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Introduction: Social robotics applied to the educational context deals with proposals that start from the present to shape the future of what training in a specific subject can be. On this occasion, the aim is to investigate the connection between the utilization of social robots and the teaching–learning processes that take place within a formal music education environment at any stage of education.

Methods: To carry out this research, the Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) model served as a reference to perform a systematic review of articles published in two of the most important scientific databases, Web of Science (WoS) and Scopus, since 2015.

Results: A total of four articles fulfilled the inclusion criteria.

Discussion: Our findings attest that social robotics still remains a practically unknown topic. Hardly any experiences have been developed in classrooms. In general, it is considered necessary for education, and more specifically for music, not to be left out of the developments in social robotics. This technology, which is increasingly present in various areas of our society, responds to the objective of defining the 21st century, and musical education is part of it.
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1. Introduction

Although the use of robotics in education can be described as an innovation, an extensive research base has already been generated around it (Lau et al., 2020; López-Belmonte et al., 2021; Arocena et al., 2022; Van den Heuvel et al., 2022). It is normal to think of experiences where students learn to design robots, thus developing their computational thinking (Acevedo-Borrega et al., 2022; Bati, 2022).

Nonetheless, the so-called “social robotics” has barely been implemented in the educational context as an innovative resource for the development of teaching–learning processes contextualized in today’s society (Smakman et al., 2022). We must bear in mind that the latter is characterized as being technological, which highlights the need to address the exploitation of any possibility related to digital technology (Roig-Vila et al., 2021; Alonso Ruiz et al., 2022; Cabezas-González et al., 2022). In fact, even though some experiences associated with social robotics can be found in various fields (Lau et al., 2020; Gasteiger et al., 2021; Choukou et al., 2023), a priori, education does not seem to be one of them.

Social robotics, therefore, introduces as a new area that is working its way into the educational scenario by proposing to use robots as assistants for teaching. Despite certainly having a large potential, numerous technological and ethical challenges must also be faced to achieve a widespread utilization of these robots as effective teaching tools that can help to improve instruction at any educational level. In the short run, by considering some of the research studies which have been undertaken (Azuar et al., 2019), the advantages brought by such robotic assistants mainly have to do with increasing students’ wellbeing. Regardless of which type of improvement in students’ overall training we may want to focus on, it would undoubtedly become interesting to directly examine experiences in which social robotics is used within a formal environment for the learning of a subject—Music, in our case.

We must not forget that music is not only regarded as an artistic teaching which beauty lies in its actual manifestation but also has proved beneficial in multiple aspects. By a way of example, concerning health, it enhances wellbeing and reduces stress; as for learning, music motivates students and predisposes them to learn other subjects (Chakraborty et al., 2021). Be that as it may, music teaching is essential for the comprehensive training of students. For this reason, any resource that we can use to offer new educational scenarios around music teaching will be welcome. In this case, our concerns revolve around the use of social robotics as an aid for this teaching, and it will be useful to know the research studies carried out in relation to this area so far.

Within this framework, a decision was made to carry out an analysis of bibliometric indicators which, according to García-Fernández et al. (2016), serves to study the degree of development achieved in a specific knowledge area. From a systematic review, the goal pursued with our study was to examine the educational experiences undertaken during the last few years with respect to the use of social robotics for music teaching inside a formal educational environment. Similar studies have been previously performed, such as the one authored by Lau et al. (2020), but that study had as its distinctive features the adoption of a scoping review format and the focus on the use of social robots in the treatment of children with diabetes.

The literature review proposed here consequently centers on searching for scientific articles listed on two databases: Web of Science (WoS) and Scopus. Its aim consists of providing a specific view of articles referring to experiences, programs, and actions where a social robot has acted as an assistant in music teaching. The results obtained will allow us to understand how things stand at present in relation to this topic.

To accomplish our purposes, this study is structured from a first section dedicated to the theoretical basis which starts with the most general aspects and subsequently deals with the most specific ones. Attention will be paid to the most relevant issues when it comes to social robotics, later focusing specifically on the key aspects of teaching as a whole, and more precisely music teaching, where the intervention of social robots comes into play. Because of all the aforementioned points, it will be possible to define more accurately the theoretical foundation which underpins this study.

Concerning methodology, the main postulates inherent to systematic literature review studies (Moreno et al., 2018; Higgins et al., 2021), especially those dictated by the PRISMA model, were followed. Hence, the references to inclusion and exclusion criteria, alongside data sources used and search strategies. Inclusion and exclusion criteria, data sources used and search strategies are presented. As for the results, attention will be paid to the characteristics of the music education experiences: the number of participants, the actors involved, the instruments used and the reported benefits. The article ends with a discussion and conclusion section. In short, we believe that this study can allow its readers to better understand the use of social robotics in the music classroom, thus helping to launch innovative proposals concerning music teaching in the technological society where we live.


1.1. Robotics in the educational context

The topic of robotics in the educational field is still relatively new, although the human–robot interaction (HRI) derived from its utilization already appears in numerous studies devoted to the achievements of robotics technology (Vlieghe, 2022). The experiences of learning with robots (Diago et al., 2018), as well as the development of the so-called computational thinking (Katai et al., 2021; Chiang et al., 2022; Christensen, 2022; Critten et al., 2022; de Carvalho et al., 2022; Huang and Qiao, 2022; Love et al., 2022), has led to identifying the potential of robots for their use as a new educational resource (Woo et al., 2021). It is what (Han and Jo, 2008), among others, call “robotic learning”—also shortened to “r-Learning.”

This has eventually resulted in the concept of “educational robotics,” a term that spans the different utilizations of robots within the formal educational context. On that basis, Gaudiello and Zibetti (2016)—quoted by Diago et al. (2018)—suggested three models for learning via educational robotics:

• “Learning robotics,” where students use robots as a means to learn contents specific to robotics or engineering;

• “Learning with robotics,” in which robots serve as the basis for the learning process; and

• “Learning by robotics,” where students achieve a series of objectives in any subject by means of robotics.

In our opinion, this threefold classification must be complemented by the contributions made by Tanaka et al. (2015) about the use of robots in education. According to these authors, the presence of robotics within educational environments has generally adopted two main formats, respectively, based on seeing robots as an (i) educational material and (ii) educational agents. This last consideration seems especially important to us because social robotics—around which this study revolves—is framed within this approach.

With regard to the aforementioned studies, as highlighted by Tanaka et al. (2015), the expression “educational agent” refers not only to the robots that act as teachers or teaching assistants and have been designed to give instructions to students but also to those destined to support students’ learning and study with them. In either case, they provide a social dimension that is lacking in other robots designed to initiate learners into robotics, programming, and electronics, such as Bee-Bot, Makeblock mBot, or Robo Wunderkind, to quote but a few.



1.2. Social robotics in the educational context

Social robots are seen as a technology that will gradually be integrated into every area of our society to provide us with assistance in numerous tasks. The robots are designed in such a way that they are able to socially interact with humans and thus simplify communication between human beings and machines, which, in turn, will increase their acceptance by users de Graaf and Allouch (2013). It is this characteristic of assistance and interaction with people that define a social robot as opposed to another type of robot. In addition, there are other characteristics such as humanoid appearance or human-like functions such as movement (Vlieghe, 2022). In this case, the current challenge for artificial intelligence is for the social robot to interact in a natural way—i.e., the way we humans interact with each other. Han and Jo (2008) described one of the first experiences with a robot for electronic learning that was available in the world, and Rofi’ah et al. (2021) more recently showed a case in which dialogue was used for verbal communication with an assistant robot within a hospital environment.

Among the so-called “social robots” are humanoid robots—e.g., those whose appearance resembles that of humans. NAO and Pepper are the best-known models belonging to this group. NAO, a humanoid robot, developed between 2005 and 2007, and presented at RoboCup 2008, was innovative at its time, both for its functions and because it had great freedom of movement. This could be verified at the Shanghai Expo of 2010 when 20 NAO robots danced to Ravel’s Bolero. In 2011, Aldebaran Robotics presented a new improved version, NAO Next Gen, with which the robot’s control source code was released so that anyone could contribute to this project.

Pepper is a humanoid robot designed and developed by SoftBank Robotics Corp. and Aldebaran Robotics SAS (Tanaka et al., 2015). Conceived as an emotional robot, it can communicate with human beings in a wide range of areas through its autonomous behavior, speech, and the skills associated with the emotional recognition function. This robot forms part of a macroproject oriented to help creators and developers from all over the world to compile and store applications, as well as contents and smart technological components so that they can be shared. This makes it possible to enlarge Pepper’s functions through the installation of new software and a set of applications known as “roboappli” (applications for robots), which is the main challenge for future investigations.

Pepper has been used in several domains, including the educational field. Thus, Tanaka et al. (2015) carried out a pilot test linked to English learning in which Pepper acted as an educational agent that learned with the participating children. They utilized three educational programs that the learners selected while interacting with the robot. In turn, Azuar et al. (2019) resorted to Pepper with the aim of modifying the evolution of a story according to the emotions detected in persons with intellectual disabilities. Similarly, Efstratiou et al. (2021) used Pepper to interact with children with an autism spectrum disorder in specially designed educational scenarios about monetary transactions. All these scenarios pursued to boost short- and long-term memory, alongside communicative and social skills, through exercises with coins and notes.

Another experience with Pepper was the study undertaken by Ujike et al. (2019), contextualized in Japan, where humanoid robots have entered the medical environment as well as that of seniors’ care. Their experience revolved around the implementation of a 40-min body–brain gymnastics recreation program adapted to the functional level of older adults. It consisted in moving, looking/curing, and playing. The exercise “move the body” and other active drills within the motion range were performed in conjunction with the music. In fact, when Pepper-CPGE was used, the following changes took place: the level of communication between patients and nurses during rehabilitation care increased; patients showed an interactive and committed attitude, actively participating in the attention prevention gymnastic exercises too, using Pepper-CPGE; patients had fun and enjoyed talking to Pepper-CPGE.



1.3. Robotics and music

Research into robotics and music is enjoying a boom (Cádiz et al., 2021) in the broad field of music research (Ilari, 2020). “Robotic music” focuses on developing the intelligence of machines, in terms of algorithms and cognitive models, with the aim of capturing the underlying principles of music perception, composition, and playing (Chakraborty et al., 2021). The ability of robots to manifest music in an artistically expressive manner, like that of humans, lies in a multidisciplinary field between engineering, computing, music, and sociology. The aspects being investigated include the musical robot and the human–robot interaction linked to new forms of creativity, exchange, and playing.

By way of example, Savery et al. (2021) analyzed the musician’s interaction with the robot before and after the performance, as well as between pieces. According to these scholars, these tasks involving a non-musical interaction, such as the presence of a robot during the configuration of the musical team, play a key role in the robot’s human perception. Another case of an experience shared by robots and humans can be found in Vear (2021), whose investigation centered on technical solutions and the artistic potential of artificial-intelligence-driven robots that co-create with a human musician who improvises (the author) in real time. Similarly, Chakraborty et al. (2021) delved deeper into one of the characteristics of musical performances in which musicians do not play rigidly, but play, move, and behave depending on the “feeling” of the music, and in tandem or according to non-verbal mutual gestures between them or from the main conductor. All of this requires an advanced level of cognitive operation for musical robots within such interactive, synchronized, and collaborative environments.

As for social robots and music, it is worth mentioning the study of Ribes et al. (2016) on performance. This time, the humanoid robot iCub listened to the human performance and subsequently learned on an incremental basis by means of imitation. This possibility of using the robot as a performer has been addressed in numerous studies. For instance, Fei et al. (2019) showed how a robot played an instrument called a dulcimer with a self-learning method whose training relied on data associated with three types of information: the tone of the adjacent notes, the time interval in a musical piece, and the decision results in the real processes of performance by human beings.

Scimeca et al. (2020), in turn, utilized a minimalist experimental platform based on a robotic arm equipped with a single elastic finger to examine on a systematic basis both motor control and the outcome resulting from piano sounds. Miller (2020) experimented with robots that played live neoclassical jazz combined with free improvisation. Finally, the study undertaken by Krzyżaniak (2020) resorted to swarms of autonomous musical robots for the purpose of analyzing human–robot and robot–robot interaction—e.g., when musical robots listen to, learn from, and respond to each other while improvising music together.



1.4. Robotics and music applied to education and other fields

Music and robotics make up a duo that is used in plenty of fields. Thus, from a perspective linked to health (music therapy), the utilization of robots provides a variety of possibilities. By way of example, Zhang et al. (2022) describe an experience that has to do with musical perception through gestural robotics. More precisely, they deal with a therapy of musical perception for autistic children that uses interactive gesture-controlled robots supported by the concept of educational psychology and deep learning technology.

Specifically in the educational context, robotics and music are addressed to connect them with other subjects. Thus, Torrejón Marín and Ventura-Campos, 2019 dealt with educational robotics in music teaching, in combination with mathematics. They used Bee-Bot robots with 3–7-year-old students who programmed the former so that they could move along boards and study with the musical contents proposed. In this way, they developed students’ logical-mathematical thinking and increased their motivation. Already-designed robots that help in learning other subjects may be utilized too. An example thereof is the experience carried out by Marques de Andrade et al., 2018, who created a robot for musical keyboards with the aim of providing more creative and interactive educational activities associated with physics teaching.

Park et al. (2015), in turn, pursued to develop a kind of robot-based learning with programming meant to improve students’ creativity and understand satisfaction in primary education classrooms. An instruction strategy was followed in this analysis that helped students to express learning contents about the Korean language, mathematics, and music in the movement of the educational robot with scratch-type programming so that learners could program the robot.

For their part, Chou and Chu (2017) proposed a percussion learning device that brings together tablets and robots and consists of two systems: one for the teaching of rhythms in which users can compose and practice rhythms using a tablet, and another for robot execution. First, the teachers type the rhythm training contents on the tablet. Then, the students do these percussion drills with a tablet and a small drumkit. The teaching system provides a new, easy-to-use score edition interface to compose a rhythm exercise. It additionally supplies a rhythm classification function that makes children’s percussion training easier and improves beat stability. Seeking to encourage learners to practice with percussion drills, a robotic action system is utilized to interact with the children which can perform percussion exercises so that learners can listen to them, subsequently helping the former to practice the exercise in question.

It must be remembered, however, that although evidence exists of the benefits that the use of robots can have in the educational context as a whole and particularly in the music area, no systematic reviews or meta-analyses seem to be available that allow us to study the experiences developed—more precisely regarding music teaching within a formal educational environment. In view of all the aforementioned points, it seems appropriate to undertake a systematic review of the educational experiences undertaken and their specific effects on the teaching–learning process. This will make it possible to ascertain some common aspects in the development of such processes, thus providing guidance for future experiences.



1.5. General objective and research questions

Based on all the considerations made so far, the following research questions can be posed:

• What educational experiences have been carried out in the formal context of music teaching from the use of social robots in the classroom?

• What are the characteristics of these educational experiences?

• Do the results of the identified research studies support more widespread use of robots in the music classroom?

The general objective of this study will consequently be to check the current level of knowledge about the utilization of social robots within the educational domain of music teaching. From this, general objectives are drawn and the three specific objectives are listed as follows:

• To identify the educational experiences in music teaching with social robots from a systematic review of the scientific literature contained in selected databases since 2015.

• To analyze the implementation of educational experiences in music teaching with social robots and their main features.

• To examine the evaluation performed in the educational experiences of music teaching with social robots.

Based on all the aforementioned points, and within the framework of a systematic review, the following hypothesis is launched: the use of social robots in formal music teaching has beneficial effects on students’ learning.




2. Method


2.1. Type of study. Design

A systematic literature review (Conn et al., 2003; O’Connor et al., 2008; Higgins and Green, 2012) was performed for the purpose of analyzing the most outstanding studies published in relation to the suggested research questions. This eventually enabled us to create a database with the selected sample, as recommended by Prendes-Espinosa et al. (2020). The study of this scientific review was approached “from descriptive and content analysis techniques” (Rivero et al., 2019) and took into account the previously formulated research questions. It was performed in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) guidelines (Liberati et al., 2009; Moher et al., 2009; Tacconelli, 2010) in an attempt to carry out research as systematically as possible and accordingly provide guarantees for the whole procedure implemented from the defined methodological guidelines. As pointed out by Moher et al. (2009), PRISMA can serve as the basis to undertake systematic reviews of various fields, even though some modifications will have to be made—depending on each case—in the flow diagram and the verification list (the elements that permit to organize and structure the research process). In this case, we specifically refer to the items utilized in PRISMA’s standard verification list (Liberati et al., 2009; Urrútia and Bonfill, 2010): title, structured abstract, justification, objectives, protocol and recording, eligibility criteria, information sources, search, data compilation process, data list, risk of bias between studies, selection of studies, characteristics of studies, evidence summary, and limitations and conclusions.



2.2. Procedure

The requirements specified at the “Reglamento del Comité de Ética de la Investigación de la Universidad de Alicante” (Regulations of the Research Ethics Committee of the University of Alicante; BOUA, 2022) were followed at all times. Similarly, the procedure entailed going through a number of stages typical of systematic-review-based research studies, which are summarized as follows:

• Formulation of the problem to be examined: the first step is carried out by taking as a reference the research questions and objectives mentioned earlier. It is important to note that, before starting this research, we checked on the PROSPERO database1 that no reviews concerning these issues existed; the fact that it was a new study undertaken within the framework of a University Master’s Degree made us decide not to send this protocol to PROSPERO.

• Search for relevant studies from a set of sources and parameters suited to our research. To that end, we chose to use two of the most important scientific databases that will be specified in the following sections. Furthermore, several parameters were established that served to delimit the systematic review, namely the inclusion and exclusion criteria, based on which we carried out the literature search with the aim of selecting the studies that fulfilled such criteria. It needs to be highlighted that we had to make a number of changes in the process during this stage. Those changes were explicitly stated, together with their justification, to provide evidence that the results had by no means been affected by potential biases.

• Sample analysis: From the studies that complied with the respective inclusion criteria, the corresponding description and coding were carried out, which, in turn, allowed us to show the results.

• Interpretation: Taking into account both the results derived from coding and the objectives set, attention was paid to the consequent discussion as well as to drawing a conclusion.



2.3. Inclusion criteria

Following Prendes-Espinosa et al. (2020), “the criteria were: inclusion and exclusion, relevance, validity of studies, data description, removal of duplications, bias risk, application of Boolean operators and bilingual descriptors” (p. 11), in addition to implementing “the PICoS (population, phenomenon of interest, context, and study design) strategy” (p. 12). This makes it possible to identify and structure terms, which are relevant for searches (Martínez Díaz et al., 2016; Morris et al., 2021). More precisely, these were the inclusion criteria used in this systematic review as follows:

With respect to the population:

o Time specification: A decision to analyze the period 2015–2022 was made for the purpose of extracting the most recent studies devoted to the research problem under study.

o The descriptive terms acceptable for the population had to contemplate the terminology referred to as social robotics and music.

o Type of document: articles.

o Access: open.

o Source: journal.

o Area(s): all.

o Publication language: English and Spanish.

• Concerning the phenomenon of interest: our study focused on experiences related to the use of social robotics in the music classroom. Hence, our decision to select only those studies which directly address this topic with programs, activities, experiences, and projects along those lines. For that reason, attention will exclusively be paid to their presence in the title, the abstract, or the keywords of the articles to be analyzed.

• Regarding context: the research concerned any educational level and referred to a formal environment.

• As for the design of the research study applied to investigate the corresponding experiences, all methods were admissible, including the case study, which we finally decided to include despite not having considered it at first due to the shortage of results obtained. Not only quantitative studies but also qualitative and mixed ones were selected, similarly contemplating longitudinal as well as individual research studies. With regard to evaluation tools for variable measurement, all of them were included regardless of whether they had a qualitative or quantitative nature, such as self-reports, ad hoc tests, validated tests, and interviews. In terms of results, all options and formats dealing with the benefits derived from the experience developed were considered.

Similarly, these inclusion criteria define the exclusion criteria. Thus, concerning the type of experience, we found publications about studies devoted to music and robotics in non-formal contexts (e.g., a performance), which were not taken into account.



2.4. Search strategy


2.4.1. Databases and descriptors

Using the design described earlier as a reference, the relevant records were identified from systematic reviews on the following electronic databases: Web of Science: Web of Science Core Collection [Social Sciences Citation Index (SSCI)], Emerging Sources Citation Index (ESCI), Science Citation Index Expanded (SCI-EXPA), and Scopus.

The same descriptors and parameters were used for the advanced search in the aforementioned databases, Boolean operators, and actions being adjusted on the same universe; in this case they were the title, abstract, and keywords. Table 1 lists the descriptors used from the semantic families.



TABLE 1 List of descriptors used in the systematic review.
[image: Table1]

To avoid fugitive literature from the WoS and Scopus databases and following the indications of Pedraza-Navarro and Sánchez-Serrano (2022), a search was performed in other databases, but no new contributions to the results were located. Specifically, the sources consulted are indicated later and, in parentheses, the number of publications located according to the inclusion criteria used: Dialnet (4), ERIC (1), ProQuest (12), and DOAJ (34). After examining the articles, none of them alluded to the object of study of the present investigation, so they could not be added to the results.



2.4.2. Selection process

Although searches took place between February and April, the results were updated on 25 May 2022. A decision was made to apply the same search strategies to each and every database. More specifically, all three semantic families were included in the title, abstract, or keywords so that we could exactly replicate the search performed.

It deserves to be highlighted that in SCOPUS, we proceeded to filter the initial outcome—532 results—using the tools available on the interface of that database; or expressed differently, the search was confined to a series of filters (see Table 2). The result obtained in that way was 40 articles that we exported to our Mendeley account.



TABLE 2 Filters used in the systematic review.
[image: Table2]

As for WoS, we initially achieved 193 results. Once again, we proceeded to filter those results using the filters specific to the WoS interface (see Table 1), thus reducing the number to 29 results. The outcome of these searches shaped the corpus, with the emphasis being placed on removing duplications, examining all the titles and abstracts, and, finally, discarding those articles which were not of interest to us according to the inclusion and exclusion criteria.

Both the flow diagram and the information results obtained through the selection and review process are shown in accordance with the scheme proposed in PRISMA (Urrútia and Bonfill, 2010) and following the PICoS strategy (see Figure 1). A first descriptor-based search led to an initial population of 725 documents—with the following distribution by databases: Scopus: 532 and WoS: 193. After filtering or sifting in accordance with the previously specified inclusion criteria, the final sample contained 69 documents. Both the abstracts and/or the full texts of the remaining articles were examined to ascertain which of them fulfilled all the inclusion criteria—duplications were eliminated. A total of four were eventually selected, which provided us with a final sample of records to carry out the process of extraction of the data needed for the corresponding analysis. With that aim in mind, Microsoft Excel was utilized to add information on the basis of the coding and the information related to the sample’s descriptive data.

[image: Figure 1]

FIGURE 1
 Flow diagram used [elaborated by the authors from a template developed by Moher et al. (2009)].




2.4.3. Databases and descriptors

From the search undertaken on the aforesaid databases, and taking into account all the inclusion and eligibility criteria, the final sample of studies selected in this systematic review contained four scientific articles (see Table 3), in view of which a search was carried out on another database with the aim of ensuring that the result reflected the existing literature on this topic. We thus performed the same search on EBSCO, the initial outcome being zero articles.



TABLE 3 Selected articles.
[image: Table3]

Our analysis of the sample under study began with the examination of the descriptive characteristics of the selected articles. To this end, we analyzed them from a series of variables: time distribution (year of publication), the scientific journal where it was published, and authorship (see Table 4).



TABLE 4 Descriptive characteristics of articles.
[image: Table4]

Similarly, we performed a content or semantic analysis, which required coding the articles based on a set of variables related to the corresponding experiences with social robots. The three main categories refer to (a) the population to which the experience is addressed, (b) the characteristics of that experience, and (c) the design of the research undertaken around the experience in question.

As for the population, an analysis was carried out about the participants’ sociodemographic data, such as geographical location, age, gender, and the specific features of the target group in this experience. In relation to the characteristics of the latter, our attention focused on its motivation and objectives, as well as its duration and the musical aspects covered. We finally examined the evaluation of experiences, if any—an aspect analyzed too—method utilized, tools used for the evaluation, and the results thereof.

Finally, it is worth highlighting that this coding of records was performed in accordance with a series of categories which, despite having been defined beforehand, were updated gradually as we coded each article. This allowed us to identify the key topics and the most frequently used concepts, accordingly making it possible to carry out an in-depth study about the contents of the articles from a set of codes (see Table 5).



TABLE 5 Codes used to analyze the contents of articles.
[image: Table5]





3. Results


3.1. Identification of educational experiences with social robots in music


3.1.1. Population

Regarding geographical location, the development of the respective educational experiences was evenly distributed between Netherlands and Iran. To structure the sample results, the samples were grouped by intervals: <25, 26–50, 51–75, 76–100, and >100. More specifically, there are two experiences with four infants (Taheri et al., 2019, 2021). In both cases, they involved children diagnosed with ASD. In the 2019 experience, the authors highlighted that the children had no previous music learning background, they were able to understand/obey instructions, they had a minimum cognitive development of a 3-year-old child, and they could perform simple imitation movements. In addition, hey highlighted that two were excluded: one because he became frightened on the first day and the other due to problems between his parents. Song et al. (2021) worked with 31 children and Smakman et al. (2022) with 115 children.

In relation to the age variable, Taheri et al. (2019) established a minimum of 3.5 years; Taheri et al. (2021) situated it between 5 years and 1 month and 6 years and 5 months; and Song et al. (2021), between 9 and 12 years. In this last case, the participants were piano students—the other studies did not involve learners from music subjects. As for their level of expertise, children were divided into three different groups by learning stages (number of years studying piano) following the piano teachers’ suggestion, namely, beginners (less than 2 years, n = 11), developing musicians (between 2 and 4 years, n = 10), and advanced performers (over 4 years, n = 10). In turn, the experience described by Smakman et al. (2022) included two experiments about confidence between 4 and 6 years and stress between 3 and 6 years.

Regarding gender, no rules are repeated for this variable. In Taheri et al. (2019), all participants were boys; in Taheri et al. (2021), one girl and three boys took part; the study performed by Song et al. (2021) involved 15 girls and 16 boys, and that of Smakman et al. (2022), 26 boys and 29 girls in the experiment about confidence, and 30 boys and 30 girls in the experiment about stress.



3.1.2. Main aspects of the experience


3.1.2.1. Motivation or objectives of the intervention

Our approach to the reasons for—and the goals sought with—the implementation of the different experiences can be summarized around three areas: attention to special educational needs, the teaching of musical instruments, and human–robot interaction.

Thus, Taheri et al. (2019) set themselves the aim of teaching music to children with autism with two specific objectives: (1) to familiarize these learners with the foundations of music using a robot that played the xylophone and the drumkit as a teacher’s assistant, and (2) to improve the social and cognitive skills of those children with autism by means of active music games. Three questions served as the starting point for Taheri et al. (2021): (a) Does a humanoid robot acting as a teacher’s assistant have the ability to teach musical rhythms and notes to low-functioning autistic children? (b) Does robot-assisted music-based education impact on the social and cognitive skills of low-functioning autistic children? and (c) Can robot-assisted interventions affect the stress levels of low-functioning participants’ parents during music education classes?

Finally, Song et al. (2021) investigated whether or not children at different learning stages would have higher motivation when assisted by a robot playing various support roles: evaluative vs. non-evaluative role. They formulated the following research question: Can the different roles of robots (i.e., the evaluative role and the non-evaluative one) differently influence the motivation of children at various learning stages when practicing with instruments? Smakman et al. (2022) adopted a similar approach for the purpose of exploring children’s confidence with social robots, to which they added a second experiment focused on reducing their stress levels through the utilization of a social robot.



3.1.2.2. Duration

None of the experiences entailed a high number of sessions. The two experiences provided by Taheri et al. (2019, 2021) present the same sequence, with hardly any variations: there were two initial sessions without robot-assisted music teaching (week 1). Week 2 included a pre-test before introducing the robot in the guidance session. In total, nine sessions (between weeks 3 and 11) were followed, with interventions for each child. A post-test was carried out in the last session (i.e., week 11), and the follow-up test was 4 weeks later. Song et al. (2021) contemplated three sessions: the child practicing alone, assisted by the evaluative robot, or assisted by the non-evaluative robot (in a random order).



3.1.2.3. Robot used

In general, 50% of experiences utilized NAO H-21 (Taheri et al., 2019, 2021) while 25% resorted to SAMBuddy Storytelling Cuddle, a robot resembling a cuddly toy full of very basic hardware components (Smakman et al., 2022). Only in one case was a robot created ad hoc for the study; Song et al. (2021) presented a robot with two roles: evaluative (“categorical specific language, praising effort, with a slow, constant tone, and a calm facial expression, centering on practice, moving little, and dressing formally (that is, shirt)”); and non-evaluative (“indirect abstract language, praising talent, with a fast active tone and a funny facial expression, moving a lot and dressing informally (i.e., striped jersey)”).



3.1.2.4. Musical content covered in the experience

Learning to play a musical instrument was present in 75% of cases. Two experiences—carried out by the same research group (Taheri et al., 2019, 2021)—utilized the robot so that participants could learn to play a real drum/xylophone in robot–child or robot–child–therapist–parent imitation games; in turn, the children who took part in the study of Song et al. (2021), played the piano. Instead, the robot was used by Smakman et al. (2022) as an alternative activity to human beings listening to classical music, ultimately seeking to reduce stress. On this occasion, a child–robot interaction or a conventional music intervention—one of the interviewers playing the classic song “Comptine d’un autre été (Amélie)”—took place in separate rooms.




3.1.3. Evaluation of educational experiences with social robots in music


3.1.3.1. Evaluation method

We should ask ourselves whether or not these experiences have been evaluated and how. All of them (100%) are case studies. Regarding evaluation tools, Song et al. (2021) utilized the Situational Motivation Scale to measure four (motivation) dimensions: autonomy, pleasure, stress, and interest. Taheri et al. (2019) worked with three types of measurement tools, namely: evaluations toward the child of the kind “hit the drum and/or the xylophone using sticks.” The evaluations were performed by an expert in autism and a music teacher, both of them psychologists. They also used interviews with parents as well as three questionnaires validated in research on autism: the Gilliam Autism Rating Scale (GARS), used to estimate autism severity; Autism Social Skills Profile (ASSP) on the social behaviors of a 6–17-year-old individual with autism; and Parenting Stress Index-Short Form (PSI-SF) about parents’ stress.

Taheri et al. (2021) evaluated imitation and social communication skills, alongside regular imitation exercises, and the ability to reproduce rhythm. They used four questionnaires too, including the Autism Social Skills Profile, Gilliam Autism Rating Scale, Autism Verification List, and Parenting Stress Index-Short Form. Song et al. (2021) assessed motivation by means of a questionnaire and video data analysis. As for Smakman et al. (2022), they resorted to a questionnaire—before the interaction—about sociodemographic data and others related to age, grade, and gender, in which interviewees were similarly asked if they had ever seen a robot before; and if they had, they were expected to describe their previous experiences with them. Furthermore, they used an ad hoc prepared questionnaire adapted to the participating children to ascertain their state of mind and level of stress after the experiment; a research assistant carried out observations using an intervention monitoring scheme (robot and music).



3.1.3.2. Results of experiences

The outcome of the diverse interventions allowed us to verify that improvements concerning the objectives set had been achieved in all of them, although the difference was not significant in one case. As pointed out by Taheri et al. (2019), the robot NAO was able to teach notes/rhythms, parents’ stress decreased during sessions, and there were remarkable improvements in subjects’ social/cognitive skills. In their subsequent experience (2021), the children could not pass a test on music notes or the reading of musical phrases due to their cognitive deficit. However, they showed acceptable improvements in the Stambak Rhythm Reproduction Test, which means that some rhythm learning did occur.

The findings of Song et al. (2021) revealed a significant interaction between the conditions (i.e., alone, evaluative robot, and non-evaluative one) and the learning stage groups, which suggests that children belonging to groups situated at different learning stages have different levels of motivation when they practice on their own or with an evaluative or a non-evaluative robot. More specifically, the authors observed that beginners showed greater persistence when practicing with the non-evaluative robot, whereas advanced players expressed higher motivation after practicing with a robot than when doing so alone, though no differences appeared between the two robot roles. The exploratory results also pointed to the possibility of gender having an effect on interaction with robot roles in children’s motivation during music practice with social robots.

Smakman et al. (2022) found that, regardless of the robotic characteristics assessed (intonation, male/female voice, and humor), most children tend to trust a robot during their first interaction. Curiously enough, adding humor to robots’ dialogues seems to impact negatively on the confidence of children, especially when it comes to those who have had no previous experience with robots. It was in this experience that the comparison between a conventional music session and the interaction of a social robot revealed no outstanding differences. Both interventions managed to reduce children’s stress levels, albeit not to a significant extent.






4. Discussion and conclusion

This research aimed to review the scientific literature devoted to formal educational experiences where social robotics has been utilized in music teaching. From this general objective, a number of research questions were posed. Regarding the first question about which educational experiences have been undertaken through the use of social robots in classrooms, our study relied on a systematic review of the scientific literature since 2015 on two of the most important databases available in the educational context: WoS and Scopus. In relation to this question, and following the PRISMA model guidelines, 69 studies were located—65 after removing duplications. Faced with such a small number, the titles, abstract, and/or full texts were directly reviewed to confirm that they referred to the topic under analysis in accordance with the inclusion and eligibility criteria. This left us with four, all of which fulfilled the inclusion criteria.

In this way, we could establish which articles were going to be reviewed. As can be seen, it was not a large sample; however, this result matched that of other similar studies, such as those authored by Rosili et al. (2021) and Lau et al. (2020). Thus, the selected studies were Taheri et al. (2019, 2021), Song et al. (2021), and Smakman et al. (2022).

Concerning the second question, which referred to the specific characteristics of these educational experiences, a description was carried out of the articles that made up our sample according to their time distribution, the scientific journal in which they had been published, and their authorship; these aspects were already considered by other authors in their respective systematic reviews (Prendes-Espinosa et al., 2020). It deserves to be highlighted that, contrary to our expectations, we failed to obtain an upward evolution of publications, especially because of the increasingly advanced technological environment where we live. On the whole, we agree with Han and Jo (2008) that a need exists to investigate the topic around which this study revolves. We are surrounded by technology and social robotics arises as an expanding field. Hence, the usefulness of localized studies is to analyze the scientific evidence available and look for strengths and weaknesses in the corresponding experiences. Due to this, tests with robots in the music classroom can gradually adapt to the specific needs of each discipline and accordingly become an integrated, reality-based teaching format.

On the other hand, it should be noted that in the selected educational experiences the “social” value of the robot used stands out. In concurrence with other research (Azuar et al., 2019), the wellbeing of the students is improved by the characteristics of these robots. The appearance of the robots used, similar to that of humans, and the type of programming, which allows the interpretation of certain social behaviors, contribute to this objective. As found in other studies (de Graaf and Allouch, 2013; Park et al., 2015; Efstratiou et al., 2021), there is an increase in the motivation of users—in our case, children in a musical learning context.

Delving into other characteristics of any educational experience, such as the role of the educational community and the collaboration of families, it should be noted that these variables have not been considered in the studies found. In general, families appear involved in studies referring to social robots when these are used as support in the home (Gasteiger et al., 2021; Choukou et al., 2023).

As for the third and last question on whether the results of the identified research studies support a more widespread utilization of robots in the music classroom, an affirmative answer can be inferred. Thus, as highlighted by Taheri et al. (2019), the progress achieved in this preliminary exploratory study confirmed the potential benefits derived from using social robots and smart technologies as facilitators in music teaching and cognitive rehabilitation. However, some reviews highlight that robots are rarely implemented for long periods of time in the classroom (Woo et al., 2021). This precludes securing the potential advantages of using robotics in music and other related areas.

Similarly, to give a more detailed answer to this question, we analyzed each experience described in the respective articles based on the coding designed. More precisely, attention was paid to various aspects referred to the population, such as sample, gender, and geographical location. At this point, it is important to highlight the disparity with regard to the characteristics of the target population: sometimes students with certain psychosocial features, and on other occasions, students enrolled in music subjects. Therefore, we could not define a common reference framework for the target population, which is not the case for other topics related to social robotics in the educational context, such as care for people with autism spectrum disorder, a topic widely addressed in the scientific literature (Woo et al., 2021; Zhang et al., 2022).

As regards the objectives of the respective experiences, they were analyzed and proved to respond to the needs and interests of students who receive music teaching, both in terms of learning to play musical instruments and listening to classical music. As for the number of participants, it was not high, as happens in most of the studies about social robotics (Lau et al., 2020).

An aspect worth highlighting is that we analyzed the evaluation of experiences seeking to find evidence of the possible advantages brought by the utilization of robotics in music. With this aim in mind, coding was performed in accordance with the following codes: evaluation method, results of interventions, and benefits derived from them. In every article, the diverse case studies added high value in regard to the direct and indirect link between music and school.

After the findings were obtained and the discussion was carried out, it becomes necessary to state that the working hypothesis that we formulated has been confirmed in light of the results already explained earlier. Furthermore, the four experiences examined suggest that the use of social robots in formal music teaching benefits children’s learning, an aspect that coincides with previous studies referring, in general, to the benefits of music (Ilari, 2020).

Regarding the thorough review performed, it seems interesting to identify the guidelines that can be drawn from it and prove helpful for the design of experiences with social robots in music. In this sense, a positive assessment is given to the “social” value of the robot type proposed for music teaching so as to ensure success in these experiences. Similarly, this social value of the robot is highlighted in previous educational research (Azuar et al., 2019; Efstratiou et al., 2021; Rofi’ah et al., 2021). We concur with Ujike et al. (2019) on the prominent motivational value of the Pepper robot.

Similarly, it seems advisable to undertake experiences focused on the whole educational community with the aim of acquiring knowledge and experimenting from a specific school project, assigning robots the status of members of that same community, as reported by Arocena et al. (2022), Lau et al. (2020), López-Belmonte et al. (2021), and Van den Heuvel et al. (2022). Benefits can also be obtained from collaborating with parents and other people actively involved in students’ life (Gasteiger et al., 2021). As for the evaluation of experiences, it would be interesting to monitor them on a long-term basis to check if the improvements in music teaching are permanent. As Woo et al. (2021) highlight, this temporal dimension is needed. In any case, an initiative of this kind requires the involvement and training of teachers, as well as the acceptance of the robots to be used, so that learners can improve their musical skills and capabilities.

Finally, we would like to highlight that the studies under examination provided evidence of positive effects on students’ learning in the educational context related to music. This is also noted in previous studies (Cádiz et al., 2021; Chakraborty et al., 2021; Savery et al., 2021). Nonetheless, these results must be interpreted very cautiously, due to the limitations to generalize them because the sample used is so small. On the contrary, this low number of research studies equally makes clear the need for more studies involving the implementation of experiences associated with music and social robots and the assessment of their effectiveness, as addressed by Arocena et al. (2022). This could serve to replicate research initiatives and acquire a more complete understanding of how teaching–learning processes should develop to ensure high quality. Be that as it may, all four articles analyzed definitely exemplify good practices around the use of social robots in the music classroom.

In our case, and despite the current difficulty to evaluate robots’ ability to directly influence learning results in music, it can be interesting to delve deeper into these possibilities already. Social robotics in education appears as a viable resource in the future. In this sense, we agree with several previous studies (Tanaka et al., 2015; Azuar et al., 2019) that point to this. Hence, the potential usefulness of this study is in breaking new ground.


4.1. Limitations and proposals for future

This study faced certain limitations, which are specified in the following paragraphs. The first one related to the small sample size and the consequent effect on the generalization of results. Although plenty of time was dedicated to trying and finding a larger sample of articles about this topic (based on the previously established inclusion criteria), the shortage of publications devoted to this field was verified. We could have modified the criteria or the topic, but that would not have been in keeping with the objective set at first. In fact, it became necessary to clarify some aspects because, when the research study was in full swing, we realized that certain aspects—e.g., academic performance—had initially not been addressed in a proper manner.

Another limitation worth highlighting had to do with the databases used. Although those sources are seen as two of the most important ones currently available to the scientific community, we did not resort to other possible sources. Moreover, we included references in English and Spanish; even though the former is the most widely used language in the scientific domain, references in other languages were excluded.

In addition to the aforementioned limitations, we are well aware that—as stressed in the PRISMA model—this type of research has an author-based bias since it is a “complex process that entails numerous assessments and decisions” (Urrútia and Bonfill, 2010: 508). As explained by these authors, “with the aim of minimizing the bias risk during the review process, such assessments and decisions should not be influenced by the results obtained in the articles included in the review” (Urrútia and Bonfill, 2010: 508). That is what we tried to do at all times, actually, but we may have introduced some bias in our study, perhaps because of our lack of experience in such research studies. It would be necessary to carry out a study in which different evaluators could take part and also apply agreement measures (Morris et al., 2021).

Along these same lines, we would like to clarify that no biases have been introduced in the protocol. The latter was established a priori and, although we did not publish it, as suggested in the Cochrane model (Urrútia and Bonfill, 2010), it was transparent and did not change a posteriori because we knew that those changes would affect the results in some way or other. Urrútia and Bonfill (2010) insisted on the fact that “such decisions are very likely to introduce biases and must be avoided” (p. 508). That is what we did, explaining the changes made and their justification in the methodology section. In particular, before undertaking this research study, we made sure that there were no other reviews on this same topic so that duplications could be prevented. In this regard, we were unable to carry out an optimal “assessment of the bias risk at the level of studies or results” (Urrútia and Bonfill, 2010: 508), insofar as these studies were not performed following the same methodological approach, which makes it very difficult to compare both the studies themselves and their findings. After all, we have case studies as well as the application of certain standardized tests.

Added to the aforementioned points, some biases do exist in relation to the publications that shape the sample. We did not systematize the evaluation of methodological quality referred to the results which were relevant for each one of the selected studies by means of published rating scales (Morris et al., 2021). Apart from the lack of knowledge required to do this with sufficient certainty that the procedure was implemented correctly, the existence of methodological heterogeneity in the interventions largely hindered the evaluation of that methodological quality.

Despite its limitations, this study has implications that deserve to be considered when it comes to the use of social robotics in music teaching. That is why a future research line could contemplate directly utilizing a social robot in a classroom with different educational levels, from infant education to university teaching. It would be a way to supply additional perspectives and reflections about the experiences developed. Another potential path for research consists in giving voice to those students who experiment with social robots so that they could express their feelings and perceptions, among other things.
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