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Abstract

:

The current educational processes must be supported by sustainable learning ecologies, where the digitalization of training is enhanced. In this area, augmented reality (AR) plays an important role. It is a technology that for certain educational goals can facilitate the understanding of the course contents and increase the motivation and interest of the student. This research aims to measure the socio-educational impact that AR presents in the teaching processes of university students of social education. These are professionals in training dedicated, precisely, to social and educational actions. In order to reach the pursued objective, an exploratory study of qualitative and descriptive nature was approached from a methodological conception based on the action-research. The study was carried out during three academic courses and consisted of an experience of integration of AR in the classroom in order to determine which applications, and advantages or limitations of a socio-educational nature, were perceived by the participants in that process. The documents generated were analyzed mainly using semantic methods. The main results were that AR is positive overall for its use in learning processes and, specifically in its field, optimal for the development of professional skills within the framework of social education. As to benefits, it highlighted the strengthening of learning dynamism, motivation, and interaction among students; as to limitations, these included the fact that it is not an accessible technology, the need for previous training and that it can reduce sociability. It was also stressed that it can be a useful resource in many areas of social education (childhood and adolescence, gerontology, drug addiction, etc.). In general, therefore, it can be concluded that the use of AR in university training, in this area of knowledge, allows content to be more dynamic and real in a sustainable way, thus achieving a highly transferable and motivating path to develop content and competencies.
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1. Introduction


The society of this 21st century is characterized by new virtual and digital ways to access and treat information [1,2,3,4]. The new learning scenarios require the planification of new instructional spaces, physical and virtual, and implementation of new digital resources in order to promote a more dynamic teaching-learning process [5,6,7,8,9,10,11,12].



The socio-educational and technological changes of the 21st century have contributed to promoting profound transformations in higher education institutions aimed at strengthening new trends that seek to promote a new education in which technology plays an important role. Its purpose is to configure new learning contexts that are more diverse and sustainable where students become key players in achieving this purpose [13,14]. In turn, as Delgado-Vázquez, et al. [15] point out, these play an enormously rich role and education professionals cannot remain on the sidelines. However, digital competence is not an isolated skill and has to be in direct relation to other competences such as “learning to learn” and “social and civic competence”. In the development of a new society and a new education with precise new forms of teaching and learning, augmented reality and other emergent technologies could play an important role [16,17].



From the training field, a wide range of technologies are emerging which help to develop digital skills, including augmented reality (AR). This is one of the technologies, within the set of virtual reality (VR) and what it provides in educational settings, which can offer a greater impact on education [17,18,19,20,21,22,23], especially in higher education [24,25], and has been developing in recent years thanks to mobile digital devices that facilitate access to the general public [26].



Different authors [27,28] express that AR is the environment in which the integration of the virtual and the real takes place; that is, combining virtual and digital information with a simulated real situation or object through software and a digital device. This technology also allows the display of information by providing multimedia materials or texts linked to objects or places in a simple and immediate way [29] and addressing all the human senses of perception. However, the most common variation of AR is the representation of visual virtual information added to the real environment [30]. AR offers numerous educational possibilities and an immense potential to improve learning and teaching [31,32,33,34]. In addition, it provides users with access to rich, varied, and meaningful multimedia content, giving them a relevant context in which to interact immediately [35].



For example, AR helps students to conduct real-world explorations by showing digital objects and situations that are more difficult to observe from a text, picture or blackboard, even in a video [36,37]. In this way, it facilitates new ways of learning and to interpret the meaning of complex situations or objects [38]. According to Dunleavy, Dede and Mitchell [39], the most significant advantage of AR is the ability to create immersive scenarios which integrate contents, real situations, and competences from a more visual approach. It helps to activate cognitive learning processes—the development of cognitive and spatial skills—in students, regardless of their age and academic level, as well as favoring more motivating, collaborative, and interactive learning scenarios [40,41,42]. On the other hand, several authors [43,44,45,46] indicate among their limitations the lack of teacher training and the scarcity of resources and learning objectives focused on AR.



Several recent publications [47,48,49,50,51,52,53] have shown that research in AR covers a wide spectrum of objectives and methods. Studies have shown that the use of AR in formal education could enable teachers to combine AR software to reinforce didactic approaches based on flipped classroom and student-centered projects [54], research-based learning [55], and play-based learning [56]. It is used today at all levels of education, especially from K-12 [57,58,59] to university level [10,34,60,61,62,63].



However, studies that focus on measuring the socio-educational impact that AR has on teaching processes are less frequent [64], as are those on the impression that the use of this technology has on users. For this reason, it should be considered necessary to analyze educational experiences with AR and determine which applications, and advantages or limitations of a socio-educational nature, have been perceived in that process by the participants in the experience. This is the main goal that we pursue in this research, applied in the field of social education.



It should be noted that, among other benefits, the widespread digitalization of training processes, where a technology such as VR occupies a prominent position, is today essential for a sustainable education. Augmented reality can help make learning much more motivating. The contents are perceived more visually and attractively and allow us to improve the student’s attitude and disposition towards learning. It can help increase the collaborative skills of users. In addition, the student is encouraged to approach the contents from an interactive component of spatiality; which generates advantages when it comes to appreciating the spatial structure of objects in 3D, as well as interpreting contents of more scientific subjects or that involve the visualization of three-dimensional elements such as natural science, geography or physics. [65]. Therefore, there is a need today to place ourselves in sustainable learning ecologies [66] that guarantee the presence of virtual education. In this way, we can effectively contribute to the achievement of the Millennium Development Goals (MDGs), postulated by the United Nations (UN), which will allow a true sustainable development in all areas.




2. Materials and Methods


2.1. Objects


The main objective of this research was to determine to what extent AR can influence the social areas of intervention in the case of social educators in training. The innovative immersive experience that forms the basis of this study was developed during three academic years, through three sessions of two hours each in the classes of Practical and Developmental Teaching (Enseñanzas Prácticas y de Desarrollo, EPD) carried out during two months of each course in the subject “Information and Communication Technologies in Social Education”, taught in two degrees of Social Education of the Faculty of Social Sciences of the University Pablo de Olavide, in Seville (Spain). In this educational experience it was sought (a) to know the new applications of AR in training scenarios and their pedagogical possibilities in educational contexts; (b) to generate in the students proactive attitudes before the increased technologies, and (c) to develop in the students competences of didactic use of the applications of AR presented in this formative activity.



In the practical sessions of the experience, 4 AR apps were used: (1) Quiver, an application based on augmented reality and virtuality, consists of coloring printed sheets obtained from the web (http://quivervision.com) and then, with any mobile device through its camera, these colored plates come to life, generating augmentative scenarios to improve learning processes; (2) Chromville, an application similar to the Quiver app, with similar dynamics of plates based on immersive technology for the genesis of augmented fantasy environments through the device’s camera (https://chromville.com); (3) Zookazam, an application that allows us to add a wide repertoire of animals of diverse species in our real environment, making possible the recreation of fable scenes (http://www.zookazam.com); and (4) Anatomy 4D, an AR app in which the student can know the interior of the human body and make a virtual trip to study organs, apparatuses and systems of the human body (https://daqri.com).




2.2. Research Design and Study Sample


In order to achieve the objective pursued, an exploratory study of a qualitative and descriptive nature was undertaken. The starting point was a methodological concept based on action research [67,68], in this case virtual collaboration by university students as a way of promoting their own generic and specific skills in the European Higher Education Area [69]. At the end of the experience, the students answered the open questionnaire “Didactic use of AR”, where they inserted various texts describing their experience in these VR sessions and describing the advantages and disadvantages they found for the social areas of intervention typical of their profession. The design of the questionnaire was based on the theoretical considerations made by Barroso and Gallego-Pérez [70] and was reviewed by experts in two rounds using the Delphi study.



The qualitative analysis of the information obtained through these texts was based on a process of codification and categorization of the information obtained from them and structured in two stages: (a) descriptive stage; and (b) interpretative stage. In turn, the procedure was organized into three phases: Phase 1: Segmentation and identification of units of meaning and grouping into descriptive categories; Phase 2: Construction of a system of emerging thematic nuclei or metacategories; and Phase 3: Identification of qualitative domains (sequential and transversal analysis of metacategories).



The participating sample was composed of 344 students from academic years 2016–2017 (8 men and 58 women); 2017–2018 (5 men and 53 women) and 2018–2019 (4 men and 54 women). In social education degrees this is the usual percentage difference between men and women.




2.3. Method


The documentary analysis of the texts obtained was carried out using semantic methods. The proposed approach uses different methods based on semantics and similarity measures to reduce the huge number of extracted textual characteristics and, consequently, reduce spatial and temporal complexities [71,72,73,74]. We applied a text network analysis method based on the analysis of students’ perception of AR in three dimensions (areas of intervention with the support of AR, benefits of AR, and limitations of AR) [75,76]. The purpose is to identify main topics from text by identifying the clusters of co-occurrent words within them, based on the bag-of-words and skip-gram models [77,78,79]. For this purpose, we used the software InfraNodus, written in JavaScript (Node.Js), implementing Sigma Js, Cytoscape and Graphology libraries in the front end and a Java-based Neo4J graph database. First, all the words in the text are converted into their lemmas to reduce redundancy, keeping the morphological root of each word.



Liaisons, prepositions and articles are removed from the text, then it is converted into a network graph. Lemmas (words with a complete meaning) are the nodes and their co-occurrences are the edges. This application of graph theory helps gain a better understanding of the textual discourse structure of the relationships between “augmented reality” and its “limitations” and “benefits”, identifying the semantic structure of the students’ perception. Likewise, to complement the general perception of the students, we analyzed the bigrams associated with each of the three areas (areas of intervention with the support of AR, benefits of AR and limitations of AR) in order to go further into the relationships between concepts and their impact on learning.





3. Results


In Figure 1, we observe that the highest intermediation values for the 74,976 words analyzed in the students’ written interviews on the social areas of intervention with the support of augmented reality. The graph representation method was applied to these 20 terms to determine the most important relations between social education and AR. It can be observed the importance of three clusters: “childhood” (light orange color), “elderly” (orange color) and “applied technology to learning” (pink color).



In Table 1, the mapping of terms and degrees of frequency, conductivity and betweenness of educational benefits of AR are shown.



Regarding the areas of intervention, we can observe that “childhood” (Dgr. 49/Betw. 0.433977); “elderly” (Dgr. 43/Betw. 0.342264); “learning” (Dgr. 19/Betw. 0.239831); “additions” (Dgr. 49/Betw. 0.433977), “adaptability” (Dgr. 25/Betw. 0.185106); “care” (Dgr. 12/Betw. 0.858935); and “community” (Dgr. 12/Betw. 0.670722).



With regard to the socio-educational benefits of using AR, Figure 2 shows the main results from the analysis. There are three clusters of meanings: “educational motivation and attention” (orange color), “feedback and interactivity” (green color) and “entertainment and enjoyable” (light green color).



In Table 2, the mapping of terms and degrees of frequency, conductivity and betweenness of educational benefits of AR are shown.



The educational benefits of using AR are diverse: “fun” (Dgr. 79/Betw. 0.0.492835); “dynamic” (Dgr. 52/Betw. 0.376977); “facilitate” (Dgr. 51/Betw. 0.310478); “interactive” (Dgr. 34/Betw. 0.395849), “enjoyable” (Dgr. 16/Betw. 0.258135); “motivation” (Dgr. 31/Betw. 0.201821) and “applied to the development of three subjects: language, mathematics and science”.



The main limitations of using AR from the students’ perception are shown in Figure 3. There are three clusters of meanings: “device-internet” (orange color), “access” (green color) and “cost” (light green color).



In Table 3, the mapping of terms and degrees of frequency, conductivity and betweenness of limitation of AR are shown.



The limitations of using AR are in relation to the digital divide, the need for intensive training and the cost of this technology: “device” (Dgr. 39/Betw. 0.226398); “training” (Dgr. 36/Betw. 0.203747); “cost” (Dgr. 29/Betw. 0.291345); “time” (Dgr. 23/Betw. 0.140140), and “sociability” (Dgr. 22/Betw. 0.129294).



Likewise, to complement the general perception of the students, we analyzed the bigrams associated with each of the thematic units in order to go further into the relationships between AR and its socio-educational impact. To do this, we used the following notation:




	
bigram_tf_idf <- bigrams_united % > %



	
count(open questions, bigram) % > %



	
bind_tf_idf(bigram, open questions, n) % > %



	
arrange(desc(tf_idf))








We present, in Table 4, the “td_idf” with the highest results of the three most representative bigrams in each of the areas analyzed in order to determine the AR educational functionality.



In Table 4, we can observe that students identify that AR can be an educational resource to teach to children, (tf_idf 0.04339323). They also show that the interactive nature of the AR could be applicable to improve elderly care and the socio-educational impact to foster adaptability in the community (adaptability-community/tf_idf 0.03131370). Regarding the benefits, students perceive that AR is dynamic and fun and that it improves motivation and attention of students (motivation-attention/0.04339375). Likewise, AR increases the interaction in the subjects (interactive-subjects/tf_idf 0.02935673). Finally, the limitations generated by the possibility of using AR are in relation to the possible digital divide (digital-divide/tf_idf 0.02077341), as well as the need for time for using it (training) (training-time/tf_idf 0.02367512), along with the risk of reduction of sociability (social isolation) (sociability-reduction/tf_idf 0.03739712).




4. Discussion


The results obtained provide us with valuable information on the use of AR in sustainable learning contexts, especially, as has been our case, in the field of social education. In the first instance, it is worth noting that our results are in line with other studies that incorporated these immersive technologies into teaching and learning processes. Students show high levels of satisfaction when participating in these educational experiences [80,81,82,83,84], they are motivated towards these increased processes [85,86,87,88,89] and they improve their academic results [85,90,91].



Similarly, as discussed in another study [82], the use of AR has been useful in building emerging competencies in the use of ICT, teamwork skills and the discovery of new immersive teaching resources useful in social education and social work settings. They were unknown by most of the students, which can help the development of new training processes from an inquiring, constructivist and ubiquitous perspective. These results corroborate other studies that indicate that this emerging technology favors autonomous learning [92] and presents improvements with respect to traditional teaching in aspects of involvement [93], providing content that facilitates the teaching-learning process.



The analysis of the didactic experience of application of the AR with university students allows us to affirm that the use of this technology wakes up motivation among the students. This point has also been corroborated by different studies that show high levels of satisfaction in higher education when students use it in training actions for their professional training [94,95,96,97,98].



According to Fernandez-Robles [99], augmented reality can be presented as a truly useful technology for university education, since it allows for working with active methodologies that offer the possibility of visualizing the object from different perspectives, facilitates the acquisition of knowledge difficult to access, allows the presentation of simulated scenarios and enriches the printed material. Despite these supposed benefits, we believe that proposals and models for the integration of AR should be deepened, taking into account that their development should be properly contextualized. The topics and resources available and the training of teachers should be taken into consideration. Without adequate training, their use can be counterproductive and can lead to a delay in the development of skills and content in teaching programs [100]. In addition, we must bear in mind the possibilities available to educational institutions and students themselves so as not to generate a greater digital divide or discrimination for economic reasons or for access to technology. Likewise, it must be guaranteed that this technology incorporates mechanisms of usability and adaptability to the different special needs that students may have in the classroom [101,102,103].



University experiences of this type help to expand the theoretical didactic model known as Technology, Pedagogy, Content and Space (TPeCS) [104]. TPeCS maintains that good teaching today requires not only an understanding of how technology relates to pedagogy and content [105], but also an understanding and ability to adapt existing physical spaces, take advantage of alternative spaces or design new ones. This may include the use of digital technologies such as mobile devices, augmented reality, manufacturers’ spaces, and, as a focal point for this study, large digital screens [106]. As Cabero and Martínez point out, [107] it is time that we began the transformation from digital literacy to digital competence. Its acquisition must be done through the practices of initial training and promote new training scenarios where the student becomes both an emitter and a receiver of technological messages.



Therefore, it can be considered that the challenge for universities, in this framework, lies in redesigning their training matrices around professional skills rather than around traditional subjects. In this way, the development of didactic proposals involving collaborative work for the promotion of significant learning will be promoted [108,109] along with the progressive increase in the teaching activity of the use of electronic educational resources [110,111]. Ultimately, according to Cabero et al. [28], augmented reality can be an interesting emerging techno-social trend, efficient in educational contexts, which would help the genesis of curricular innovation processes in today’s classrooms.




5. Conclusions


In this research we have been able to confirm that the use of AR in the university environment, specifically in social education students, has been positive. The subjects who have participated in the study identify this technology as suitable for their didactic use. They have presented as advantages that it is dynamic and fun, raises motivation and attention, and enhances interaction between people. On the other hand, they have also found some disadvantages, such as the fact that it can increase the digital gap, as it is not accessible to everyone, that it requires a moderate training time and that it reduces sociability and contributes to social isolation.



In the field of social education itself, they consider that AR is very interesting as an educational resource to teach children, that it can improve the care of the elderly and, also, has a great socio-educational impact to encourage activity in the community. Specifically, they have pointed out that these virtual technologies can be of special interest for the treatment of drug addiction problems and their prevention among adolescents, the disability associated with dementia in the elderly, and the educational facet in childhood and the education of adolescents in formal and non-formal education. The application of this technology in the psychosocial treatment of these problems could improve the acquisition of skills by professionals and also serve to support and improve the conditions and treatment of the aspects outlined in the different social groups.



In general, the perception of higher education students in the areas of social sciences has shown that the use of AR-based activities enables greater reflection and increases the positive attitude and cognitive processes applied to the contents of the degrees in education and social work. On the other hand, as can also be inferred from the analysis of the results, it is interesting to see how AR is applicable not only in the teaching-learning process, but also as a useful resource with great potential in the performance of professional skills.



In addition, AR can help students acquire a series of skills necessary to access other content and to put them into practice in the world of work. It is especially relevant for social science studies in which video simulations of problematic situations related to bullying or gender violence can be generated, and suitable responses can be rehearsed to put into practice in a fictitious way. This allows a better understanding of how to act in real situations, makes the theoretical content more attractive and, therefore, increases student motivation and academic performance. However, even though it offers undoubted benefits, we must also bear in mind its disadvantages. AR technologies require training of teachers, they are not accessible to everyone and they are not suitable for certain people. As it happens with any didactic resource, AR’s suitability to be used in order to achieve certain training objectives must be previously evaluated. If it is finally determined that its use would be advisable, the results obtained will probably be excellent and its educational possibilities are very high.
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Figure 1. Mapping graph: social intervention with support of augmented reality. 
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Figure 2. Mapping graph: educational benefits of AR. 
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Figure 3. Mapping graph: limitations of AR. 
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Table 1. Mapping of degree of frequency of main areas of intervention with the support of AR.
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	Node
	Degree
	Frequency
	Betweenness
	Topic
	Conductivity
	Locality
	Diversivity





	childhood
	59
	108
	0.433977
	54
	73.6
	1
	40.2



	elderly
	43
	43
	0.342264
	48
	56.3
	1
	56.3



	learning
	39
	5
	0.239831
	30
	21
	1
	79.7



	adaptability
	25
	17
	0.185106
	24
	56.7
	0
	50.1



	additions
	23
	4
	0.135080
	20
	27
	0
	87.7



	care
	12
	11
	0.858935
	15
	49.1
	0
	53.6



	community
	11
	11
	0.670722
	15
	64.3
	0
	64.3



	age
	6
	1
	0.300050
	13
	0.1
	72
	0.5



	functional
	6
	5
	0.200200
	14
	0.3
	18
	0.4
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Table 2. Mapping of degree of frequency of educational benefits of AR.
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	Node
	Degree
	Frequency
	Betweenness
	Topic
	Conductivity
	Locality
	Diversivity





	fun
	79
	65
	0.492835
	33
	62.4
	1
	75.8



	dynamic
	52
	26
	0.376977
	31
	24.1
	1
	29.6



	facilitate
	51
	24
	0.310478
	29
	21.7
	2
	46



	interactive
	34
	16
	0.395849
	14
	39.9
	1
	59.9



	entertainment
	20
	14
	0.338341
	13
	19.2
	1
	27.4



	enjoyable
	16
	16
	0.258135
	17
	36.3
	0
	96.9



	concentration
	12
	14
	0.215849
	19
	13.2
	1
	39.6



	attention
	34
	12
	0.376713
	20
	22.6
	2
	63.9



	motivation
	31
	16
	0.201821
	24
	1.7
	7
	3



	language
	8
	13
	0.108888
	19
	11.1
	1
	29.6



	mathematics
	9
	12
	0.106349
	18
	7.1
	1
	21.2



	science
	7
	11
	0.100574
	18
	0.8
	9
	1.9
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Table 3. Mapping of degree of frequency of educational benefits of AR.
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	Node
	Degree
	Frequency
	Betweenness
	Topic
	Conductivity
	Locality
	Diversivity





	device
	39
	29
	0.226398
	23
	32.4
	1
	43.6



	training
	36
	29
	0.203747
	22
	28.8
	1
	35.8



	cost
	29
	16
	0.291345
	14
	31.5
	1
	57.1



	economic
	28
	12
	0.197746
	12
	9.9
	2
	14.8



	price
	17
	5
	0.110589
	11
	15.1
	0
	21.2



	time
	23
	11
	0.140140
	11
	17.5
	1
	36.5



	sociability
	22
	8
	0.129294
	9
	24.4
	0
	36.6
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Table 4. Open questions-bigrams.
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Augmented Reality

	
Bigram

	
n

	
tf

	
tf_idf






	
Areas of Intervention

	
childhood-learning

	
54

	
0.11975571

	
0.04339323




	
elderly-care

	
50

	
0.11775572

	
0.02939291




	
adaptability-community

	
56

	
0.12775117

	
0.03131370




	
Benefits

	
dynamic-fun

	
59

	
0.92612331

	
0.03039671




	
motivation-attention

	
56

	
0.92975599

	
0.04339375




	
interactive-subjects

	
53

	
0.12056901

	
0.02935673




	
Limitations

	
digital-divide

	
53

	
0.92330731

	
0.02077341




	
training-time

	
55

	
0.12773363

	
0.02367512




	
sociability-reduction

	
58

	
0.92765379

	
0.03739712
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