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ABSTRACT 

This article examines the development and construction of precursor models through STEAM 

education in Early Childhood Science Education settings. More specifically, it discusses and 

analyzes the connections of precursor models in activities that follow the Engineering Design 

Process and link thermal phenomena and other Science concepts with everyday situations and 

challenges that young children are called upon to solve. It appears that through appropriately 

designed STEAM activities - utilizing physical experiments, digital experiments-games, 

drawings, and music-movement games - children are able to construct, initially, precursor 

models for individual phenomena, such as melting or condensation, and subsequently to 

construct wider precursor models, directly connected to nature and their experiences, for the 

water cycle. In this way, the connections between individual precursor models become evident, 

as does their utilization by children in order to synthesize and construct more complex and 

elaborate precursor models.  

 

KEYWORDS 

Precursor models, STEAM, Engineering Design Process, water state changes, Early Childhood 

Science Education 

 

RÉSUMÉ 

Cet article examine le développement et la construction de modèles précurseurs via l'éducation 

STEAM dans les contextes de l'éducation scientifique de la petite enfance. Plus précisément, 

elle discute et analyse les liens des modèles précurseurs dans des activités qui suivent le 

Engineering Design Process et relient les phénomènes thermiques et autres concepts 

scientifiques aux situations et défis quotidiens que les jeunes enfants doivent résoudre. Il semble 

qu'à travers des activités STEAM conçues de manière appropriée – utilisant des expériences 

physiques, des expériences numériques – des jeux, des dessins et des jeux de mouvement – les 

enfants soient capables de construire, au départ, des modèles précurseurs pour des 

phénomènes individuels, tels que la fonte ou la condensation, puis de construire des modèles 

précurseurs plus larges, directement liés à la nature et à leurs expériences, pour le cycle de 

l'eau. Ainsi, les liens entre les modèles de précurseurs individuels deviennent évidents, tout 

comme leur utilisation par les enfants afin de synthétiser et construire des modèles de 

précurseurs plus complexes et élaborés. 
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Modèle précurseur, STEAM, Engineering Design Process, Changements de l'état de l'eau, 

éducation scientifique de la petite enfance 
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INTRODUCTION 

 

Early Childhood Science Education (ECSE) studies often focus on children’s ideas and thinking 

about various scientific concepts and phenomena (Bar, 1989; Chachlioutaki et al., 2016; 

Ioannou et al., 2024; Savva, 2014). Lately, research in ECSE highlights not only the 

transformation and the evolution of children’s mental representations but also with the 

construction of precursor models in children’s thinking (Ravanis & Boilevin, 2022). Also, in 

Early Childhood Education it seems that STEAM education is gaining more and more attention 

because it can be combined with non-STEAM disciplines such as Literature (Ioannou, 2023). 

STEAM is primarily described as an educational approach that emerges from the disciplines of 

Science, Technology, Engineering, Arts, Mathematics (Bybee, 2010; Sousa & Pilecki, 2015). 

The essential perspective of STEAM education is to approach these separate disciplines as a 

whole (Breiner et al., 2012). It appears that STEAM education, and ECSE in particular, 

facilitate children to understand the world around them, while simultaneously, acquiring 

essential skills through utilization of pre-existing mental representations in order to construct 

their scientific knowledge (Kastriti et al., 2022). An important tool of STEAM Education in 

Early Childhood Education is the Engineering Design Process, an approach to engineering 

through a design and problem-solving process (Ioannou, 2023).  

Children are familiar with various scientific phenomena about water state changes such 

as evaporation of the water, melting of the ice and other similar phenomena about water 

(Ioannou et al., 2023, 2024, 2025; Kaliampos et al., 2024; Kambouri-Danos et al., 2019). Based 

on these data in the literature, it seems that research focuses on two points of view, one about 

the individual state changes of water and one about the water cycle in nature (Ioannou et al., 

2023).  

Water state changes belong to a broader field of thermal phenomena in early childhood. 

Children, from a young age, are familiar with water and with phenomena such as evaporation 

of water and melting of ice. The present article takes into account that research is divided into 

two approaches to water in early childhood, the point study of matter state changes  (Åkerblom 

et al., 2019; Bar, 1989; Kambouri-Danos et al., 2019; Karlsson, 2017) and the study of the water 

cycle in nature (Αhi, 2017; Bar, 1986; Christidou & Hatzinikita, 2006; Karlsson, 2017; Malleus 

et al., 2017; Saçkes et al., 2010; Savva, 2014). A significant research interest emerges, therefore, 

focuses on thermal phenomena and water state changes.  

Despite the difficulties in learning and understanding of several science notions by 

young children, Early Childhood Education offers interesting experiences about thermal 

phenomena and could approach scientific knowledge with appropriate teaching methods 

(Ravanis, 2017). Moreover, previous research on the same area reveals that children could be 

able to construct a precursor model about the water state changes (Kambouri-Danos et al., 2019; 

Ravanis et al., 2022).  

 

 

PRECURSOR MODELS AND STEAM 

 

Children’s mental representation of science concepts and phenomena of the physical world are 

of great importance, as they highlight the fundamental challenges children face, thus enabling 

systematic design of their transformation in order to approach scientific knowledge (Ergazaki, 

2022; Ravanis, 2020). Children interpret the behavior of objects and materials, recognize 

properties, make predictions, and construct thought about the world around them through 

cognitive tools they build themselves (Ravanis, 2024). Although models in the didactics of 

natural sciences constitute a fundamental tool of scientific thinking, their transformation is 

necessary in order to meet children’s educational needs according to their age.  A gap is thus 
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identified between the personal mental constructions of young children and scientific models. 

This gap is bridged by Precursor Models-cognitive entities established in children’s thinking 

between personal constructions of reality and scientific knowledge, or more precisely, school 

scientific knowledge (Ergazaki, 2022; Ravanis, 2020). 

The complexity of this area of study leads to the observation that effective science 

teaching has three fundamental dimensions: a) the thinking of the students (barriers and 

difficulties), b) the objects that emerge from the natural sciences as they are appropriately 

transformed for each level of education, and c) the design and implementation of teaching 

approaches and processes that allow students with different characteristics to access scientific 

knowledge as it has been transformed for school content (Ravanis & Boilevin, 2022).  

In recent decades, precursor models have been studied in the didactics of science in 

early childhood education (Delserieys et al., 2018) – defined as “entities in young children’s 

thinking, which intervene between the naive mental representation and models” (Ravanis & 

Boilevin, 2022, p. 39). The concept of the precursor model was first proposed by Lemeigman 

& Weil-Barais (Lemeigman & Weil-Barais, 1993; Weil-Barais, 2022) in France and was based 

on the theoretical background created by the theoretical constructs of Piaget and Vygotsky 

(Ravanis, 2020). Its adaption and the highlighting of its importance for young children’s 

approach to the natural sciences within the framework of ECSE took place some years later 

(Ravanis, 2000, 2005).  

Essentially, precursor models are cognitive entities established in children’s thinking, 

between personal constructions of reality and scientific knowledge. They also prepare 

children’s thinking by serving as the foundation upon which more complex models will be 

elaborated as they progress through higher school levels (Ravanis, 2024). At a functional level, 

precursor models do not incorporate all the functions of reference models — such as 

description, explanation, and prediction — but rather some of them, primarily description and 

prediction. These processes, at the preschool level, were considered sufficient and necessary 

for defining a precursor model (Ravanis, 2020). They were specifically constructed and devised 

to support children's thinking, without contradicting the obstacles and experiential 

representations of children, and operate in such a way as to prepare and facilitate them. The 

characteristics of precursor models are compatible with the scientific models used in school 

education, while simultaneously reflecting a state of dynamic evolution (Ravanis, 2020, 2024). 
STEAM education, on the other hand, represents a contemporary approach to learning 

that aims at the holistic development of students through the integration of various STEAM 

skills, with an emphasis on the natural sciences, through which students can develop critical 

thinking, problem-solving skills, and creativity (Martins & Baptista, 2024). Particularly through 

creativity, critical thinking, communication, and collaboration, a connection is sought between 

the individual STEAM domains and the real life and needs of students. This integrative STEAM 

approach constitutes a holistic approach to learning that is not limited solely to its individual 

domains but extends to all subjects and problematic situations (Chung Le et al., 2023; Martins 

& Baptista, 2024; Sanz-Camarero et al., 2023Ka). 
The discipline of Engineering, which functions as a connecting link between theory and 

practical application, does not refer solely to the concept of construction. Comprising both the 

knowledge for design and creation and the problem-solving process, it constitutes an important 

challenge in early childhood education. The process it follows, the Engineering Design Process 

(EDP), operates under constraints (laws of nature, material constraints, etc.) as a cyclical 

process for solving everyday problems (Ioannou, 2023). STEAM education, therefore, through 

Engineering, introduces a design and problem-solving process — the Engineering Design 

Process — into education. Indeed, creative approaches and hands-on activities, through the 

techniques and methods of the creative arts, appear to attract the interest of both children and 

educators (Sousa & Pilecki, 2015). The Engineering Design Process consists of four (4) stages, 
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which children follow in a structured and visualized process (Ioannou, 2023): (a) Stage 1 – 

Problem, (b) Stage 2 – Inquiry, (c) Stage 3 – Designing and Testing, and (d) Stage 4 – 

Conclusions and Presentation. 

In kindergarten, it appears that with STEAM education children can approach complex 

phenomena and concepts from the natural world, such as thermal phenomena, electricity, or 

optics (Ioannou et al., 2024; Ravanis et al., 2005; Timpili et al., 2023). A series of studies have 

also examined the extent to which preschool-aged children are able to understand water state 

changes through STEAM activities that followed the stages of the Engineering Design Process 

(Ioannou, 2023; Ioannou et al., 2024, 2025; Kaliampos et al., 2024). 

It therefore appears that the integration of STEAM education — and particularly science 

education — into Early Childhood Education and kindergarten helps children to understand the 

world around them and to acquire essential skills, by drawing on their pre-existing mental 

representations in order to construct their scientific knowledge. Thus, the construction of 

precursor models is strengthened through appropriately designed activities, and especially 

through STEAM activities. 

 

 

PRECURSOR MODELS ABOUT THE WATER STATE CHANGES 

 

In the context of water state changes, Kambouri-Danos et al. (2019) studied the structure of a 

precursor model that can support children's scientific thinking about water state changes. The 

study also notes that, although research has shown that children face difficulties in 

understanding individual phenomena such as evaporation or condensation, research has not yet 

been conducted to identify the full sequence of water state changes, which would allow for the 

meaningful introduction of the water cycle in early childhood education. 

Although children face increased difficulties in understanding the thermal character of 

the concepts of evaporation and condensation (Bar, 1989; Kambouri-Danos et al., 2019), it 

appears that in early childhood education these concepts can be introduced through various 

teaching interventions, such as activities that utilize some form of dramatization (Åkerblom et 

al., 2019; Karlsson, 2017) or activities based on experimental situations, predictions, and 

processes of verification or rejection of those predictions (Kambouri-Danos et al., 2019). 

However, the aforementioned studies examine water state changes in isolation, with limited or 

incidental — or no — connection to the water cycle. 

Concerning the water cycle in early childhood education, research focuses primarily on 

children's understanding of cloud formation and rain (Ahi, 2017; Bar, 1986; Christidou & 

Hatzinikita, 2006; Malleus et al., 2017; Saçkes, 2010; Savva, 2014). Although children often 

use experience-based explanations to describe clouds or rain (Malleus et al., 2017), it appears 

that they can recognize parts of the water cycle even without recognizing the water cycle as a 

whole (Ahi, 2017; Karlsson, 2017). 

All of these matters were studied through specially oriented published or forthcoming 

studies, which focus on thermal phenomena and water state changes through a sequence leading 

to the water cycle in nature (Ioannou, 2023; Ioannou et al., 2024, 2025). Through these studies, 

it appears that children were able to shape and develop four distinct precursor models 

concerning melting, vaporization, condensation, and precipitation-coagulation. In these 

precursor models, children recognized the physical processes of the phenomena and also 

identified the thermal characteristics of these processes. 

Furthermore, the research showed that many children were able to describe the water 

cycle — even without the use of scientific terminology — through thermal phenomena and 

water state changes. Drawing on the precursor models formed during the previous phases, 

which were able to support understanding of water state changes, a precursor model for the 
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water cycle as a whole was constructed (Figure 1). These findings are consistent with the 

research of Kambouri-Danos et al. (2019), which highlights children's ability to form a stable 

precursor model capable of supporting understanding of water state changes. 

Young children, therefore, are capable of approaching the water cycle in nature through 

the study of thermal phenomena and water state changes. Indeed, it appears that they can 

construct corresponding stable precursor models capable of supporting the understanding of 

water state changes (melting, vaporization, condensation, precipitation, coagulation) and the 

water cycle as a whole, through the ability to formulate appropriate descriptions and predictions 

for the various phenomena. 

 

FIGURE 1 

 

The development of the precursor model for the water cycle through the individual 

development of 4 precursor models for water state changes. 

 

 

CONCLUSION 

 

The present work seeks to contribute to a constructive scientific dialogue that connects the 

educational and didactic use of precursor models in ECSE with research in the field of early 

STEAM education. In recent years, the integration of STEAM education in early childhood is 

increasingly being recognized as a necessity, as it allows children to approach complex 

phenomena through designed teaching practices as well as experiential and cross-curricular 

approaches. However, the content and methodology of STEAM implementation in Early 

Childhood Education often remain fragmented or superficial. The use of precursor models in 

STEAM education therefore presents considerable research interest. 

It appears that young children can successfully approach water state changes — such as 

melting, vaporization, condensation, precipitation, and coagulation — through authentic 

problems, real or virtual experiments, dramatization, and other experiences (Ioannou, 2023; 
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Ioannou et al., 2024, 2025). It seems that the critical point of cognitive progress at the 

conceptual level, as well as the response at the pedagogical level of this particular STEAM 

research, was the sequence of phases, which followed a progressive path of conceptual 

evolution based on the existing literature and the initial research findings. This sequence led to 

the construction of a stable precursor model for the water cycle. 

In agreement with previous relevant studies on water state changes, it was found that 

early scientific thinking in children can be enhanced and reorganized and can take the form of 

a precursor model through the utilization of children's pre-existing knowledge and real-world 

experiences (Ravanis et al., 2022; Kambouri-Danos et al., 2019). The use of precursor models 

as a tool for conceptual mapping and evolution thus proves to be extremely valuable. Precursor 

models allow the mapping of children's mental representations and cognitive capacities, 

functioning as solid bridges between experiential and scientific knowledge. Research shows 

that children, even at a very young age (4 to 6 years old), when provided with a supportive, 

well-designed, and rich learning environment, can construct stable frameworks for approaching 

physical reality that are compatible with school scientific knowledge. 

Furthermore, in the studies that utilized the Engineering Design Process (Ioannou, 2023; 

Ioannou et al., 2024, 2025), it appears that its structure and flexibility offer the researcher or 

educator the opportunity to design and prepare the research process to be followed. The 

Engineering Design Process also appears to be in full alignment with the structure of an 

educational project, as it strengthens the orientation towards problem-solving, following and 

reinforcing scientific thinking while also providing the time and space for changes that may 

arise from opportunities encountered during implementation. 

However, the most significant contribution of the Engineering Design Process for the 

present paper is the support it offers during the process of constructing precursor models. 

Initially, it provides the space for studying, identifying, and categorizing children's pre-existing 

mental representations prior to the introduction of a problematic situation connected to their 

everyday lives. Subsequently, it appears to facilitate the development of children's thinking and 

expression through inquiting, prediction, and the utilization of their experiences. It is also 

developed in a way that enhances children's engagement in experimental and other activities in 

order to construct new knowledge, and finally, it provides the opportunity for drawing 

conclusions. It therefore appears that the structure and operation of the Engineering Design 

Process can contribute to the development of scientific thinking and scientific skills in children 

through its support of the construction of precursor models. 

Finally, the connection between precursor models and the STEAM educational 

approach opens new perspectives both for the theoretical treatment of precursor models in early 

childhood and more broadly for the practical integration and utilization of Science Didactics 

within STEAM education, through the exploitation of children's cognitive and developmental 

capacities. 
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