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Abstract

:

The aim of the current study was to examine the way in which preschool children deal with the concept of sound. For this purpose, a study was carried out in the context of detecting and categorizing the mental representations among young children of sounds which propagate through space from source to the receiver. Specifically, 91 preschool children aged 5–6 years voluntarily participated in individual semi-structured interviews which were carried out by three researchers in a special area of kindergartens. During these interviews, the children were asked to express their views on the three following axes: the concept of sound itself; the subjective characteristics of sound; and the phenomenon of the production and propagation of sound. The results of the research showed that while a small percentage of children recognized the propagation of sound in space, the vast majority of them associated sound with either the object that produced it or with the object that received it.
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1. Introduction


The initiation of children aged 4–8 years into the world of Physical Sciences has been a growing interdisciplinary issue for education and research in recent decades. In a series of studies and teaching proposals that move toward diverse theoretical directions [1,2], a number of initiatives have been developed which over time have influenced international curricula and teaching strategies, and at the same time have contributed to the development of specific research and educational communities and traditions now recognized as Early Childhood Science Education. Along one of these directions, research orientations are placed within the broader context of Social Constructivism and Science Education, setting the study of young children’s mental representations of concepts and phenomena of Physical Sciences in the core of the research process [3,4,5]. Within this framework exists the present study which investigated the mental representations of children for the propagation of sound in space.




2. Theoretical Background and Literature Review


2.1. The Issue of Sound Comprehension


The issue of a sound approach in education constitutes a systematic dimension of the curricula of Physics. Sound—both as a concept that developed through the history of human thought and as a fundamental term in science and education—has multiple scientific, cognitive and semiotic meanings [6]. Different disciplines investigate sound through different approaches and methodologies. In experimental psychology, research has shown that audio information can support visual information by creating a multimodal combined perception [7]. Auditory modalities improve the transfer of spatial information and spatial orientation performance and have a positive impact on the memory of spatial objects in a visual environment [8]. For example, in cartography, the auditory information of a property of an object in a map help memory in determining the location of the object. The integrated audiovisual information for the semantic property of a spatial object creates a binding between the object–identity and the object–location, which has an effect in memory process [9]. Although research in experimental psychology explores cognitive processes related to the connections between sound information and spatial entities as referring to the environment, the present study adopts the science education approach. According to physics, sound is an oscillation of molecules of an elastic medium (e.g., air) which, however, do not move from the source to the receiver. The source mechanically stimulates its neighboring molecules, which in turn stimulate those next to them, etc., resulting in a wave which finally stimulates the receiver’s sensory organ. Physics deals with the construction of scientific/conceptual models that explore and describe this mechanism, while medicine, biology and neuroscience deal with the way the aforementioned mechanical stimulus which reaches the receiver in the form of a wave is encoded in terms of biological, cognitive processes, etc. Science education, among other things, deals with the possibility of a conceptual approach to these scientific models by students. From this perspective, the current study confines its interest in the way students think about sound.



Particularly in the education context, the basic characteristics of sound production and propagation have been approached in the earlier stages of curriculums that gradually lead to the conceptualization of sound as a wave phenomenon in the later stages. Students seem to encounter difficulties when they deal with specific aspects of sound, such as the way it is produced and it propagates through air, as well as its nature in general [10]. More specifically, they tend to attribute material properties to sound, advocating that since a ‘solid’ object cannot go through another one, it is impossible for sound to move across solids [11]. In addition, students often connect sound with its source, without making any reference to wave propagation [12]. Regarding sound production, students seem to focus on the context where it is generated [13]. The following common misconceptions are in line with this views that ‘sounds can be produced without using any material objects’, ‘hitting an object harder changes the pitch of the sound produced’, ‘sounds can travel through empty space (a vacuum)’, ‘sounds cannot travel through liquids and solids’, ‘when waves interact with a solid surface, the waves are destroyed’, etc. [14].



The materialistic nature of sound in students’ thinking was studied by Eshach and Schwartz [15]. In particular, the researchers used the so-called ‘substance schema’ framework [16] in order to determine the extent to which eighth grade students attribute a range of material properties to sound (materialization of sound). Their results clearly showed that students tend to attribute pushable, frictional, containable and transitional features and properties to sound. All these are well reflected in the following students’ statements: ‘sound is pushed by the air, water, a barrier, is attracted by a stethoscope, or hits the walls’; ‘sound experiences drag when it propagates through water’; ‘sound (voice) is contained in bubbles’; and ‘sound moves in straight, spiral or in a form of crescent shaped lines’ [15] (pp. 746–753). Another finding of the Eshach and Schwartz [15] study suggested that students’ thinking is governed by the view that the medium plays a key role in the propagation mechanism of sound. Along this line, students hold the view that sound tends to reformulate as it travels along diverse mediums.



Lautrey and Mazens [11] pointed out three naïve theories, comprising five mental models that encapsulate the substantial nature of sound. Regarding the first naïve theory, students exclusively attribute material substances to sound. Here, students claim that sound cannot move across solids as they are asked the question of how they are able to hear a sound that propagates through a material (model 1). Even in the case that they come across everyday life situations which disclose contradictory data, they tend to insist in their initial view. An exemplar paradigm of that is that they either refer to holes (model 2) or they perceive sound as a harder substance that the solid that can penetrate a wall (model 3) in order to explain the way they can hear noise from outside when they are in a closed room. According to the second naïve theory, students deal with sound as a substance, however, without attributing any kind of material properties to it. According to their view, sound can be invisible or transparent as a ghost or smoke (model 4). Finally, according to the third naïve theory, sound is regarded in a transmission context by adjacency where terms such as ‘vibrating’ or ‘resonating’ are used to describe its propagation mechanism. In line with this view are the findings of Hrepic, Zollman and Rebello [17], who demonstrated two main mental models: the wave model and entity model, as well as combinations of these. In particular, the wave model refers to sound as a vibration within a material medium which acts as a prerequisite for its propagation. The medium is made up of particles that oscillate around an equilibrium position. It is this oscillation that represents sound. On the other hand, according to the entity model, sound is an autonomous material entity that differs from the medium through which it propagates, which in turn becomes unnecessary in its propagation process. Thus, sound can propagate through empty space that exists between the particles of the medium, irrespectively of whether it affects them or not. In both cases, the propagation of sound is independent of the kinetic state of the particles that constitute the elastic medium.




2.2. Sound Approach within Early Childhood Science Education


At the pre-school level, the focus is both on the first organized sound experiences and the production and distinction of sounds as well as the initiation of children into musical sound. For example, during teaching activities, children classify, by association, sounds produced by various objects [18], while in other cases, they use the timbre (overtones) as a criterion for classifying the differences in materials, e.g., metallic sound for metals [19]. In addition, quite common is the usage of sounds as modalities, which along with oral speech and spatial entities compose narrative environments in the physical and/or digital space [20].



While for older children the main research issues seems to deal with the nature of sound, its wave character or its propagation through air and other materials [21,22], for younger children the most important issue has to do with the recognition of sound propagation in space. This difficulty constitutes a fundamental parameter for both the creation of learning and teaching activities as well as the orientation of relevant research, as it seems it goes beyond a simple mental representation and forms a prelogical feature of children’s thinking, which requires systematic treatment. This aspect has been the subject of systematic research in the context of Genetic Epistemology. In a series of relevant studies, the hypothesis that was studied was whether children aged 7–8 years are able to conceptualize the propagation of non-tangible physical entities in space such as heat, light or sound [23,24]. This is due to the absence of a logical tool, operational transitivity, which allows the natural transition of such an entity between source and receiver to be understood as a two-step process: source → space and space → receiver. Children’s thinking remains trapped in a direct source → receiver transition pattern and thus they do not attribute sound to its propagation any of its distinct characteristics [25,26]. Regarding the propagation of sound, for example, from one percussion supported in one box to another percussion, research has shown that ‘... Up to 7 years of age we only find ... immediate transmissions at a distance ... ...: one diapason acts directly on the other because they are close (without touching each other) or similar, and without the box, the table or the air playing any role’ [27] (pp. 214–215).



This structural barrier of children’s thinking has been traced in a few studies of different theoretical orientation that have also tried to examine the way children 4–7 years old conceptualize sound. In most of these cases, young children associated sound with their own actions as well as with objects that produce sounds [12], while they considered that sound has the properties of a material object [13]. In accordance with the substantial entity of sounds are the findings of Gallegos-Cázares et al. [28]. In particular, the researchers studied the propagation of sound with 18 preschool children aged 4–5 years old and found that children of this age deal with sound as a material entity that requires space to propagate in order to be listened. Therefore, for example, when one speaks via a hose telephone, sound passes through the tiny hole and is received by the other’s ear. Nevertheless, in the case in which the hole is folded and squeezed, sound gets stuck in it and cannot pass through. As a result, it cannot be heard. In this line of thought, if someone were to wear earmuffs, they could not listen as the substantial entity of sound cannot pass through the plastic material. Quite interesting is the fact that many children tried to attribute porosity (little holes) to that plastic material in order to match their premise with the fact that someone in reality can listen to a loud sound even when they wear earmuffs.



Kalogiannakis, Rekoumi and Chatzipapas [29], studied the mental representations of 4–6 year-old children and found that they were able to recognize the loudness and timbre of sounds, however, they showed greater difficulty with respect to the sounds of mechanical and musical instruments. They were also able to recognize the sounds that they had heard and were capable of matching the sounds to the corresponding images. From a perspective of the didactic treatment of relevant research findings, the authors proposed a series of didactic activities in the context of curriculum implementation. In this line, Smith and Trundle [30] proposed a ‘sound study’ unit that spans approximately one month and aspires to engage young children with the properties of sound through life, Earth and Physical Sciences. In particular, children have the opportunity via this unit to hear, see and feel sound through distinct activities. Therefore, for example, children experience a listening walk in the classroom, in the hallway and outside where they can hear different kinds of sounds. In addition, they visualize sound through the observation of a vibrating tuning fork, and they feel sound by placing their hands on their own throat while making various sounds (sing, talk, whisper, whistle). All these activities capitalize on children’s interest and set the conditions for them to conceptualize sound in a way compatible with school-level Physics.



In the context of the Cultural–Historical Theory of Activity, having completed a preschool teacher training course, specific activities were developed with body sounds, sounds of familiar materials and objects of everyday life as well as the propagation of sound through various materials [31]. This research highlights the importance of a designed communication framework as well as the interactions and adherence to rules. Here, analysis is mainly focused in this direction and less on learning outcomes, which nevertheless seem satisfactory.



Research evidence through systematic interaction with 4–6-year-old children [32] showed the way that teachers, through a combination of play and learning, contribute to children’s emerging scientific knowledge, which in turn enhances children’s conceptual awareness about sound. Children interact with each other, as well as with their teacher by linking the contextual elements of the learning environment with a conceptual focus and understandings leading to the emergence of knowledge that sound is actually vibrations in a medium. Furthermore, acting in this way, their teachers contribute to bridge children’s daily mental representations with the scientifically accepted concepts.



Christidou et al. [3] investigated 4.5–5.5 year-old children’s noise awareness by recording ideas that referred to the conceptualization of noise, noise annoyance, health effects and protection measures. Regarding the conceptualization of noise, children define noise as annoyance, based on loudness, or identify it through examples. As for the source of noise, children display perceptions that attribute noise production to a human-made environment, natural environment, traffic, or work environment. Children’s responses are also categorized in terms of subjectivity, as the same sound may be annoying to some children but not to others. In addition, it has been shown that activities based on socio–cognitive and multimodal teaching and learning processes can improve children’s noise awareness to some extent.



Finally, in another study, representations of children aged 4–5 years about sound production, perception and propagation were diligently studied within the framework of embodied cognition [33]. The categorization of the research data revealed three levels of representations. In the first level, the sound is associated with the objects, while in the second, the sound is associated with the relation of objects to their environment, attributing to it some distinct, elementary features. In the third level, sound appears to have some inherent characteristics that increase its possibilities of interacting with objects and subjects of the environment. It seems that ‘sound starts from perceptual elements and is linked to actions, although its complexity also shows that they incorporate characteristics that go beyond this corporal correlate’ [33] (p. 952).



In the current research, an attempt was made to record mental representations of 5–6-year-old children about the recognition and propagation of sound in space, as well as about some basic features that characterize sound. The specific orientation of the research does not only lead to the recording of children’s’ representations, but also to a kind of classification which draws from the concept of operational transitivity.



Given that previous research has shown that children aged 5–6 years have the ability to express mental representations for non-tangible physical entities in space, before and/or after a teaching intervention, it seems that we can assume that children would also have the same cognitive ability for sound. Thus, the following three research questions (RQ) were posed:



(RQ1) How and to what extent do children identify sound as a physical entity as it appears in the context of everyday life.



(RQ2) How and to what extent do children differentiate sounds based on its subjective characteristics.



(RQ3) How and to what extent do children state that sound is produced and propagated as a distinct physical entity?





3. Materials and Methods


In the present study, a qualitative research approach was adopted [34].



3.1. Participants


This study involved 91 children from 5 years and 3 months to 6 years and 3 months (47 girls and 44 boys, average age: 5 years and 8 months) who attended 7 kindergarten classes in an urban area of Patras (Greece). These children, who volunteered to ‘play’ with the researchers, had no experience of organized sound activities in their classrooms. All socio–economic levels (low, middle, and high) were equally represented in the sample.




3.2. The Procedure and the Interview


The research was conducted through individual semi-structured interviews which took place in specially designed areas of kindergartens. The interviews lasted 12–17 min and were recorded, while at the same time protocols of non-verbal behaviors were observed. The Ethics Committee of the Department of Educational Sciences and Early Childhood Education of the University of Patras approved the study and consent procedures (the approval No: 12/8.3.2019).



The interview included tasks that covered all three research questions. Regarding the first research question, the mental representations of children about sound in everyday life (natural and artificial sounds, music) were investigated. With regard to the second research question, the issue of sound discrimination based on certain characteristics was investigated, while for the third research question, the effort was focused on establishing the recognition of the sound produced in a source and its propagation to the receiver. Regarding the third RQ, in task 3.3, the researchers decided to embed animated characters on Figure 1, so that children felt comfortable and happy. The usage of fictional characters did not affect the research results, as no kind of feature related to an imaginary world appeared in any of students’ ideas. The aforementioned point had been also confirmed by an earlier pilot test for this image. In addition, the use of image (Figure 1) may have limited the expression of children’s ideas, because it is a two-dimensional representation, as opposed to the fact that sound is evenly distributed throughout the three-dimensional space. This is a limitation of the research, which can be customized by designing data collection scenarios with 3D entities.



The interview questions and the order in which they were asked are presented in Appendix A (Table A1).




3.3. Data Analysis


Data analysis was based upon transcribed data of the discussions between children, the researcher and the individual observation protocols. The data were encoded and organized into ‘categories’. Categories were derived in advance based on the ability of children to use transitional reasonings about sound and were modified by reference to the empirical data, i.e., whether they recognized that sound is propagated in space. As Cohen, Manion and Morrison [35] (p. 476) suggest ‘content analysis involves coding, categorizing (creating meaningful categories into which the units of analysis—words, phrases, sentences etc.—can be placed), comparing (categories and making links between them), and concluding’.



Throughout interview questions, three levels of answers were distinguished that correspond to particular mental representations. At level a (sufficient answers), answers were classified in which the propagation of sound in space was fully recognized along with its own properties. At level b (intermediate answers), answers were classified in which children’s reasoning was dominated by both the sources and the receivers while the direct transition of sound between them was often recognized. At level c (insufficient answers), answers were classified in which the children’s thinking was strongly tied to the voice as well as to the sources and receivers of sounds. The analysis and categorization of responses was performed by two independent researchers. The agreement among the two researchers was higher than 95%.





4. Results


In what follows, the data of the interviews and children’s performance to all tasks regarding the three research questions are presented. In particular, children’s mental representations were categorized for each task and representative children’s statements as well as frequencies and related frequencies of their answers are given below.



4.1. First Research Question


Task 1.1. What is sound?



Regarding this question, three different types of mental representations were recorded, which stem from a spectrum of answers on one end of which lie the recognition of sound and on the other its direct connection with human voice.



	
Sound propagates in space. Here, children seemed to recognize that sound acts independently from both its point of production and the receiver. To quote pupil 6 (P. 6), ‘It’s something that reaches our ears …. it comes from around’ (Researcher. ‘Why do you think this? How do you think it?’), ‘Because we keep hearing it wherever we go …’.



	
Sound as a product of human and social activity. Answers in this category were focused on the source of the sound production. For example, P. 17. ‘When we hit something …. or on the roads from the cars …’.



	
Sound as a product of vocal expression. This category included answers that recognize an unambiguous relationship between sound and voice. While in some cases other types of sounds were mentioned, the main emphasis on sound production here remains voice. For example, P. 43. ‘If we shout, the sound is generated’, (R. ‘Is there any other way for a sound to be produced?’) ‘With voices … from mouths …’, (R. ‘Only human can produce sound?), ’Yes, humans … and animals that bark let say …’.






Table 1 presents the frequencies of children’s responses to task 1.1.



Task 1.2. Could you tell me some kind of sounds that you know?



Children’s answers to this question hold the same basic characteristics with those of task 1.1. Here, as well the way children express their views, the direction of their thinking is presented. Thus, from the analysis of their responses, the following three levels of answers were distinguished.



	
Sound propagates in space. Here, children seemed to attribute to sound the capability of propagation in space. For example, P. 33. ‘The sound that comes out when a hammer strikes’, (R. ‘When you say ‘it comes out’ what do you mean?’), ‘I mean that as the hammer strikes its target, a loud sound generates reaches our ears’.



	
Sounds as a product of human and social activity. In these answers, children focused their thinking on the actions that are capable of sound production. For example, P. 2. ‘When two things strike, we hear the blow’, (R. ‘How do you think that? Could you give me an example?’), ‘Yes … when we clap … our hands click …’.



	
Sounds attributed exclusively to voices. Here, children seemed to limit their views about sound exclusively on voices. For example, P. 21. ‘The voices of children at school’, (R. ‘Could you give me any other example?’), ‘Yes, voices at home …. or on the road’.






Table 2 presents the frequencies of children’s responses to task 1.2.



Task 1.3. Is music a kind of sound?



Children were prompted to listen to an audio excerpt from an orchestral melody for a few minutes. They were then asked to answer the question of whether ‘music is sound’. The researchers’ goal here was to investigate whether children associated music, which is a particular cultural element, with other everyday sounds. From data analysis, the responses were classified into three distinct levels.



	
Music is sound. This category included answers that referred to the existence of music everywhere in space. For example, (R. ‘Do you think that the music we listen is sound?’) P. 64. ‘Yes, it is … but it does not look like other sounds … it is somewhat special …’, (R. ‘So what is special about it?’), ‘It is produced from instruments that play all together … and individually sometimes’.



	
Music is associated with sound, in an unstable manner yet. In particular, when children focused their attention on sound perception, they did not seem to distinguish sound from music. However, when they referred to the sources of production, they seemed to recognize sound and music as different entities. For example, P. 60 ‘We hear both (music and sound) … with our ears … music is like sound. That is, it is like the sound we hear … But they are made up differently … ‘, (R. ‘What do you mean they are ‘made up’ differently?’), ‘Let’s say … the music from guitars and the sound from our voices ...’.



	
Music and sound totally differ. These answers record a clear distinction between ‘sound’ and ‘music’, i.e., music was understood as an element that was not related to sounds. For example, P. 51 ‘Music is ‘music’, it is not sound’, (R. ‘So, do they differ somewhere? What is different about them?’), ‘Yes, of course. The music is songs …That is, it is not done by … when a voice is heard …’.






Table 3 presents the frequencies of children’s responses to task 1.3.




4.2. Second Research Question


Task 2.1. Are all sounds the same? If not, where do they differ?



This question formed the initial basis for the development of dialogues in order to identify the subjective characteristics of sound that are important for young children. The following three categories of responses emerged in these discussions.



	
Answers in which differences are mainly identified on the different subjective characteristics of sound. Here, children’s responses are mainly related to loudness and timbre while the distinction of sounds seems to be a constant element of their reasoning. For example, P. 46. ‘They are not all the same. Others are strong and conflict pain to our ears, and other… we do not even listen to them …. or let’s say if we are far away we do not hear well when someone speaks’, (R. ‘Could we distinguish people who speak the same loud?’), ‘Do you mean to distinguish who is it? Who is talking?’ (R. ‘Exactly to distinguish who speaks when two people speak the same loud’). ‘Yes, it is quite easy … my mom has a totally different voice from my sister Joana’.



	
Answers that recognize limited differences in sounds. This category included children’s responses that pointed out differences between sounds in an instable and/or difficult manner. For example, P. 11. ‘Hmmm … it seems to me that they are not the same … that is … I do not know’, (R. ‘Do you want to explain it further? What do you think about these sounds that are not the same?’), ‘I think they are the same but sometimes they do not look alike … they differ’, (R. ‘Could you just tell me two of these sounds to make it clearer?’), ‘The loud and the quiet sound’.



	
Answers in which no criteria were found for sound discrimination. Few children were not able to use criteria for sound discrimination. From the relevant discussions, it seemed that although these children recognized differences between sounds, they were not able to find indicators of sound discrimination. For example, P. 3 ‘They are the same … they do not change …’, (R. ‘I mean if we hear two different sounds are they the same?’), ‘They are the same’, (R. ‘So, does that mean that the voice of your mother and the sound that comes from TV are the same?) ‘No, it’s a totally different thing my mother voice and the sound from TV … nevertheless, the sound does not change’.






Table 4 presents the frequencies of children’s responses to task 2.1.



Task 2.2. Behind you there are some objects made of iron, wood and glass. I am going to hit two of them and I would like you to guess which one I am hitting each time. For example, if I hit these two objects made of plastic, they make that sound. Let us see if we can recognize the sounds without observing the objects that being hit.



With this task, an attempt was made to approach the familiarity of children with the timbre of sounds produced from ordinary everyday materials. At this stage, we did not use sounds such as the voices of children’s parents, as the strong social marking creates an experiential relationship with the timbre of these sounds that goes far beyond the physical characteristics of the sound. In this task, we generated six sound stimuli by hitting two metal knives, two wooden spoons and two glass bottles in succession. Later, the stimuli were generated through hitting a metal with a wooden object, a wooden with a glass object and a glass object with a metal object.



The categorization of children’s responses was based on whether the origin of the sound was recognized or not. For example, P. 77 ‘It’s the irons’, P.41 ‘The iron hit the wood’, P. 1 ‘It’s probably the knives’ (two glass bottles collide with each other). It should be noted that sounds produced by objects of the same material were much more recognizable than those produced by objects of different materials. Moreover, children who failed to distinguish sounds often gave their response instantly. By so doing, instead of disclosing their failure, they gave the wrong impression that they did not realize that a kind of discrimination was possible. Thus, regarding the recognition of ordinary everyday sounds, children were classified into the following three categories:




	
Those that satisfactorily recognized 5–6 sounds;



	
Those that satisfactorily recognized 3–4 sounds;



	
Those that either satisfactorily recognized 1–2 sounds or do not answer at all.








Table 5 presents frequencies of children’s responses to task 2.2.




4.3. Third Research Question


Task 3.1. How are sounds produced, how are they made of?



With this question, an attempt was made to determine the way in which children approach the production of sound and especially whether they satisfactorily distinguish the concept of sound from the objects or the process of its production. As children do different centrations on sound creation, their answers fell into three distinct categories.



	
Answers in which sound is recognized as something that can be produced by any source. This category includes responses that refer to different audio sources, often without any kind of distinction between them. Essentially, the emphasis here is on the ‘sound’ itself. For example, P. 14. ‘Sounds are produce all the time … in many ways … through voices, through objects … the music, the cars …’, (R. ‘How can a sound be produced?’), ‘Hmmm … the objects have to hit each other to get out sound …’ (R. ‘How about cars, how does the sound come out?’), ‘Hmmm … the engine knocks … even from the exhaust … something hits there too … and as the sound comes out we hear it’.



	
Answers in which limited natural and artificial sound sources are recognized while the distinction between objects of sound production and sound itself is blurred. Here, we have children’s answers which refer to a limited number of audio sources and face difficulties in identifying different sources. For example, P. 28. ‘Hmmm … people’s voices …’, (R. ‘Any other way?’), ‘animals voices’, (R. ‘except of voices, is there any other way to produce a sound?’), ‘hmmm …. how else?’, (R. ‘I mean only from voices can produced sounds?’), ‘Not only …’, (R. ‘Could you please express your thoughts?’)?, ‘hmmm … let’s say when a car passes …’, (R. ’In any other way?’).



	
Answers that focus exclusively on one type of voice source. In this category of responses, children focused on a single-signal type of sound source and mainly on the human voice. For example, P. 21. ‘From the voices we make’, (R. ‘In any other way?’), ‘When we talk … when we cough …’, (R. ‘Do you think of anything else … of any other way that sounds can be produced?’), ‘Oh yes, animals can also produce sounds’, (R. ‘How are they produced?’), ‘…as the bark …!’.






Table 6 presents frequencies of children’s responses to task 3.1.



Task 3.2. Where do the sounds go? If we produce a sound here on the table, inside the room, will it go somewhere else?



The answers to this question reflect the different mental representations that children use in order to approach the concept of sound. Having analyzed the data, the responses were classified into three distinct categories.



	
Answers where children recognize that sound is propagated everywhere in space. This category of responses is quite interesting as it highlights the ability of young children to recognize sound in space. For example, P. 39. ‘Everywhere … all around …’, (R. ‘How do you know that?’), ‘Because, let’s say, in case the bell of Saint Andreas rings, it can be also heard by us that we live by the sea …. All the neighbors can hear it …. It’s like flying everywhere’, and P. 64. ‘Everywhere … when it comes out of the CD let’s say … it goes everywhere. Everywhere … like in concerts that everyone is able to listen to the music, irrespectively of the place it sits …’.



	
Answers where sound is closely related to the way that is received by humans. In these responses, the receiver seems to hold a particularly important position, which leads to a kind of decentralization of children’s thinking from the sources of sound production. For example, P. 10. ‘In our ear’, (R. ‘How does this happen?’), ‘It happens… because we hear it…’ and P. 88. ‘Everywhere’, (R. ‘If we produce a sound here on the table, inside the room, will it go somewhere else?’), ‘It will go around here’, (R. ‘Could you show me the exact point it will go?’), ‘Yes … here where we are sitting …’.



	
Answers that focus on sound production. In these responses, the main focus stands on sound sources. For example, P. 30. ‘They do not go anywhere …’, (R. ‘Could you explain it further to me?’), ‘They are people’s voices … they do not go somewhere … they just go along with peoples …’.






Table 7 presents frequencies of children’s responses to task 3.2.



Task 3.3. Here, we can see a mouse who sings and a rabbit who wants to hear her songs. I will show you some points to tell me whether her voice could be heard there.



With this question, the children had the opportunity to choose points in space independently of the hypothetical listener. Therefore, by using this illustration, we sought to understand whether children are able to recognize the sound regardless of the source and the receiver.



Children’s responses were classified into three distinct categories.



	
Answers where children recognize the propagation of sound throughout space. In this category of responses, all five points were selected without any special distinction. For example, P. 77. ‘In all places … here … there … everywhere’, (R. ‘How do you know that?’), ‘Hmmm … wherever we go we will listen’.



	
Answers where sound is linked with an imaginary space defined by the linear source-receiver relationship. In these responses, the presence of sound was recognized in points 2, 4 and 5. For example, P. 10. ‘There … in the ears of the rabbit the song will be heard’ and P. 70 (R. ‘Somewhere else?’), ‘Maybe here too (point 2) … I guess …’ (R. ‘Why? How do you think this?’), ‘Because if rabbit’s ear placed there, I think it will be able to hear …’.



	
Answers focused solely on the sound receiver. Some children’s responses seem to focus solely on the sound receiver. For example, P. 52. ‘In rabbit’s place where he is able to hear … here and there (points 4 and 5)’ (R. ‘Could you tell me how you think this?’), ‘Hmmm … it will be where he can hear … that is in his ears’.






Table 8 presents frequencies of children’s responses to task 3.3.



Table 9 presents the frequency of children’s responses at each stage of the process, and the exact sequence of responses that each child provided during the interview.





5. Discussion


In the present study, mental representations of sound among 5–6-year-old children were studied. The focus of the study was not to record children’s reflections on certain characteristics of sound such as noise [3], neither their aptitude of identifying everyday sounds and sound sources [31]. Instead, an attempt was made to explore children’s ability on sound recognition in space. This choice is based on the interpretation given by Genetic Epistemology for the understanding of non-tangible concepts [23,24,26,27] and is of double importance for the learning processes of young children. On the one hand, the determination of the approach of sound through mental representations that allow the transitional reasoning of two steps points out the possibility of young children to approach the existence of sound in space. On the other hand, this finding shows the direction in which teaching activities should be developed for children who do not adopt transitional reasonings. The findings of the present study indicate that preschool children are able to conceptualize to some extent that sound spreads everywhere in space and propagates from the source to the receiver. Undoubtedly, the form that sounds obtains through this propagation may be interpreted by the ‘wave’ and ‘entity model’ found by Hrepic, Zollman and Rebello [17]. Indeed, these models could be implied in children’s responses regarding our three research questions. Nevertheless, as our study focused on 5–6-year-old pupils, in contrast to the sample studied by Hrepic et al. [17] which consisted of university students, we decided not to deal with the appearance of these models in our children’s thinking.



In the three tasks of the first RQ, it seemed that 14–20% of students recognized sound independently of its sources of production, its origin, or particular forms that manifest itself such as musical sound. The conceptualization of sound as a distinct physical entity is a finding of relevant research that has focused on this issue [28,33]. However, the vast majority of children (61.5–72%) refer to sound in close relation to the sources of production and the activities that produce distinct sounds, as well as to human hearing. This finding is consistent with similar studies that show the key role that the sources of sound play in the thinking of children aged 5–7 years [12,29,31]. Undoubtedly, the basic children’s reasoning regarding the propagation of sound lies on the immediate transmission of an instantaneous stimulus. In addition, there is another group of children who seem to associate sound exclusively with voice (9.9–18.7%). The attachment to the association of sound with voices creates a very limited centration of children’s thinking which hinders any idea of sound as a physical entity. It should be noted that these children constantly distinguish sound from music.



Regarding the two tasks of the second RQ, an attempt was made to explore the subjective characteristic that is often attributed to sound by young children. Data analysis showed that children mainly refer to two basic subjective characteristics of sound: loudness and timbre. In particular, 14.3–19.8% of children satisfactorily distinguish these two characteristics and constantly express the mental representation of sound which own specific properties. A second category of children (58.2–61.5%) hesitated to recognize differences in sounds, and when they do so, it is usually for sounds with which they are familiar, such as the voices of friends and family members. Finally, a relatively high percentage of children (15.4–44%) seemed to face great difficulties in attributing subjective characteristics to sounds. This is compatible with the way they construct the concept of sound in their mind, as it is quite difficult for someone to attribute particular properties in something that is not recognized as a distinct phenomenon. These findings are consistent with similar previous studies where the production of sounds from different kind of materials has been explored [18,19,31].



In the three tasks of the third RQ, an attempt was made to highlight the mental representations of children for the production and the distinction of sound from its sources. In all three tasks, a group of children (12.1–18.7%) stated that sound can be produced in a number of different ways and propagates in space. A second group of children (65.9–68.1%), however, seemed to refer in a consistent manner to the association between sound sources and the receiver, while very few of them were able to recognize the existence of sound between them. These were children who seemed to be on the verge of transition from immediate transmission to reasoning with characteristics of operational transitivity. The recognition of the presence of sound between a source and receiver is also a finding of another study [28]. Finally, a third group of children (15.4–20.9%) insisted on the production of sound solely from voices and did not refer to any kind of propagation. A number of them seemed to recognize that apart from sources, voices only exist on receivers. These results are consistent with the findings of Piaget and Vergopoulo [27]. It should be noted, as mentioned above, that Eshach and Schwartz [15] stated that the way eighth-grade students conceptualize the notion of a wave or a medium affects the way they perceive both the nature of the sound and its propagation. Indicatively, a number of students who perceive sound as particles, draw different forms of particles in different media. In addition, students seem to attribute different mechanisms to the propagation of sound depending on the medium, for example, bubble-like in air, but ray-like in water (p. 759). In some cases, sound does not only seem to change form as it travels from one medium to another, but also the type of material through which is propagated is completely modified. However, given the fact that the present study did not make use of different mediums through which sound propagates, the effect of the medium on children’s mental representations was not investigated. On the other hand, while the only medium that was available for discussion with children was air, it was apparent from relevant questions that children seem to recognize that sound is spread everywhere in space. Consequently, the construction of a mental transition step from the source to receiver seems likely to take place on children’s thinking. Undoubtedly, it would be interesting in a future endeavor to investigate whether authentic ideas exist among preschool children related to sound propagation mechanisms.



Apart from dealing with the data of each research question separately, of particular interest was the finding of the stability of some children’s reasoning which was expressed throughout all tasks. As shown in Table 9, eleven children (6, 14, 15, 31, 42, 46, 61, 69, 77, 84, 91) seemed to recognize, along all tasks, the propagation of sound in space and in particular its propagation from sources to receivers. This finding is important because it underscores the ability of children, even from this age, to form in their minds a mental representation of sound based on a logical two-step thinking pattern for the propagation of invisible physical interactions in space. It is this mental representation that allows a significant prospect of children to be initiated to the world of sounds, as it provides a solid path for the development of teaching activities that will enable children of this age to deal with sounds and their basic characteristics. However, it would be quite interesting for feature research to investigate which kind of experiences and interactions enable such a developmental pathway which in turn leads some children to construct operational transitivity for sound. In this direction, a distinct stream of Early Childhood Science Education seeks to study the conditions and prerequisites for the construction of precursor models—meaning stable entities of thought which have characteristics compatible with those of school physics [36].



After all, as shown in Table 9, several children, apart from these eleven, often responded to a number of tasks with satisfactory responses, such as P. 5 scoring 6/8 and P. 33, P. 12 and P. 90 scoring 4/8 sufficient answers. Undoubtedly, the mind of these children was dominated by the mental representation of immediate transmission of sound and that is why their involvement with specialized teaching interventions is important. In general, the development of teaching activities needs special care and scaling as many children have a long mental path to go through until the conquest of transitivity. For instance, children P. 1, P. 7, P. 30, P. 43, P. 48, P. 53, P. 71, and P. 86, who gave insufficient answers to all tasks, need special teaching interventions to succeed in separating the concept of sound and voice, something that is not necessary for other children. However, in general, central elements of children’s average and inadequate reasoning are closely related to the perceptual data of the proposed situations and especially to the materials that create sounds, the human voice or the actions that lead to the sound’s creation. The transition to a state of reasoning that recognizes sound as a physical entity presupposes activities of decentralization from these elements.




6. Conclusions


In the present research, an attempt was made to investigate the mental representations of children aged 5–6 years for sound. Based on the theoretical framework of Genetic Epistemology, it seemed that conceptualizing sound, as is the case of heat [27] or light [26,37], requires the construction of a two-step transitional reasoning. While this construction is not expected to dominate children’s thought at this age, it was shown to be possible. The research findings dictate the development of appropriate teaching activities which are based on the present study, in order to form mental representations compatible with those of school-level Physics. An axis of research in Early Childhood Science Education is now oriented in this direction.
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Appendix A


In the appendix is presented Table A1 which shows the order of tasks in which they were presented to the children of the sample.
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Table A1. The order in which the tasks were presented to children.






Table A1. The order in which the tasks were presented to children.





	Order
	Number
	Task





	1
	1.1
	What is sound?



	2
	1.2
	Could you tell me some kind of sounds that you know?



	3
	2.1
	Are all sounds the same? If not, where do they differ?



	4
	3.1
	How are sounds produced, how are they made of?



	5
	2.2
	Behind you there are some objects made of iron, wood and glass. I am going to hit two of them and I would like you to guess which one I am hitting each time. For example, if I hit these two objects made of plastic, they make that sound. Let’s see if we can recognize the sounds without observing the objects that being hit.



	6
	3.2.
	Where do the sounds go? If we produce a sound here on the table, inside the room, will it go somewhere else?



	7
	1.3
	Is music a kind of sound?



	8
	3.3
	Here we can see a mouse who sings and a rabbit who wants to hear her songs. I will show you some points to tell me whether her voice could be heard there (Figure 1).
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Figure 1. Which points does the singer’s voice reach? 
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Table 1. Children’s responses to task ‘what is sound?’.






Table 1. Children’s responses to task ‘what is sound?’.





	Categories of Responses
	Frequencies
	Relative Frequencies (%)





	a. Sound propagates in space
	13
	14.3



	b. Sound as a product of human and social activity
	61
	67



	c. Sound as a product of vocal expression
	17
	18.7
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Table 2. Children’s responses to task ‘Could you tell me some kind of sounds that you know?’.






Table 2. Children’s responses to task ‘Could you tell me some kind of sounds that you know?’.





	Categories of Responses.
	Frequencies
	Relative Frequencies (%)





	a. Sound propagates in space
	16
	17.6



	b. Sound as a product of human and social activity
	66
	72.5



	c. Sound as a product of vocal expression
	9
	9.9
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Table 3. Responses to task ‘Is music a kind of sound?’.






Table 3. Responses to task ‘Is music a kind of sound?’.





	Categories of Responses
	Frequencies
	Relative Frequencies (%)





	a. Music is sound
	18
	19.8



	b. Music is associated with sound, in an unstable manner yet.
	56
	61.5



	c. Music and sound totally differ
	17
	18.7










[image: Table] 





Table 4. Responses to task ‘Are all sounds the same? If not, where do they differ?’.






Table 4. Responses to task ‘Are all sounds the same? If not, where do they differ?’.





	Categories of Responses
	Frequencies
	Relative Frequencies (%)





	a. Differences based on subjective characteristics of sound
	24
	26.4



	b. Recognition of limited subjective characteristics of sound
	53
	58.2



	c. Absence of criteria for sound discrimination
	14
	15.4
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Table 5. Responses to task related to the recognition of sounds that come from everyday materials.






Table 5. Responses to task related to the recognition of sounds that come from everyday materials.





	Categories of Responses
	Frequencies
	Relative Frequencies (%)





	a. Recognition of 5–6 sounds
	13
	14.3



	b. Recognition of 3–4 sounds
	38
	41.7



	c. Recognition of 1–2 sounds
	40
	44.0
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Table 6. Responses to task ‘How are sounds produced, how are they made of?’.






Table 6. Responses to task ‘How are sounds produced, how are they made of?’.





	Categories of Responses.
	Frequencies
	Relative Frequencies (%)





	a. Sound produced from a variety of sources with a clear distinction between sound and sources
	11
	12.1



	b. Sound production from a limited number of sources without a clear distinction between sound and sources
	61
	67



	c. Correlation of sound mainly with voice
	19
	20.9
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Table 7. Responses to task ‘Where does sound go?’.






Table 7. Responses to task ‘Where does sound go?’.





	Categories of Responses
	Frequencies
	Relative Frequencies (%)





	a. Sound is propagated everywhere in space
	14
	15.4



	b. Focus on the perception of sound by humans
	62
	68.1



	c. Focus on sound production
	15
	16.5
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Table 8. Responses to task ‘Where do the sounds go?






Table 8. Responses to task ‘Where do the sounds go?





	Categories of Responses
	Frequencies
	Relative Frequencies %





	Sound propagates everywhere
	17
	18.7



	Sound between the source and the receiver
	60
	65.9



	Sound on the receiver
	14
	15.4
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Table 9. Frequencies (f) of pupils’ representations (n = 91).






Table 9. Frequencies (f) of pupils’ representations (n = 91).





	

	
Answers

	
a. Sufficient

	
f

	
b. Intermediate

	
f

	
c. Insufficient

	
f






	
First Research

Question

	
Question 1.1. What is sound?

	
5, 6, 14, 15, 31, 33, 42, 46, 61, 69, 77, 84, 91

	
13

	
2, 3, 4, 9, 10, 11, 12, 16, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 29, 32, 34, 35, 37, 39, 40, 41, 44, 45, 47, 49, 50, 51, 52, 54, 55, 56, 57, 58, 59, 60, 63, 64, 65, 66, 67, 68, 70, 72, 73, 74, 76, 78, 79, 80, 81, 82, 83, 85, 87, 88, 90

	
61

	
1, 7, 8, 13, 21, 28, 30, 36, 38, 43, 48, 53, 62, 71, 75, 86, 89

	
17




	
Question 1.2. Sound that are recognized by children.

	
5, 6, 12, 14, 15, 31, 33, 42, 46, 60, 61, 69, 77, 84, 90, 91

	
16

	
2, 3, 4, 8, 9, 10, 11, 13, 16, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28, 29, 32, 34, 35, 36, 37, 38, 39, 40, 41, 44, 45, 47, 49, 50, 51, 52, 54, 55, 56, 57, 58, 59, 62, 63, 64, 65, 66, 67, 68, 70, 72, 73, 74, 75, 76, 78, 79, 80, 81, 82, 83, 85, 87, 88, 89

	
66

	
1, 7, 21, 30, 43, 48, 53, 71, 86

	
9




	
Question 1.3. Is music a kind of sound?

	
5, 6, 12, 14, 15, 26, 31, 33, 42, 46, 55, 61, 64, 69, 77, 84, 90, 91

	
18

	
2, 3, 4, 8, 9, 10, 11, 16, 17, 18, 19, 21, 22, 23, 24, 25, 27, 29, 32, 34, 35, 37, 39, 40, 41, 44, 45, 47, 49, 50, 52, 54, 56, 57, 58, 59, 60, 63, 65, 66, 67, 68, 70, 72, 73, 74, 76, 78, 79, 80, 81, 82, 83, 85, 87, 88

	
56

	
1, 7, 13, 20, 28, 30, 36, 38, 43, 48, 51, 53, 62, 71, 75, 86, 89

	
17




	
Second Research

Question

	
Question 2.1. Are all the sounds the same?

	
2, 5, 6, 12, 14, 15, 22, 26, 31, 33, 40, 42, 46, 55, 58, 60, 61, 65, 69, 73, 77, 84, 90, 91

	
24

	
4, 8, 9, 10, 11, 13, 16, 17, 18, 19, 20, 21, 23, 24, 25, 27, 29, 32, 34, 35, 36, 37, 39, 41, 44, 45, 47, 49, 50, 51, 52, 54, 56, 57, 59, 63, 64, 66, 67, 68, 70, 72, 74, 76, 78, 79, 80, 81, 82, 83, 85, 87, 88

	
53

	
1, 3, 7, 28, 30, 38, 43, 48, 53, 62, 71, 75, 86, 89

	
14




	
Question 2.2. Sound recognition.

	
6, 14, 15, 31, 41, 42, 46, 61, 64, 69, 77, 84, 91

	
13

	
2, 3, 4, 5, 8, 9, 10, 11, 12, 17, 19, 21, 22, 24, 26, 27, 28, 32, 33, 34, 35, 37, 39, 44, 47, 49, 54, 55, 58, 60, 65, 66, 73, 81, 82, 85, 89, 90

	
38

	
1, 7, 13, 16, 18, 20, 23, 25, 29, 30, 36, 38, 40, 43, 45, 48, 50, 51, 52, 53, 56, 57, 59, 62, 63, 67, 68, 70, 71, 72, 74, 75, 76, 78, 79, 80, 83, 86, 87, 88

	
40




	
Third Research

Question

	
Question 3.1. How are sounds produced?

	
6, 14, 15, 31, 42, 46, 61, 69, 77, 84, 91

	
11

	
5, 3, 4, 8, 9, 10, 11, 12, 16, 17, 18, 19, 22, 23, 24, 25, 26, 27, 29, 32, 33, 34, 35, 37, 39, 41, 44, 45,

47, 49, 50, 51, 52, 54, 55, 56, 57, 58, 59, 60, 62, 64, 65, 66, 67, 68, 70, 72, 73, 74, 76, 78, 79, 80, 81, 82, 83, 85, 87, 88, 90

	
61

	
1, 2, 7, 13, 20, 21, 28, 30, 36, 38, 40, 43, 48, 53, 63, 71, 75, 86, 89

	
19




	
Question 3.2. Where do sounds go?

	
5, 6, 14, 15, 31, 39, 42, 46, 61, 64, 69, 77, 84, 91

	
14

	
2, 3, 4, 8, 9, 10, 11, 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 32, 33, 34, 35, 37, 40, 41, 44, 45, 47, 49, 50, 51, 52, 54, 55, 56, 57, 59, 60, 63, 65, 66, 67, 68, 70, 72, 73, 74, 76, 78, 79, 80, 81, 82, 83, 85, 87, 88, 90

	
62

	
1, 7, 13, 30, 36, 38, 43, 48, 53, 58, 62, 71, 75, 86, 89

	
15




	
Question 3.3. Sound in space.

	
5, 6, 12, 14, 15, 31, 33, 42, 46, 55, 61, 64, 69, 77, 84, 90, 91

	
17

	
2, 4, 8, 9, 10, 11, 13, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 29, 32, 34, 35, 36, 37, 38, 39, 40, 41, 44, 45, 47, 49, 50, 51, 54, 56, 57, 59, 60, 63, 65, 66, 67, 68, 70, 72, 73, 74, 76, 78, 79, 80, 81, 82, 83, 85, 87, 88, 89

	
60

	
1, 3, 7, 28, 30, 43, 48, 52, 53, 58, 62, 71, 75, 86

	
14
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