satisfaction [1], 
Conali ontology, education based on social networks, 
Constructive alignment (CA) [13], ON-SMMILE ontology 
[11], and Anderson's taxonomy [12]. 

As regards Computer Science, the assignment of tasks 
within a virtual learning environment is frequently used so 
that the user can perform them using the HMD and HMD 
devices with special control. During the interaction, it was 
observed that the authors use different forms (scoring systems, 
intelligent tutor) to give feedback that determines how the 
learner performs. For the field of Medicine, to a greater extent 
a theoretical approach is used at the beginning before 
experimental learning. The critical activities require a higher 
degree of precision, which is why HMD and haptic devices 
are used. 

In the Construction field, the safety of the apprentice is 
very important. Therefore, Virtual Reality projects aim at 
optimizing very realistic learning environments for the 
training of apprentices in construction. In addition, they 
prioritize the use of machinery and adaptation of work 
environments through simulators for handling these pieces of 
equipment and construction of structures. 

 

IV. CONCLUSION 

For the implementation of Virtual Reality in the 
educational area, it is necessary to create learning activities 
that will allow the learner to build knowledge to meet the 
learning objectives set by the teacher. Additionally, these 
learning activities must be adapted and later included in the 
virtual environment, not a simple process because they imply 
development knowledge. For this reason, it is likely that the 
advantages of VR are not being used in learning processes. 

As things stand, VR is an interesting tool that can be used 
in education to increase student motivation and learning. For 
this reason, it has become a trend that has allowed the 
development of multiple projects in different subject areas, 
mainly in construction, Medicine, Engineering, and 
Emergencies. During the present systematic mapping, no 
tools were found that specify a guide or emphasize facilitating 
the creation, adaptation, and inclusion of Learning Activities 
in Virtual Reality (LAVR), which constitutes an area of 
interest for future research. Therefore, developing a 
Framework that provides guidance and support for the 
creation of LAVR is considered future work. 
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