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Abstract: Nowadays, Augmented and VR in teaching disciplines such as Human Anatomy has made it 

feasible to promote learning through a gamification process that allows the development of teaching-learning 

proposals that improve students' motivation significant learning and not merely memoirist. This new practice 

moves away from the traditional methods used in Human Anatomy subjects. This work shows the result of 

implementing a methodology based on Augmented and Virtual Reality (VR) in high school students within the 

subject of human anatomy. Specifically, this implementation was developed in students (n = 16), all of them 

belonging to a public education center. Moreover, they were involved in nursing care, primary nursing 

techniques. The results, derived from the analysis of the instrument used to assess their level of acceptance and 

their level of learning, showed a significant increase in both motivations for learning and the acquisition of 

knowledge in the area (significance * p <0.001, ANOVA). Our study concludes that the use of Augmented and 

VR improves the learning and motivation of students in daily practice.  
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Introduction 

 

The current technological development, and the adaptation of the generations of young people who have grown 

up and developed between screens, video consoles, tablets, etc., have made it possible to involve this technology 

in the curricular plan (Torres Santomé, 2015). The technological impact allows transforming educational 

instruments into others much closer to the current reality (Aguilar, 2012). Education has the responsibility of 

articulating social changes adapting to technological progress (Minguélez-Juan, 2018 and Minguélez -Juan, 

Núñez, and Mañas-Viniegra, 2019). Furthermore, this fact has become decisive due to the confinement situation 

caused by the COVID-19 Pandemic. 
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Presently, the interest of students both in child age, as adolescents or teenagers, is very receptive to the use and 

application of novel technologies that arise from education. These new technologies are a source of captivating 

experiences, which allow sharing in a natural, active, and participatory way their knowledge, skills, and 

practices. All this is with a network approach to online learning. That is why the Android and iOS settings offer 

free applications that can improve students' teaching and learning processes (Moreno-Martínez, Leiva Olivencia 

& Matas, 2016; Olivencia 2013). Furthermore, the diversity of media and multimedia elements that contain the 

internet (high quality 4K images, animations, etc.) joined with the flexibility of communication and information 

offered an increase in the motivation for the classes since they obtain a reinforcement immediate (Ortiz 2011). 

 

In addition, one of the fundamental aspects of the medical sciences' Human Anatomy is the criticisms based on 

the little clinical relevant aspects (Frenk et al., 2011). Being in macroscopic Anatomy is a traditional 

transmissive rote teaching method. Learning has been understood as a generative process whose evaluation 

focuses on measurement. This method demands a pedagogical transformation that allows deep, comprehensive, 

and application-integrated learning and considers the learning process (Brunstein, 2014). Analyzing the history 

of medicine, centred on the anatomic study, the anatomist Andres Vesalio (1514-1564) was one of the founders 

of modern Anatomy and known for his great rigorous exposition. He was an innovator in teaching this subject, 

who experienced a Plague Pandemic that affected Padua (Italy), which permitted him to work with dissected 

corpses. This practice provided Vesalius with the dissection technique as a central activity of his classes and 

developed an anatomical-forensic update. At present, the teaching of Human Anatomy is carried out from the 

dissection completed with the observation of diagnostic images. 

 

On the other hand, information and communications technology (ICT) has been used in the teaching-learning 

process, and they allow the visualization of different anatomical structures in their three-dimensional state. This 

procedure avoids using dissected corpses, which lowers cost and time. However, there are retractors of this 

technology's use, where it does not allow showing the complex reality of the human body (Rovetto, 2008). 

There are currently projects such as "Visible Human Project" developed in 1996 by the National Library of 

Medicine USA; complete and detailed anatomical three-dimensional illustrations of the human body (male, 

female) are found. This project provides cross-sections of the human body, obtained through computerized axial 

tomographic images and magnetic resonance imaging (National Library Medicine, 2019). Likewise, some 

universities work on simulators for the teaching of Human Anatomy, such as the so-called "Center for Human 

Simulation” at University of Colorado (Spitzer & Ackerman, 2008). 

 

That is why there is a growing interest in modeling anatomical structures that allow different teaching-learning 

proposals in anatomy. That allows the improvement of understanding and learning, tiny and difficult to visualize 

structures. For authors such as Boza, Toscano, and Méndex (2009), the use of ITCs offers greater motivation in 

students, especially those with anatomical content (Salazar, 2011; Leiva and Mora, 2014). Furthermore, the 

teaching-learning practice improves with gamification that motivates and stimulates the student (Contreras & 

Eguia, 2016); both learning based on games (serious game) and augmented reality (Barma et al, 2015; Brown et 

al, 2020). 
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The epistemological perspective of augmented and virtual reality (VR) systems 

 

It refers to the direct or indirect visualization of elements of the real world combined or augmented, linked with 

virtual elements generated on a computer, and from this fusion, mixed reality is offered (Cobo and Moravez, 

2011: 105). From an educational perspective, authors such as Moreno-Martínez et al. 2016 and Philippe et al. 

2020, define it as an emerging reality that allows the creation of mixed teaching-learning environments where 

virtual and real elements are combined. A wide number of works show how augmented reality reinforces 

learning and increases motivation to learn. Therefore, improving learning and discovery, providing the student 

with information that is easy to obtain that would otherwise be very difficult to obtain (Barr & Tagg, 1995; 

Reinoso, 2012; Hutson & Olsen, 2021; King & Smith, 2018; Kurilovas, 2014). 

 

Augmented and VR provides immediacy and intuitive interactivity in student learning, which implies that the 

realization of teaching-learning activities becomes entirely practical activities. Thus, it eliminates the teacher's 

role, who is a proper transmitter at the same time, it eliminates the magisterial explanation and the mnemonic 

activity of the student without prior understanding. Also, augmented and VR are characterized by divergent 

cognitive development; that is, the student learns by doing and proposing different formulas for solving 

problems (Alper et al., 2021; Johnson & Westbrooks, 2021;  Kozcu Cakir, Guven, & Celik, 2021; Moreno 

Martinez et al., 2016; Gandolfi, 2018, Philippe et al., 2020). 

 

Although there are numerous studies on the benefit of using ICT and its promising future in teaching, it is 

necessary to know the capacities of the students and discuss whether the design of activities with VR can be 

beneficial. For this, models are used, such as the technology acceptance model, TAM (Technology Acceptance 

Model), to know if technology will be used optimally (Fathema et al., 2015; Scherer, et al., 2019). The TAM is 

one of the most widely used validated models to assess new technologies' level of acceptance. It extracts 

information of different dimensions: perceived utility (UP), perceived ease of use (FUP), perceived enjoyment, 

attitude towards use, and intention to use it (Cabrero and Pérez, 2018). 

 

Objectives  

 

The first objective was to know the degree of satisfaction or success of the group of students of the Human 

Anatomy subject about virtual and augmented reality. Moreover, to know the degree of technological 

acceptance by measuring the TAM instrument.  The second objective was to determine if this emerging 

technology was an enriching experience by analyzing the satisfaction and usefulness of the students in the face 

of augmented and virtual reality. Moreover, validate the teaching-learning proposal by analyzing the acquisition 

of knowledge, content, and objectives of the study unit through the pretest and post-test comparative analysis. 
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Method 

 

Samples of Study 

 

The study was carried out in a secondary school in Andalusia (Malaga, Spain). Specifically, about the module of 

professional training studies of the health branch, the medium degree of nursing and health care. The total 

number of students in the study is 16 (in figure 1, the distribution of the sample is shown in the graphic). This 

study shows a semi-quantitative analysis of the TAM questionnaire to verify the degree of adaptation and 

acceptance of the augmented reality methodology to be used in this type of high school students The analysis of 

data was carried out using the Statistical Program GraphPad Prism 4, and also SPSS v 14. It was statistically 

significant the p-value <0.05. 

 

Programming 

 

For the Virtual Reality, was used the Students' mobile phones, viewers from Google Cardboard, and the Google 

Cardboard application, developed by Google, synchronized the viewer with the Smartphone. It works for 

Android or IOS operating systems (Dougherty, 2015; Brown and Green, 2016). The work plan carried out 

focused on five sessions. In the first session, an adaptation to VR of the TAM questionnaire was passed, which 

included two dimensions: UP and FUP. The UP was aimed at knowing if the subject thought that VR Systems 

could contribute or not to improve their performance. The FUP was designed to measure the degree of ease that 

VR Systems use could entail. In order to apply the TAM model and to adapt the scale, the Likert scale was used, 

made up of seven levels of importance: from "extremely disagree" to "extremely agree".  

 

A pre-test was also passed to assess the previous contents, and brainstorm was carried out. When the next two 

sessions, lectures were given. In the fourth session, the Augmented and VR practice was carried out. Google 

viewers, smartphones, internet connection, and the "Sketchfab" application were used (Garcia-Bonete; Jensen 

and katona, 2019). The students were divided into three groups and received instructions on the operation of the 

viewer, the content to be viewed, and a poster with QR codes to scan to download the necessary applications.  

 

Finally, VR systems were assessed using the second part of the TAM questionnaire and a questionnaire to 

diagnose the quality of the objects observed during the activity. In the fifth session, the post-test was carried out 

to verify knowledge acquisition. 

 

Formative Program 

 

The training program lasted 12 hours in total, divided into five sessions (Figure 1). The first session was used to 

carry out a knowledge pre-test and brainstorming. Subsequently, the explanations on the didactic unit of heart 

anatomy, distribution, and histology were started. 
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 In session 2, students are introduced to virtual reality, and the operating mechanism is explained to them; 

cooperative groups are organized to work on augmented reality activities. This class is dedicated to the practice 

of VR and its management using different examples so that students become familiar with the terms, with the 

software, and with the operating mechanism.  

 

Session 3, VR is applied directly to the main anatomical topic taught in the class, the heart, the cardiovascular 

system.  

 

Session 4 is divided into three days, and on those days, activities are scheduled to work on the cardiovascular 

and lymphatic system and the anatomical dissection of the heart. The activities are carried out in cooperative 

groups to improve student interaction and gamification. The last session is used to carry out the post-test. 

Session 5 is dedicated to make a post-test about the knowledge acquired. 

 

 During the training program's execution, three e-rubrics are made using the co-Rubric software 

(https://corubric.com). This program allows for cooperative rubrics between students. The rubric designed is 

made up of 6 items destined to assess the ease of use of the resource presented by each group, the aesthetics of it 

and the poster shown, the quality of the explanation given by each group, the temporal organization, and the 

management and development of the session. 

 

Figure 1.  Formative Program 

 

Results 

 

Our results about the sample of the study's distribution have shown how the majority proportion of students are 

women (Figure 2). Related with the results involved of the perception of our students, specially how students 

recognize the usefulness of the system, how they consider its use useful, how they have enjoyed it, and if they 
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intend to use it in the future It was developed the figure 3, where the data shows the cumulative frequency (in 

percentage%) of the items evaluated in the satisfaction questionnaire on the augmented and VR resource used in 

the classroom. In general, the analyzed students showed high satisfaction in using these systems. The data 

reflect a very high statistical significance (p <0.001) according to this system's use. 

 

Figure 2. The graphic shows the distribution in the classroom. (A) represent the students samples evaluated in 

the study; (B) the mean age of the sample. 

 

 

Figure 3. The figure shows the cumulative frequency (in percentage%) of the items evaluated in the satisfaction 

questionnaire on the augmented and VR resource used in the classroom. (The Analysis was performance using 

One-way ANOVA test, the statistical significance ***p< 0.001) 

 

The analysis shows the comparison with the rest of the results. No significant (n.s) differences were found 

between the groups of samples extremely, absolutely, something disagree, neutra and somewhat agree; neither 
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between extremely and absolutely agree. 

 

Results related to specific items evaluated in TAM score  

 

The figure 4A shows how the students' perception, based on augmented reality, improved their learning by 60% 

concerning the students who are neutral or occasionally in agreement. The results related to the students' 

perception (see Figure 4B) about their improvement in learning using this method showed a comparable 

response among those who thought that they little agree (30%) and significantly agree (30%) with their 

improvement in knowledge performance.  

 

However, the students' results (see Figure 4C) on whether they think that VR is useful for learning is the vast 

majority (above 50%) significantly agree with this opinion and a small minority (less than 2% ) there is little 

agreement. 

 

 

Figure 4. The graphics show the figure (A) Frequency analysis about the perception of utility using VR system 

in the improvement of the learning performance. (B) Frequency analysis about the usage of the VR System 

involved with the efficiency increases. (C) Frequency analysis about the usage of the VR System when the 

student is learning. (D) Frequency of the perception about enjoying during the use. The statistical analysis 

shows the differences between the groups with the neutral group (with symbol *) where it is represented as 

signification *p<0,05; **p<0,01; ***>p0,0001. And the comparison with the somewhat agree as a symbol £ 

represents signification as p<0,01. 

 

The results obtained from the second part of the TAM and the quality diagnostic questionnaire (see Table 1) for 

augmented reality objects confirmed that the majority of the students enjoyed the experience. Regarding the 
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diagnosis of the quality of the objects observed in virtual reality, the majority of the student perceives in a 

positive way the aspects related to “technical and aesthetic aspects of the VR resource used” and “ease of use” 

(see Table 1). 

Table 1. Results of the quality of the diagnostic instrument 

 (%) total 

amount 

Operation of the 

application 

presented 

Resource 

aesthetics 

Technical 

function of 

the resource 

Screen 

information 

rating 

Ease of 

handling or 

use 

Ease of 

understanding 

of technical 

handling 

very positive 50 25 50 63 31 25 

positive 50 75 50 31 50 69 

indifferent 0 0 0 6 19 9 

negative 0 0 0 0 0 0 

very negative 0 0 0 0 0 0 

       

 

Finally, the study shows how most students tend to strongly agree when considering that the tutorial of the 

program presented for VR offered information in an understandable and useful way and that this information 

made VR understandable and straightforward. From the results obtained in this preliminary study, it is observed 

that the implementation of VR presented in this training program was positive concerning the perceived 

experience. Therefore, we could consider that this resource has great potential for future interventions. 

 

Results related to analysis of knowledge test: pretest and post-test 

 

The post-test results show a significant improvement in knowledge acquisition compared to the pre-test. 

Associating all this result with the application of VR is not possible since it would have been necessary to use a 

second control group, where the VR application program had not been established to verify that the 

improvement in results is due to the use of of this technique. Indeed, this fact limits our study. Another progress 

that will be made shortly is the search for a more active role by the students, where they will be asked to be part 

of the design of virtual or augmented reality activities in future didactic interventions to involve them more in 

the contents of the subject considering the students as a more active part of the program. 

 

The figure 5 shows the improvement of the knowledge acquired on the anatomical study when virtual and 

augmented reality has been used to study anatomical structures and the three-dimensional arrangement of 

organs. The analysis evaluates the grades from 0 to 10. The standards from 0 to 4 are considered inferior, from 5 

to 6 sufficient, the 7 to 8 notable, and 9 to 10 outstanding. The results show a mean range of qualification in the 

pretest of 1.98 and later after applying the training program of 8.51, these data show a statistical significance of 

p <0.0001 (analyzed by T-Student, see Table 3) 
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Figure 5. Results about (A) pre-test and (B) post-test related with 15 questions about the knowledge of 

anatomical structures and human anatomy. 

 

Table 2. Statistical Analysis between the Pretest and Post-test 

Paired Samples Test 

 Paired Differences 

t gl Signification Mean 

Standard 

Derivation 

Error 

Derivation 95%Confidence Interval 

Pre vs Post -

test 

-

6.540 

1.7904 0.4623 Down 

(7.5315) 

Up (-

5.5485) 

-

14.148 
14 0.0001 

 

Discussion 

 

In general lines, our students presented high satisfaction in the use of this technology in the classroom. The 

results obtained in the first part of the TAM questionnaire showed that the majority perceived VR as an easy-to-

apply system that could facilitate understanding, learning, and performance. These results corroborate the study 

carried out by Iwanaga et al, 2021, where they show that during the time of the COVID Pandemic, the use of 

workspace in the classroom of Human Anatomy were very successful, it due to the advantages of the use of 

virtual and augmented reality in the context of confinement. 

 

The results obtained in the second part of the TAM and the VR object quality diagnostic questionnaire 

confirmed that most of the students perceived VR as a fun system and a tool that they would like to use in future 

classes. Regarding the diagnosis of the quality of the objects observed in Virtual Reality, the majority positively 

perceived the technical and aesthetic aspects of the VR resource and the ease of use. Finally, the majority 

strongly agreed that the presented program guide offered useful and understandable information and that, in 

turn, it made the VR resource understandable and straightforward. 
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This methodology's versatile capacity was verified during this experimental development since the use of VR 

only required having a viewer, a smartphone, internet connection, and free applications (Molina-Carmona et al., 

2018), which can be used in any high school. The results described, it can be deduced that both the TAM and 

the questionnaire that measured the quality of the objects shown in VR had a very positive result on the use of 

this tool. Besides, the study published by Poner et al., 2019 showed that the students' perception towards the use 

of VR was considered useful for Neuroanatomy Learning. 

  

On the other hand, the post-test results showed a significantly improvement of knowledge, it could be indicating 

that VR for understanding and learning anatomical content could be beneficial. However, although the students' 

role has been active during the immersion experience in VR, it has not been so when searching and designing 

the VR activity. For this reason, in future interventions, it could be the students themselves in groups, the one in 

charge of searching and designing the VR activity. 

 

Conclusion  

 

We, in this preliminary study, can conclude from the results obtained that the use of VR for learning anatomical 

content has been very positive, especially when teaching is not face-to-face. This tool could be used as a 

resource with great potential for future interventions given the very positive experience shown by the students. 

It is necessary to carry out new research on the use of virtual reality, combining it with a greater involvement of 

students in the design and implementation of activities. 

 

Recommendations 

 

Given our experience in this field, we recommend the use of virtual and augmented reality for the study of 

forensic anatomical structures as a reasonable practice, which does not require dissection, which can be 

transferred to any secondary school, and which also improves student learning, without requiring a significant 

memory effort. 

 

Acknowledgements  

 

This work receives the supported by funds from the University of Malaga, Campus de Excelencia Internacional 

Andalucía Tech, Andalucía Government PAIDI-CTS156, and UMA18-FERDEJA-226 (FEDER-UE). Project 

PIE19-139, PIE19-179, RED-ENCIC INNOVA, Project Ministry PID2019-105765GA-I00. 

 

References 

 

Aguilar, M. (2012). Aprendizaje y Tecnologías de Información y Comunicación: Hacia nuevos escenarios 

educativos. Revista Latinoamericana de Ciencias Sociales, Niñez y Juventud, 10(2), 801-811.  
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Salazar, J. (2011). Estado actual de la web 3.0 o web semántica. Revista Digital Uni- versitaria,12(11), 1-7.  

Scherer, R., Siddiq, F., & Tondeur, J. (2019). The technology acceptance model (TAM): A meta-analytic 

structural equation modeling approach to explaining teachers’ adoption of digital technology in 

education. Computers & Education, 128, 13-35. 

Spitzer, V. M., & Ackerman, M. J. (2008). The Visible Human® at the University of Colorado 15 years 

later. Virtual Reality, 12(4), 191-200. 

Torres Santomé, J. (2015). Organización de los contenidos curriculares y relevancia cultural. En S. Gimeno, Los 

contenidos. Una reflexión necesaria (págs. 91-102). Madrid: Morata. 

Universtity of Colorado. (s.f.). 

http://www.ucdenver.edu/academics/colleges/medicalschool/centers/HumanSimulation/Pages/Home.asp 


