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Abstract

:

In this article, we present kindergarten children’s ideas about thermal phenomena before any educational intervention took place. In order to capture and account for the heterogeneity of the kindergarten group in this study, first teachers observed children’s exploration behavior, task orientation, science interest, and language comprehension in everyday kindergarten life using a structured observation form. Then, 24 children aged between 3.8 and 6.0 years were interviewed individually about three situations focusing upon water temperature and its changes. The results show that interest in science and language comprehension are significantly related to children’s understanding of thermal phenomena, while task orientation and exploratory behavior are not. In general, the kindergarten children did not yet use the word “heat” in their descriptions and explanations but were more or less able to describe the water temperature and its changes in a differentiated way.
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1. Introduction


The present paper is part of an investigation of the interaction of physical and narrative experience in the construction of concepts by young children in their early encounters with thermal phenomena. Specifically, in this paper, we want to investigate pristine forms of verbal communication by kindergarten children before any deliberate concrete didactic activity has been undertaken and without bias toward particular scientific theories on the topic. We want to ascertain the children’s cognitive level and linguistic abilities and, in particular, their spontaneous ability to communicate about simple thermal phenomena. This appears necessary in view of the alternative imaginative and narrative approach to natural phenomena pursued in our research project. Previous studies of children’s (verbal) understanding of thermal phenomena can give some indication of what to look for. However, few of them cover very young children, and they are usually not sensitive to the variation of linguistic and general cognitive maturity. Moreover, observations appear to be influenced by expected “scientific” outcomes, i.e., by what temperature and heat ought to mean in a sanctioned approach to traditional thermal science in particular and to physical science in general.



1.1. Experiencing Thermal Phenomena


Children experience and observe natural and technical phenomena in various everyday situations, whether outdoors or indoors, and thus they are also familiar with thermal phenomena already at a young age [1]. Even though the abstract concept of “heat” (you do not see heat) may not yet be pronounced in very young children, they have already had many (indirect) experiences with it, coming from their sense of hot and cold. For example, in winter, large temperature differences can be perceived through the senses: While it is cold outside, it is warm in the heated apartment. It is even warmer in the summer when the sun is shining intensively, and long-sleeved clothing is replaced by short clothing. However, children will also have noticed that in summer, there are places where it is hotter and places where it is cooler. Water temperature in general can also vary. Water can be ice-cold or boiling hot—and there are many gradations in between because water can be heated specifically, but it also cools down. This can be perceived by children, for example, when the parent heats cold water on the stove for making tea and when it is necessary to wait until the hot tea water has cooled down enough to drink it [2]. The hotness sensors in our skin allow us to sense temperature and temperature differences, and in this subjective way, we can also qualitatively determine temperature changes [3].



Objectively speaking, the temperature is a physical quantity (quantified in Celsius or Kelvin scales) that expresses an intensity, i.e., how warm or cold an object is. The temperature can be high or low. As a physical quantity, heat is manifested and experienced indirectly via temperature. Therefore, it is important to understand how the notion of heat as something contained in objects and flowing from object to object can possibly arise—in what sense it can possibly be experienced. The need of the notion of heat arises when processes are observed that unfold over time. An object in contact with another object can become colder or hotter, meaning that heat can be transferred between objects, and doing so, causes temperature changes. The higher the temperature change is, the more heat is supplied or given off. This means that heat can be big or small. In nature, it always flows from an object of higher temperature to an object of lower temperature. Technical devices—such as the electric stove—or natural objects—such as the sun—that emit heat to their environment are called heat sources. In the case of heating water on an electric stove, for example, a certain quantity of heat is supplied to the system (pot with water) over time from the outside (electric stove). At the same time, the pot with water is also in contact with the (colder) ambient: At the beginning, the heat the pot loses to the environment is less than what it receives from the stove, so the temperature goes up. When the two heat exchanges become equal, a dynamic equilibrium is established, and the temperature of the system remains stable. If the water pot is then removed from the stove, the temperature goes down and, after a certain time, reaches the ambient temperature. Without the notion of the concept of heat, it would be impossible to interpret these processes. The process of heating is associated with heat absorption, the process of cooling with heat emission. Thus, heating and cooling are both heat transfer processes.



A more scientific (formal) treatment of heat and temperature is outside the scope of this paper. For an introduction to the foundations of a novel form of physical and narrative experience of nature by children at kindergarten level, the reader can refer to the approach to physical sciences underlying the imaginative course for kindergarten and primary school student teachers described in [4,5,6,7].



In primary physics education in kindergarten, the educational focus in the realm of heat is confined to the perception and description of heat transfer processes causing temperature differences, i.e., water and other bodies get warm or cool down. Science education standards in various countries suggest that teaching should address areas of the child’s life world where change and dynamics can be observed [8]. For this reason, didactic research needs to focus on questions such as how exactly children experience changes in nature and technical artifacts and how they and their caregivers talk and generally communicate about processes (using natural language or other media at the disposal of young learners). According to learning and instructional psychology, as well as didactic theories concerned with particular topics, the conceptions that children have built up through experience in the everyday world as well as through their engagement with the social world [9,10,11] should always be taken into account when designing lessons [12,13]. Already Ausubel (1968) stated: “The most important single factor influencing learning is what the learner already knows. Ascertain this and teach him accordingly” [14] (p. IV). Thus, learning situations should be planned in such a way that they are adapted to the learning prerequisites of the students. By connecting to children’s ideas and taking their ways of thinking into account, learning in the zone of proximal development can be made possible [10,12,13].




1.2. Prior Observations of Young Children’s Ideas about Heat and Temperature


Here, we present an overview of what has been observed and reported in the science education literature with regards to how kindergarten children (and their parents) speak about heat and temperature and related phenomena.



Children’s conceptions of heat and temperature have been studied in [15,16,17,18,19,20]. However, studies of ideas on heat and temperature usually refer to older target groups than those targeted in this article. Only few kindergarten children were investigated on that topic, and some of these few studies are older [21]. Furthermore, it is questionable to what extent such topics are taught in early science education. Even if kindergarten and primary school teachers mention topics on heat and temperature as possible topics of physical science in kindergarten and primary school, they have little affinity for such physical-technical teaching content and are often not confident in teaching it [22,23,24,25]. None of the former research reports on ideas about heat and temperature held by kindergarten children are the result of instruction or targeted intervention in kindergarten. In the following, reference will be made to these.



We will first refer extensively to the paper by Albert [26], even though it refers to somewhat older children because it is most useful for our purpose, and it can help in sketching the development of concepts in the course of children growing up. Albert was the first to describe “the development of the concepts of heat in children” (p. 389), but his results are not based on a longitudinal study, and in his survey, children were not confronted with concrete material nor with narratives. In an interview study with 40 children aged four to nine, they were asked for “examples of heat” or “examples of warm” (p. 390). He noted that kindergarten children aged four to six refer in their answers to “hot objects” in one of the following forms: ‘X is hot’ or ‘X makes me (feel) hot’ (p. 391)—where X stands for an object that the children named. Especially children between the ages of four and five gave examples like ‘The sun is hot’, ‘[The] fire is hot.’ (p. 391). Thus, they had an idea of hot objects, but they could not yet distinguish between the object and the property of hotness which means that for young children hot objects are a unit, an “irreducible whole” (p. 391). Even between the ages 5 and 6.6, children “did not talk about heat in objects” (p. 391), but they now direct the word warm or hot not only to the heat source but use it also to express that a heat source makes the child feel hot or warm. More advanced answers, which also occur from the age of five or six years, do not only refer to one’s own feeling of warmth, but make it clear that heat sources can also make other objects warm and heat is, therefore, “a very active agent” (p. 392). An example of such a statement would be “The sun makes the air and many other things hot” (p. 391). This “externalization” (p. 392) from the child makes evident that there is an awareness of a movement from the sun to the object and this recognition creates already good preconditions for a mental “distinction between an object and a property” (p. 392) in the context of heat. The idea that hotness is a variable condition in that objects can be or not is found first in statements referring to heat sources that can be turned on or switched off. A child aged 6.6. described, for example, the oven as a heat source and pointed the following out: ‘When you turn it on, it is hot, and when you turn it off, it is cold’ (p. 392). However, children under seven years still have the idea that heat is something that arises or disappears immediately. The idea of “hot as a process” (p. 393) that takes place over a period of time was not expressed until children were seven to eight years old. Only then they expressed statements like ‘it gets hot’ or ‘it warms up’ (p. 394). The process of heating is described either from the point of view of the heat source or the object to be heated. The former would be the case with statements like ‘The sun shines and warms [the air] up’, the latter with statements like ‘The water gets hot’ (p. 394). Furthermore, at this age, the word ‘heat’ sometimes appears, which suggests that children begin to differentiate “between the object of hotness and heat in the object” (p. 394), which can also be emitted. They develop the idea that “heat is something active in the object being warmed” (p. 394).



In a study by Hadzigeorgiou [21], the idea of heat as an invisible substance was detected in children aged six or seven, but only occasionally and certainly not in most children of this age group. A child explained, for example, that “there is something that moves from the hot body into my hand when I touch it” (p. 72). It is also worth mentioning that children assume that ‘heat’ and ‘cold’ are two separate invisible substances. For example, children stated that ‘heat is radiated from a stove’ as well as ‘cold is radiated by a piece of ice’ (p. 72). In a study by Piaget and Garcia [27], heat transfer phenomena were treated with the help of concrete examples. Children of different ages were shown an experiment in which a steel ball was heated and then thrown into cold water. It was found that the idea of heat as transmission from a warmer to a colder object developed rather late, i.e., only at the age of 12. Children under seven years capture the warming of an object independently of the cooling of the hotter object and thus do not have an idea of thermodynamic equilibrium.



From databases, Luce and Callenan [2] analyzed several naturalistic parent-child conversations in which heat and temperature were the subject matter. The authors investigated how and in which contexts heat- and temperature-related concepts were talked about. In these conversations, all children were aged under six years and no gender differences were evident. The results show that everyday contexts in which words related to heat and temperature occur were mainly conversations during food preparation or during the meal itself (e.g., when waiting for food to get warm or cold), during conversations about the weather (e.g., when comparing the temperature inside and outside) and one’s own body temperature (e.g., when a person feels cold or gets warm) (p. 12). In most cases of the 1460 statements recorded in these contexts, heat and temperature related words were used as an adjective to express a “property”, for example: ‘That is a hot tea’, ‘The sun is hot’, ‘My hands are cold’ (p. 6). Some statements were related to temperature change processes as well and were classified as “vague process”, meaning that such expressions refer to heating and cooling in an overall sense without mentioning the word “heat”. For example: ‘We have to wait for it to heat up’, ‘It is getting warmer’, ‘you do not want to get cold’ (p. 6). Only sporadically heat was mentioned explicitly. Luce and Callenan concluded from this study that “the word heat occurred rarely in these conversations, which suggests that children may actually be getting very few opportunities to hear about how adults conceptualize the concept of heat in everyday talk” (p. 8). However, we must draw a distinction between conversations of parents with very young children and somewhat older ones. With children aged between 2.0 and 3.5, parents used heat- and temperature-related words almost always “as properties of objects” (p. 8), while with children aged between 3.5 and 6.0, they talked “about properties and vague processes with similar frequency” (p. 9). All in all, it can be stated that the words hot and cold were the most frequently mentioned words in natural conversations, and many of these talks referred to “objects that can and do change temperature” (p. 13), but without thematizing why objects get hotter or colder.



Regarding the naming of the temperature of objects, there is evidence that already at an early age, i.e., from two years onwards, children can distinguish clearly between the extremes cold and warm (respectively hot) whose conceptualization is based on sensorial experience in which they have felt warm or cold [28]. However, children aged between four and seven use both terms, hot and warm, often synonymous, and thus do not yet differentiate between different temperature levels [26,29]. In a study by Qonita and colleagues [29], for example, children aged four to six were presented with three water glasses with different temperatures (cold, warm, hot). Even though the three glasses were named correctly and thus the different temperature levels were well distinguished, not all children succeeded in later describing the mixture temperature between the cold and hot water as warm, but often used the term hot. Likewise, they did not differentiate between the terms cold and tepid. Thus, when comparing two temperatures, they use the term ‘cold and warm’ rather than ‘cold and tepid’ or ‘tepid and warm’ even if the temperature difference between the two objects was not that great.



For children, estimating temperature is challenging, and its success depends on the kind of comparative task. For example, indirect proportional tasks are very demanding. In a study [30], children were asked to predict the temperature of two different amounts of water (a half-full and full water glass) when they were heated for the same time with the same number of candles (one candle per glass). The results show that only children starting at the age of nine years were able to make correct judgments about the temperature of these two amounts of water, saying that the temperature in the half-full water glass would be higher. Younger children, aged between four and eight years, gave mostly incorrect answers, namely that the water temperature would be the same. However, already kindergarten children (from about five years) were able to understand the rule “more A, more B”, for example, the more candles warm the water, the higher the water temperature.



It is worth mentioning that there are a number of papers in the literature on heat-related phenomena, like thermal expansion [31], thermal conduction, and conducting/insulating materials [32,33], melting, evaporation, phase states of water [34], as well as investigations of children’s familiarity with thermometers, thermal scale, and temperature representation [20,35,36]. All these papers are biased by the investigation of the ability of children to describe, predict, and interpret heat-related phenomena, and the issue of children’s conceptualization of heat and temperature changes is not dealt with.




1.3. Research Aims and Questions


In this paper, we want to bring out the conceptualizations of heat transfer phenomena of a kindergarten group and present the statements and interview performance of individual children as descriptively as possible. To this aim, we investigated how young children perceive and judge different phenomena in contexts of everyday life. To be more precise, we explored kindergarten children’s verbal communication concerning the heating of water by sunlight, the heating of water on a stove, and the cooling of water in a hot-water bottle. The ideas that were collected are to be understood as an expression of spontaneously developed understanding that may or may not have been enriched by extracurricular activity rather than learned as a part of prior lessons. Our report is an inventory of children’s understanding, upon which basic didactic interventions can be developed.



In contrast to previous studies, this study takes account of the heterogeneity of kindergarten children. Our investigation is done with kindergarten children—from a rather heterogeneous cohort, both with regard to developmental age (between three and six, almost every month counts) and linguistic background. Thus, in this study, not only age is considered (as has been done in previous studies), but also other relevant areas of children’s development as well as their (different) linguistic abilities. This seems reasonable and necessary because it is known that children also differ in their characteristics of different developmental areas, which could possibly also influence the grasp of the child’s conceptions as well as the child’s conceptual development. First of all, it must be stated that linguistic ability is a central factor because it is not possible to directly collect children’s ideas, but only children’s statements, i.e., representations of mental ideas [13]. Therefore, knowledge can never be clearly separated from the ability to describe phenomena in language [1]. Since thinking and language are inseparable, language also plays a central role in the development of higher forms of thinking [37]. In addition to language, it seems important to survey children’s task orientation, because this ability shows how goal-oriented children are in mastering tasks, whether they are easily distracted or remain focused and persistent on a task [38]. A low task orientation could distort the results of the preconcept survey. Children also differ significantly in their exploratory behavior, i.e., in the way they deal with new and unknown things and situations, whether they explore the environment independently, how optimistically they approach new tasks, or whether they are rather hesitant [39,40]. It is obvious, for example, that shy and inactive children will have different experiences than active children who are open to new situations [41]. Exploration creates knowledge structures, i.e., the child learns by exploring the world [42]. Through interaction with the environment, a more domain-specific inquisitiveness and interest will develop over time. For example, scientific interest manifests itself in an active exploration and questioning of natural phenomena [39,40]. This domain-specific interest leads the children to acquire knowledge increasingly in this domain [43,44], and it could be assumed that children with a high interest in science also have more experience and knowledge in this area and that they will show a higher willingness to try to deal with science questions and activities [45].



In conclusion, in our study, we focused on the following research questions:




	⚬

	
how do kindergarten children grasp heat transfer phenomena?




	⚬

	
to what extent do they correctly estimate, predict, or even explain temperature differences or changes in various situations?




	⚬

	
what is, apart from age, the role of children’s developmental areas like exploratory behavior, science interest, task orientation, and language comprehension?











2. Materials and Methods


2.1. Research Design


According to the research aims, an exploratory approach was followed in this study. Since young children’s ideas should be explored in detail to obtain a deeper understanding of their thinking, only a small sample of kindergarten children could be investigated (we are aware that limitations of the generalizability of the results had to be accepted). This study involved a naturalistic environment and was conducted with a standardized observation instrument and a semi-structured interview technique. The use of both quantitative and qualitative methods makes it a mixed-methods study, but it must always be considered first and foremost as a case study [46,47]. The sampling and data collection procedure are explained below.




2.2. Procedure


The sample was recruited from a kindergarten in the province of Bolzano (Italy) where children from three to six years learn, play, and interact together and, due to territorial characteristics, have heterogenous mother tongs. With the school principals’ permission and thanks to the teachers’ cooperativeness, teachers at that school collaborated in this study by taking over the data collection. As children’s caregivers, they could observe and interview them in a familiar environment. For the validity of the study results, it was beneficial that the kindergarten teachers collected the data. The assessment of children’s behavior, interests, and abilities, for example, requires a long period of observation and knowledge of each child. The kindergarten teachers are those who see the children every day and know the whole kindergarten group and its individuals best. If the observation and rating had been carried out by an outsider, the risk to observe and not correctly distinguish non-typical from typical scenes would be greater and the validity of the observation doubtful, as the outsider would not have the same observational material available and thus the expertise for conducting the rating assessment would be limited [46,47,48]. Observation is one of the professional activities of kindergarten teachers, and several observational instruments are specifically designed for this professional group [48,49]. Also, the interview was conducted by the teachers and not by researchers. It is known that young children have difficulties in forming interpersonal relationships with strangers [50] and that shy or inhibited children have difficulties expressing themselves in interviews [51]. “Many researchers have commented on the difficulty of engaging young children in the interview process” [52] (p. 2) and emphasize that children must “feel comfortable” [53] (p. 354). Therefore, a person with whom a secure attachment relationship exists was used as the interviewer, namely the kindergarten teacher as a kind of secondary caregiver. In this way, the results of interviews should be collected in a manner and an environment that does not suppress children’s thoughts by an alienating situation. Generally, the method of interview has the advantage that an exchange between interviewer and child is possible, and thus, the validity of the statements is increased by the possibility of asking how something is meant [54]. However, in the literature [52], interviews with very young children are considered “a significant challenge” (p. 1), and it is emphasized that the “child-adult interaction is central to these challenges” (p. 7). To standardize the observations and interviews as much as possible, the teachers were given the questions and illustrative material for the interview with the children and were briefed in detail on how to use the observational instrument and data collection techniques. Before starting the investigation, parents were informed about the planned study by an informed consent document and were asked to submit their signed consent to the teacher. Only those children who had parental consent were included in the study.



The teacher collected all the data and assigned each participating child a case number. Participants were first observed by predefined aspects of their behavior, abilities, and interests (see Section 2.4) during daily kindergarten life with free and structured activities in and outside the classroom. After several weeks and before conducting the interviews, two teachers of the kindergarten group independently completed a structured observation sheet for each child. Then, a consensus rating of both teachers was used for analyses to improve the quality of the assessments. The interviews (see Section 2.5) took place during the morning time in a separate room at kindergarten. Thus, the interviews could be carried out undisturbed in a familiar environment. The room was prepared with the illustrative materials to be used during the interview. Additionally, a video camera and audio equipment were prepared to record the interviews. The teacher conducted the interviews with all children individually and created an atmosphere as natural and trusting as possible. The children were informed that the teacher wants to explore different situations and is interested in knowing what they think about them. During the interview, care was also taken to ensure that children themselves showed willingness to participate, otherwise, it was stopped, or some interview questions were skipped. In total, an interview took approximately eight minutes.



The sample composition as well as the technique, materials, and contents of the observation and the interview are now described in more detail.




2.3. Participants


All participants of this study were part of a heterogenous kindergarten cohort in an Italian kindergarten institution of the province of Bolzano. Children with sufficient language comprehension in Italian were included in the sample. Due to COVID-19 quarantine measures during the survey, not all children could participate. In total, 24 kindergarten children—17 girls (70.8%) and 7 boys (29.2%)—were interviewed. On average, they were 4.9 years old (SD = 0.89): Half of the children (50%) were aged between 3.8 and 4.7 years, and the other half (50%) between 5.2 and 6.0. Italian was the mother tongue of 12 children (50%) and the second language of the other 12 children (50%). In both age groups, composed of 12 children each and aged either over or under 5 years, there were 6 children (25%) with Italian as their mother tongue.




2.4. Observation


To provide structured information about the behavior, abilities, and interests of the children who were interviewed, the following scales of the standardized observation sheet KOMPIK [39] were used: Exploratory Behavior, Science Interest, Task Orientation, and Language Comprehension. The KOMPIK instrument can be used to systematically observe kindergarten children aged between 3.5 and 6.0. The assessment should be made after an observation period of several weeks on a 5-point Likert scale (1 = low level, 5 = high level). With the four selected KOMPIK scales, kindergarten teachers had to assess a total of 24 statements for each child. The first scale Exploratory Behavior captures how curious and inquisitive the child generally is and how open-minded a child is in exploring unknown things and situations. The second scale, Science Interest, focuses on the area of natural sciences and describes how active and interested a child is in exploring and investigating natural phenomena. The third scale, Task Orientation, indicates the extent of how well a child can complete tasks in a goal-oriented and concentrated manner. Finally, the scale Language Comprehension shows the level of the child’s ability to implement calls to action and answer questions appropriately [39,40].



The KOMPIK observation instrument was designed especially for kindergarten teachers and can be used with children who are well known to pedagogical professionals. The assessment of a child’s behavior, interests, and abilities does not occur in a direct observational situation but from memory based on several observations. These observations should be made as part of the regular kindergarten routine without creating special (test) situations [41].



KOMPIK is a scientifically validated observation tool developed in collaboration with scientific experts and educators from the field. The content validity is given by expert assessment and confirmed by external validation. Some KOMPIK scales show, for example, significant correlations (from 0.28 to 0.47) with Petermann’s, Stein’s, and Macha’s [55] development test for children from 6 months to 6 years (ET 6-6) which indicate a convergent validity of the instrument. According to the authors of the observation sheet, the KOMPIK scales have high reliability in the sense of internal consistency. Furthermore, the retest reliability evidenced scores between 0.90 and 0.96 and the interrater reliability scores between 0.74 and 0.92 [56]. Nevertheless, the KOMPIK authors recommend that kindergarten teachers discuss their assessments of each child [40].




2.5. Interview


A semi-structured clinical interview was carried out to gain insights into young children’s prior knowledge and ideas about the concepts of temperature and heat. This qualitative interview procedure is characterized by careful questioning aimed at gradually eliciting ideas [57,58]. The interviewer adopts an interested, questioning attitude and encourages the children to give an answer, but does not correct them [13]. An interview guideline, in which topics and questions are defined in advance, served to structure the interview and enabled later comparisons between different participants [59]. Nevertheless, this interview technique allows enough openness in questioning. Thus, the language and question design can be adapted to the level of the respondents, which is particularly important with younger children [60]. According to Bierman [61], children could have difficulties “in expressing ideas in an open-ended interview format”, while “they may be able to communicate their thoughts through tasks that require less complex response options” (p. 232). Interviews with young children should, therefore, be well structured with small-step questions.



The study’s interview addressed heat transfer phenomena and included three concrete situations for which several questions were asked. Each situation was introduced with stimulus material, which should not only motivate the children to express their ideas but also help them to comprehend the situation better [58]. The order in which the questions were set was clearly defined and could not be changed by the teachers. Likewise, the teachers were not allowed to resolve the individual questions in order not to influence the child’s response behavior for the next questions. Now, the three situations are presented together with the corresponding questions.



The initial situation, “Water in the sun, water in the shade”, drew on experience (e.g., children have experienced that it is colder in the shade than in the sun in summer) and had to capture whether the child could identify the sun as a heat source and estimate its influence on the water temperature. For this purpose, the teacher presented a picture showing one glass with water standing under a tree and another glass with water standing in the sun. The interviewer asked the child to estimate the temperature of the water in both glasses: “Is the water in one glass warmer than in the other? If so, which one and why?” After providing an estimation, the child could check it. Therefore, the teacher placed two water glasses on the table, one with lukewarm water (with a sun symbol to make it clear that this water was in the sun) and one with cold water (with a tree symbol to symbolize that it was in the shade). The children had to feel the water and describe its temperature in both glasses and, finally, try to explain why it differed, asking, for example, “Why is the water in the sun warmer than the water in the shade?”



In the second situation, called “water cooking”, another familiar (but now controllable) heat source—the stove—was highlighted to investigate whether the children could already estimate the influence of different levels of heating power on the water temperature. In addition to directly proportional relationships (the higher the power of heating, the faster the water boils), an indirectly proportional task was set to find out whether they were aware that the temperature change also depended on the amount of water to be heated (the less water in the pot, the faster the water boils). At the beginning of this sequence, it was ensured that the child understood how a stove works. Therefore, a toy stove was presented, and the child was asked to demonstrate what to do when heating a pot of water. The child had to put it on the stove and turn the stove on. Once the cooker was “turned on”, the child had to try to explain why it could make the water hot. Specifically, they were asked, “Why does the water heat up when it is on the stove?”. Then, more specific questions were asked while demonstrating these situations repeatedly on the toy cooker. The child was asked, “What happens when the stove is turned on only halfway and not fully? Does the water boil faster if you turn the stove fully or halfway? Why?” The child was also asked what would happen when the stove was turned on fully, but the amount of water in the pot was different: “Where does the water warm up faster: In a pot with more or less water? Why?”



In the third situation, called “the hot-water bottle”, the child was confronted with a warm hot-water bottle—a container of hot water that radiates heat and by so doing loses its ability to heat over time. First, the interviewer had to determine whether the child was familiar with a hot-water bottle and its functionality (i.e., heat transfer). The child could feel and hold the hot-water bottle and guess what might be in it—namely, hot water. Then, the child was asked whether the water bottle keeps you warm even with cold water in it. The child should also try to provide a reason for his or her answer. Finally, the child was asked what would happen if the hot-water bottle with hot water was left for a while: “Is the water in the hot-water bottle after a while still hot, or does it change? Why?” The aim was to find out whether children were aware that a warm hot-water bottle is only a temporary source of heat and that its temperature falls due to heat dissipation.




2.6. Data Analysis


All data were available in anonymized form and were entered into a sav-data-file created in SPSS 27. For the general description of the sample, data on age, gender, and mother tongue were analyzed.



Before considering the observational data for analyses, the reliability of the KOMPIK scales composed by the raw data of the two observers was checked: For each KOMPIK scale, the interrater reliability was evaluated considering the Interclass Correlations and interpreted according to Cicchetti [62]. The degree of agreement among the two observers who assessed children’s behavior, interests, and abilities could be considered fair to excellent for the scales Science Interest (0.53), Task Orientation (0.82), and Language Comprehension (0.90) with the exception of the scale Exploration (0.32), which evidenced a poor Interclass Correlation. For further analysis in this study, a consensus rating of the two observers was used. Thus, from the combined assessment of the statements of the KOMPIK observations sheets, the four scales Exploratory Behavior, Science Interest, Task Orientation, and Language Comprehension, were formed for each child. The calculated mean scores of the scales determined children’s level in the areas listed above, where a score of 1 was low and a score of 5 high. It was also important to consider children’s age when interpreting their mean scores since younger children generally have developmentally related lower scores than older children. For this reason, the mean scores and standard derivations were not only made evident for the entire group but also separately for two age groups formed.



The video-recorded interviews were transcribed by the teachers, taking care that data was anonymized and that the transcribing teacher was not the interviewer one. In the transcripts, the teacher’s and the child’s statements were recorded verbatim. Non-verbal information in the video records was only noted if relevant to the content—for example, if an answer was provided by nodding or pointing to a picture or material. By reviewing the transcripts, it was also possible to determine that the teacher adhered to the interview rules. Due to the structured interview procedure involving three situations, all interviews could be divided into three sequences. For each sequence, the children’s answers to the various questions were categorized and finally illustrated with examples from the interviews. In addition to qualitative data analysis, answers were categorized more generally to allow quantitative data analysis. Thus, qualitative data were quantified using the same category system for each interview content. The numerical category system formed determined the extent to which a content has been grasped by the children: 2 points were provided for a correct prediction with a plausible explanation, 1 point for a correct prediction without a plausible explanation, and 0 points if the prediction was wrong or if no idea was expressed at all. Individual questions that the interviewer did not ask a child were not scored. The frequencies and valid percentages were calculated for all categories (not solved, predicted, explained). To represent the whole interview performance of each child, an average score was calculated from the points achieved for their answers to all questions they were confronted with.



Due to the small sample size, only nonparametric tests were used in bivariate analysis. For correlation analysis, Spearman’s rank correlation coefficients were calculated, which required only ordinal scaled data and provided information about the relationship of variables. The significance tests of Spearman’s rank coefficients also had the advantage that they are more robust than significance tests of parametric correlation coefficients. Likewise, the partial correlation analyses were conducted with Spearman’s correlation coefficients. The method of partial correlation was used to describe the relationship between the KOMPIK variables and the interview performance whilst controlling, i.e., taking away the effect of age.





3. Results


3.1. Participant’s Behavior, Abilities, and Interests


The results of the KOMPIK observations sheets produced the following score range: Between 2.2 and 4.3 on the Exploratory Behavior scale, between 2.1 and 5.0 on the Task Orientation scale, between 2.8 and 5.0 on the Language Comprehension scale, and between 1.4 and 5.0 on the Science Interest scale. All means and standard deviations are shown in Table 1 for both the sample and the two age group subsamples.




3.2. Interview Answers


In the following sections, participants’ answers to the interview questions are described in detail, and the valid percentages of the response frequency are provided in each case. Accordingly, questions that were not individually posed to children were not considered.



3.2.1. Answers Referring to “Water in the Sun, Water in the Shade”


Seventeen children (70.8%; n = 24) could correctly predict that the water placed in the sun would be warmer than the water placed under a tree. The children mostly described the situations one by one, for example: “This is warm, this is cold”. Four children (16.7%) first assumed that the water in the sun would be cold but changed their answers to “warm”. Three children (12.5%) stood by their opinion that the cold water was in the sun without explaining this further.



When asked why the water in the sun is warmer, 17 children (70.8%) provided one of the following answers: “Because the sun is warm”, “Because the sun warms it up”, or “Because it is in the sun, it warms”. Thus, the children referred in their answers to the sun as a warm source. Four children (16.7%) with correct predictions gave no explanation.



On the other hand, when asked why the water under the tree is cold, seven children (29.2%) justified this simply with the fact that the water glass is in a different place, for example, they replied, “Because there is the tree” or “Because it is under the tree” but could not explain their descriptive answer further. Two children (8.3%) gave only the one-word answer “cold”, and one child (4.2%) could not provide a reason. Those answers were evaluated as correct predictions without explanations.



The following dialogue shows an advanced answer of a child who contrasts the different locations in his attempt to explain:



Interviewer: “Why is this water cold?”



Child: “Because it is in the shade”.



Interviewer: “Why is the water in the shade cold and the water in the sun warm?”



Child: “Because it is cold in the shade, while in the sky, the sun is warm”.



Moreover, other children mentioned that the water is cold, “Because the tree makes shade”. The children often believed that the water under a tree’s shade cools down or gets colder and not necessarily that the water does not get warmer while the sun is missing. This assumption is reflected in the two following statements: “In the shade, the water becomes colder”, “It is becoming cold because it is in the shade”. Some of the answers to the question of why the water under the tree was cold referred to a specific activity that allegedly took place there: “Because the ice is coming”, “Because the cold is coming”, “Because the tree makes it colder”, “Because the leaves… they are making wind”, or “Because there [in the tree] is wind”. As “explained” were classified those answers of children who found a plausible explanation, even if it was not entirely accurate. The answers of 11 children (45.8%) were scored as “explained”.




3.2.2. Answers Referring to “Water Cooking”


In the second sequence of the interview, a toy stove and a toy pot with water were presented. Almost all children, namely 22 (91.7%; n = 24), were aware that they had to turn on the stove to bring the water to a boil. The following dialogue shows the best answer to the question of why the water gets hot:



Interviewer: “What does it happen when the cooker is turned on?



Child: “The water boils. It gets even hotter”.



Interviewer: “And why does it boil in your opinion?



Child: “It boils because the stove is hot”.



Interviewer: “What makes the water boil?”



Child: “The one where you cook”.



Interviewer: “Why does the water heat up if it is on the stove?



Child: “Because it is hot underneath. And above is the pot. The heat comes and makes it boil”.



The word “heat” was used here for the first and last time. This child did not only identify the stove as the source of heat but referred also to the movement of heat from the stove to the pot of water. Apart from this one child, three other children (12.5%) explained the cooking of water referring in their answer to the stove, for example: “Because of the stove, the pot gets hot” or “The stove is getting hot” and “The stove—it heats up”. One of them added the following comparison: “Then, the same thing happens as with the sun. It gets hot there too”. Children’s descriptive answers considering only the water temperature (e.g., “It gets warm”) were not rated as explanations because the stove was not included in this consideration. Answers that described the effect of cooking, but not the heating process were also not evaluated as explanation, for example: “Then you can put something in it so that you can cook” or “To make pasta”.



In the following, the children were asked to estimate what happens with a pot with water when the stove is turned on only halfway and not fully. Correct predictions were provided by 18 children (81.8%; n = 22) in the form of the following answers: It boils “later” or “it boils a little bit later”, as well as “it boils a little” or “then it gets medium hot”. While the first two of these answers refer to a longer period needed for warming up, the last two answers express different levels of temperature that would be reached. Asked for reasons, the four children (18.2%) who answered responded as follows: “Because you only have a small flame” or “Because you have to wait”. Wrong predictions, such as “It takes less time” or “It boils first”, were provided only by three children (13.6%) and were also not justified.



In the last phase of this sequence, where the boiling of water (with the same heating power, that is, with the stove fully turned on) was compared for different amounts of water, the children’s opinion was divided: nine children (47.3%; n = 19) correctly assumed that water boils faster “where there is less water” but could often not justify this assumption (“I do not know”). Only six children (31.6%) could give a simple justification, for example: “Because there is less water in it”. Wrong predictions, such as that the container “where there is more water” would boil faster, were mentioned by 10 children (52.6%) and thus almost equally often as the correct answer. The latter children could not provide any reasons (“I do not know”).




3.2.3. Answers Referring to “The Hot-Water Bottle”


The interview answers indicate that 17 children (73.9%; n = 23) were not familiar with the hot-water bottle, whereas six children (26.1%) were able to describe its function, as the following example shows: “When you are cold, you put warm water in it, and you put it on yourself—it warms you”. Frequently, the functionality of the hot water bottle was associated with stomach aches: “I use it when I have a stomachache—it warms my stomach”. Based on previous knowledge or tactile sensation in the interview situation, almost all children (95.6%) could describe the hot-water bottle as warm and containing hot or warm water. Only one child (4.3%) said that the hot water bottle was “cold”.



When asked whether the hot-water bottle would also warm when it contains cold water, 18 children (78.3%; n = 23) answered correctly that this was not the case. The provided reasons were relatively simple: “Because it is cold” or “Because it does not work with cold water”. Sometimes, in their explanations, they made comparisons between cold and warm water: “If you put cold water in here, it is cold. If you put warm water in there, it is warm” or “It does not warm because the warm water is stronger than the cold water”. Some children referred in their answer to a hypothetical effect that cold water would produce: “If you put cold water in here and you put it on, you will be ill even more”, “The hand will cool down” or “The body will freeze”. Eight children (34.8%) could not provide any reason for their correct prediction. Wrong prognoses, namely that the hot water bottle would also warm with cold water, were expressed only by five children (21.7%). Two of them later revised their answer to a “no”.



In the last interview question, when asked whether the hot-water bottle filled with warm water would still be warm after a while or whether something would change, 14 children (63.6%; n = 22) correctly answered that the hot-water bottle would then be “cold” or would “become cold” or “a little bit cold”. As the reason for cooling down, most children simply cited the waiting time: “Because if you wait, it becomes a little bit cold”. In a few answers, it became clear that cooling takes time and involves several temperature gradations: “It is hot, and if we wait a bit, it starts to get cold”. One child expressed explicit different gradations of temperature:



Child: “It is getting colder, colder and colder, freezing”.



Interviewer: “Why?”



Child: “Because there is not new water flowing in here”.



Interviewer: “No new warm water? And if you do not warm it?”



Child: “Then it gets cold”.



In total, only four children (17.4%) came up with a plausible, more profound explanation. Many unspecific or wrong answers were provided as a reason for the cooling of water, such as, “Because there is water in it” or “Because there is shade”. Eight children (34.8%) could not make even a correct prediction. Most of those children said, for example, that the hot-water bottle would still be “warm” or “still warm” even after a long time. When asked why, no reasons could be given. One child mistakenly assumed that the water would “boil” after waiting for a while and probably used statements from the previous situation involving the cooking of water. One child said that he or she did not know what would happen.





3.3. Solution Frequency


In the interview, children were generally more able to give a correct prediction about the water temperature or temperature change of water as to find an explanation for why this is so or why this is happening. However, the solution frequency varied depending on the content of the interview. Table 2 shows for each interview content the number of children who could not give an answer to a question (not solved), who were able to give a correct prediction, and who were also able to give an explanation. Since the interviewer did not set every question for each participant, the sample size (n) was smaller for some question contents.



Most children had difficulty answering questions regarding the prediction of the content “Less water heating on stove” and “Hot-water bottle after a while”. Here, the number of children who named an incorrect solution is comparatively high, and the number of children who were able to give a prediction is comparatively low. In contrast, the questions referring to predictions about “Water heating on stove”, “Warm water in the sun”, “Cold water under the tree”, and “Halfway turned-on stove” were solved correctly by more than four-fifths of the children. From the explanation questions, most children correctly answered those of “Warm water in the sun”. Only a few children could find an explanation for questions in the content “Water heating on stove”, “Halfway turned-on stove”, “Hot-water bottle after a while”, and “Less water heating on stove”.




3.4. Participant’s Interview Performance


The interview performance indicates how well the children mastered the three interview situations overall. The highest possible mean score of interview performance was 2.0, and the lowest 0.0. From the sample, 75% of the participants (18 children) achieved a score greater than 0.6, 50% (12 children) a score greater than 1.14, and 25% (6 children) a score greater than 1.43. Each participant’s individual score is shown in Figure 1. The lowest score of the participant’s interview performance was a mean of 0.29, and the maximum score was a mean of 1.86. The average sample’s interview performance is given by a mean score of 1.11 and a standard deviation of 0.49. As Figure 1 shows, the distribution of interview performance across the age groups is quite heterogeneous, although there are tendencies for lower performances among younger children (see also Section 3.5.2).




3.5. Results of Bivariate Analysis


3.5.1. Correlations: Behavior, Abilities, Interests, and Age


In bivariate analysis, the different KOMPIK scales evidenced partly significant, partly not significant correlations with children’s age: Task Orientation correlated significantly with age (rsp = 0.48; p < 0.05), as well as Science Interest (rsp = 0.47; p < 0.05). The variable Language Comprehension showed a tendency to a significant correlation with age (rsp = 0.40; p < 0.10), whereas Exploration did not correlate significantly with age (rsp = 0.20; n.s.).




3.5.2. Correlations: Age and Interview Performance


The calculated correlation by Spearman shows a tendency but not a significant correlation between Age and Interview Performance (rsp = 0.36; p < 0.10).




3.5.3. Correlations: Behavior, Abilities, Interests, and Interview Performance


When the different KOMPIK scales were related to children’s Interview Performance, it became evident that some KOMPIK scales correlated while others did not: Science Interest correlated very significantly with Interview Performance (rsp = 0.66; p < 0.01), and Language Comprehension correlated significantly with Interview Performance (rsp = 0.51; p < 0.05). Task Orientation did not correlate significantly but showed a tendency to a correlation with Interview Performance (rsp = 0.36; p < 0.10), neither did Exploration correlate with Interview Performance (rsp = −0.05; n.s.).




3.5.4. Nonparametric Partial Correlations: Behavior, Abilities, Interests—Controlled with Age—And Interview Performance


In the calculations of the nonparametric partial correlation, all scales of KOMPIK were included that correlated with Interview Performance. Age was used as a control variable.



Controlled with Age, again, a very significant correlation was calculated between Science Interest and Interview Performance (rsp controlled by age = 0.60; p < 0.01). Without the influence of Age, Language Comprehension still correlated significantly with children’s Interview Performance (rsp controlled by age = 0.51; p < 0.05). Task Orientation, controlled by Age, did not correlate with Interview Performance (rsp controlled by age = 0.23; n.s.).






4. Discussion


The aim of this study was to explore kindergarten children’s ideas about thermal phenomena with a focus on water temperature and changes caused by heat transfer. In the context of the investigation, heat sources like the sun, a stove, and a hot water bottle were addressed. The study took place before any didactic intervention at kindergarten had been undertaken. We were simply trying to capture the spontaneous everyday concepts of young children, considering the heterogenous development areas of a kindergarten cohort.



The result of this study shows that kindergarten children use the terms “warm” and “hot” to describe a higher water temperature. The synonymous use of these two terms has also been observed in other studies [26,29]. Thus, as in other studies, a distinction between warm and hot is not always made. However, this does not necessarily mean that kindergarten children generally are not capable of distinguishing between warm and hot, but perhaps that the situation did not call for it. In some interview situations, it became apparent that some children were able to express temperature gradations and could thus describe how something gradually became warmer or colder. In certain situations, they also used terms that expressed a temperature of medium degree.



In the present study, we often recorded statements such as “it gets hot”, referring to heating vaguely as a process [2]. These results are not in line with Albert’s research, who mentioned that children express such statements, not before the age of seven or eight. Moreover, expressions such as “you have to wait” indicate that some children have already developed an understanding that temperature changes do not happen from one moment to the next. According to Albert’s research [26], children aged under seven years think that thermal changes happen immediately.



As in other studies [2,26], in our investigation, it became clear as well that almost no kindergarten child used the word “heat” in their spontaneous expressions. Their attempts at explaining were generally more descriptive and referred to what is directly experienced. Only sporadically, a child referred to a process that takes place invisibly, i.e. heat transfer, as well. Overall, we can say that questions asking for a prediction of thermal phenomena were easier than questions asking for an explanation. The children found a simple explanation, particularly in the tasks concerning the temperature of the water in the sun or under the tree, as well as when confronting the effect of a cold hot-water bottle. In contrast, it was very difficult for the kindergarten children to find an explanation why the stove warms the water, why a half-turned-up stove does not warm so much (or so fast), as well as why the hot water bottle becomes colder after a while. This may be due to the fact that in these cases, explanations require a conceptualization of heat, something that still seems difficult for kindergarten children to achieve.



The indirectly proportional task of this study, namely the heating of a small amount of water compared to the heating of a greater amount of water on a stove (at the same heating power), was particularly difficult for the kindergarten children. It was the question for which children were least often able to make a correct prediction. That this would be a difficult task is not surprising, given what we know already from previous studies [30]. However, it must be mentioned that there were also individual children who were able to make correct predictions or explanations of this phenomenon—this observation is not in accordance with the results of [30], who concluded that only children at the age of nine were able to give correct statements referring to indirect proportional tasks.



In contrast to former studies, this study focused only on children of kindergarten age. In this group, an age effect was found. Data show a tendency to a significant correlation between age and the interview performance, which indicates that older kindergarten children are generally better able to give correct predictions and explanations than younger ones. Nevertheless, this did not mean that younger children were not at all capable of giving the right answers to particular questions. Some of the younger children even achieved better interview performance than older children, which also highlights the performance heterogeneity in this age group. However, overall, it is clear that the ability to predict and explain thermal phenomena depends to a significant degree on children’s age.



In addition to age, other developmental aspects such as exploratory behavior, task orientation, as well as interest in science, and language comprehension and their possible influence on interview performance were considered in this study. The results of the teacher ratings indicated that the investigated group of children is heterogeneous with regard to those different developmental areas. However, since these characteristics were often related with age (except for exploratory behavior), the influence of age had to be excluded first to elaborate on the role of these developmental areas. Therefore, partial correlations were studied, and it has become evident that science interest, in addition to language comprehension, had a significant influence on interview performance, while task orientation and exploratory behavior were not significant. Thus, the results of this study confirm the relationship between a strong interest in natural science and a better understanding of natural and technical phenomena. In the literature [43,44,63], it is well known that a person’s interest plays a significant role in how much one turns to certain phenomena and engages with them. Accordingly, more knowledge and experience can build up in those areas of interest. Early science education should pick up on and promote interest in science but also promote concept creation because what is experienced must also be put into cognitive structures and expressed in words. Thus, the linguistic ability to communicate about simple thermal phenomena should also be promoted in class. This study showed clearly that kindergarten children with weaker language comprehension were not as capable of answering the interview questions about thermal phenomena as their peers having stronger linguistic abilities. This means that for some children, the experience and understanding of thermal phenomena may be greater than could be expressed in an interview.



All in all, it must be kept in mind that the study sample is composed of only 24 children. Thus, the results of this study must be considered as rather dependent upon the subjects in the sample. Therefore, generalizations of conclusions to the whole age cohort of kindergarten children should only be made very cautiously, if at all.



The knowledge gained here is of great importance for planning a suitable learning situation in kindergarten. Furthermore, it will allow us to assess the effect of the intervention we are designing for promoting the understanding of thermal phenomena in children. In a follow-up paper, we shall present a critical review of typical interpretations of children’s understanding of thermal (and other physical) phenomena found in the tradition of science education and conceptual change research. This will be contrasted with a model of learning and understanding based upon an embodied/enactive approach that makes use of imaginative (in particular, narrative) forms of meaning-making interacting with direct physical experience.
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Figure 1. Overview of the interview performance (mean) of the single participants (n = 24). The color of the bars indicates their age group (grey = aged under 5 years; black = aged over 5 years). 
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Table 1. Means (standard deviations) of the sample’s behavior, abilities, and interests (n = 24)—also differentiated by age group.
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	KOMPIK Scales
	Sample

M (SD)
	Aged < 5 1

M (SD)
	Aged > 5 1

M (SD)





	Exploratory Behavior
	3.60 (0.58)
	3.44 (0.74)
	3.77 (0.32)



	Science Interest
	3.86 (0.86)
	3.34 (1.01)
	4.27 (0.44)



	Task Orientation
	3.27 (0.69)
	2.95 (0.51)
	3.60 (0.72)



	Language Comprehension
	4.04 (0.67)
	3.72 (0.73)
	4.37 (0.43)







1 Aged < 5 = Subsample with children aged under 5 years (n = 12); Aged > 5 = Subsample with children aged over 5 years (n = 12).
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Table 2. Solution frequency of all questions.
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	Questions Referring to…
	n1
	Not Solved 1
	Predicted
	Explained





	Warm water in the sun
	24
	3 (12.5%)
	21 (87.5%)
	17 (70.8%)



	Cold water under the tree
	24
	3 (12.5%)
	21 (87.4%)
	11 (45.8%)



	Water heating on stove
	24
	2 (8.3%)
	22 (91.6%)
	4 (16.6%)



	Halfway turned-on stove
	22
	4 (18.2%)
	18 (81.8%)
	4 (18.2%)



	Less water heating on stove
	19
	10 (52.6%)
	9 (47.4%)
	6 (31.6%)



	Water bottle with cold water
	23
	5 (21.7%)
	18 (78.3%)
	10 (43.5%)



	Hot-water bottle after a while
	22
	8 (36.4%)
	14 (63.7%)
	4 (18.2%)







1n = number of children who were confronted with this question; not solved = answer was wrong, or no answer was given.
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