

[image: image1]
The sound of science: a sonification learning experience in an Italian secondary school









 


	
	
ORIGINAL RESEARCH
published: 07 January 2025
doi: 10.3389/feduc.2024.1502396








[image: image2]

The sound of science: a sonification learning experience in an Italian secondary school

Giacomo Eramo1, Serafina Pastore2*, Mario De Tullio1, Valeria Rossini3, Alessandro Monno1 and Ernesto Mesto1


1Department of Earth and Geoenvironmental Sciences, University of Bari Aldo Moro, Bari, Italy

2Department of Research and Humanities Innovation, University of Bari Aldo Moro, Bari, Italy

3Department of Education, Psychology, Communication, University of Bari Aldo Moro, Bari, Italy

Edited by
 Daniel H. Solis, Instituto Politécnico Nacional, Mexico

Reviewed by
 Ana María Botella Nicolás, University of Valencia, Spain
 Ronnie Alejandro Videla, Santo Tomás University, Chile
 Alfonso Garcia De La Vega, Autonomous University of Madrid, Spain

*Correspondence
 Serafina Pastore, serafina.pastore@uniba.it 

Received 26 September 2024
 Accepted 20 December 2024
 Published 07 January 2025

Citation
 Eramo G, Pastore S, De Tullio M, Rossini V, Monno A and Mesto E (2025) The sound of science: a sonification learning experience in an Italian secondary school. Front. Educ. 9:1502396. doi: 10.3389/feduc.2024.1502396
 

Introduction: The present article reports on a case study aimed at improving STEAM education in secondary schools. It discusses the use of sonification as a teaching strategy to integrate music into science learning, using different approaches from data audification to parameter mapping into aural models and to the rewriting of song lyrics based on STEM topics.

Methods: A qualitative research study has been performed in a secondary school in the school district of Bari (South of Italy). More specifically, students’ and experts’ perceptions of experienced sonification activities have been collected through six rounds of focus group interviews.

Results: While there was a good improvement in student achievement in science, it is worth noting how musical activities also led to some benefits for students involved in the sonification workshops. The integration of music with STEM disciplines has promoted more cooperation and empathy among the students. Additionally, musical inputs can help students discover and regain interest in music. However, the study also highlighted the differences in teacher training and content knowledge, suggesting the need for future research to consider broader samples and experimental designs.

Discussion: Results and implications for educational research and practice are discussed considering the recent literature on STEAM. Finally, this study demonstrates the importance of a robust instructional design for sonification activities, so that they can be more effective, aligned with the school curriculum, and integrated into the classroom teaching-learning process.
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1 Introduction

Over the last few years, several processes (i.e., migration, climate change, environmental threats, economic crises, the COVID-19 pandemic, and wars) have deeply affected our society. In this challenging scenario, the value of science has been strengthened as an expression of interconnected knowledge between the environment, society, economy, art, and policy institutions. Conceived as necessary for sustainable development and active and inclusive citizenship, mathematical, technical, and scientific competences are recognized as fundamental to develop and apply logical thinking, solve a range of problems in everyday situations, and explain the natural world through observation and experimentation (Hogan and O’Flaherty, 2022; Lederman and Lederman, 2019; Smith and Watson, 2019). Although the interest in STEM (Science, Technology, Engineering, Mathematics) has widely spread, becoming an “almost universal preoccupation” (English, 2016), the recent inclusion of Arts disciplines (e.g., humanities, social sciences, and fine arts) has emphasized the importance of creativity in students’ development (Aguilera and Ortiz-Revilla, 2021).

Despite STEAM education being considered a priority in educational policies, there are still difficulties in teaching STEAM at school. These difficulties include low attractiveness of STEAM subjects for students, a strong gender bias in the approach to these subjects and in the development of academic scientific careers, effective inclusion of students with a disadvantaged background, a lack of evidence on students’ learning outcomes in STEAM education, and low or ineffective preparation of teachers (García-Carmona, 2020). More specifically, as pointed out by Bautista et al. (2018), the prevailing educational model in schools continues to be the disciplinary model, where curriculum subjects are taught independently and in isolation. Recent studies, instead, confirm the inseparable link between teacher learning and student learning within STEAM education (Jiang et al., 2024).

Still today, one of the fundamental barriers toward STEAM is teachers’ low level of preparation in designing and delivering integrated curricula (Kelley and Knowles, 2016). Furthermore, female students and students with special learning needs in scientific careers are often not effectively included (Moote et al., 2020; Mujtaba and Reiss, 2016). Nowadays, STEAM education research streams aim to:

• Attract more students and teachers to STEAM education;

• Break down the barriers between different subjects to integrate school curriculum and vocational guidance;

• Foster a deeper collaboration with universities and industry to develop STEAM teachers’ skills;

• Develop teacher training activities to improve the quality of STEAM education;

• Reduce inequalities in access of scientific studies and carriers for women, ethnic minorities, and people with disabilities.

From this perspective, the present article reports a case study conducted within a broader research project aimed at enhancing STEAM education in secondary schools in Italy. More specifically, the research project, titled “The Sound of Science” focused on designing, developing, and implementing an innovative teaching strategy based on sonification. The goal was to incorporate music into science learning.

In the sections that follow, we first review the literature on STEAM education, which lays out the foundation for the framework adopted in the research project. Then, we describe how music can support the process of teaching and learning in science. Secondly, we illustrate the case study and analyze the perceptions of students and experts regarding the proposed STEAM activities (specifically, sonification). Finally, we discuss the implications for educational research and provide some suggestions for educational practice.



2 Conceptual framework and background

This study draws upon STEAM education and sonification concepts. Moreover, with the aim of investigating experts’ and students’ perceptions of sonification, the study is grounded in the literature on conceptions of teaching and learning activities.


2.1 STEAM education

Although a consensus has not been reached on the disciplines included within the STEM domain (Li et al., 2020), the term STEM education refers to the integrated and connected teaching of scientific-technological disciplines (Science, Technology, Engineering and Mathematics) through the use of real-world issues (Martín-Páez et al., 2019; Sanders, 2009) in contexts that allow students to make connections between school, community, work and business in order to develop the ability to compete in the new economy (Queiruga-Dios et al., 2019). While Rosicka (2016) pointed out how definitions in the literature cover a broad spectrum (from a mix-and-match or continuum approach, inter-and multi-disciplinary, through to a fully integrated view of STEM education) the recent literature on STEM education focused on four major themes:

• Teachers’ competences;

• Integration of STEM disciplines;

• Active learning, and

• Student engagement and participation.

The main purpose of STEM education, from this perspective, is to improve the learning outcomes of students who will continue in careers associated with science or technological competence. Against the backdrop of Dewey (1934) epistemological perspective, STEM education represents a form of integrated education where learning is student-centered and based on real-life and authentic activities. Teaching fundamental skills and providing students with the knowledge needed to be active members of a democratic society are the main educational aims.

During the past decade, a more complex form of integration has emerged in the transition from STEM to STEAM. The difference between STEAM and STEM lies in the inclusion of the A for arts (Martín-Páez et al., 2019). The structured use of arts (A) in STEM is indicated as STEAM, which is a contextual curriculum in which the links between science, technology, engineering, math, and art subjects and the actual world are made to reinforce each other. The arts serve as a bridge between various concepts, as well as between the research world and society. Additionally, students are encouraged to use both hard and soft skills to solve challenges in STEAM courses (Quigley et al., 2019; Yakman, 2008). Indeed, some evidence supports how the inclusion of artistic processes in science can promote students’ conceptual understanding and attitude toward science, involve them more actively in learning science and allow for a more realistic transdisciplinary learning experience.

The combination of art and STEM education can promote not only the coordination of various disciplines, but also the students’ creativity and innovation ability and strengthen their artistic edification and their backgrounds in the humanities. In fact, STEAM education can be successfully integrated into ESD (Education for Sustainable Development), as in the Arts and Humanities (Hsiao and Su, 2021).

However, an agreed understanding of the nature and definition of STEAM does not exist.

The construct of STEAM education has been diversely conceptualized over the years. While some authors consider STEAM simply as a movement in search of innovative pedagogical experiences (Colucci-Gray et al., 2019), or as integrative classroom practices focused on solving real-world problems (Korea Foundation for the Advancement of Science and Creativity [KOFAC], 2017); others confer STEAM a higher status, defining it as an integrated teaching approach (Martin-Gordillo, 2019; Zamorano et al., 2018) or as a full-fledged educational model (Carmona-Mesa et al., 2019; Quigley et al., 2019; Yakman and Lee, 2012). Despite the ambiguity of the acronym, the proponents of STEAM education agree with the need for pedagogical innovation that breaks down boundaries between disciplines. From this perspective, teaching and learning activities that address problems in innovative and responsible ways should allow students to understand, assess, and successfully handle techno-scientific issues that arise in everyday life (Bautista, 2021).

With its halo of an ideal approach, the STEAM movement has rapidly extended within the education debate (García-Carmona, 2020). If, on one hand, in some educational systems (e.g., South Korea), it represents a core-curriculum aspect (Hong, 2016), on the other hand, STEAM education is considered more as a political objective (Domènech-Casal, 2018), rather than a pedagogical or didactic approach as such. Given this diversity of perspectives, Colucci-Gray et al. (2019) argue that STEAM constitutes a boundary object, that is, a construct shared by different communities and networks, each with a different understanding of its meaning (Bautista, 2021). Compared to traditional teaching methods, which are often teacher-centered and fragmented, the key component of STEAM education, instead, is integration. In fact, STEAM aims to connect disciplinary contents, promoting innovative student-centered settings and problem-based activities. Anyway, integration is something different from interdisciplinarity: STEAM pedagogy does not integrate the different fields in a way that they are not distinguishable anymore, but it makes the nature of those fields more explicit to students, connecting them through a relevant and wider context. So, an interdisciplinary approach helps recognize the concepts and processes which are typical of different fields (Andreotti and Frans, 2019). Additionally, some authors introduce the term transdisciplinarity to underline the further move toward the opportunity to decouple the specific language of a discipline from its original context, opening new possibilities for viewing and experiencing the same phenomenon from a different position (Burnard et al., 2022).

This kind of teaching fosters collaboration between educational practice and educational research. Spreading the culture of inclusion and social justice, STEAM promotes equity and enhances the differences between students in terms of personal and professional identity development.

Incorporating the benefits of scientific and artistic creativity (Lehmann and Gaskins, 2019; Silverstein and Layne, 2010), STEAM education practice is characterized by the promotion of students’ convergent (common in STEM disciplines) and divergent thinking (common in the Arts) (Yakman and Lee, 2012). Providing students with an active, constructive, and critical role in their learning, STEAM education fosters collaborative work (Chien and Chu, 2018; Thuneberg et al., 2018). Moreover, STEAM seeks to encourage students’ self-efficacy, confidence, and motivation toward techno-scientific learning (Clapp and Jimenez, 2016; Hong, 2016).

Although there is no consensus on the benefits of arts in terms of scientific learning outcomes, students who participate in arts learning experiences often improve their achievement even in other domains of learning and life. Arts nurture motivation to learn by emphasizing students’ active engagement, disciplined and sustained attention, persistence, and provide diverse opportunities for communication and expression. More specifically, within the STEAM field, musical training in rhythm emphasizes proportion, patterns, and ratios expressed as mathematical relations. Using music in STEAM teaching, therefore, facilitates learning since the activation of cognitive and metacognitive processes is strongly encouraged. Moreover, the use of music improves memorization and learning through the participants’ emotional and kinesthetic involvement. Some studies have shown that participation in music, especially in an instrumental way, is important for supporting academic achievement (Guhn et al., 2020). Students who participate in music-based activities enjoy the practices, their interest in music increases, they gain awareness that music could be used effectively in different fields (Dignam, 2024; Greenstein and Nita, 2023; Özer and Demirbatır, 2023).

The following section reports on how music supports student science learning.


2.1.1 STEM education, music, and sonification

As recalled by Nobel laureate Giorgio Parisi (Frova, 2014), music represents a high-dimensional information carrier. As an example, the amount of information contained in about 20 s of music stored in an mp3 file is equivalent to that of a novel like War and Peace. This feature has a great potential to be exploited in order to analyze, interpret, and communicate data (Sawe et al., 2020; Vines et al., 2019).

From this perspective, sonification is defined as the encoding of data into nonspeech sounds organized by an algorithm that ensures an objective, systematic, reproducible, and repeatable output (Hermann, 2008). Several techniques have been developed in the last decades, thanks to the increasingly sophisticated use of software and hardware, to create and process digital sounds (Grond and Hermann, 2012; Truax and Meelberg, 2016; United Nations, 2023). Moreover, digital sound synthesis and organization maximize both human and computer interactivity, creativity, and interpretability.

Although the First International Conference for Auditory Display (ICAD) in 1992 generally represents the birth of sonification as a structured knowledge field (Hermann, 2008), the idea of using musical analogies in connection with the description of natural phenomena has attracted several scientists over time. The analogy between sounds and planetary orbits, for example, dates back to Pythagoras (ca. 580–495 B.C.) (Godwin, 1992) and was later adopted by Kepler (1571–1630) and Copernicus (1473–1543). In this analogy, the Sun represents the fundamental sound of a series of sounds in mathematical relation that identify the planets (Gentner et al., 1997; Stephenson, 2016). A further example can be found in the studies of chemist John Newlands (1838–1898), who, in his theoretical elaboration of data on the recursiveness of properties of elements, proposed an interesting parallel between musical octaves and the similarities between the characteristics common to different elements, even before the formalization of Mendeleev’s Periodic Table of Elements (Scerri, 2019).

On the other side, we can recall the work of Hindemith (1895–1963) (Bruhn, 2005), or the music references to chemistry, as in the case of Ionization by French composer Varèse (1883–1965) (Shreffler, 2006), or the motion of the planets, as in Cosmic Pulses by Stockhausen (1928–2007) (Stockhausen, 1989). While the use of mathematics as a tool to shape (tuning) and organize (texture and form) sounds is known from antiquity (Godwin, 1992), it is with the advent of the different types of atonal, serial, and electronic music that it became systematic (Iddon, 2023; Xenakis, 1992).

Recent sound representations of scientific phenomena include, for example, the sound of the microbiome as part of the Biota Beats project at MIT Boston (Kim et al., 2020), or sonifications of cosmic phenomena (Bank and Scafetta, 2022). To the same category belongs the sonification of a spider web (Su et al., 2020), of DNA (Plaisier et al., 2021; Temple, 2017), of earthquakes (Bloch et al., 2023), of gravitational waves (Valle and Korol, 2022), of silent epileptic seizures (Parvizi et al., 2018), or that of crystals (Monno et al., 2016). Moreover, the inverse use of sonification has been proposed as a tool to design new molecules, starting from the assumption that in music, like in materials, there is a hierarchical assembly of building blocks (Franjou et al., 2019; Mahjour et al., 2023; Milazzo et al., 2021; Wong et al., 2012). All these examples demonstrate the multidisciplinary nature of sonification work, where researchers, musicians, educators, and science communicators are engaged for three main aims: (1) scientific research; (2) outreach and education; and (3) artistic purposes (United Nations, 2023). These different aims provide a great array of sonification to represent various natural phenomena both in science and art, increasingly narrowing the gap between these two domains.

In the last decades, several studies have also reported the use of sonification strategies as aids for visually impaired or blind people (Abu Rass et al., 2023; Ahmetovic et al., 2023; Cavaco et al., 2013; Daunys and Lauruska, 2009; Presti et al., 2019).

The efforts made to sonify data of different nature may only result in curiosities without further meaning. This is exemplified by the attempts to obtain music from plants using electrodes to measure electrical potential differences applied to leaves and translating them into sounds (www.plantwave.com). In contrast, recent studies have explored the intriguing possibility that plants can use sounds as signals of their physiological status (Khait et al., 2023). Some of the “suggestive” sonifications, while interesting, have limitations in conveying information that can be utilized in education and outreach activities. However, if sonification is used as a means to access data that can reveal potentially significant signals for further investigation, it cannot replace rigorous mathematical analysis and modeling in scientific research. As reported in Hermann (2008), the systematic classification of available sounds reveals a complexity and potential that is not fully utilized. Hermann maintains that sound classification consists of Organized Sound and Unorganized Sound, with Organized Sound being intentionally organized by sound/interface developers. Organized sounds include music and functional sounds, which are complex structured signals organized on various levels. In Figure 1 a more inclusive definition of music is considered, in line with that proposed by Berio: “music is everything you listen to with the intention of listening to music” (Berio and Dalmonte, 2015, p. 7). Berio also acknowledges that unintentional sounds can be perceived as music. The poetics of John Cage represents a clear example of this definition, which includes silence, unintentional sounds, and randomness in Western music, traditionally considered an artificial and deterministic “time-object” (Kutnik, 1992).

[image: Figure 1]

FIGURE 1
 Map of sound discussed in text. Figure modified after Hermann (2008).


Functional sounds are organized sounds that serve a specific function or goal, such as signal sounds in telephones or doorbells. Music can also serve functional aspects, such as demonstrating power (fanfare) or enhancing shopping mood (background music). Thus, sonification is a subset of functional sounds, serving communication, monitoring processes, or understanding data structure (see above). However, its result is not intended to be music. Musification can be considered a further subset in which musical representations of data are found, using higher-level musical elements like polyphony and tone modulation to captivate the listener (Coop, 2016; Gresham-Lancaster, 2012; Williams, 2016). The artistic intention of the musification may not meet all the requirements for sonification in scientific research (Bonet et al., 2016; Grond and Hermann, 2012).

Among the most common uses of music in STEM education we have the (re)writing of song lyrics to improve memorization (Crowther, 2012) or the use of rhythm for learning mathematical concepts (Bianchi et al., 2015; Upson, 2002). The creation of the Sonic Pi app in 2013 was oriented to facilitate the teaching of programming within schools by combining coding with music making (Aaron, 2016; Aaron et al., 2016). It was observed that Sonic Pi can foster positive attitudes toward programming, thanks to the enjoyment of making music with code and the gratification from listening to the result of coding (Banut, 2023; Petrie, 2022).

When considering sonification, relations with major theories of learning can be drawn. Emphasis on active engagement with information, using prior experiences and knowledge as a foundation, is a distinctive trait of constructivist learning theory (Fox, 2001) and aligns with the exploration of data in an active, multisensory way, engaging both auditory and cognitive faculties allowed by sonification. It also supports scaffolding and personal meaning-making, allowing students to interpret and re-interpret sounds based on their evolving understanding.

Sonification also supports contextual learning (Johnson, 2002), making abstract concepts more tangible and allowing students to connect new information with familiar sounds and experiences. Experiential learning theory (Kolb, 1984) emphasizes learning through concrete experiences, reflection, conceptualization, and experimentation. From this vein, sonification represents a precious tool in multimodal learning theories (Picciano, 2009) and complements situated learning theory (Lave and Wenger, 1991), providing insights for fields where sounds directly inform practice (e.g., physics, medicine, engineering).

Several sonification strategies are documented in STEM education (Ballora et al., 2018; Ezquerro and Simón, 2019; Sawe et al., 2020; Scaletti et al., 2022; Supper, 2012; Zanella et al., 2022).

Basically, all these strategies imply the use of digital sound and computer aided output (Supper, 2015) although the use of body percussion and instrumental performance of sonification is also attested (Romero-Naranjo, 2013; Fabra-Brell and Romero-Naranjo, 2017).

Aligning with this debate, the Sound of Science project used sonification as an education strategy to foster science learning performance of secondary school students in Italy.

Although it is not possible to establish a causal link between music training and the positive effects of music on learning in other disciplines (Sala and Gobet, 2020), individuals who have learned to play an instrument show increased ability to concentrate, memorization, and psychophysical benefits (Hallam, 2010). In addition, a music approach to STEM education could help solve the cognitive and social problems associated with digitization (Spitzer, 2014).

Incorporating sonification and the arts into STEM education can make learning more dynamic, inclusive, and enjoyable, ultimately contributing to the development of well-rounded and engaged learners (Izadi, 2017; Ruppert, 2006; Yakman, 2008). A more inclusive learning environment, accommodating students with visual impairments or learning disabilities, is a relevant short-term achievement of the STEAM approach. In addition, the two contexts (scientific and artistic) reinforce each other, and the transfer of knowledge may accumulate over time, revealing its effectiveness in multiple ways (Burton et al., 2000; Ruppert, 2006; United Nations, 2023).




2.2 Students’ and experts’ conceptions: a standpoint for practice analysis

What people believe (i.e., their conceptions) makes a difference to the strategies they might use in their practice. Conceptions work as a framework through which professionals see, analyze, and act within a specific life context. Conceptions also guide decision-making and help, for example, people to process new information and, accordingly, frame new situations. Several studies have highlighted how the focus on conceptions is relevant to understanding the dynamics involved in our lives. The growing research body spans multiple disciplines, fields (e.g., education, school actors, social workers, professionals, etc.), theoretical paradigms (e.g., phenomenography, hermeneutics), and methodological approaches.

Investigations of conceptions (e.g., leadership, power, governance, values, etc.) shed light on educational practices that sometimes cannot easily be analyzed in the real context. Despite the lack of consensus on an exact definition or their degree of explicitness, conceptions provide a meaningful lens through which to identify predictors and shaping factors of human behavior. However, conceptions represent a challenging research object because they are complex, hierarchical, multidimensional, and nested with individuals’ values, formative and experiential background. While some studies report personal intentions or goals, beliefs about what others think and a sense of power to fulfill one’s intentions shape behavior (Ajzen, 2011), other studies address how human social behavior is driven by implicit attitudes and other unconscious mental processes (Aarts and Dijksterhuis, 2000; Uhlmann and Swanson, 2004).

Continuing this last tradition, the present study has tried to describe students’ and experts’ conceptions of STEAM education and sonification workshops performed in the context of a secondary school in Italy.




3 The present study

The Sound of Science project, realized in 2022–2023, aimed to promote an engaging and active scientific learning experience for students by experimenting with a creative approach that combines music and science through sonification (Eramo et al., 2022; Eramo et al. 2018). More specifically, the research team has designed, developed, and delivered a creative approach to support secondary school students in the study of Biology, Chemistry, and Physics.

A working group, including the research team and two teachers specialized in Science and Physics, organized the workshops and defined the following subjects to implement the sonification strategies:

• Atomic structure and Periodic Table organization;

• Chemical bonds and compounds;

• Thermodynamic universe;

• Different aspects of entropy;

• Mitosis and meiosis;

• Genetic code.

Seven workshops of three hours were planned. Each workshop included a warm-up/introduction section (half an hour) aimed at recapping the scientific topic to be covered. Then, experts provided an explanation of the adopted sonification strategy (half an hour) and proposed drill and practice activities to students (two hours).

The first session performed was a sort of seminar with a presentation on human perception, symmetry, taxonomy of organized sounds, and sonification. During the drill sessions, students were encouraged to use their own musical instruments, although their practical tasks were mainly carried out through body percussion, singing, or using musical software like Sonic Pi (sonic-pi.net) and Sibelius ©. An electric piano and a guitar were always present in the classroom to create a musical environment.

Various sonification techniques were employed in the various exercises. More specifically, audification of data was used to listen for variations in the properties of chemical elements. Parameter mapping, instead, was used for the sonification of crystals, proteins and thermodynamic transformations. Although it was not initially considered among the techniques to be used, in agreement with the students involved in the sonification workshops, it was decided to use a famous pop song to rewrite its lyrics on the subject of chemical bonds.


3.1 Study design and research method

This study, realized within The Sound of Science research project, is included in the qualitative research paradigm (Creswell, 2014). More specifically, a qualitative case study was performed as it allowed us to explore the sonification phenomenon at a micro-level (Werang and Leba, 2022). In contrast to an experimental research design, which seeks to test a specific hypothesis through deliberate manipulation of the environments, we have tried to capture rich, contextualized information that would be examined within the scope of the project. From this perspective, we checked the feasibility of the research project and provided comprehensive insights into the sonification. The case study design (Yin, 2019) has indeed been used to investigate the perception of participants (students and experts involved in the sonification workshops). This methodological perspective, therefore, allowed the authors to understand and interpret the reality of sonification as understood by its players (students and experts).

Through an in-depth analysis of the discourse, conceptions, points of view, and perceptions, this case study aimed to:

• Collect students’ and experts’ feedback about the sonification workshops;

• Understand participants’ perceptions, as well as their expectations about the teaching-learning process in the STEM domain;

• Use students’ feedback to instigate experts’ reflection and revision of the sonification model



3.2 Participants

Data were collected through six focus-group interviews undertaken, respectively, with students (N = 35) and experts (N = 6) involved in the sonification workshops. More specifically, five focus groups collected the views and experiences of students from one secondary school in the school district of Bari, the chief town of the Apulia region (South of Italy). All participants were informed of the purposes of the study; anonymity and confidentiality of their responses were assured. They voluntarily consented to participate in the study.



3.3 Instruments

The focus-group interview track for students and experts comprised six questions divided into three main sections:

• Their perceptions of the sonification workshops in the process of learning science (difficulties, hindrances, drivers);

• The teaching-learning practice in the science domain;

• The feedback about the experience of the sonification workshops (what worked, what did not work).

The interviews, guided by the research questions, were unstructured enough to allow the discovery of new ideas and themes. The choice of the semi-structured interview allowed for a deep discussion with study participants (Bazeley, 2013; Strauss and Corbin, 1998). The interview scheme was modified as data collection proceeded to further refine questions that were not eliciting the intended information and to reflect the categories and concepts that required further development (Strauss and Corbin, 1998).



3.4 Data analysis

The focus group interviews were arranged in person.

The interviews were recorded as audio in order to perform an exhaustive analysis of the information collected. The information was then transcribed and analyzed. A numerical code was used to identify each focus group participant. In this way, the privacy of the participants was guaranteed. The content analysis (Neuendorf, 2002) considered the provisional categories defined in the track interview. Researchers used these categories to identify topics, coding, and categorize information. The process was reiterated until new concepts, ideas, and perceptions related to the research topics ceased to emerge (Table 1).



TABLE 1 Coding scheme for semi-structured interviews with students and experts.
[image: Table1]

To endow the study with methodological qualitative rigor the following criteria were considered: dependency criterion; credibility; transferability; and auditability (or confirmability).

Results consider each of the following categories:

• Students’ perceptions of STEAM;

• Students’ and experts’ feedback about the sonification workshop;

• STEAM activities (and sonification workshop) barriers for students and experts.




4 Main results


4.1 Students’ perceptions of STEAM

When prompted to share their thoughts and conceptions about science, the relationship between science and music, and the effects of this relationship on their learning, students demonstrate plural points of view. Most of the interviewed students report different definitions of science. They move from very simplistic and scholastic definitions to more sophisticated ones:


Science is a way to know the world [St_42]

Through science we can understand the world, the laws, the models that rule our world and how we have developed over time [St_44]
 

Some students enthusiastically perceive the science-music connection they have experienced in the sonification workshops. In this case, students stress how music makes the scientific content knowledge (e.g., the periodic table of elements) more interesting for them and, more specifically, how music offers different and new lenses through which science can be learned:


(The science-music connection) is very close to us adolescents. It allows us to understand how science is important for us [St_25]

Music allows student involvement and participation in the learning process [St_3]
 

Music makes science more interesting and appealing; it facilitates students’ understanding of complex concepts. However, sometimes, students have a more instrumental vision of the relationship between science and music. Some of them, for example, reported how music can be considered only as a memorization strategy:


I noticed that I remember more things even though I have not taken notes [St_33]

Music can help to memorize science contents, those that are difficult to remember [St_36]
 

However, among our students, there are some who have a more skeptical perspective:


I don’t think that music relates to science, so music can lead to developing an interest in science… but then, if you study science and you realize that you don't like it, music will not change this. [St_40]
 

Other students, instead, point out how music can be used as an instrument of communication and dissemination of scientific discoveries:


With music and sounds you can easily understand science and communicate it [St_37]
 

When asked to reflect on the relationship between the gender gap and learning achievements in science, interviewed students have very different perceptions. On one hand, students, contrary to the wide research evidence on this topic, affirm that they do not see this problem in their school. On the other hand, some students report experiences of teachers’ assessment malpractices, such as teachers’ stereotypes and biases. However, in both cases, music is not considered an effective solution to the gender gap problem.



4.2 Students’ and experts’ feedback about the sonification workshop

Students’ active involvement is the most frequently positive aspect of the sonification experience reported by our interviewees. Students have appreciated how experts have explained and shared with them the learning goals and the rationale of the proposed learning activities. Consequently, students report:


There was no anxiety for assessment, and this was a positive aspect [St_21]

It was different (from the teacher’s lesson) because, generally, in the classroom teachers ask us to work alone and not in a group [St_30]
 

Students, furthermore, point out the time they have had to talk to each other share and confront their ideas:


It was not the traditional way of studying science using textbooks [St_3]
 

Experts’ competence and passion for science was another aspect addressed by students who always refer to the astonishing nature of the sonification activities. Students correlate well-being, involvement, teamwork, and pleasure in learning science. Most of them remark how they were positively surprised by the sonification experience and how they developed a new, different, idea of science.

Aligned with this perspective, the focus group interview with experts confirms how the sonification workshops allowed students to experience school in a freer way.

Experts stress how the playful activities have been perceived by students as very engaging:


They don’t want to go back home! [Exp_2]

I think these teaching activities can represent an antidote to the risks of excessively using technologies. Dealing with the learning task students have been called to reactivate their knowledge and capacities [Exp_4]

We have taught science in a different way! [Exp_6]

What was crystal clear was the great desire of students to live school in terms of social experience (…) they want to live school as a place where they are recognized for what they are able to do [Exp_5]
 

Although experts acknowledge the validity of the sonification workshop in terms of content knowledge, instructional strategies, and student involvement, they also highlight some difficulties. These difficulties include issues with warm-up activities and the initial skeptical behavior of students. However, this initial negative reaction was counterbalanced by the increasing interest that students demonstrated during the sonification process.


Then, some students were curious about the sonification of new science contents [Exp_5]

At the end they were able to understand when they have to use the body percussion without my presence or my prompts [Exp_4]
 



4.3 Sonification workshop barriers

When invited to reflect on the main hindrances or criticalities related to the sonification workshop, all students report the same two aspects: the duration of the proposed activities and the unbalanced proportion of theory and practice. In the first case, students criticize the fact that sonification activities were scheduled in the afternoon, after the school day.


I have to be honest, at some point I realized I was sleeping [St_24]

Staying there, after more than two hours was hard for us [St_25]

I think that if they (the experts) had been more concise and left more room for practice, it would have been better [St_26]

I would change only one thing: not the fact that there was a theoretical part, but its length. Because, in the end, it was very interesting [St_3]
 

Reflecting on the main difficulties in the implementation of the sonification activities, experts stressed students’ initial prejudice about the proposed activities. According to the experts, students initially considered the sonification workshop as an additional activity focused more on socialization and entertainment.


They come to the workshop without notebooks, as if they have to spend their time in leisure [Exp_5]
 

One of the reasons is represented by the modality in which the sonification workshop was presented to students by the school teachers. For this reason, the experts recognize the need to better align their activities with the school’s curriculum design and teachers’ learning goals. A closer collaboration with school teachers should/would ensure that the sonification is perceived as a learning activity and not just a socialization opportunity. Furthermore, the organization of the sonification would be more responsive to students’ learning needs, especially in terms of the length of time for the activities or the learning spaces.


We should have been at school since the introduction teachers made of the sonification. In this way it would have been clear that this activity was the result of a university-school partnership and not an extemporary event [Exp_1]
 

A better synergy between STEAM activities like sonification and curricular activities is needed. In this perspective, experts confirm that the lack of assessment of student learning during sonification is a negative aspect. Although during the school semester, teachers registered a good improvement in student achievement in science, without specific measures of learning related to the sonification experience, a correlation is not possible. Another important aspect to consider in redesigning sonification activities is the issue of students’ music literacy. Having students with different levels of music literacy can be challenging for experts and discriminatory for students. Therefore, the activities must be carefully planned and developed.




5 Discussion

The positive aspects generally ascribed to STEAM education are all recalled by the interviewed students. Music and sonification have helped them not only to memorize some challenging contents (e.g., chemical nomenclature), but have also fostered the activation of their cognitive and metacognitive abilities in the learning process (Bertrand and Namukasa, 2020; Lehmann and Gaskins, 2019; Silverstein and Layne, 2010). The sonification experience, for most of the participants, has instigated a reflection on their learning transfer modalities and stimulated a revision of their learning strategies to maximize their cognitive efforts and achievement. Moreover, music theory rudiments and musical examples provided during drills allowed students to access art music which is generally considered less attractive by younger people (Eisentraut, 2012).

Students have realistically experienced inquiry-based learning and developed a creative, unusual, scientific approach during the sonification workshops. Their previous perceptions of science as something rigorous, with rigid cognitive structures (Prengaman, 2019), have been challenged through the sonification experience, which has demonstrated how it is possible to incorporate the benefits of scientific and artistic creativity in the learning process (Lehmann and Gaskins, 2019). In the first phase of the sonification workshops, students have had to shift from the dichotomic categories of science (logic, rigor, objectivity) and art (illogic, creativity, subjectivity) to a pluralistic approach that recognizes cross-discipline contamination. The awareness of existing multiple intelligences (Gardner, 1999) in each human being is an added value on a personal and social level. Group music activities, in fact, promote synchronization, coordination, cooperation, and empathy (Clayton et al., 2020; Hatfield et al., 1993; Romero-Naranjo, 2013).

This aspect represents an important result in terms of innovation within the context of the Italian secondary school, which is generally perceived by students as an unengaging and unmotivating learning environment focused solely on the repetition of traditional content knowledge. The adoption of new educational approaches, such as sonification, which introduces new forms of collaboration between STEM and artistic disciplines, has been perceived as a disruptive teaching and learning activity. However, students have gradually become aware of this over time through the various sonification workshops that have been conducted. As a result, students have acknowledged that initially, they were more interested in the social and interpersonal aspects of the sonification workshops. Over time, however, they recognized these activities as formal learning experiences within the school, specifically designed to achieve specific learning objectives aligned with the school curriculum.

The appealing effect of STEAM education represents a powerful lever to be used in school contexts characterized by traditional, passive, and teacher-centered instruction. However, as the results of the present case-study confirm, the risk of misunderstanding the rationale of proposed STEAM activities has to be carefully considered to avoid identifying this teaching innovation only in terms of leisure moments or diversionary practices. The experts’ feedback and reflections confirm, indeed, how it is important to systematically design the STEAM activities aligning them with the school curriculum and the teachers’ instructional practices within the classroom.



6 Conclusions, limitations, and implications

Caution needs to be exercised in interpreting the findings of this case study. The sample was small and not necessarily representative of the general secondary school student population in Italy. Future research should attempt to consider broader samples, as well as different research designs, such as experimental ones. Using quantitative measures such as pre-and post-tests to assess students’ learning outcomes would allow for a more systematic evaluation of the impact of sonification on learning. Furthermore, the effects of different variables would be effectively detected (e.g., students’ gender, different targets of students, different groups of schools).

It is worth noting, furthermore, that for this study, an urban secondary school in the Apulia school district was selected. This scientific teaching and assessment context can differ dramatically from schools in other settings across the country.

Finally, the proposed STEAM activities, and more specifically, the sonification workshops, have been conducted by experts (in this case, university faculty members) rather than school teachers. The differences in teacher training, content knowledge, and pedagogical content knowledge can vary significantly. Therefore, future research should consider teacher professional development and training initiatives aimed at preparing teachers for STEAM education. Promoting real changes in teaching and learning calls for a greater range of strategies on the importance of STEAM education. Among the more strategic investments of resources, teacher education (both pre-and in-service) could be an effective lever to rethink policy to favor STEAM as an integral part of educational innovation.

Music’s approach to STEM subjects in the classroom provides beneficial effects on both an individual and interpersonal level. Musical inputs to students may give them the opportunity to discover art music, in some cases probably unattainable otherwise. Another individual benefit may be the renewed interest in music in students who have studied a musical instrument in the past but then stopped. Group musical activities, in this case based on sonification, are recognized to have great potential to generate an affective dimension and reinforce social bonds, promoting social inclusion.

Despite variability in definitions, theoretical foundations, and methodological approaches of STEAM education, our study participants are convinced of the value and potential of STEAM education. Further research is needed in this field. To move toward a more effective understanding of STEAM effectiveness, a focus on teaching and learning strategies is required. At the same time, a detection of teachers’ and students’ conceptions, such as the study reported above, can be helpful in shedding light on contextual and cultural aspects that affect STEAM education.
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